MPC5604E Microcontroller
Reference Manual

Devices Supported:
MPC5604E

MPC5604ERM
Rev. 5
07/2015

MPC5604E Reference Manual, Rev. 5

Freescale Semiconductor



This page is intentionally left blank.

MPC5604E Reference Manual, Rev. 5

Freescale Semiconductor



11
1.2
1.3
14
15

1.6
1.7
1.8

Chapter 1

Overview

(O T 0SS W0V YT SRS 9
L= g0 = 8= o o] FTor= i o] 0TSSR 10
FFEAEUIES ...t e s st e s e e R e e R e e e R e e e R e e e R e e R e e e Re e e e e e ne e ann e e neennneen 10
2] FoTex Qo >0 =t o ISR 11
APPIICATON EXAMPIES ...ttt b et e et et b et n b e nns 13
151 CMOSViSION SENSON JAEWEY ...cuveereerreeeeireesreeseeaseesseessesseesseesseaseessesssesseessesssssseessesssssseeses 13
AUAIO SOUICE GALEWEAY ....eueeveeteeiieetieteeeesteesteeeeste e tesaeesteesesseesseeseaseesseensesseesseensesseesseensessensesneens 16
Critical performanCe PAraIMELEN'S ..........ccccueriiiererere sttt sb b e e e e seeseesbeseeare e 18
(O T Lo S IR == 0 =SS 18
1.8.1 High performance €200Z0 COre CPU ..........ccveiiiieiiecie et 19
1.8.2 Crosshar SWItCh (XBAR) ...ttt nne s 20
1.8.3 System clocks and ClOCK gENEIalion ..........ccccueieeiereerieeieseesie e seesee e e see e e eee e 20
1.8.4 Frequency Modulated Phase Lock LOOP (FMPLL) ..ccoveiieiice e 21
IS T \V = T g 0 1S 1 | = (o S 21
1.8.6 Internal RC OSCHIAION .....cc.eiiiiiiiieiese e nre s 21
1.8.7 Voltage regulator (VREG) .....ccooiiiiiieie ettt sttt 22
1.8.8 System Integration Unit (SIU-LItE) .......ccccooiriririiiiiiiere e 22
1.8.9 BO0Ot ASSISt MOAUIE (BAM) ..ottt s nre e sna s 22
1.8.10 JUNCLION tEMPEIGLUIE SENSOK .....ecveieeereereeseesreestesseesseesseeseesseeseeseesseessesseesseesesseessessesseesns 23
1.8.11 JTAG CONLIOIEr (JTAGEC) ..ttt sb e nne s 23
1.8.12 Nexus Debug INterface (NDI) ......oceeieeieeeeicse et 24
1.8.13 DIMA CONTOIEN ..cueeiieiieiieiieiee ettt sttt sttt e e e neenbe b 24
1.8.14 DMA channel multiplexer (DMA_MUX) ..o 25
1.8.15 Software Watchdog TImMEr (SWT) ..occeeieeeeeeseee sttt 25
1.8.16 System Timer MOAUIE (STM) ..ocuuiiieiieie ettt s ene e 25
1.8.17 Periodic INterrupt TIMEIS (PIT) oot 26
1.8.18 FIEXCAN MOAUIE .....oeiiiiiieiieieeee ettt st sttt eenesne b 26
1.8.19 Deserial Serial Peripheral Interface (DSPI) ....ccveeeieeieceeseee e 27
1.8.20 Serial communication interface module (LINFIEX) ......cccooiiiiiiiniiieeeeeee e 27
I I Y T 0= PSR ORTOPTPPRPRN 28
1.8.22 Successive approximation Anaog-to-Digital Converter (ADC) .....ccccccvevveveceenecie e, 29
1.8.23 Fault Collection UNit (FCU) .......coooiiiiriiiieieieeeie ettt 30
1.8.24 Cyclic Redundancy CheCk (CRC) .......ccciiieiieiiciesieesie e sieesie et sae e sae e 30
1.8.25 VidBO0 BNCOUES ....ccviiuiiiieiieiieieie et sttt sttt b et se st e st e et et e naesaenbesbenbenrens 30
1.8.26 Serial Audio INTEITACE (SAI) i 30
1.8.27 Ethernet AVB (FEC + PTP + RTC) ..ociiiiiiiiieieieie ettt 31
1.8.27.1 PreCiSion TIME ProtOCOI .......cccoiciiiiiiiirieieiiesie s 31

IS I = 4 SO 32

MPC5604E Reference Manual, Rev. 5

Freescale Semiconductor 1



Chapter 2

Memory Map
Chapter 3
Signal Description
T80 1 (oo [0 Tox o) o SRRSO 37
3.2 SIgNal PropertieS SUMIMEIY ........coeeiiieiieieeieriesie sttt a st bbb se e e e e s e ae e sne e 37
TG T o] o VA o1 S 47
G V£ (= 1 o1 S 49
3R T 1110 11 £ 50
Chapter 4
Clock Architecture

4.1 ClocK related MOAUIES .........ccoiiiiiriiiiiiieieee ettt bbbttt e et b et seenbe e 53
4.2 High-level DIOCK diaQrams ........cccooiciiiccece ettt sne e reeneeneens 53
G I \Y = 01y To VN Y= o T PP T PR PRUP PSPPSR 59
4.4 Internal RC oscillator (IRC) digital INtErfate .......ccceveeeeiiee e 61
g R 1 01 0o (1 (o o OSSR 61

4.4.2  FUNCLONEl AESCITPIION ...ttt bbbt e s e e 61

N R (=0 S = g0 =S o1 o S 62

45 Externa crystal oscillator (XOSC) digital iNterface .........cccceeeiieiiciece e 63
T R V= T g = 0= 63

T = V0o (o) 7= e (=== ot 1 (o o [ 63

T T = (=0 S =0 (=S (o] S 64

4.6 Freguency-modulated phase-locked [00p (FMPLL) ...oc.oiiiiiiiiieeeeeesese e 65
00 R [ 01 0o (1o o o SRR 65

A @ Y= V1= Y SRS 65

4.6.3  FEALUINES ...ttt ettt et e he et e ehe e b e e be e eate e nhe e et e e beenaeeen 66

4.6.4 IMEIMONY MNP ..uveeiiiiieiieeesieeesteeessteeesseeeasseeeabeeesbeeesbeeesbeeesaseeesaseesasseesnseeesseeesneeesnneeanns 66

N G B (=0 1S = g0 (=S o (o] S 67
4.6.5.1 Control REGISIEN (CR) ..ooueiieiiieiieiierieeeeee e 67

4.6.5.2 Modulation REGISLEr (MR) .....eoieiieiieie et 69

4.6.6 FUNCLONAl AESCITPLION .....veveeeiciecteee ettt et e e e sre e seeneesneeneannas 70
4.6.6.1  NOIME MOAE ....c.eeieieieiiiieiere et este e sneense e 70

4.6.6.2 Progressive clock SWItChING ........ccvevviiiiice e 71

4.6.6.3 Norma mode with frequency modulation .............ccccceevevieieiieesecce e 71

4.6.6.4 PoOWErdoWN MOE .....cecouiiieiiieiieie et sreenne e 72

4.6.7 RECOMMENUALIONS ......civeriieiieieiesie ettt bbb bbbt e e b et e b be e b 72

4.7  Clock Monitor UNit (CIMU) ...c.eocieice ettt te et sae e sneesneennesneensesneens 73
O R © V= VT PSS 73

A.7.2 MaAINTEAIUIMES ....oviiveieiiiieiieie ettt bbb bt bt e s et et et e b nae e 73

4.7.3 FUNCLHONAl AESCITPLION ...ttt st e et et sbe et e neesaeeeeeneas 73

4.7.4  Crystal ClOCK MONITOL .......oouiiieieieeese e 74
4741 FMPLL ClOCK MONITOT ....oouiiiiiiiiiiesiesie et 74

A.7.4.2 FreqUENCY MELEN ...ttt ae e b e e s ae e eneesneeeaneens 74

MPC5604E Reference Manual, Rev. 5
2 Freescale Semiconductor



4.8
4.9

5.1

5.2
5.3

5.4

6.1

6.2
6.3

4.75 Memory map and register deSCription .........ccccieeieiieieeie e 75

4.75.1 Control statusregister (CMU_CSR) ......cccoiiriinierienie e 76
4.75.2 Frequency display register (CMU_FDR) .....cccocoeiiiieieereeeseese e 77
4.75.3 High-frequency referenceregister A (CMU_HFREFR_A) ...ccooooviivieieenn, 77
4.75.4 Low-frequency referenceregister A (CMU_LFREFR_A) .cooiiiiiciiiiiennns 78
4.75.5 Interrupt status register (CMU _ISR) ....ooceeiieieeeecece e 78
4.75.6 Measurement duration register (CMU_MDR) .....ccccoevveiiiecie e, 79
Boot and power Management CONCEPL ........oierrirerirerierieeee et e e e b e 79
S 11 A 0 0= o S 81
Chapter 5
Clock Generation Module (MC_CGM)

L1008 (o o RSSO 83
o300 I R @ V< oV = PSSR 83
ST e L = OTTEUPPPR PR 84

External Signal DESCIIPLION .....eciiiiieciecie ettt ettt e e re e e s se e e ereesreennesreenesnnens 85

Memory Map and Register DEfINITION ........ccooviiiiiiiieieeeee e 85
5.3.1 REQISIEr DESCIIPLIONS ..ouveieieieeieiieesieeie st esieseeste e e s e sseeseeseesteeaesseesseesesseesseeneesseesseanenns 85

5311 PLL Clock Divider Register (PLL_CLK_DIV) ..ocoviiiiiininirieesienie e 86
53.1.2 System Clock Divider Register (SYSTEM_CLK_DIV) ..o 86
5.3.1.3 RTC Clock Divider Register (RTC_CLK_DIV) oo 87
5.3.1.4 Output Clock Enable Register (CGM_OC EN) .....cccoeveveieeiecieceeciecee e 87
5.3.1.5 Output Clock Division Select Register (CGM_OCDS SC) .....cccevviiienicnnens 88
5.3.1.6 System Clock Select Status Register (CGM_SC_SS) ....covcvevvevervceeseeeene 89
FUNCLION@l DESCITPLION ...ttt ettt e st et e e e s ae e seeaeesseeseanaesreennesreensenneens 89
54.1 System ClOCK GENEIAiON .......cccoiiiiieieieiesiesie ettt sr bbb enes 89
54.1.1 System Clock SOUrce SEIECHION ........cccvveevieieriere e 90
54.1.2 System Clock DIiSAhIe ........coveeiiieiiee e 90
5.4.2 Output ClOCK MUITIPIEXING ....eiveiiieiiiieieieese e 90
5.4.3 Output Clock DiViSION SEIECHION ......ocveeieieiecieceee et 91
Chapter 6
Mode Entry Module (MC_ME)

L1001 1o o OSSOSO 93
TN N R O V7= a1 SR 93
B.1.2  FEALUIES .....oeieeieee ettt e e n e s e e ne e e e e r e ne e nen 95
(G300 G T Y/ oo (=X o) @ 0= = 1 o o SR 95

External Signal DESCIIPLION .....cc.oiviiiriiiieeiieie ettt n e nn e 96

Memory Map and Register DEfINITION .......c.ccveieiieiiee e ae e sne e 96
LG T8 Y = 000 Y 1Y, = RS 97
6.3.2 REQISIEr DESCIIPIION ...viiiiiiiieeiieeee ettt n e n e nne s 105

6.3.2.1 Global Status Register (ME_GS) ......ccoieiireninenineseseeee s 105
6.3.2.2 Mode Control Register (ME_MCTL) ..cooiviiiiiereesee e 107
6.3.2.3 Mode Enable Register (ME_ME) .....ccoiiiiiiiieeeeeeee s 108
6.3.24 Interrupt Status Register (ME_IS) ..ooovviiiieee e 110

MPC5604E Reference Manual, Rev. 5

Freescale Semiconductor 3



6.3.2.5 Interrupt Mask Register (ME_IM) ...cooviiiiicececeee e 111
6.3.2.6 Invalid Mode Transition Status Register (ME_IMTS) ....coccoiiiiiiinicniienenne 112
6.3.2.7 Debug Mode Transition Status Register (ME_DMTS) ....cccoeevvvevvvceenieenne 113
6.3.2.8 RESET Mode Configuration Register (ME_RESET MC) .....ccccccevveviennnne 116
6.3.2.9 TEST Mode Configuration Register (ME_TEST_MC) ....ccoccevirivieiienenne 116
6.3.2.10 SAFE Mode Configuration Register (ME_SAFE _ MC) ....ccooevvecvveciiennne 117
6.3.2.11 DRUN Mode Configuration Register (ME_DRUN_MC) .......ccccoevveiennnnne 117
6.3.2.12 RUNO..3 Mode Configuration Register (ME_RUNO..3 MC) ......ccccvevruenee. 118
6.3.2.13 HALTO Mode Configuration Register (ME_HALTO _MC) .....ccccovvvevennnnne 118
6.3.2.14 STOPO Mode Configuration Register (ME_STOPO MC) .......ccccccevveviennenne 119
6.3.2.15 Periphera Status Register O (ME_PSD) .......coovviiiierieieeeeeese e 121
6.3.2.16 Peripheral Status Register 1 (ME_PSL) .....cccoovviiinininieeee e 121
6.3.2.17 Peripheral Status Register 2 (ME_PS2) ... 122
6.3.2.18 Periphera Status Register 3 (ME_PS3) ..o 122
6.3.2.19 Run Peripheral Configuration Registers (ME_RUN_PCO...7) ....cccccevvrnenne 123
6.3.2.20 Low-Power Peripheral Configuration Registers (ME_LP_PCO...7) ............ 124
6.3.2.21 Peripheral Control Registers (ME_PCTLN) ..cooiiiiiieieieceeeseeeeeeens 124
6.4  FUNCLIONAl DESCIIPLION ....oeiveiieeiecieeeieeesee et e e e e te et e s e e eeeseesseeseeseesseenseaneesseensesseessennenns 125
6.4.1 Mode TranSition REQUESL ........c.ccceeiuieiieiie ettt seesre e sne e neennas 125
O Y oo (=S I L = RS 127
6.4.2.1 RESET MODE .....cooiiiiiieiiseeeee ettt 127
6.4.2.2 DRUN MOUE .....ooiviiiiiiiiistisieeie ettt 127
6.4.2.3 SAFEIMOUE .....oooieeece ettt e neeneenn 128
B.4.2.4  TESEMOUE ....cueieiiiee ettt 129
6.4.25 RUNO..SMOUES ....ccooieiiiiiisiisiiiieeie ettt e sbe s 129
6.4.26 HALTOMOUE .....ooeieiieiie ettt et et sate e ne e nreesaneens 130
6.4.2.7  STOPOMOUE .....ooeiieiiitisiesiesiee ettt st sbe s 130
6.4.3 MOdE TranSitiON PrOCESS .......cccueiiiiiiriiriesie ettt e et see st snesbesrens 131
6.4.3.1 Target MOOE REQUESE ......c.oouiiiiiiiieieee e 131
6.4.3.2 Target Mode Configuration LOading .........cccceevevieeiesiiesenieseese e esee s 132
6.4.3.3 Periphera CloCKS DiSabIe ........cceeiiiiiiiiee e 132
6.4.3.4 Processor Low-Power MOde ENtry ........cccooeiiiininininiseeeese e 133
6.4.3.5 Processor and System Memory Clock Disable ........cccccoveevviieniccevieseene 133
6.4.3.6  Clock SOUrces SWItCh-ON ........ccooiiiiiiiiees s 133
6.4.3.7 Flash Modules SWItCh-ON ........cccoiiiiiieeee e 134
6.4.3.8  Pal OULPULS-ON .....ooiueeiieiecieie ettt e e e nseenaesneenseeneens 134
6.4.3.9 Peripheral CIOCKSENADIE .......c.cccoeiieiiiesece e 134
6.4.3.10 Processor and Memory Clock Enable ... 134
6.4.3.11 Processor LOw-Power MOode EXIt ... 134
6.4.3.12 System Clock SWItChING .......ccocoiiiiciiie e 135
6.4.3.13 Pad SWItCh-Off ......ccoieiiceceeee s 136
6.4.3.14 Clock Sources (with no Dependencies) Switch-Off ..........ccccevvicvviecienene 136
6.4.3.15 Clock Sources (with Dependencies) Switch-Off ... 136
6.4.3.16 Flash SWItCh-Off .........ccooieeeeeeee s 136
6.4.3.17 Current Mode UPELe .........cccveieiieieee et 136

MPC5604E Reference Manual, Rev. 5

Freescale Semiconductor



7.1

7.2
7.3

7.4

8.1

8.2
8.3

6.4.4 Protection of Mode Configuration REQISLES .......ccccceeeeiieeiieiiee e 139

6.4.5 Mode TranSition INEEITUPES ....cc.ooeeiieieiie et 139
6.4.5.1 Invalid Mode Configuration INtEITUPL .........ccccceereeiesieeseeieseese e seesee s 139
6.4.5.2 Invalid Mode Transition INtErTUPL ..........cooveieeeeiicie e 140
6.4.5.3 SAFE Mode Transition INtEITUPL ........cccoieeiereenieie e 141
6.4.5.4 Mode Transition Complete iNtErruPL .........ccccveverieereiieeseere e e e e e 141
6.4.6 Peripheral ClOCK Galing .....ccceccuiiieiiiiie et esee e e ste e st s e e s e sre e e e s e enseennenseas 141
6.4.7 APPICAiON EXAMPIE ..o 142
Chapter 7
Reset Generation Module (MC_RGM)

L1008 1o o TSP RRPROTP PPN 145
T. 1L OVEIVIBW .ottt st b ettt b st e et et et e e b e s bt e b e e bt e st e st e e e e e neenbenaenbenbens 145
8 T = U == PSRRI 146
7.1.3  RESEL SOUICES .....oeiiiieieeeieesiee ettt ense e n e e s ne e san e e nnesnneenneennneans 147

External Signal DESCIIPLION .....eiiiieieiiciece ettt et r e r e e esaeeneene e reeneesreenes 148

Memory Map and Register DEfINITION ..o s 148
RS R R o TES (= g DTS o oo RS 150

7.3.1.1 Functional Event Status Register (RGM_FES) ........ccccvvevvvieevicie e 151
7.3.1.2 Destructive Event Status Register (RGM_DES) .......ccooeiiieieneierienenee 152
7.3.1.3 Functional Event Reset Disable Register (RGM_FERD) .......cccccccvvveviennenne 153
7.3.1.4 Functional Event Alternate Request Register (RGM_FEAR) ..o 155
7.3.1.5 Functiona Event Short Sequence Register (RGM_FESS) ........cccccvvivrienne. 156
7.3.1.6 Functional Bidirectional Reset Enable Register (RGM_FBRE) .................. 157
FUNCLIONEl DESCITPLION ...ttt et e b e e s te et e sreeneeneesneennesneenns 158
741 RESE STAE MACNINE ....ceeiiieciieeee et esre e ne e e nneeneas 158
7411 PHASEO PRESE ..ottt 160
7412 PHASELPRESE ..ottt e 161
7.4.1.3 PHASEZ2PRGSE ..ottt st 161
7414 PHASE3PRESE ..ooooiiii et s 161
TALS5  IDLE PRESE ..ottt 161
T7.4.2  DESIUCHVE RESELS .....ooiiieee ettt sttt aeeneesse e teeneesreenseeneenneeneas 161
743 EXIENA RESEL ...oooviiiiiiieee ettt bbbttt e e n b 162
744 FUNCHONGI RESELS ..ottt bbbttt aenbenbesaesne b 162
7.45  Alternate EVENt GENEIaLiON .......cccceieeeeriieieesieseeie e sieeeesseesseeessseessesessseessesnessseeees 163
A X SR = T To 1Y oo LT @ o (H 1 0 S 163
Chapter 8
Power Control Unit (MC_PCU)

L0 (1o 1o o RS RORPPTRPR 165
S 00 I R @V < V= S 165
B.1.2  FEALUIES ..ottt e ne e n e e e r e e e ne e reennnean 166

External SIgNal DESCITPLION .....coiiiiiiiieiteeie ettt sttt s e bt e e sbeetesne e besneesree s 166
Memory Map and Register DEfiNITION .........ccooiiriiiiieeeeee e 167
8.3 1 MEMONY MEP ..eeiiiiiiiiie ettt st e e s b st e e nan e e nr e nre e ereeea 167

MPC5604E Reference Manual, Rev. 5

Freescale Semiconductor 5



8.3.2 REQISIEr DESCIIPLIONS ....uvieeeiicie ettt et te e ste et e sae e s ne e e e neenreennesnnenes 168

8.3.2.1 Power Domain Status Register (PCU_PSTAT) ..ooviriiiieieeeneeee e 168
Chapter 9
Power Management
9.1 Power ManagemMENt OVEIVIEW ......cceevueeiueieerreeiesseesteessesseesseessssseesseessesseesseesssssesssessssseessessesssessees 169
9.1.1 Internal voltage regulation MOUE ..........cceeiuiiieiieie e e 169
9.1.2 Externa voltage regulation MOUE ..........cccooiiiiiiirieieere s 170
9.1.3 Voltage Regulator Electrical CharaCteristiCS .........cevviiierieeiesieri e 171
0.2 POWES SEUENCING ..veuveeveeueeeueesteetesseesseeseaseessesssesseesseasesseesseassesseessesssesseessesssessesssessssseensessesssesnses 171
9.3  Power Management UNit (PMU) ..o 172
Chapter 10

Interrupt Controller (INTC)
000 R 1 g1 0o (8 o 1 o o OSSOSO PRPRN 173
JO.2 FEALUIES ...ttt ettt h et s e e st e e be e e e e e abe e eae e e beeeme e e b e e saeeenseeaneeeneeneesnneereennneans 173
(LRSI =1 oo Qo (=0 = o £ [T PSSP OTS PPN 174
O R Y/ Ko (S0 0] == 1 o o 175
0 I N\ o g 7= 0T o L= SRS 175
10.4.1.1 SOftWare VECION MOUE ......ccveeieieierieeieeiie e eeeseee e e e e see e sseeee s e nse e sreenes 175
10.4.1.2 Hardware VECIOr MOUE .........coeruirieriinieriiniieienie e sie et sie s sse e s 176
0 I T T o TH o I o o [ TS 176
10.4.1.4 SEOP MOUE ..ottt bttt n et b b e s 176
10.5 Memory map and registers deSCriPLION ........cccuecveiereereeie e ae e ere s 177
10.5.1 MOAUIE MEMOIY MEAD ...veoveerieieeieeieesieee e e e ste et e sreeseesseesseesesseesseensesseenseensesreessesseesseensens 177
10.5.2 REQISLEIS UESCIIPLION ..ottt sttt nne e 177
10.5.2.1 INTC Module Configuration Register (INTC_MCR) ......cccccevveveenvrcinrnenne 178
10.5.2.2 INTC Current Priority Register for Processor (INTC_CPR) .......cccccveeveneee. 178
10.5.2.3 INTC Interrupt Acknowledge Register (INTC_IACKR) ...cccooeveierencreene. 180
10.5.2.4 INTC End-of-Interrupt Register (INTC_EOIR) .....ccccoviviiivininineneeeenns 180

10.5.2.5 INTC Software Set/Clear Interrupt Registers
(INTC_SSCIRO 3-INTC _SSCIRA 7) oeoeoeeeeeeeeeeeeseeeeeeseeseee e seseees s s sn s 181
10.5.2.6 INTC Priority Select Registers (INTC_PSR0O_3-INTC_PSR220_221) ....... 182
10.6 FUNCLIONAl DESCIIPLION ..uviciieceicie ettt e st e e e s re e e e ere e ne e e e nreeneesneenns 184
10.6.1 INtETUPL FEQUESE SOUICTES ......eouviiieeiieiesieesie sttt ss e be e sre s e ne s nnnenneennenneens 193
10.6.1.1 Peripheral interrupt FEQUESES .......cceerueeieerieerieeieseesieseesteeeesseesse e e sseeaesnee e 193
10.6.1.2 Software configurable interrupt reqUESES .......cccevveeeceecece e 193
10.6.1.3 Unique vector for each interrupt reqUest SOUICE ..........coeveeeeieereereerieseeriennns 193
10.6.2 Priority MaNBQEMENT .......c.cceeiieeiereesieeieseesieseesteeeesseesseeseesseessesseesseessessesssesssesseessenssens 193
10.6.2.1 Current priority and preemplion ..........ccceeieieereeiesieese e 193
10.6.2.1.1Priority arbitrator SUBDIOCK ..........ccooveiiiiiii 194
10.6.2.1.2Request selector SUDBIOCK ..........cccvviierieiececece e 194
10.6.2.1.3Vector encoder SUbDIOCK .......ccooeeiiiiii 194
10.6.2.1.4Priority comparator SUBDIOCK ..........cccceieiininiiieeee 194
10.6.2.2 Last-iNfirst-0Ut (LIFO) ....cooviiiiiieiesienieneeeeee e 194

MPC5604E Reference Manual, Rev. 5

6 Freescale Semiconductor



10.6.3 Handshaking With PrOCESSOF ........cccecieeieiieiieieesieeeesteeste e eesee e sreeee s e e ssessaesreenesneens 195

10.6.3.1 Software vector mode handshaking ..........ccccveieniininiine e 195
10.6.3.1.1Acknowledging interrupt request to processor 195
10.6.3.1.2End of interrupt exception handler ..........c.ccceeveveiieevecce e 195
10.6.3.2 Hardware vector mode handshaking ...........ccoceereeiineenene e 196
10.7 Initialization/application INFOrMELION ..........ccceiierieieseese e ae e nre s 197
10.7.1 INIti@liZBHON FIOW .ottt 197
10.7.2 Interrupt exception NANAIEY .........ocoiiiiiiee e 197
10.7.2.1 SOftware VECION MOE .......ocveieriirieriesiesieeee e 198
10.7.2.2 Hardware VECIOr MOUE .........cceruirieriiniiniinieiesiesee et sie s see s seesnas 198
10.7.3 ISR, RTOS, and task NierarChy .........ccoceiieiiiiereee e s 199
10.7.4 Order OF EXECULION ......eoueeuieiieieiesie ettt sttt b bt e et sae b e nne e 200
10.7.5 Priority CElliNG ProtOCOI ........cceiieiiieieciese et s ettt et sreesreennesneens 201
10.7.5.1 EI€VELING PrIOMITY .ooueeeeeeieieriesiesiesiesiese ettt sre e 201
10.7.5.2 ENSUMNG CONEIENCY ...ccveeuieieieieeeiesteesieeeesteetesseesseessesseessessessseensessaessennsesseesns 201
10.7.6 Selecting priorities according to request rates and deadlines ...........cccccveceevveiecieieennnn, 201
10.7.7 Software configurable iNterruPt FEQUESES ........coveeeiierierierieriesiese e 202
10.7.7.1 Scheduling alower priority portion of an ISR .......c.ccevvvieveeie e 202
10.7.7.2 Scheduling an ISR 0N another ProCeSSOr ..........cccvieereeieesecie e 203
10.7.8 Lowering priority Within @n ISR .......cocoiiiiiieire e 203
10.7.9 Negating an interrupt request outside Of ITSISR .....c.covecv e 203
10.7.9.1 Negating an interrupt request asaside effect of an ISR .........ccccccevveienee 203
10.7.9.2 Negating multiple interrupt requestsSin oNe ISR ........ccoceviiieieninereceee 203
10.7.9.3 Proper setting of interrupt request Priority .......ccccoceeerieeresieesesseeseeseeseenns 204
10.7.20EXamining LIFO CONENES ......c.ccieiiieieciece ettt sre e s enneennen 204
Chapter 11
Wakeup Unit (WKPU)
100 R 1 11 [ ' S 205
I R @ Y1 V1< OO 205
I =SSP 205
11.2 External Signal AESCIIPLION ......cc.oiiiiiiieiieesie ettt sn e seesnesre e 206
11.3 Memory map and regiSter AESCIIPLION .......ccvecueeeereeeeeese e e e e e e e e sre e sneeeeereenreenee e 206
G 20 I V= T Y 1 0= LTSRS 206
11.3.2 REQISLEr JESCIIPLIONS ......eiueeieeeeieie ettt sttt e e e e e 206
11.3.2.1 NMI Status Flag Register (NSR) .....cooiiriiiiiiieeierese s 206
11.3.2.2 NMI Configuration Register (NCR) ......ccoeeveiiiiieieceece e 207
11.4 FUNCEONEl AESCITPIION ...ttt ettt et b e bbb st e e e e b e nn et e b e nnennenne s 209
i R C = o 1= = TSSO 209
11.4.2 NON-Maskabl€ INLEITUPLS ......ccueeieiieiieeie ettt sttt e s e aeennenrees 209
11.4.2.1 NMI MaNAGEMENT .....ocviiiiiiiiieeeee e 210
Chapter 12
System Status and Configuration Module (SSCM)
020 R 1 11 0o L8 o 1 o o RSSO PTP PPN 213

MPC5604E Reference Manual, Rev. 5

Freescale Semiconductor 7



12.2
12.3

124
125

131
13.2
13.3
134

135

13.6

T2.0. 1 OVEIVIEW .o e e e e e e e e e et e e e e e e e e e e e eeeeeeee e e e e e aeeeeeeeeeeeaaenneeeaaeeens 213

12.0.2 FEBLUIES ...ttt ettt ettt ettt ettt e et et e e s he e e s e e she e e mbe e ase e eaneeeaeeamseesseesaneenneanns 213
V228 TG T \V oo (==Y o) B @ = = 1 o o ISR 214
External Signal DESCIIPLION ...cc.eciiiiieiieciece ettt ettt e e e saeeaesne e neennesreenes 214
Memory Map/Register DEFINITION .........ooiiiiiieieiesiee e 214
12.3.1 ReQIStEr DESCIIPLIONS ....ecuveeveeieeeiesieeieeiesieeiesreesteeseesseesseeseesseessessessseesesseesseessesseessennsens 214
12.3.1.1 System SatUS REJISLEN .....ccueeivieieiiee ettt s e 215

12.3.1.2 System Memory and ID REQISIEN ........ccoceririeiiieire s 216

12.3.1.3 Error ConfigUIaLION ........c.cceeriereesieesieeiesieeeesseesseeeesseessesseesseesesseessessessseenes 217

12.3.1.4 Debug Status POrt REQISLEN .......c.cceeiiieieiiesie et 218

12.3.1.5 Primary BOOt AQUrESS .......ccooiiiiriiiirineeeeeeee s 220
FUNCLION@l DESCITPLION ....evieiecieeeteeie ettt e e s e e beeseesreeteeneesseenseeneenseeneenneenes 220
Initialization/Application INFOrMAaLioN ..........cccoiiiiiieie e 220
TN I S 220

Chapter 13
System Integration Unit Lite (SIUL)

L1008 1o o TSP R RS ROPPRTRPRN 221
(@ Y ST PR 221
LS L= RSP TPRR 222
LS = IS o gt 0 (=S o o] o 223
13.4.1 Detailed Signal deSCriPLIONS .........coeeieiieiicie e sttt ae e e nne e 223
13.4.1.1 General-purpose [/O pinS (GPIO[0:70]) ...eooververeereirierieniineeeeeesee s 223

13.4.1.2 Externa interrupt request input pins (EIRQ[0:31]) ...cccoovevvveerieeieseeieenene 223

Memory map and register AESCIIPLION .......ccueieeieeeieece ettt eane s 223
13.5.1 SIUL MEMOIY MBI ...eeiteeiieieeitietesieesieesessee e sre e sseessessesseessesseesneennessnesneesesnnennens 224
(ICTCWZAN S35 o 115 (= gl o0 (= 1 T [P 225
13.5.3 REQIStEr AESCITPLION ..ocuviieieiicie ettt sttt st e esreenteeneesaeenesneesseennesnnens 225
13.5.3.1 MCU ID Register #1 (MIDRL) ......coeveereeeerreeerereesseosssissessesssessssssesssessennees 225

13.5.3.2 MCU ID Register #2 (MIDR2) ......cccooiiiriririnieieiesiesie e 227

13.5.3.3 Interrupt Status Flag Register (ISR) ....c.covevevieieeeceeceee e 228

13.5.3.4 Interrupt Request Enable Register (IRER) .......cccocovivininiiicecseseeee 228

13.5.3.5 Interrupt Rising-Edge Event Enable Register (IREER) .........cccccevvevieenee. 229

13.5.3.6 Interrupt Falling-Edge Event Enable Register (IFEER) ........ccccccceevveienee. 229

13.5.3.7 Interrupt Filter Enable Register (IFER) ..o 230

13.5.3.8 Pad Configuration Registers (PCR[0:70]) ..cvevververeeeerieeieseenie e seeesee e 230

13.5.3.9 Pad Selection for Multiplexed Inputs Registers (PSMI0-PSMI125) ............. 232

13.5.3.10 GPIO Pad Data Output Registers (GPDOO0_3-GPDO68_71) ........cccceevrunene 235

13.5.3.11 GPIO Pad Data Input Registers (GPDIO_3-GPDIB8_71) ......ccccceovrererennens 236
13.5.3.12Paralel GPIO Pad Data Out Registers (PGPDOO — PGPDQO?2) ...........c........ 237
13.5.3.13Paralel GPIO Pad Data In Register (PGPDIO — PGPDI2) .......ccccccevcvivvrnnee. 237

13.5.3.14 Masked Parallel GPIO Pad Data Out Register (MPGPDOO-MPGPDO4) ..238
13.5.3.15Interrupt Filter Maximum Counter Registers (IFMCO-IFMC31) ................ 239
13.5.3.16Interrupt Filter Clock Prescaler Register (IFCPR) .....ccccovoiiivienenereeniee 240

[ Tt o= 0[S o o1 o o 241

MPC5604E Reference Manual, Rev. 5

Freescale Semiconductor



IS0 A o =o oo o P TR 241
13.6.2 General purpose input and output PadS (GPIO) ......c.ooeeririerieieneeseeee e e 241
13.6.3 EXIErNAl INTEITUPLS ....veeieciieetieie ettt st e e ae e sseenseeneesneennesnaenseenensnenns 242
G A o T o T 0 10 (1 o PSS 243

Chapter 14

€200z0h Core

I R @ V< V= P 245
L4.2 FEALUIES ......eeiiieeiee ettt e e e e e R e e ae e e s e e e m e e e R e e s Re e e n e e ene e e n e e ne e e nr e e reennreen 245
14.2.1 MicroarChiteCture SUMIMAIY .......ccccueieerieeieieeiteseesteeseesseesseesesseesseseesseessesseesseensesnsessens 246
14.2.1.1 BIOCK QIB0IaM ...ouiieiieieieeeie et 247
14.2.1.2 INStruction UNit FEAIUMNES ........coviieriiniirieeieeeeee e 248
14.2.1.3 INnteger UNit FEAIUIMNES ......cccccvieiee et 248
14.2.1.4 L0oad/StOre UNit FEAIUIES .......ccceeiieeesieieee sttt 248
14.2.1.5 €200z0h System DUSFEALUIES .........ccoveieriieie e 248
14.2.1.6 NEXUSTEAIUINES ..ottt 249
14.3 Coreregistersand programmer’SMOAE] ..........oooiiiiiiiirineeee e 249
14.3.1 Unimplemented SPRs and read-only SPRS ... 252
I 1S 0 Tox o IS = YOS 252

Chapter 15

Crossbar Switch (XBAR)
G300 R 1 1 [ o P 253
G2 = 1o Tox Qo [>T | o P 253
15.3 OVEIVIBW oouiiiiitiitieiieie ettt sttt b e b e b e b bt e bt e st e st e b et e s b e be e b e e bt e bt e st e ne e s et e e et e nbeneenbenbeas 254
15,4 FFEBLUIES ..ottt ettt a e ettt e ettt e et e e e e ate e e ame e e e se e e e Re e e enbe e e snneesnr e e nnneeennneean 254
IRV, oo [ SX 0 0] == 1 o o S 255
15.5.1 NOIMM@A MOOE ....voiiiiiiiiiieiieiieee ettt bbbt e et e ntentenrenne e 255
15.5.2 DEDUQG MOAE ...ttt sttt bttt e et nn b nre b e 255
I SR 0 i = 0 === o) P 255
15.6.1 OVEIVIBIW ..ottt sttt sttt et e b e b e b e e b e e st e ne e st e st et e e et e naenbenbe e e 255
15.6.2 GENEral OPEIELION .....oveviiiieieeieeieee sttt ettt bbbttt e s nn e e e nne e 255
RSN R I 1Y/ =S (= oo 1TSS 256
S A = Y oo 1 £SO 256
15.6.5 Priority @SSIONMENE ......ocvoiiiiiiiieitesiesie sttt bbbttt e e e e e 256
15.6.6 ATDITIAION ..ottt bbbttt 257
15.6.6.1 Fixed priority OPEratioN .........ccccceceeieeieeieeiieceese e sre e s 257
15.6.6.1.1Parking 257
Chapter 16
Miscellaneous Control Module (MCM)
G20 A 1 11 0o (8 o 1 o o OSSR PPN 259
A @ V< V= Y TSP 259
G = U = RSP TTRTRRRRN 259
16.4 Memory Map and RegiSters DESCIIPLION ......ccveieiierieiieseeieseese e see e sae e sreenee e sre e 259
MPC5604E Reference Manual, Rev. 5

Freescale Semiconductor 9



171
17.2
17.3
17.4

17.5
17.6

18.1
18.2

16.4.1 MEMOIY IMD .oouiiiiiiiie ettt iee sttt e e st e e st e s st e e s ab e e s nab e e sbe e e srbeeesnbeeennnes 260

16.4.2 REQIStErS DESCIIPLION ....oiuiieiiiieiiesieeie sttt sttt sttt s be e e seesbesneesreeeesneens 261
16.4.2.1 Processor Core Type (PCT) reQiStEr .....oovveieveereeeseesie et eee e 261

16.4.2.2 ReviSiON (REV) FEQISIEN ......eeiiiiecece ettt 261

16.4.2.3 1PS Module Configuration (IMC) regisSter .........cccevvevererienieeneeee e 262

16.4.2.4 Miscellaneous Interrupt Register (MIR) ....oovveieiieiececeee e 263

16.4.2.5 Miscellaneous User-Defined Control Register (MUDCR) ..........cccccveveneee. 263

16.4.2.6 ECC FEUISIES ...oiuiiiieiieieieie ettt sttt s b e s 264

16.4.2.7 ECC Configuration Register (ECR) ....cccccevveiiriieiece et 265

16.4.2.8 ECC Status RegISLEr (ESR) .....ovvvieiiiririnieieiesiese s 266

16.4.2.9 ECC Error Generation Register (EEGR) ........cocoviviiiniiniriceeesese e 268
16.4.2.10Flash ECC Address Register (FEAR) .....ccooviieieiieiee e 270

16.4.2.11 Flash ECC Master Number Register (FEMR) .......cccoooeviniriniienenesesesienes 271

16.4.2.12 Flash ECC Attributes (FEAT) regiSter ..o 272
16.4.2.13Flash ECC Data Register (FEDR) .......cccooiieiirinireneseseeee e 272
16.4.2.14RAM ECC Address Register (REAR) ......cooveveriinine e 273
16.4.2.15RAM ECC Syndrome Register (RESR) .......cccoiiirinininieeeeeeee e 274

16.4.2.16 RAM ECC Master Number Register (REMR) .......ccooceviniiirineieriene e 276
16.4.2.17RAM ECC Attributes (REAT) FEQISEr ....ooovvvieiirire e 277

16.4.2.18 RAM ECC Data Register (REDR) .......ccoevierereiiceseseeeeeeeeesee s 277

G I \V L@ \Y I =0 R o] £0]= o i o ISR 278

Chapter 17
Internal Static RAM (SRAM)
L0 (8 (o o RSSO 281
SRAM OPEFEIING MOUE ...ttt e bt e bt s bt bt ese e e e e e e neesne e 281
S 0TS0 0= 0 10 0= o S 281
SRAM ECC MECNANISIT ...ttt sttt e e teste st s besbesse e e e st e e e beneenbeneenne e 281
17.4.1 ACCESSTIMING ..ouvivetirieeieeieeeeee ettt sttt e et et b et e bt benae e st e st e e e s e e e b e sneebeneeane e 282
17.4.2 Reset effeCts 0N SRAM GCCESSES ......ooiiiiriirieieie ettt sttt st s 283
[Tl To = 0[S o o oo SR 283
Initialization and application INFOIMELION ...........coeiiiiiiiiei e 283
Chapter 18
Flash Memory

L1008 o 1o o TSRS R RS TOTPPRTRPRN 285
Platform flash CONITOIEY ........ccoiiiieeeee e e e 286
IS 228 R 1 011 0o U Tox 1 o o SRR 286
18.2.1.1 OVEIVIEW ..ouviiiieiieiieiieee ettt sttt sa ettt e bbb b nreens 286

18.2.1.2 FEAIUIES ....oviviieeiieiieiie ettt sttt sttt b ettt e bt snenbenreens 287

18.2.2 MOUES OF OPEIBLION .....cueeieeiieieeie ettt b ettt e s b e ene e 287
18.2.3 External Signal deSCriPLIONS .......c.cciveieiieieeieseesieeee s ste e ste s e s e eae e e sreeaesreenseennens 287
18.2.4 Memory map and registers deSCriptioN ........coceereriereeie e e 288
18.2.4.1 MEMOIY MBI ....veeueiiueeieeienieesseeee e sr e n e se e s s e sb e e sne e s e e e e sneenennee e 288

18.2.4.2 ReQIiStErS AESCIIPLION ...veeveieeieceeeteesieeeeste e e sree e ee et e e sreesae e nreennesnee s 290

MPC5604E Reference Manual, Rev. 5

10

Freescale Semiconductor



18.2.4.2.1Platform Flash Configuration Register 0 (PFCRO) .......cccccceeveiveeneee. 290

18.2.4.2.2Platform Flash Configuration Register 1 (PFCRL) ......ccccoeoevveiinnnenne 293
18.2.4.2.3Platform Flash Access Protection Register (PFAPR) .......ccccccveeievnee. 295
18.2.5 FUNCLIONal ESCIIPLION ......eevieieceieciecie ettt st et reete e e nreennesneens 296
18.2.6 BasiCinterface ProtOCO| ........ccoieerieriieiieieeie sttt e e st sbe e sreenaesneens 297
18.2.7 ACCESS PrOLECLIONS ....ecviiueeirieieeseesteesieeseesteetesseesseeseesseesseeseesseessesseesseensesseessesssessenssennenns 297
18.2.8 Read cycles — DUFfEr MISS ...c.ooceiiicecece e 297
18.2.9 Read cycles— DUfEr NIt .......c.oooiiiie e 298
18.2. J0WIITE CYCIES ..ottt ettt et s et e e te et e ereesseenseeneenseennesneennenneens 298
S g o (=0 1T (g SRR 298
18.2.12ACCESS PIPEIINING ..ottt ettt et e e e e s b e nne e 299
18.2.13Flash error reSPONSE OPEIALiON .....ccveecueeierieeieereerieeeesseesseeeesseessesseesseeeesseesseseesseessessenns 299
18.2.14Bank0 page read buffers and prefetch operation ...........ccccceveeveeiesecie e 299
18.2.14.1 Instruction/data prefetCh triggering .......cccceoerererenesesereeee e 301
18.2.14.2 Per-master prefetCh triggering ....o.vcovecee e 301
18.2.14.3BUFfEr @llOCAION .....coveiiiicieieeeeee e 301
18.2.14. 4 BUffer INValIation .........ccooeeiiiiiiieseee e 301
18.2.15Bankl temporary holdiNg rEQISLEr ......ccveieeieceeie e 302
18.2.16Read-While-Write fUNCLIONEIILY .......cccceeiieieiieiece e 302
18.2.17Walit State @MUIBLION .....eeeiieeeiiceeesie ettt e s e ste e seenseeneesreenaenneens 304
18.2.18TIiMING QIAOIAIMS ....ocveeiieeieetieie et eee et e e et eeteereesreeaeeseesseeseesseesseaseesseesesseessenneesnenns 305
18.3 Code Flash MemMOry (CAOLEC) ....ccueeiuieieciieiie ettt ettt et et e e b e e sneeaeeneenneenes 311
ST I R O 1Y Y1 PSR 311
18.3.2 FEALUIES ..ottt bbbt bbbt bttt e bbb et ee e 311
ST TG T = Voo S DT =" s o PSSR 311
18.3.4 FUNCLIONAl DESCIIPLION ...cueeuieieiieie sttt 312
18.3.4.1 MaACrOCEl SITUCIUIE .......ooueeiieiiiisie e 312
18.3.5 Code flash SECLOMZALION ........ccveiierierieiisiereeiee et 313
18.3.5.1 Test FIasSh BIOCK ......ccceeiuieciieceeee et 314
18.3.5.2 Shatdow BIOCK .......civeiiiiiiiiiieieeses s 315
18.3.5.3 User MOde OPEration .........c.ccceeeeieeiieie s esieseeste e ste e s sne e sre e 316
18.3.5./4 RESEL ..ot e e e raeeenes 316
18.3.5.5 Disable Mode (POWEr-DOWN) ......cccccveierieeiiesiesieeieseesie e saeeseeseesseeeesseenes 317
18.3.5.6 Sleep Mode (LOW POWEr MOUE) .....cc.ecueevvieieciieieee et 317
18.3.6 REQISLErS DESCIIPLION .....eiuieiieieeieiesiesie sttt b e 318
18.3.6.1 Module Configuration Register (MCR) ......ccccceevveieeiere e sieeee e 319
18.3.6.2 Low/Mid Address Space Block Locking register (LML) .....cccccveeeviveinnne. 324
18.3.6.3 Non-Volatile Low/Mid Address Space Block Locking register (NVLML) .324
18.3.6.4 High address space Block Locking register (HBL) .....cooveovvvevecciereeec 326
18.3.6.5 Non Volatile High address space Block Locking register (NVHBL) ........... 327
18.3.6.6 Secondary Low/Mid Address Space Block Locking register (SLL) ............ 327

18.3.6.7 Non-Volatile Secondary Low/Mid Address Space Block Locking register
(3 Y25 I S 328
18.3.6.8 Low/Mid Address Space Block Select register (LMS) .....ocoovvviiinenineenees 330
18.3.6.9 High address space Block Select register (HBS) ......coevvveeveevecieneeie e, 331

MPC5604E Reference Manual, Rev. 5

Freescale Semiconductor 11



18.3.6. 10 A0AIESS REGISIEr (ADR) wvvvveereeeeeeeeeeeeesessseeesssssessessseessessssesesssssssssesesseees 332

18.3.6.11 Bus Interface Unit O register (BIUQO) ......ccooveriiiiiiieeereee e 333
18.3.6.12Bus Interface Unit 1 register (BIUL) .....ocoevveeeiieieceeceee e 333
18.3.6.13Bus Interface Unit 2 register (BIU2) ......ccooveeeiieieceecece e 334
18.3.6.13.1Non-volatile Bus Interface Unit 2 register (NVBIU2) ...........c.c....... 334

18.3.6.14 Non Volatile Bus Interface Unit 3register (NVBIU3) .....c.cccevvevevvveincnenne 335
18.3.6.15User Test O register (UTO) ...oceveeiererieniinieseeeeee e s 335
18.3.6.16 User Test 1 register (UTDL) ...cccoeieiiierieniesieseeee e 337
18.3.6.17User Test 2 regiSter (UT2) ...oceceieiirierienieseseeee e 338
18.3.6.18 User Multiple Input Signature Register 0 (UMISRO) .......ccccceevveeeveecieenenne 339
18.3.6.19 User Multiple Input Signature Register 1 (UMISRL) .......cccovveiinenencnienne. 339
18.3.6.20 User Multiple Input Signature Register 2 (UMISR2) .......cccccevveceeieerincnenne 340
18.3.6.21 User Multiple Input Signature Register 3 (UMISR3) .......cccccevveieveeciecneene, 341
18.3.6.22User Multiple Input Signature Register 4 (UMISRA) .......cccceveviieiencnienne. 341
18.3.6.23 Non-Volatile Private Censorship Password O register (NVPWDO) .............. 342
18.3.6.24 Non-Volatile Private Censorship Password 1 register (NVPWD1) .............. 343
18.3.6.25Non-Volatile System Censoring Information O register (NVSCIOQ) .............. 343
18.3.6.26 Non-Volatile System Censoring Information 1 register (NVSCI1) .............. 344
18.3.6.27 Non-Volatile User Optionsregister (NVUSRO) .......cccccovveeveevieceeseeie e, 345

18.3.7 Programming CONSIAEIaLIONS ........cceruirieruiriereeeeeeieesee st sie s e e sae e sne e sne e 346
18.3.7.1 MOdify OPEILiONS .....c.cccveiveerieiiesieesie e seeseeseesre e eseeste e sreesaeeseesseeneesreenes 346
18.3.7.1.1Double WOrd Program ..........cccccveieieeseeie e e 347
18.3.7.1.2BIOCK EF8SE ....cceeieeeieeie ettt 349
18.3.7.1.3Erase SUSPENA/RESUIME ........ccverieeierieerieeieseesieeeesseesseeeesseessessessseenes 350
18.3.7.1.4USEr TESE IMOUE ...ttt 350

18.3.7.2 EITOr COMECtION COUR ....cviiveeieieieetienieeiesteesteeseesreesee e see e sneesaeeeesreeaeenee e 354
18.3.7.2.1ECC algOrithmsS ......ccueeeeieeece et 355

18.3.7.3 EEProm @mMUIBLION .......ccceeiueeiieiiesiecie ettt 355

18.3.7.4 EProm EMUIBLION .......cooviiiiiiiiiisiesiseseeee e 355
18.3.7.4.1AI "L SNO EITON ..o 355

18.3.7.5 ProteCtion SITAtEOY .....cceccceeeeiieiieiieieeeesteeiee s e sre e st e e s sre e sreeneere s 356
18.3.7.5.1IMOdify PrOtECLION ......eovieiiiieriesieeeeie e e 356
18.3.7.5.2CeNS0red MOUE ........ooueiiiriiiiirierieeieee e 356

(RS A DT v= W =S 1Y = 0o P 357
18.4.1 BIOCK OVEIVIBIW ..ottt ettt s s e te e teestesreenseeneesseensesneesseensenneens 357
18.4.2 FEALUIES ..ottt bbbt bbbt bt bt he et et et e et na et st nne e 358
RS G T = Voo QDT o PSR 358
18.4.4 FUNCLIONAl DESCIIPLION ....ueiuieieieiesieste sttt 359
18.4.4.1 MaCrOCEl SITUCIUIE .......coueinieiiiisie e 359
18.4.4.2 Dataflash SECtOrZation ..........ccoceveiiririnierese e 359

18.4.4.3 Test Flash BIOCK .......cccccueiieiiiece et 360

18444 RESEL ..ottt ettt e et a b ens 361

18.4.4.5 POWEr-OWN MOUE ......ooiuiiiiiieeiesteeie et s 361

18.4.4.6 SlAVEMOUE ....c.eeeiieeeeee ettt ettt ne e sneeae e 362

18.4.5 REQIStEr UESCITPLION ..ecveieeeieieieeeeesieeie et esteeee e eteseesreeee e e e aeeeesseesseaneesseesesseessenneesnenns 362

MPC5604E Reference Manual, Rev. 5

12

Freescale Semiconductor



18.4.5.1 Module Configuration Register (MCR) ......ccccceevveiieiiciecee e 363

18.4.5.2 Low/Mid Address Space Block Locking register (LML) .....ccooceveiiiniinnnenne 367
18.4.5.3 Non-Volatile Low/Mid Address Space Block Locking register (NVLML) .368
18.4.5.4 Secondary Low/Mid Address Space Block Locking register (SLL) ............ 369

18.4.5.5 Non-Volatile Secondary Low/Mid Address Space Block Locking register
[ Y25 I LRSS 370
18.4.5.6 Low/Mid Address Space Block Select register (LMS) ....cocvvvvevivciecieenee, 371
18.4.5.7 Address RegISIEr (ADR) ......ooiiiiiiiiiriereeree e 372
18.4.5.8 User Test O register (UTO) ...ocoveverererinieee e 373
18.4.5.9 User Test 1 register (UTL) ..oovvveveiineninieeesiesie e 375
18.4.5.10User Multiple Input Signature Register 0 (UMISRO) .......cccceveienercnienienne. 376
18.4.5.11 User Multiple Input Signature Register 1 (UMISRL) ......ccccceevveceeneerieenenne 376
18.4.6 Programming CONSIAEraLiONS ........cceeveeieieeiieieesieesieeeesteesteseesreese s e e sseeeesseessesnsesseensens 377
18.4.6.1 MOCITY OPEIELION ....ccueieiieieriesie ettt 377
RS S IZA VLY o] o I o] 0T = o [ 378
18.4.6.3 SECLON EISL ...eeeveeieieieesiee et ee sttt et et e s s b e e s ae e e n e s ne e sss e e sne e e sneesneesareenneesnes 379
18.4.6.3.1Erase SUSPENA/TESUIMIE .......ocviiiiiiiierieeiesieeee e 380
18.4.6.4 USEr TESE IMOUE ....ceoviiiiiieiieieie ettt st 381
18.4.6.4.1Array integrity Self ChECK .....ccocveiiieeeece e 381
18.4.6.4.2MaAIQIN A .......eiueeiieeeiesee ettt 382
18.4.6.4.3ECC 10QIC CHECK ....cveeeieeeieiece ettt 383
18.4.7 Error COrrECHION COUR ......ouiieiiiiiiesiesie sttt sttt st e e e nae e e e 384
18.4.7.1 ECC algOrithms .......cccooiiiiiiiiiii e 384
18.4.7.2 ECC AIQOrthmMS FEALUIES .......ccceeiieieeiiesie e ee et 384
18.4.8 ProteCtioN SLIALEY ....ecceeveecrieiieiieseeiteeee st estesteesteeeesseesteeeesseestesseesseesesseesseeneesseenseaneans 385
18.4.8.1 MOy PrOtECLION ......cceeeeiiieiisiesieee e 385

Chapter 19
Enhanced Direct Memory Access (eDMA)

S0 1 1 00 (8 o o o TSSO S PPN 387
ST I @ Y1 V1= OSSP 387
19.1.2 FEALUIES ...ttt ettt ettt et h ettt e s bt e et e e s bt e et e e sae e e b e e nbeeenbeesbeeeneeenneennes 388

19.2 Memory map/register AefiNITION ..........cviieii e et 393
19.2.1 REQIStEr AESCIIPLIONS ....vecueevieieceeecieeie et e et ste e ee s e ste e sreesteeseesreesesneesseennesseenseaneens 394

19.2.1.1 eDMA Control Register (DMACR) .....cooiiiiiiieniiseneseseeee e 394
19.2.1.2 eDMA Error StatuS (DMAES) ....coouiriiiiiiieiesesese s 397
19.2.1.3 eDMA Enable Request (DMAERQL) ....ccooviiiiiinireseseseseeeee e 400
19.2.1.4 eDMA Enable Error Interrupt (DMAEEIL) ....oooiiiiiiiieiieeeeee e 400
19.2.1.5 eDMA Set Enable Request (DMASERQ) ....oocoveriirineninieiesese s 401
19.2.1.6 eDMA Clear Enable Request (DMACERQ) .....coocovevininininieese e 402
19.2.1.7 eDMA Set Enable Error Interrupt (DMASEEI) ..o 402
19.2.1.8 eDMA Clear Enable Error Interrupt (DMACEEI) ......ccoeovvivevveieceeieen, 403
19.2.1.9 eDMA Clear Interrupt Request (DMACINT) ..ooooiieiineeeee e 403
19.2.1.10eDMA Clear Error (DMACERR) ......ccccoiieieiieseee e sie e s 404
19.2.1.11 eDMA Set START Bit (DMASSRT) ..ooviiiieieriesiesiesesesesee e 405

MPC5604E Reference Manual, Rev. 5

Freescale Semiconductor 13



19.2.1.12eDMA Clear DONE Status (DMACDNE) .......ccoeiiiiieieneneieeseseeeeesieeas 405

19.2.1.13eDMA Interrupt Request (DMAINTL) .oovoeieierececeeeeeeee e 406
19.2.1.14eDMA Error (DMAERRL) .....ooiiiiiieiieneeeee s 407
19.2.1.15eDMA Hardware Request Status (DMAHRSL) ......ccocovvririeieienenenesiene 407
19.2.1.16eDMA Channel n Priority (DCHPRIN), N =0,..., {15} .coooiiiiiiiereeeee 408
19.2.1.17 Transfer Control Descriptor (TCD) ....cccvveeveeeesiere et 409
KSR 1 o T= 0 === o () SR 419
19.3.1 eDMA MICIOArChITECIUIE ......ccviieieieeeiieeieeeeie ettt nesneenneeneen 419
19.3.2 eEDMA DESIC ALATIOW ....cveeiiiiiiiiierere e 420
19.4 Initialization/application INfFOrMELION ............cceiieiiiieciee e 423
(RS A= B LY N 1 1 = = o o S 423
19.4.2 eDMA ProgramiMing €TOFS .....cceeeeeruesseesseseesseesseseessesssesseessesssessesssessssssesssessesssesssesseens 424
19.4.3 eDMA arbitration mode CONSIAEIaLIONS .........cceeeeeerierierierie e 425
19.4.3.1 Fixed group arbitration, fixed channel arbitration .............cccceoceienerencnenne. 425
19.4.3.2 Round-robin group arbitration, fixed channel arbitration ............c..cceeueneee. 425
19.4.3.3 Round-robin group arbitration, round-robin channel arbitration .................. 425
19.4.3.4 Fixed group arbitration, round-robin channel arbitration ............cccccceevneee. 426
19.4.4 EDMA TrANSFEE ..oiiieiciieieeeee ettt bt bbbttt e e n et b e 426
19.4.4.1 SINGIETEUUESL .....ccveevieieesteeiecee st e st e steeee st te s e s re e e s se e s aeesesneesseenneeneeneens 426
19.4.4.2 MUITIPIE TEOUESES .....oviieeieeeeeee et 427
1O.4.5 TECD SAIUS ...ovevirieriirieeiieiieie ettt be sttt b ettt b e b e bt st e et et e besaenbeneenne e 429
19.4.5.1 Minor 100P COMPIELE .....c.eeiveeieiieceee ettt s 429
19.4.5.2 Activechannel TCD reads .......cccooeiieieniesiere e 429
19.4.5.3 Preemption SLALUS ......ccceieieeiieiesieseesieseeseesee e esee e e eaesseesseeaesneesseeseenns 430
19.4.6 Channel lINKING ......coeiiiiiecice ettt e s e e ne e e sreenesreenneeneens 430
19.4.7 DyYNamiC ProgramiMiNgG ......cc.eoeeesuersemsesemeeeeeessessessessessessessessessesssessessessessessessessessessenns 431
19.4.7.1 Dynamic priority CNaNgiNG .......cccccerieieiierieeieseeseseesre e sse e e 431
19.4.7.2 Dynamic channel [INKING .......cccccoiieiiiieiicce e 431
19.4.7.3 DynamiC SCaLEr/gatNer .........cooiiiiiiiiieeceeee s 432
19.4.7.3.1Method 1 (channel not using major loop channel linking) ................. 432
19.4.7.3.2Method 2 (channel using major [0op liNKiNg) ......ccceevevveeececciece, 433
19.4.8 Hardware request rel@aSE tIMING .......cccoveririririeieeee et 434
Chapter 20

DMACHMUX
P20 I R g (0o [0 Tot i o] ISP 435
P20 I I R @ = V= SRR 435
20.1.2 FEALUIMES ...oeei ettt ettt st e be e st e e be e s ate e be e s aee et e e sbeeeabeesseeenbeenbeeenseenbensnneans 435
A0 RIS \V/ ol (=X o1 @ o = = 1) o [ 436
20.2 External Signal DESCIIPLION ......cceiieiiiiieciesie ettt sttt re s e e e s reenteeneesreeneeneenneennas 436
B0 I R © = V= S 436
20.3 Memory Map and Register DEfINITION ........cccocoiiieiiee et 436
20.3.1 REQISIEr DESCITPLIONS ..c.uveieeeteeieeiiesieeiesiee st etesseesteeste e e s aeeeesseesbeeeesaeesseensesneesbeeneesneenes 437
20.3.1.1 Channel Configuration REJISIENS .......cceieriererierirerieeese e 437
20.4 DMA reQUESE MBPPING .veeuveeveereeierreesseeseeaeessesseesseesseaessseesseassesseessesssesseessessssssesssesssessesssesesssessees 438

MPC5604E Reference Manual, Rev. 5

14 Freescale Semiconductor



20.5

20.6

211

21.2

21.3

FUNCLION@l DESCITPLION ...ttt ettt e e e s be et e eseesaeeneeneesreeneesnnenns 440
20.5.1 DMA Channelswith periodic triggering capability .........cccoceveriiiiniinieiee e 440
20.5.2 DMA Channels with no triggering capability .........cccooveiiieiiesiese e 442
20.5.3 "Always ENabled” DMA SOUICES ......ccceccueireeiieiieireeiteseeseesee e sseessesseesseesesneesseensesneenns 442

Initialization/Application INFOrMELTON .........ceoiiiiiiieeee e 443
20.6.1 RESEL ..ottt e £ E e Rt h et ettt a b e nns 443
20.6.2 Enabling and Configuring SOUICES ........ccuecieiieiiesieeiiecee e esie e ste s se e e 443
20.6.3 Freezing in STOP and HALT MOUE .......ooiiiiiiiiieieeeeee e 446

Chapter 21
Video Encoder Wrapper

L1008 1o o RSP ROPPRTRPRN 447
21101 FEAIUIES ..ottt ettt e b st e b e s st e e s e e s e e e b e e eme e e aneeameeanneesneesnneenneennneaa 448

=] [oTot gl B F="e =" H TR P RSP PPRPR 449
21.2.1 MJIPEG Vide0 ENCOUES ....ccueiuiriiriiiieiesie ettt sttt 449
21.2.2 MJIPEG Operation MOUES ........ccoeeiiiiieitieiteceesteesieseese e e este e sreesseeeesseenaesseesreenesnes 450

21.2.2.1 Configuration MOUE .........c.oouiiiriirieiineeee e 451
21.2.2.2 ENCOUING MOUE ......oovieiecee ettt ennees 453
21.2.2.3 Rate Control OPEration ..........cccceeieiieieeiie et nas 454

Memory Map and Register DEfiNITION ..o s 455
21.3.1 MEMONY MEP .eiiiiiiiiie ettt ettt st e e s b e e e sabe e e sane e s asseesnneesnneenneeens 455
21.3.2 REQISIEr DESCIIPLIONS ....uveveeiicie ettt see st e et ae e e sre e e e saeesne e e eneesneennesnnenns 457

21.3.2.1 SEALUS CONTIQ c.veviriieieeiieieee ettt st bbb 457
21.3.2.2 PICIUME SIZE ocveieeeeeeee ettt sttt ettt sae e e re e sreeenbeesaeesaneesbeesnnaens 459
21.3.2.3 PIXEl COUNL .ottt 460
21.3.2.4 DMA AAAIESS ..ottt eneens 460
21.3.25 DmMa VStart addrESS ......ccceeeieeiieeiie ettt sre et nre e 461
21.3.2.6 DmMa VeNd addreSS ......c.cceecuieiieiie ettt 461
21.3.2.7 Dma alarm_addreSS .....ccceeieeieiiesieee et 462
21.3.2.8 Subchannel DUFFEr SEaIt .........cccooeieiiriieee e 462
21.3.2.9 JPEG IN OffSEt AQAIESS ....ooviiiiiiiiieiieieee e 463
21.3.2.J0RC _REGS SEL ..ottt st 463
213211 LUMTH ettt 464
21.3.2.12IMODE ...t bbbt 465
P T 1 T @ /@ I L 466
2132 JACHRTH oottt b e bbbt 467
21.3.2. 15 StAUS TEUISLEIS ...vecueeveeieceecteeie et e e et et e st e e s re et e e e e sbeeaesreesseenaesreeneeneesnens 468
21.3. 216 IPEG SEAL O ..oveeeeeeeeeees ettt et nneene s 468
213207 JPEG S L ..ottt 468
213218 IPEG S 2 ..ottt ettt 469
B G T LN | RS- A S 469
21.3.2.20JPEG AL 4 ..ottt bt 470
W I A I C RS - A O 470
21.3.2.22JPEG SAL 6 ..ovecveeeeeeieeeiese ettt n et nnenne s 471
201.3.2.23JPEG S 7 eoveeeeieeeeeie ettt et 471

MPC5604E Reference Manual, Rev. 5

Freescale Semiconductor 15



21.3.2.24IPEG SHAL 8 ... 472

21.3.2.25JPEG AL D ..oviceieiieiieiee ettt nre e 472
21.3.2.26 JPEG S 10 ..ooveieiiieieieie ettt sttt 473
A I N = C RS- A TP 473
21.3.2.28IPEG K@ 12 ..ottt sttt nne e ne e 474
21.3.2.29JPEG SHAL 13 ...ttt 475
21.3.2.30JPEG K@ 14 ...ttt 475
21.3.2.3LIPEG SHAL 15 ...ooeieceee ettt enae s 476
b2 T W oo I DTS o o S 476
P O T o TU BT ) = == SO a77
21.4.1.1 Externa Sync Interface Timing Diagram ........ccccooverirerienieiesesese e a77
21.4.1.2 ITU-BT6E56 sync information extraCtion ..........ccccceeceeceeneeriesieesieeseeseessennnns 478
21.4.1.3 Video In Data Format for embedded Sync Mode ..........ccccevveeveccieieesneenen. 480
21.4.1.4 Video In Format for External Sync Mode .........cocviririeienenenescseseen 481
21.4.2 CirCUIar DUFTEE ... bbb 482
21.4.3 SUDChANNEI MOGE ..ottt b b 483
21.4.4 Programming SEOUENCE .........ceeruerereeieieessessessessessessessessessesessessessessessessessessessessensennas 485
Chapter 22
Integrated Interchip Sound (12S) / Synchronous Audio Interface (SAl)

P72 N 1 g (0o [0 Toi i o] o ISP 487
D T R = (1 =SSOSR 487
22.1.2 MOUES OFf OPEIBIION ...cuviviiiiieiieieee ettt sttt si et se et b et e bt s e ie e se e s e s e snenbeneeenis 487

22.1.2.1 RUNMOUE ..ottt bbbt 487
22.1.2.2 DEDUG IMOUE ..ottt ettt st re e sneenneas 487

22.2 EXIEMNE SIQNAIS ..o bbbttt e et e e b s 488

22.3 Memory Map and REJISIEN'S .....ccciiieiicie ettt e et saesneenteeneesneenneeneas 488
22.3.1 SAI Transmit Control Register (I2S TCSR) ....ccccvvieiieiiecece e 490
22.3.2 SAI Transmit Configuration 1 Register (12S_TCRL) .....ccoviiinerinerieeeeeeesesesesiees 490
22.3.3 SAI Transmit Configuration 4 Register (12S TCRA) .....oovecveieviee e 493
22.3.4 SAIl Transmit Configuration 5 Register (12S TCRD5) .....cccvevvieevecie e 494
22.3.5 SAIl Transmit Data Register (12S_TDR) ...c..ooeiiririeieiere e 495
22.3.6 SAI Transmit FIFO Register (12S TFR) ...c.ooiiiieiiienieeeeee e 495
22.3.7 SAI Transmit Mask Register (I2S TMR) ....ocviiiiririeieesesee e 496
22.3.8 SAI Receive Control Register (I2S_RCSR) ...cc.ooiiiriiieieriesesie et 496
22.3.9 SAI Receive Configuration 1 Register (12S RCR1) ....ccccevveeevieiieseeseee e 499
22.3.10SAI Receive Configuration 2 Register (12S RCR2) .......ccccoviieviciie e 499
22.3.1LSAL CLOCKING ettt nee s 504

22.3.11.1 Audio MASLEr ClIOCK .....ocueiiiiiisieriecece e 504
P T 2 = 1 A o o SRR 505
22.3. 113 BUS CIOCK ....eeivieiieiectieie ettt st aesneenneas 505
P I S I = SRR 505
22.3.12.1 SOfIWAIE FESEL ....eeeueieieeieeie ettt sttt sttt s e b e e sneenas 505
W I A L O N (= S 506
PG T G 15 0] T U LS 1Y o T U= 506

MPC5604E Reference Manual, Rev. 5

16 Freescale Semiconductor



231

24.1
24.2
24.3
24.4
245

24.6

22.3.13.1.SyNChroNOUS MOUE .....ccuecveiieeiieie ettt ettt nas 506

22.3.13.2Multiple SAl SynchronOUS MOOE ..........ccooeerieieiiieee s 506
22.3.14Frame SyNC CONFIQUIBLION .......ccueiueerieeiesieeieeee s eeesee s e ae s e sae e sneeee e e e sneenneeneenseeneesnes 507
22.3.15D@A FIFO ..ttt bt nns 507

22.3.15.1 DataalignmeNnt ........ccceeeeieiiereee et 507

22.3.15.2FIFO POINTELS ..ottt sttt ne et saesne e 508
G B VAV (oo [ 4o S T =0 T (= S 509
22.3.27INterrupts and DIMA FEQUESES .....c.coiviiiieriiniesieeiesee ettt nre e enes 509

22.3.17.1FIFO dataready flag ......ccocoverireriiirieeee e e 509

22.3.17.2FIFOWarNiNg flag ......cccveoeiieiecie et 509

22.3.17.3FIFO &TON Tlag ...coueeeeieeeee s 509

22.3.17.4SyNC EITON Tlag .ooveeeeeeeeeee e 510

22.3.17.5WOrd Start flag ...c.eccveeeeeeiecee et 510

Chapter 23
SAl Instantiation
100 18T 1 o o PSR 511
23.1.1 SAI/I2S OVEIVIBW ..ottt sttt sttt e ettt b e bttt et e s et e be st nnas 511
23.1.2 External SIgnalS MUItIPIEXING ....c.eoivieiiiieciece et 512
23.1.3 SAI/I2S CIOCKING ..veuveiiitiriesiieieeieee ettt e e b et b bbbt e e s e nne e 512

23.1.3.1 SAI/12S ClOCK SEIECHION ....cveviieiiieiieiee e e 512

23.1.3.2 CLKMODE in SAI/I2STCR2 REJISLEN ....coiiriiriirierieniinierieee e 512

23.1.3.3 CLKMODE in SAI/I2SRCR2 REJISIEN .....covveeeieerieeieneenie e sieenee e 513

23.1.3.4 Configuring clock source for SAI/I2S audio master clocK .........ccccevvennen. 514

Chapter 24
Deserial Serial Peripheral Interface (DSPI)
L0 (8 (o o SRRSO 515
=] [oTet o[- | = o ST PP P PP 515
(@< Y SO TP PP 516
FFEALUIES ...ttt ettt h e e et e b e e e ae e e b e e s Rt e e R e e eae e e R e e eRee e R e e nRe e nnre e neennneerean 516
(Y TeTe (==Y o il 0] o/ = (0] o LU ST 517
24.5.1 MASIEN MOUE ...ttt b e bbbttt e s et e e bt nns 517
BN A = V= 000 OSSR 517
24.5.3 Module diSabl€ MOE ........ccociiieeeceee et nae s 518
SR T o o 00 = S 518
External Signal dESCHIPLION .....oceiiuieie ettt e e nn e reenneenne s 518
24.6.1 SIgNAl OVEIVIBIW ..ottt b bbb bt b et e e et e b e nnenbe e e 518
24.6.2 Signal Nnames and AESCIIPLIONS .......coeevueieereeieseeseeie e e esee e sreeee e e e eeesseesseeseesseenes 519

24.6.2.1 Peripheral Chip Select / Slave Select (CS 0) ..oovveveeeeececie e 519

24.6.2.2 Peripheral Chip SElectS 1-3 (CSLi3) ...ooviieririerisieriere e 519

24.6.2.3 Peripheral Chip Select 4/ Master Trigger (CSA/MTRIG) ...ovecvevecerecean. 519

24.6.2.4 Peripheral Chip Select 5/Peripheral Chip Select Strobe (CS 5) ... 519

24.6.2.5 Serial INPUL (SIN_X) woocvereeeeeeeeeeeiseeseseseessessessssssssssesssessssssssssesssssssssssnsssnsans 519

24.6.2.6 Serial OULPUL (SOUT _X) wovvereereirierierieririeeiesee e st s sie e sse e s 519

MPC5604E Reference Manual, Rev. 5

Freescale Semiconductor 17



24.6.2.7 SEHTAl ClOCK (STK_X) crrvvvveerereeeseeeereseesessssssessesssseessesssessssesessssssssessessessseees 520

24.7 Memory map and registers deSCrPLION .......ccvieeieererie et nne s 520
24.7.1 MEMOIY IMI ...veiiiteeiitieesieeeateeesseeesteeassteeeaseeesasseesseeeaseeeaseeessseeeasseesasseesseeesneessneeens 520
24.7.2 ReQISIErSAESCIIPLION ..ottt e saeer e e esneeneeneenreenes 521

24.7.2.1 DSPI Module Configuration Register (DSPIX_MCR) .....cccoevverieneeniennn. 521
24.7.2.2 DSPI Hardware Configuration Register (DSPI_HCR) .......cccccevvviveivneenene 524
24.7.2.3 DSPI Transfer Count Register (DSPIX_TCR) ....cocvevveeevieie e 525
24.7.2.4 DSPI Clock and Transfer Attributes Registers 07 (DSPIx_CTARN) ......... 525
24.7.2.5 DSPI Status Register (DSPIX_SR) ....cocviiriririeieiesese e 531
24.7.2.6 DSPI DMA / Interrupt Request Select and Enable Register (DSPIx_RSER)
....................................................................................................................... 533
24.7.2.7 DSPI PUSH TX FIFO Register (DSPIX_PUSHR) ......ccccvveririiriierienienne 534
24.7.2.8 DSPI POP RX FIFO Register (DSPIX_POPR) ......ccccoviiierinieierienesie e 536
24.7.2.9 DSPI Transmit FIFO Registers 0—4 (DSPIX_TXFRN) ...cocovevveveieveceve 537
24.7.2.10 DSPI Receive FIFO Registers 04 (DSPIX_RXFRN) ....cccovvviiiieiiicnenienine 537

24.8 FUNCLIONEI AESCIIPLION ....c.viiieciecie ettt et e e e b e et e ereesteensesneenseeneenneennas 538

24.8.1 MOUES OF OPEIGLION ....oviviriiitieiisieeiiee ettt e e b e st b s s e ae e e e s snenbe e e 539
24.8.1.1 MBSLEN MOAE ...cveieiieiieieie ettt bbb bbb ne e enes 539

24.8.1.2 SIAVEMOOE ..ottt 540
24.8.1.3 Module diSabl@ MOME .........cceeiiiiirieeee e 540

P2 ST I D 1= o0 o [ 0o = S 540

24.8.2 Start and Stop Of DSPI tranNSfers ......c.eccveieeiice e 540
24.8.3 Seria Peripheral Interface (SPI) CONfiguIration ..........ccccooeverinenienesieneeeseesesese s 541
24.8.3.1 SPI MESLEN MOAE ......eouiiiiieriesiesieee ettt 541
24.8.3.2 SPl SAVEMOUE ..ottt 542
24.8.3.3 FIFO diSable OPeration ..........ccocieierineninieeeeeee e 542

24.8.3.4 Transmit First In First Out (TX FIFO) buffering mechanism ...................... 542
24.8.3.4.1FIING the TX FIFO .o 543
24.8.3.4.2Draining the TX FIFO ....cciiiiiieeeeee e 543

24.8.3.5 ReceiveFirst In First Out (RX FIFO) buffering mechanism ............ccc....... 543
24.8.3.5.1FlliNg the RX FIFO .....cocoiiiiiceeeeeeeeee et 544
24.8.3.5.2Draining the RX FIFO ..o 544

24.8.4 DSPI baud rate and clock delay generation ...........cccceveeveeceneeresiee e 544
24.8.4.1 Baud rat€ gENEIaor .......cccceieeiieeieeseesteeeeetee e eee e ste e e steeae e nne e ereenas 544

24.8.4.2 CS10 SCK dEl@Y (I0GE) «ererrererrereremrererrerirenreissesessesessssesessesesessessssesesesseesnenes 545
24.8.4.3 ATFter SCK del@y (TAGE) «eveererrereererrerreenresresiniessese s e 545
24.8.4.4 Delay after transfer (IDT) .oovvececeeieeece e 546
24.8.4.5 Peripheral Chip Select strobe enable (CS5_X) ..oovvvveriveriieeecce 546

24.8.5 TranSTEr FOIMMELS ......ooveiiiriiiieitieeeee ettt bbbttt sae b e e 547
24.8.5.1 Classic SPI transfer format (CPHA = 0) ..oceoviieeiieceeeceee e 548

24.8.5.2 Classic SPI transfer format (CPHA = 1) ..o 549

24.8.5.3 Modified SPI transfer format (MTFE =1, CPHA =0) ..cocvvvieiiieiere 549
24.8.5.4 Modified SPI transfer format (MTFE =1, CPHA = 1) ..ccoiiiiiiiiieeee, 551

24.8.5.5 Continuous SEl€CtioN TOrMEL .........ccccevieieiieie e 551
24.8.5.6 Clock polarity switching between DSPI transfers .........ccccevvvceveeiesceesieenn. 553

MPC5604E Reference Manual, Rev. 5

18 Freescale Semiconductor



24.9

25.1
25.2
253
254
25.5

25.6

25.7

24.8.5.7 Fast ContinuUous SEleCtion FOIMEL .........oooeeeeeeeeeee e 553

24.8.6 Continuous Serial commuUNICationS ClOCK ..........ccoieriiiiiricieee e 555
24.8.7 INEITUPLYDMA TEUESES ....cuveeeieceeecieeeeeeeste e ee et e e ae e steetesneesneenseeneesneeneesneenns 556
24.8.7.1 End of queueinterrupt request (EOQF) .......coovvueiieiieiieeeerie e 556

24.8.7.2 Transmit FIFO fill interrupt or DMA request (TFFF) ..o, 557

24.8.7.3 Transfer complete interrupt request (TCF) ...cocovvcececce e 557

24.8.7.4 Transmit FIFO underflow interrupt request (TFUF) .....ccccovvevecceiieceeee, 557

24.8.7.5 Receive FIFO draininterrupt or DMA request (RFDF) .....cccoceviveiiiiienne. 557

24.8.7.6 Receive FIFO overflow interrupt request (RFOF) ......cccovevvvceveerieccesieenn, 557

24.8.7.7 FIFO overrun request (TFUF) or (RFOF) ....c.oooviieiieeceeceee e 557

24.8.8 POWEN SAVING FEAIUINES ......oiuiiuiiiiiiiiieeee ettt sttt nne s 558
24.8.8.1 Module diSable MOTE .........cccoiiriiiiirieiee e e 558
Initialization and application INFOrMELION ...........cceiieiiiiiecece e 558
24.9.1 MaANAQING QUEUES .......ovitereertirieeseeseesessessessessessessesseessesessessessesbesseesesseeneensesessessessessennas 558
e T U To s (=S ] o S 559
24.9.3 DE @Y SEINGS ...eeveeeeeitieie ettt ee st e s e e te s e e sre et e eaeesre e neeneeereerenreenns 560
24.9.4 MPC5604E DSPI compatibility with QSPI of the MPC500 MCUS ........cccccovevininienne. 560
24.9.5 Calculation of FIFO pointer addreSSES .........ccvieerieeiieiiereeie e sieesee e seeee e sse e e 561
24.95.1 Addresscalculation for first-in entry and last-in entry in TX FIFO ............. 562

24.9.5.2 Address caculation for first-in entry and last-in entry in RX FIFO ............. 562

Chapter 25
LIN Controller (LINFlex)

L1008 1o o TSP R RS ROPPRTRPRN 565
IMLBIN FEBIUIES ...ttt bbbttt et e et e bt e s b b e bt e st e st et et e nbenbenbenns 565
GENENAl AESCIIPLION ...ttt b e bbbttt e e et et b e e ene e 566
Fractional baud rate geNEralion ...........ccoveieiieiese s ese et e e e e sae e reestesnaesseeneeenaenseenes 567
OPEratiNg MOUES ......oiivieiiiie ittt e st e e et e st e e aesseesseesesse e seassesseeseassesseesesaeesreensesreeseaneens 570
25.5.1 INItialiZation MOUE ......ooveiieiieie ettt esreesseeseesneenseeneesreenes 570
25.5.2 NOIMEI MOUE ...t s b ettt n et bt nnas 570
25.5.3 LOW pOWEr MOUE (SIEEP) ...eeveeeeiieeiiieie sttt s et re et et sae e sre e sneesreenneenes 571
= 070 [ 571
25.6.1 LOOP BACK MOUE ......ccveeieeieitieie ettt sttt ne e e e sneeneeeneenes 571
25.6.2 SEIf TESEMOUE ...ttt st b e e et e et enas 571
Memory map and regiSters AESCIIPLION ........cccoveiererire st sn e 572
25.7.1 MEMOIY 1M ...eeeiutieeitieeieeeaieeesteeeate e e ssteeesaeeeasseeesaseeesbeeesabeeessseeeasseesasseesseeesseeesneeens 572
ATV 2 1= o 1S 1 g0 (=S o ] o 11 o o SRS 574
25.7.2.1 LIN control register 1 (LINCRL) ....ccoooiiiiiieieriesesieseeeseeee e 575

25.7.2.2 LIN interrupt enable register (LINIER) ......cccoovvevieienieseee e 578

25.7.2.3 LIN status register (LINSR) ....cccoiiieiinininisie e 579

25.7.2.4 LIN error statusregister (LINESR) ......cccoorrieiiierese s 582

25.7.2.5 UART mode control register (UARTCR) ....cccooveiiiierice e 583

25.7.2.6 UART mode status register (UARTSR) ......cooiiiiiinienenee e 585

25.7.2.7 LIN timeout control statusregister (LINTCSR) .......cccovvoeririinieiereie e 587

25.7.2.8 LIN output compare register (LINOCR) ......ccccoeeveiieerr e eee e 588

MPC5604E Reference Manual, Rev. 5

Freescale Semiconductor 19



25.7.2.9 LIN timeout control register (LINTOCR) ......ccccoviieevicie e 588

25.7.2.10LIN fractional baud rate register (LINFBRR) .......cccooviiiiinnnnenieneeneen, 589
25.7.2.11 LIN Integer Baud Rate Register (LINIBRR) .......cccoveviiininenineneeeeeeenes 590
25.7.2.12 LIN checksum field register (LINCFR) ......cccooeeieninesene s 590
25.7.2.13LIN control register 2 (LINCR2) .....cociiiiiiireee e 591
25.7.2.14Buffer identifier register (BIDR) ......cccveceeiieieeie et 592
25.7.2.15Buffer dataregister least significant (BDRL) .......ccccceeveevveveicievecie e, 593
25.7.2.16 Buffer data register most significant (BDRM) ........ccocevininenininieneeeeenes 594
25.7.2.17 |dentifier filter enable register (IFER) ......cccooveveiieri e 594
25.7.2.18Identifier filter match index (IFMI1) ..c.ocveiieiececeeee e 596
25.7.2.19 I dentifier filter mode register (IFMR) .....ovoiiiiie e 596
25.7.2.20 Identifier filter control register (IFCR2N) ....ccooovevveeeeee e 598
25.7.2.21 Identifier filter control register (IFCR2N + 1) ....cooeeieiieiece e 599
25.8 FUNCIONAl TESCIIPLION ..ottt bbbttt e e e e et e nn b e e 600
25.8.1 UART IMOOE ..ottt sttt b e bbbttt et e b et nns 600
25.8.1.1 BUfer in UART MOOE ....coooieiiiieriesie st 600
25.8.1.2 UART tranSMITIEr ......cccveieieieiieeiesieese et e e see s see et sreense e nseeneas 601
25.8.1.3 UART FTECBIVEN ...oviiiieiieieie sttt sttt sttt sttt sttt na bbb 601
iSRS T I A @ o Tox o = 1] o SRS 602
P2 TS B2 I 1\ 270 o L= 602
25.8.2.1 MBSLEN MOAE ...o.viviiieiieieie ettt bbbt enes 602
25.8.2.1.1LIN header tranSmMiSSION .........cccoeeeeiierieriesesiesieseseseeseesee e see e ssessens 602
25.8.2.1.2Data transmission (transceiver as publisher) ........cccocveveninieninee, 602
25.8.2.1.3Datareception (transceiver as SUbSCriber) ........ccovevvevevieevevcieseen, 603

ISR I W DT = Yo (1S o= o [N SRR 603

LSRR S 2 WS =11 o] e U= (= o1 Lo o USROS 603
25.8.2.1.6Err0r NaNdliNg ......ccveieieeiieiesiese e 603
25.8.2.2 SlAVEIMOE ..ottt 604
25.8.2.2.1Data transmission (transceiver as publisher) ........ccovveninieeinenee, 604
25.8.2.2.2Data reception (transceiver as SubSCriber) .......ccovevvevevieevecieeneens 604

ISR ARG DY c= Yo (1S o= o [PPSR 605
PASRS I | =g o] gle U= [ o1 o o USROS 605
25.8.2.2.5Err0r NaNdIiNg .....eovveeeieiiecieeesee e 605
25.8.2.2.6VaAIT NEAEN ....ccveiieee e 606
25.8.2.2.7V AU MESSAGE ....ooveiiieiiesierieeieee ettt ettt st nne s 606
25.8.2.2.B0VEITUN ..ottt n e nnnennnas 606
25.8.2.3 Slave mode with identifier filtering ........cccccevveveiieeve e, 606
25.8.2.3.1FITEN MOE ...t 606
25.8.2.3.2Identifier filter mode configuration ...........cccceeeeveervnceseese e 607
25.8.2.4 Slave mode with automatic resynchronization ............cccccceecevveveeiesceeseenee. 608
25.8.2.4.1Deviation error onthe Synch Field ........cooeiiiiiiee, 609
25.8.2.5 ClOCK QALING +evverveeeeieesieeiesreesieesieseeseeaesreesseeeesseesseeseesseessessessseessesssessesses 610
25.8.3 8-Dit tiIMEOUL COUNLEY ..ot s 610
25.8.3.1 LIN tiMEOUL MOCE ......coivienieirieieeee ettt sne e 610
25.8.3.L.1LIN MaESLEN MOUE .....coviieiiiiriieieeeie et 610

MPC5604E Reference Manual, Rev. 5

20

Freescale Semiconductor



25.8.3.1.2LIN SIQVE MO ...t e e et a e e e e eeaanes 611

25.8.3.2 Output COMPAIrE MOE .......eeiveeiiriiesiieie e stee et e e e saeeneas 611
25.8.4 INEEITUPLS ...eeieeii ettt e bt e e s e e s bt e e s abe e e sabe e e nabe e e asseeenneesneesnnneeens 612
Chapter 26
FlexCAN Module

P23 R g (oo [0 Tox o] o ISR 613
BT 0 R V< VT S 614
26.1.2 FIEXCAN MOUUIE FEEIUIES .......coueiuieieeieiesie sttt st 615
ARSIV ol (=Y o @ o = - (o] o [N 616
26.2 External SIgnal DESCIIPLION .....cceoiiiiieieieiesiesie sttt sttt e st nne e e enas 617
I R @< V= SRS 617
26.2.2 SigNal DESCIIPLIONS .....cccviiieeiticie ettt reeae e e sbeeresaeesseenseeneenreeneesnnenns 617
B R ©F A N O G 617

PN A ©F N I I USSR 617

26.3 Memory Map/Register DEfINITION ........cceiieiiie et 617
26.3.1 FIEXCAN MeMOry MaPPING ...c.ceveeereirieriintesiesieseeeeeesse e sse s sse e sse e e s s s snessesseens 617
26.3.2 MeSsage BUFFEr SITUCKLUNE ..ottt 618
26.3.3 RX FIFO SITUCLUIE ...ttt n e e s e e s n e e nneennneea 622
26.3.4 ReQiSIEr DESCITPLIONS ....oveeeiieriieiieieeee ettt e ettt s e s e b e snesbenre e 623
26.3.4.1 Module Configuration Register (MCR) .......cocveveiieienieseerie e 624

26.3.4.2 Control REQISLEr (CTRL) ...ocveeiieieceeeee ettt 628

26.3.4.3 Free Running Timer (TIMER) ....ccooiiiiiiiiceeeeeee s 632

26.3.4.4 Rx Globa Mask (RXGMASK) ...cooiiiiiiieieriesesie e 633
26.3.4.5 RX 14 Mask (RXIAMASK) oot 634

26.3.4.6 RX 15 Mask (RXIEMASK) oooiieiiceieeeseeeeeeee e saesae et 634

26.3.4.7 Error Counter ReQIStEr (ECR) ...ceoceeiiieie ettt 634

26.3.4.8 Error and Status RegiSter (ESR) ....coccvvieeieiee et 636

26.3.4.9 Interrupt Masks 1 Register (IMASKL) ..o 639
26.3.4.10Interrupt Flags 1 Register (IFLAGL) ...ocovveeeieeceeeeeeeee e 640
26.3.4.11 Rx Individual Mask Registers (RXIMRO-RXIMR3L) ......cccoeverenennriennenn 641

26.4 FUNCLIONAl DESCIPIION ..ottt sb e bttt e e et et nn b e 642
PO R @< V= SRS 642
26.4.2 TraNSMIT PrOCESS ....voiviiiiiieiiesiieiieeeee e sie st ste st be st eestestesbesbesbesbesseese e e ensesensentesnas 642
26.4.3 ATDITIELION PIOCESS .....cvitireirieeieeueeeeeesse sttt be sttt se s e e e e b et e s bt e st s e e e e e e b e ntesaesbesreenas 643
26.4.4 RECEIVE PrOCESS .....ooitiiiiitiiieiiesiesiesie e ste ettt be sttt ettt et et e s b e s b e b e bt e st e s et e e e ntenns 643
26.4.5 M@ChING PrOCESS .....ccueiiiiiieiticie ettt sttt te e s ae e aeeee s e e beensesreesseenseeneenseeneesneenns 645
26.4.6 DA@ CONEIENCE ....oceeeieieieeeeieee ettt ettt e e s se e e eneenneeneenneenes 646
26.4.6.1 Message Buffer DeaCtivation ..........ccccceeeeieeriesieeseerie et 646

26.4.6.2 Message Buffer Lock Mechanism .........ccccevvceeiicve s 647

B N A = ¥ 1 S 648
26.4.8 CAN Protocol Related FEALUIES ..........ccooiiiiriiiirieieee e 649
26.4.8.1 REMOLE FIAMES .....ceeiiiiiiiieiee ettt re e naneen 649
26.4.8.2 OVEN0ad FIaMES .....ccceeieieieceseee et ns 649
R S G T ] 0 TS o o SRS 649

MPC5604E Reference Manual, Rev. 5

Freescale Semiconductor 21



26.4.8.4 ProtoCol TIMING ..eccecieeeeeieceesieeiee et eee e sa e e reesseeae e enneenaeeneennas 650

26.4.8.5 Arbitration and Matching TIMING ......cccoccereeierienieneeee e 652

26.4.9 Modes of Operation DELAIIS .........ccoeeieiieiiee e 653
26.4.9.1 FreeZE MOE ....cooveeuiiieiese ettt e 653
26.4.9.2 Module Disable MO ........ccoooiiiiiiniiieie e 653

26.4.9.3 SLOP MOUE ..ottt et e et e e esneeaenneennens 654
P L0 g1 Ao £ R RPSRR 655
PR TNy [ g1 = o S 655
26.5 Initialization/Application INfOrMELTION ..........cccoiiiieiiee et sneees 656
26.5.1 FIeXCAN InitialiZation SEQUENCE ......ccueeeeiueeieiieiteeite e ste et ste e s e e sreene e 656
26.5.2 FlexCAN Addressing and RAM Size Configurations ..........ccccoeerererienieeieeneeseseeseseeenes 657

Chapter 27
Analog-to-Digital Converter (ADC)

271 OVEIVIBIW .ottt ettt bbbt bt e bt e s e e s e e e e s e £ e b e bt e bt e bt eb e e Rt e st et et e e e b e b e nne et e nbenns 659
P2 2 1 g (oo (8o i o] o ISP 659
27.2.1 FEALUIES ..ottt sttt ettt b e e s st e e be e s ae e et e e sae e e abeesseesnbeenaeeenbeenbeesnneans 659
W = oo QBT = S 660
AT T S (= o 1S = 0 (=== o 1 (0] RS 661
P27 T T 1 11 [ o o S 661
27.3.2 CONtrol [0QIC FEJISIEN'S ....vecueecteeie e seeeeee st e et te e ae e reeteeseesseenseeneesreeneenneenes 662
27.3.2.1 Main Configuration Register (MCR) ........cccovviieiieieee e 662

27.3.2.2 Man Status ReGIStEr (MSR) ....ocuiiiieiieeeee et 665

P R I 11 = (U 0 =0 S S 666
27.3.3.1 Interrupt Status RegISLEr (ISR) ..ccvveeveeiiee et 666
27.3.3.2 Interrupt Mask Register (IMR) ...o..ooiiiiieeeeeee e 667

27.3.3.3 Watchdog Threshold Interrupt Status Register (WTISR) ....cccvvvevvecieeieenee. 669

27.3.3.4 Watchdog Threshold Interrupt Mask Register (WTIMR) ......ccccoeevvevenennen. 670

27.3.4 DMA TEOISIEIS ...ttt sttt b ettt e et e b et b e b e bt bt et e e e e e e e be e 671
27.3.4.1 DMA Enable Register (DMAE) ....cccoviiiriririeeeee e 671
27.3.4.2 DMA Channel Select Register 0 (DMARO) ....coveieiineienicieseseseeeeeeeens 672

27.3.5 THrESNOIO FEQISLEN'S .....ceieiieeiteeieee ettt bbb sa e b e e 672
27.3.5.1 INFOAUCTION ..ottt 672

27.3.5.2 Threshold Register (THRHLR[0:3]) ...coveiiiiriininesesesesesee e 672

27.3.6 Conversion timing registerS CTRO..L] ..ccvooiiiiirinieieeeeeee e s 673
P A = S Q= o S = S 676
P2 4RSI 0% R 1 g oo U Tox £ o] ISP 676

27.3.7.2 Norma Conversion Mask Register 0 (NCMRO) ......ccccoverirenenenienieeeeenes 676

27.3.7.3 Injected Conversion Mask Register 0 (JCMRO) ......cccccvevvvieveniieseenieseennns 677

27.3.8 Power Down Exit Delay Register (PDEDR) .......coveiiiieiicieceece e 677
27.3.9 DEATEGISIEIS ..ottt ettt e e bbb bt a et e et et n b e e 678
27.3.9.1 INFOAUCTION ..ottt e 678

27.3.9.2 Channel Data Register (CDR[0..6]) ..cveervererrierieiieeeiesee e 678
27.3.9.3 Channel Watchdog Select Register (CWSELRO) ......oovvevieieieieree e 679
27.3.9.4 Channel Watchdog Enable Register (CWENRO) .......cccoevvevivveeveeieceecieene 680

MPC5604E Reference Manual, Rev. 5

22 Freescale Semiconductor



27.4 FUNCLIONEI AESCIIPLION ....c.viceeeciecie ettt st e e e b e et e ereesteensesneeseeneenreennas 680

27.4.1 Analog ChanNEl CONVEISION ........coeiiieriiiieieeie ettt e e nae e sae e 680
P27 £ W R N o = o0 V= = o o PP 680
27.4.1.2 Start Of NOrMal CONVEISION ....cc.eiveiiiiiieieieie et 680
27.4.1.3 Normal conversion operating MOUES .........cccocereererieneereenie e see e 681
27.4.1.4 Injected Channel CONVEISION .......ccceieeiuieeeieerie e see e eee e sae e ae e enas 682
27.4.2 Analog clock generator and CONVErSioN tiIMINGS ......cc.cceeieerieseerieciee e 683
27.4.3 ADC sampling and CONVErSION tIMING ........coerererininineseeeeeeseese e eeeneas 683
27.4.4 Programmable analog WatChdOQ ........cc.eeveeierieieieerie et 685
P R 1 g oo U Tox £ o] ISP 685
27.4.5 DMA FUNCHONGIITY ..uvoeiiiiieiiisieeiee ettt e 686
27.4.6 INEEITUPLS ...eeieieiieitie ettt e bt e bt e e s bt e e s abe e e sab e e e nnse e e asseesnbeesneessnneeens 686
27.4.7 POWEr-0OWN IMOTE ....ooviiiiiiitieiiniieie ettt sttt st te b ne e s e sbesaesbenreens 687
27.4.8 AULO-ClOCK-Off MOME .....c.eeieeeiieie e nne s 687
Chapter 28
Enhanced Motor Control Timer (eTimer)

P22 T R g (0o [0 Tot i o] o ISR PP 689
P22 I I R @ = V= RSSO 689
28.1.2 FEALUINES .....eeeveeueeieeieste st s e st st e e e et e st e testeeseeseeseese e e eaessesseebesseeseeseeseensensensenseseneennn 689
28.1.3 CUSIOMIZBLION ...vviueiieiieite sttt ettt sttt et et st e bt b e b st et e e e e e e e e nns 690
28.1.4 Module BIOCK DIBgram .........ccceeeeiieieciesieeie et see s ee et sne e esre e snne s 690
28.1.5 Channel BIOCK DI@QIram ........coeiiiirieieieiesie ettt 691

28.2 Externa Signal DESCIIPLIONS .....cc.ciieiieeiesiesieeeeseesieseesseesteeee e etesseesseesesse e seenaesseessesseesseensennes 692
28.2.1 TIO[5:0] - Timer INPUL/OULPULS .....ccveeeeeieeeieeieceesie et sre e e e nne e sne e 692
28.2.2 TAI[2] - Timer AUXITTANY TNPUL .....oooiiiiiieeeeee s 692

28.3 FUNCLIONEI DESCIIPLION ..ouviieieieeieciesieeteeee e et e e et e sre e teeseesseeseeseesseesseeneessaenseeneensennnas 692
P2 T I R €T 0 - SO 692
28.3.2 COUNLING MOAES ..ottt b et b e bbbt e et e 693

28.3.2.1 STOP MOUE ....ceeiiiiieiesieste ettt sttt 693
28.3.2.2 COUNT MOUE ...oviitiiiieieieiiesie ettt sttt enes 694
28.3.2.3 EDGE-COUNT MOUE ....ccverieiiiiesiecie sttt see et eaens 694
28.3.2.4 GATED-COUNT MOGE .....coeeiiiiiriirieriiniesieseseeee et 694
28.3.25 QUADRATURE-COUNT MOUE .....cccvruiriiririeierieniesie et 694
28.3.2.6 SIGNED-COUNT MOUE ....coeoerieiiiciesieeieeiecieeeiesee et 694
28.3.2.7 TRIGGERED-COUNT MOUE .....ccccoeririiriiriiniininieeesie e 695
28.3.2.8 ONE-SHOT MOGE ....ceeiiiiiriiniinienieniesiesee ettt see e 695
28.3.2.9 CASCADE-COUNT MOGE ....occveiierieieieiieieeeeieseesiesiese e senes 695
28.3.2. 10 PULSE-OUTPUT MO ....c.eoiviiiriirienieniesiesesie et 696
28.3.2.11 FIXED-FREQUENCY PWM MOGE .....ceoeiiiriiiisieneneseseeee e 696
28.3.2.12VARIABLE-FREQUENCY PWM MOdE ......ccceeveeiiieieeseectee e 696
28.3.2.13Usage of COMPare REJISLEIS ......ccuvieereeieieerie e seesie e sie e esae e enas 698
28.3.2.14Usage of Compare Load REQISLENS ......cccvveeierieiiereeee e 699
28.3.2.15MODULO COUNTING MOGE ......oceeueeeeieierieseee st 699
28.3.2.16 Compare Register and OFLAG Operation .........cccceeveeverieeseeseeeeseeseseennes 700

MPC5604E Reference Manual, Rev. 5

Freescale Semiconductor 23



28.3.3 ONEI FEALUMNES ...t e e e e ettt e e e e e e e e e e e e e ae e e e e e e eeeeeeeeeeaeenenees 701

28.3.3.1 Redundant OFLAG CheCKing ......ccccoveriiiirieniesee e 701
28.3.3.2 L0o0opback ChECKING ....cccveieeiieiieeeseese ettt nas 701
28.3.3.3 INpULt Capture MOOE .......oceeiieeieee ettt 701
28.3.3.4 MaSter/SIAVe MOUE .....ccueiiiciieiee e 701
2SS RCHTVAVZ- ot oo (oTe N I T 4= 701
28.4 Memory Map and REJISIE'S ......ccviiieiicie ettt et e e ae e re e e sneenneennas 702
P2 T I @V < VT S 702
28.4.2 MOAUIE MEMOIY M@ ....veeeeieeie ettt eee sttt ae e s e te s e s seenseeneenneeneennne e 702
28.4.3 REQISIEr DESCIIPLIONS ....uviivieiecie ettt eee st ee st e e ae e e ste et e saeesneenseeneesreennesnnenns 703
28.4.4 Timer Channel REJISIEIS .....ccoiiiiiieierie ettt r e 703
28.4.4.1 Compare Register 1 (COMPL) .....occveiieieiiesie e eee et 703
28.4.4.2 Compare Register 2 (COMP2) ......cooiieeceese ettt 703
28.4.4.3 Capture RegIStEr 1 (CAPTL) .ot 704
28.4.4.4 Capture RegiSter 2 (CAPT2) ettt ee st 704
28445 Load REGISIEr (LOAD) ..ottt 704
28.4.4.6 Hold Register (HOLD) ...cccooeiiiicececeeeeese ettt 705
28.4.4.7 Counter REGISLEr (CNTR) ...ceoiieiieieee et eee e et eee e nnees 705
28.4.4.8 Control Register 1 (CTRLL) .icvoiiiiieiieeie et 705
28.4.4.9 Control Register 2 (CTRL2) ....ooeieieeieeeeesie ettt 709
28.4.4.10Control Register 3 (CTRL3) ....ociiiierieeeierie st 711
28.4.4.11 SAtUS REGISIEN (STS) .eeiieierieiiisie ettt 712
28.4.4.12 Interrupt and DMA Enable Register (INTDMA) ...ooviiieiieieeeresie e 714
28.4.4.13 Comparator Load Register 1 (CMPLDL) ....cccoeoevieieeeeceeie e 715
28.4.4.14 Comparator Load Register 2 (CMPLD2) ....ccoooevieieeeeeee e 715
28.4.4.15 Compare and Capture Control Register (CCCTRL) ....ooevevveiieieneie e 715
28.4.4.16Input Filter REQISIEr (FILT) ..ooeieiiiereseseeeeee e 718
28.4.4.16.1Input Filter CoNSIAErations ...........ccccveveeieeieeeeseece e 718
28.4.5 Watchdog Timer REGISIES .....cceiiiiieriertesie ettt 718
28.4.5.1 Watchdog Time-out Registers (WDTOL and WDTOH) ......cccecvvveviveeennene 719
28.4.6 Configuration REJISIE'S ......ccvciiiiieiieie ettt r e e sreere e 719
28.4.6.1 Channel Enable Register (ENBL) .....cccvoiiiiiniesereeeseeeee e 719
28.4.6.2 DMA Reqguest Select Registers (DREQO, DREQL) .....cccovvvivieiienienienieninne 720
28.5 RESELS ..ttt £ A e bR e Rt b e R e Rt Rt et et et e benae et e nnes 721
122 TG T O o ot 1< 721
28.7 INTEITUPDLS ittt ettt e st e e st e e s st e e e eate e e bs e e easb e e eabee e sabe e e sabe e e snbeesnneeesaneeenaneeens 1722
28.8 DIMA oot E AR Rt Rt R R e R e R e £ e A e R e be e Ee e Re R e Re et et e benae et nrennn 722
R N B L O I 1o o= TSSO P PR 723
Chapter 29
Fault Collection Unit (FCU)
P22 I R g (0o [0 Tox i o] o ISP 725
P2 I R @< VT TSRS 725
29.1.1.1 General dESCrIPLION ......ccoierieiirieriere et 725
20.1.2 FEALUIES ....c.eeveeeieiieeest ettt sttt sttt bbbt bt bt e bt e e b et e b e b e s bt e bt e Rt et et et et et bt nns 728

MPC5604E Reference Manual, Rev. 5

24 Freescale Semiconductor



A RS I \V/ Koo [=SX o 0] 0= = 1 o o SRS 728

20.1.3.1 NOIME MOUE ...eeiiiiiieiiee ettt st re e saeenneas 728

20.1.3.2 TESEMOME ..ottt st enes 728

29.2 Memory map and register defiNition ...........ccocoeieeii e 728
20.2.1 IMBIMOIY MBI ...eiiutieieeeieeeiee et e saee bt e s teessseesaeeaeeeabeesaseaseesmeeasseeeaeeeaseeaseeanseesseeanseesseesnnaans 729

29.2.2 REJISIEN SUMIMAIY ...ooiueeieeieiteeieeeesteetesteesteestesseesteeseesseesseeseesseeseeneesseeseaseesseensessenssennes 729

29.2.3 REQISIEr AESCIIPLIONS .....c.veveeieeie ettt ae e te et e sae e s re e e eneesreennesnnenns 731
29.2.3.1 Module Configuration Register (FCU_MCR) ......ccoceviriririeieeeese e 731

29.2.3.2 Fault Flag Register (FCU_FFR) ......coooiiiiieiirerere e 732

29.2.3.3 Frozen Fault Flag Register (FCU_FFFR) .....c.ccoeiiiieciee e 734

29.2.3.4 Fake Fault Generation Register (FCU_FFGR) .......cccooviiirieieieese e 735

29.2.3.5 Fault Enable Register (FCU_FER) ..o 736

29.2.3.6 Key Register (FCU_KR) ...ooiiiiiiiieinee et 736

29.2.3.7 Timeout RegiSter (FCU_TR) ...occoiiiiiieiieeeiere et 737

29.2.3.8 Timeout Enable Register (FCU_TER) ......cccooviieiiee e 738

29.2.3.9 Module State Register (FCU_MSR) .....cccoiiiiininenesesesesee e 738
29.2.3.10Microcontroller State Register (FCU_MCSR) ......cccovvirereriieieerese e 739

29.2.3.11 Frozen MC State Register (FCU_FMCSR) ....coocviivininereeeere e 740

29.3 FUNCLIONEI AESCIIPLION ....c.vieeecieciece ettt et et e e e b e et eeaeesteennesreenseeneenneennas 741
A B S = (= 11 7=o 111 1= S 742

29.3.2 Output generation ProtOCOI .........cccieereeieriereeeeseeree e e e sre e sre e e esae e eseereesneenes 743
29.3.2.1 Dual-rail ProtoCOI ........ccceeieiieiieiecie st 744

29.3.2.2 Time SWItching ProtOCOl .........cccceiiiirieieeieie e 745

29.3.2.3 Bi-Stable ProtoCol ........ccccceiieieiieii e 745

Chapter 30
Periodic Interrupt Timer (PIT_RTI)

0.1 FFONE IMTBLEEL ...ttt b e s et bt e s e e e st e e me e et e e s ae e e mneesmeesmneeaneeanneeneas 747
GO0 5t R . (= o= SRRSO 747
30.1.1.1 CONVENLIONS ...eeveiieieenieiesie sttt sttt sbe bbbt se e e et e nbe st sae s 747

30.1.1.2 Acronymsand ADBreviations ..........cccceeveevieieiiee s 747

1 I G T €1 o 5= USSP 748

10 122 g (0o [0 Toi i o] o I SRS PR 748
a0 R @ = V= SRR 749

30.2.2 FEALUIES ...ttt sttt b e ettt s ae e e bt e s st e et e e eae e e abeeeaeeenbeesbeeenbeenbeennnean 749

G0 TR IS Lo = I I 1= 1 o) o S 749
30.4 Memory Map and RegiSter DESCIIPLION ......ccueieeiice ettt 749
30.4.1 MEMOIY M@ ..ottt b e e bt n e n e e n e s neennennn s 749

30.4.2 REQISIEr DESCIIPLIONS ...uveieeeieeieeieesieeieeeeste e e eeesteetessee s e eaesseesseensesseesseenseeneesseeneesneenes 751
30.4.2.1 PIT Module Control Register (PITMCR) ....cccocovevieieeieceerie e 751

30.4.2.2 Timer Load Value Register N (LDVALN) ...c.ooieieieeesiesereses s 752

30.4.2.3 Current Timer Value Register N (CVALN) ..oovee e 752

30.4.2.4 Timer Control Register N (TCTRLN) ....cooviiiiieeiesieieeee e 753

30.4.2.5 Timer Flag Register N (TFLGN) .....ooiiiiiiieieiesee e 754

30.5 FUNCLIONEI DESCIIPLION ...uviiiieieeieeiie st e see st e ettt e s e teeeesseeseeneeeseesteeneesreenseeneennenneas 754

MPC5604E Reference Manual, Rev. 5

Freescale Semiconductor 25



30.6

311

31.2
31.3

314

321
32.2
32.3
324
32.5

32.6

33.1

30.5.1 GENENEL ...ttt bRt R b e e nenr e 754

G0 30 0 I T £ ST RPSPRRR 754
SCTO ST B2 B 1= o 0 o 1 1Y oo L= USSR 755
1G0T 1 g1 o £ T RSP 755

Initialization and Application INFOrMaLION .........coeiiiiiiiie e 756

30.6.1 Example CONfIQUIALiON .......ccveueieerieeiesieeie et sae e esne e e e nreeneesnes 756
Chapter 31
Software Watchdog Timer (SWT)

L0 (8o (o o SRRSO 757
L L1 OVEIVIEW .oeeeeieieciee ettt ettt e et e et esae e st e e bee st eeabeesaseeseesaseeseeaseeenseeaseesnseesseesnseesseesneeans 757
I = (1 =S SRRSO 757
G I RS \V/ oo [=-SX o 0] 0= = 1 o SRS 757

External Signal deSCIIPLION .......co.oiiiieiiieeee ettt 757

Memory map and register defiNItioN .........cccooeeieeie e 758
3 G T A (Y = 0 00 A 7= o P TRRTR 758
31.3.2 ReQISIEr AESCIIPLIONS ....eiviieiieieeieeee ettt sttt e st snesb e e 758

31.3.2.1 SWT Module Control Register (SWT_MCR) .....ccccevieieiiereeeseeree e 758
31.3.2.2 SWT Interrupt Register (SWT _IR) ..oceeieeece e 760
31.3.2.3 SWT Time-Out Register (SWT_TO) ...cooeiiierierinierieeeseeeeee e 760
31.3.2.4 SWT Window Register (SIWT_WN) ..o 761
31.3.25 SWT Service Register (SWT_SR) ..ccoviiiiiiirierisesesesesesee e 761
31.3.2.6 SWT Counter Output Register (SWT_CO) ....ccoocerireririrereeieeeeseesee e 762
31.3.2.7 SWT Service Key Register (SWT_SK) ..o 762
[Tl To = 0[S o o oo SRS 763
Chapter 32
System Timer Module (STM)

L@V V= RS PRSPSR 765

FFEAIUIES ...ttt e n e e e R e et e Re e ne e R e e R e e R e e R e nnn e ne e nean 765

1Y/ KoTo (=Y 0] o]0 = = o o IS 765

External Signal deSCIIPLION .......co.iiiiieiieee ettt 765

Memory map and registers dESCrPLION ........ccveceiieieere e e e e ae e sre e 765
G Y2 T I (Y 1= 0 00 A 7= o SR TSRTR 765
32.5.2 ReQISIErS AESCITPIION ....eeviieiiieiieiieeee ettt nn e 766

32.5.2.1 STM Control Register (STM_CR) ....ccoiiiiiirieresiesieseseses e 766
32.5.2.2 STM Count Register (STM_CNT) ..oooiiiereriesesesesesesee e 767
32.5.2.3 STM Channel Control Register (STM_CCRN) .....ccoceveriririeieeseeseeseesiee 768
32.5.2.4 STM Channel Interrupt Register (STM_CIRN) ..ccoocvvveeieeie e 768
32.5.25 STM Channel Compare Register (STM_CMPN) ....ccoovevievieceeceee e, 769
FUNCLION@l JESCITPLION ...ttt bbbt s et aenn b e ns 769
Chapter 33
Cyclic Redundancy Check (CRC)
L1008 o 1o o TSRS R RS TOTPPRTRPRN 771

MPC5604E Reference Manual, Rev. 5

26

Freescale Semiconductor



33.2

33.3

334
33.5

33.6

34.1
34.2
34.3
34.4
34.5

34.6

GG T 0 B 1 015\ YOS 771

T L= (0 =S RRR R 771
33.2.1 SANAAI FEAIUMES .....c.eeeieiiiesieste ettt st sttt st s 771
2] FoTex Qo =" =t o IS 772
33.3.1 IPSDUSTNIEITACE ..oeeiieiiieeeeieee ettt sttt nbe e nae e 772
[Tt o= 0[S o o1 oo 773
Memory map and registers deSCIIPLION .........cvcceiieieeie e 774
33.5.1 CRC Configuration Register (CRC_CFG) .....c.ccoouririeieieriesesiesesiese e 775
33.5.2 CRC Input REGISLEr (CRC_INP) ..ot 776
33.5.3 CRC Current Status Register (CRC_CSTAT) .ooouveivieieceeceee et s 777
33.5.4 CRC Output Register (CRC_OUTP) ..o 777
Use CaseS and [HMITALIONS .......coiiiiriiiiieieeeie ettt sttt sa b b ens 778
Chapter 34

Boot Assist Module (BAM)
(@ Y ST 783
S L= RSP RPPRR 783
BOOL IMOGES ...ttt bbbttt bbbt bbbt et e bt et b et e b nns 783
Y 0T Y 4T | ISP 783
FUNCLION@l JESCITPLION ...ttt bttt e ettt ne s 784
34.5.1 ENtering DOOt MOUES .......oceeiiieie et sre e enee s 784
34.5.2 Reset Configuration Half Word (RCHW) ........oouveiiieeceeceeee e 784
34.5.3 Single Chip DOOt MOE ........couiiiiieieee s 786
34.5.3.1 Boot and alternate DOOL ...........cociiiiiiiiiie e 786
34.5.4 BOOt throUgh BAIM .....c.eoieeee ettt ettt ae e r e e e aeenne e e e nne s 786
34.5.4.1 EXECUING BAM ..ottt sttt st ennens 786
34.5.4.2 BAM SOftWAr€ FIOW ....ocueieieiiiiiiee s 787
34.5.4.3 BAM IESDUICES .....ccueiiieeiieeeieesiee et e siee st e eseeesseesneeeneesneesneesneesneesneesnneens 788
34.5.4.4 Download and execute the NEW COUE .........cccovrieieeiieinsiere e 789
34.5.4.5 Download 64-bit password and password check ...........cccceevvvevieieiceneenen, 789
34.5.4.6 Download start address, VLE bit and code Size ........c.ccocvveveieienenieniennenn 791
G 7/ ST A B To 11V o [o7="o I = - U 792
34.5.4.8 EXECULE COUR .....eoviiieiieiieieee ettt sttt 792
34.5.5 Boot from UART—autobaud disabled ... 792
34.5.5.1 CONFIQUIBLION .....oiueiiieieieie sttt 792
34.5.5.2 UART boot mode download protoCol ..........cccceeeeveereeeeneenieseeseeeeseeseeenens 793
34.5.6 Bootstrap with FlexCAN—autobaud disabled ...........cccccoveveieevicie e 793
34.5.6.1 CONFIQUIBLION .....ooueiiieiieieie sttt b e 793
FlexCAN boot mode download ProtoCOl .........cceeueieeiiiieiiccie e 794
34.6.1 AULODAUA FEELUE .....o.veviieiieetieiieee ettt bbbttt b et ne b e nre e 794
34.6.1.1 CONFIQUIBLION .....ooueiiienieieie sttt sn b e s 795
34.6.1.2 Boot from UART with autobaud enabled ... 795
34.6.1.2.1Choosing the host baud rate ..........cccoveieniiniene e 796
34.6.1.3 Boot from FlexCAN with autobaud enabled .........cccocvvievinceiieieceeee, 799
34.6.1.3.1Choosing the host baud rate .........cccceceveeierceve e 801

MPC5604E Reference Manual, Rev. 5

Freescale Semiconductor 27



G i T2 1 g1 o PP TRRR 802

Chapter 35

Inter-Integrated Circuit Bus Controller Module (12C)
11T A 1 11 0o [ Tox 1 oo RPN 803
L I R @< V= RSSO 803
N B = (1 =SSOSR 803
35.1.3 MOUES Of OPEIBIION ...c.viviriiiieieeieeieee ettt b et e b e se e e e e e e nnenbe e enis 804
LT T = oo Q== S 804
35.2 External Signal DESCIIPLION ......cceiieiiiiiecieee ettt sttt s a e e e e reesteeaeesreesesneenseennas 804
L T2 I @V < VT S 804
35.2.2 Detailed Signal DESCIIPLIONS .....cccceieerieeieiieieeiesieesseeeeseesse e sseesseseesseesseeseesseessesseenns 805
L S ! PSR 805
35.2.2.2 SDA ettt e e r et neerenrenen 805
35.3 Memory Map/Register DEfINITION .......ccceiiieiiie et 805
L I R @< V= OSSR 805
35.3.2 MOAUIE MEMOIY IMBP ...ttt nne s 805
35.3.3 REQISIEr DESCIIPLIONS ..euveieieieeieeeesieeesieesteete e steetesree s e eaesseesteesesseesseensesseesseensesneenes 806
35.3.3.1 12C ACUIrESS REGISIE ..ooveveeeeeeeeeeeeeeeeeeseeeesseesseeseeeese s s seeseseseseeese e 806
35.3.3.2 1°C Frequency DiVider REGISLEr .........ooouooveeivereeeeeeeeseeeesseesseee s 806
35.3.3.3 12C CONIOl REGISIET ..eooeeeeeeeeee e eeeee e seeseee e seees e ee e eseeeeeenneees 813
35.3.3.4 12C SLAUS REGISLEN ...eoveoeeeeveseeeeeeeeeeeeeeeseeeseseeesseeseesseseeeesesessesessesesseeeesenenas 814
35.3.3.5 12C DA /O REGISIEN .....vvooveeeeeeeeeeeeeeeee s seeee e sese s sneee s ses s 815
35.3.3.6 12C INterrupt CONfig REGISIEN ...vuveeveeeeeeeseeeseeeeeeeeeseeeeeseeseesse e seeeeeeeene. 816
35.4 FUNCLIONEI DESCIIPLION ....uvieeeiecie ettt ettt ettt e st e e e e s aeeae e e e e reesseeneesreeseeneenneennas 816
LT I €T 0 - | 816
35.4.2 1-BUSPIOIOCOI .....cviiiiiitisieitisiisieeee ettt sttt n et 816
35.4.2.1 START SIgNA .ooviiieieiiiieieiee ettt st renens 817
35.4.2.2 Slave Address TranSMISSION .....cccveceerieeieseenieseeseesie e sseeeesreeseeeeesseessesnens 818
K R B D - = W I = 0 = TP 818
35.4.2.4 STOP SIGNAl ....ocviiiieieieiet ettt eneenas 818
35.4.2.5 Repeated START SIgNal ...co.oovevveeeeeeieeereeeeeeesss s s essesssesnssssssssaneans 819
35.4.2.6 ArDitration ProCEAUIE ........cccoiiiiiiiirineeie et 819
35.4.2.7 Clock SyNChrONIZatiON ..........ccoeeieiieiecee et 819
35.4.2.8 HaNASNEKING ...ccueeiiiiieiiie et 820
TSI 7S @ ToTox [Q 1= [ o o S 820
1S I e I 1 g1 o £ TSR 820
L 1= 4 1= | SRR 820
35.4.3.2 INterrupt DESCIIPLION ...ccvveeeieeeieeieseese ettt sae et ne e neeneas 820
35.5 Initialization/Application INfOrMEaLION ...........ccceiieiiiie e e 821
35.5.1 12C Programming EXAMPIES ............o.ovveeeeeereseeeesseeseeeesseeesseessseesesesssssses e 821
35.5.1.1 InitialiZation SEQUENCE .......cceeiueeeeieieiieeeesteesiesee s see e e ste e sneene e sseennas 821
35.5.1.2 Generation Of START ..ottt e 821
35.5.1.3 Post-Transfer Software RESPONSE ........cocveiveiirierienierieeesieeeeee e 821
35.5.1.4 Generation Of STOP .......cccciriiiiirieie s 822

MPC5604E Reference Manual, Rev. 5

28 Freescale Semiconductor



35.5.1.5 Generation of Repeated START ......ooi e 823

35.5.1.6 SAVEIMOUE .....ooiiiiiiiee et et 823
35.5.1.7 ATDITralioN LOSE .....coueiuieiiiesiesie sttt 823
Chapter 36
Fast Ethernet Controller (FEC)

30.1 OVEIVIBIW ..eeiiieiieiieie ettt et e st e be s b bt b e e be e st e st e st e s et e b e e be e b e ebeeb e e st e st e s e et e ne e e e beneenbenrennn 825
T I R = (= T T PO PRTRPRPRN 827
IO T2 |V [oTe (=Y o) H @] = 1 o] o P 828
36.2.1 Full- and Half-DUpleX OPEration ..........cccceceeiieieeiieeiieseeseesie e sieensesee e esseeseesseesee e 828
36.2.2 INLEITACE OPLIONS ..ottt b e bt a e e e e e b e sn e b e e e 828
36.2.2.1 10-Mbps and 100-Mbps Media Independent Interface (MII) ........ccccvenneeee. 828

36.2.3 Address Recognition OPLIONS ........ccveeeiieiieie ettt sre e snee e 828
36.2.4 INternal LOOPDACK .....cccoiiiiiiiiiiiiieieee et 828
36.3 Memory Map and Register DEfiNItION ........cccocoeiieiiiie et 828
36.3.1 Top Level Module MemOry MaD ......ccceieeiieieiie sttt 829
36.3.2 Detailed Memory Map (Control/Status REJISIENS) ......oovevververirierenereeeeee e 829
36.3.3 Message Information Block (MIB) Counters Memory Map .......ccccceveeveecieseeseesienseeenns 830
36.3.4 REQISIEr DESCIIPLIONS ....uvicvieiicie ettt ettt et s e s te et e sae e s reenseeneesneennesnnenns 832
36.3.4.1 Ethernet Interrupt Event Register (EIR) ..o 832

36.3.4.2 Ethernet Interrupt Mask Register (EIMR) ....coooveieiieiececeee e 834

36.3.4.3 Receive Descriptor Active Register (RDAR) .....ooveeveivcicvece e 835

36.3.4.4 Transmit Descriptor Active Register (TDAR) ..c.oovvviniriiieeeerese e 836
36.3.4.5 Ethernet Control Register (ECR) ......cccoveeveeieiiese e 837
36.3.4.6 MII Management Frame Register (MMFR) ......c.cooveiiiiiicie e, 838

36.3.4.7 MII Speed Control Register (MSCR) ......cccooiriririerineseeeeee e 839
36.3.4.8 MIB Control Register (MIBC) .....ccccuviiirieiiieresie s 841
36.3.4.9 Receive Control Register (RCR) ......cccveiviiieiiceseece e 841
36.3.4.10 Transmit Control Register (TCR) .....cooiveieiireresesee e 843
36.3.4.11 Physical Address Low Register (PALR) ..ccvveevceevieececeee e 844
36.3.4.12 Physical Address Upper Register (PAUR) ...c.oeceeieeiiceceeeee e 845
36.3.4.13 Opcode/Pause Duration Register (OPDR) .......ccovveririnieieieseseseeseeseeee 845
36.3.4.14 Descriptor Individual Address Upper Register (IAUR) ....ccooccveveecvceecieenen. 846
36.3.4.15 Descriptor Individual Address Lower Register (IALR) .....cocoveveivecivcienene 847
36.3.4.16 Descriptor Group Address Upper Register (GAUR) ......ccccvvveiencnenicnenene 847
36.3.4.17 Descriptor Group Address Lower Register (GALR) ...coovevvveevecceieecieee, 848
36.3.4.18 Transmit FIFO Watermark Register (TFWR) ......cccccovevieieeiece e 849
36.3.4.19 FIFO Receive Bound Register (FRBR) ........ccceieiiiineiineneseeeseeeeeeens 849
36.3.4.20 FIFO Receive Start Register (FRSR) ......covievieiiierese s 850
36.3.4.21 Receive Buffer Descriptor Ring Start Register (ERDSR) ........coovevveveneeee. 851
36.3.4.22 Transmit Buffer Descriptor Ring Start Register (ETDSR) .....cccooeveievieeene 852
36.3.4.23Maximum Receive Buffer Size Register (EMRBR) .......cccccovveevievviieceenen, 852

36.4 FUNCLIONAI DESCIIPLION ..e.uviiiiiiiieeiie et ee ettt ae et et e s b e sbe et e beesteeneesreesesneenneeneas 853
36.4.1 Network INterface OPLiONS ..........cccoiiierierieriesie et 853
36.4.2 FEC Frame TranNSMISSION .......ccueeeierieriesiestesiesiessessesseessessessessessessessessessessssssessessessessesses 854

MPC5604E Reference Manual, Rev. 5

Freescale Semiconductor 29



36.4.2.1 Transmit Inter-Packet Gap (IPG) TIiME ......ccoviieieeceee et 855

36.4.2.2 ColliSIoN HANAIING .....ooiviiieiieieeesee e 855
36.4.2.3 Transmission Error Handling ........cccceovevriieie et 855
36.4.2.3.1Transmitter UNAEITUN ........cocoviiininieiesese e 855
36.4.2.3.2Retransmission Attempts Limit EXPIred ........ccoccoveeieneneninncenienens 856
36.4.2.3.3L A€ COlISION ..ot 856
36.4.2.3.4HEAMDEAL ......ooveeeieeeee e s 856
36.4.3 FEC Frame RECEPLION ......coeiuiriiiieieieesie ettt st 856
36.4.3.1 Receive Inter-Packet Gap (IPG) TIME .....ccceveieeiieie et 857
36.4.3.2 Ethernet Address ReCOgNItION ........ccccveeeieeiieiie e 857
36.4.3.2.1Hash AlQOTtNM ... 860
36.4.3.3 Reception Error HaNAIiNgG ......ccccooeieeiieeieese e 863
36.4.3.3. LOVEITUN ..ottt r e e e e sne e e e nneeennas 863
36.4.3.3.2Non-Octet (Dribbling BitS) ......cccceieieiiiiiereseseeeeee e 863
36.4.3.3.3CRC 863
36.4.3.3.4Frame Length Violation ..........ccccceveeieeeeieeie et 864
G OIS RS I 1V 0= 1o o USRS 864
36.4.4 Full-DupleX FIOW CONLIOL ......cccociueieeieeeeseee et e e sneeee e 864
36.4.5 Internal and External LOOPhECK ..........ccoveiuiiiiiieie e 865
36.5 Initialization/Application INFOMMELION .........coiiiiiiiiiiee s 865
36.5.1 INitialiZation SEOUENCE .......cccvieeeireesieeiesteesteete e steeeesseesseeseesseesseeneesreesseensesseenseeneesseenes 865
36.5.1.1 Hardware Controlled INitialiZation ...........ccccceverinenienienenieese e 865
36.5.1.2 User Initialization (Prior to Asserting ECR[ETHER_EN]) ......ccccoooviinienene. 866
36.5.1.3 Microcontroller INItialiZation ...........ccceeveeieienenesese e 866
36.5.1.4 User Initialization (after asserting ECR[ETHER _EN]) .....cooooveviiciiiee, 867
36.5.2 BUFTEr DESCITLOIS .....vevitiiiiiiieieeieee ettt b et n b nne e 867
36.5.2.1 Driver/DMA Operation with Buffer Descriptors ........ccovvvevevceveeieseeseene, 867
36.5.2.2 Ethernet Transmit Buffer Descriptor (TXBD) .....cccceeeeeiicveceeceee e, 868
36.5.2.2.1Driver/DMA Operation with Transmit Buffer Descriptors ................ 869
36.5.2.3 Ethernet Receive Buffer Descriptor (RXBD) ......cccvevveieveenieecieceeseseeseene 870
36.5.2.3.1Driver/DMA Operation with Recelve Buffer Descriptors .................. 871

Chapter 37

IEEE 1588
G5 A 1 11 0o T 1 oo P 873
37.2 |EEE1588 BIOCK DIBGIAIM .....ocuiiiiiiieiieieiesie sttt sttt sttt st nne bt nns 874
37.3 Time Stamp Unit (TSU) KEY FEALUIES ........ccueeieeeeieeee ettt s 874
37.4 |EEE1588 Real Time Clock (RTC) K@Y FEAUIES .........coviuireeieieierie et 875
37.5 1EEE1588 Implementation ASSUMPLIONS ........ccceieeieiieerieeieseesieeseeseesseeeeseesseesaesseessesnsesseensesnees 876
Y|V [oT0 (=Y o) @ = 1 o o RS 876
37.7 Memory Map/Register DEFINITION .......ccccuoiiiiiriiiiesesene e 877
37.8 Time Stamp UNit MOOE REGISLENS .....vecveeeeiecie ettt ettt te e sre e e e ae s sre e e sneenseeneas 879
37.8.1 Time Stamp Unit Parsing Definitions Register 1 (PTP_TSPDRL) ......ccccevcvreeierienrienne 879
37.8.2 Time Stamp Unit Parsing Definitions Register 2(PTP_TSPDR2) ......cccccooeieierenereenne. 880
37.8.3 Time Stamp Unit Parsing Definitions Register 3 (PTP_TSPDR3) .......ccccevvvvvevveiiesiene 881

MPC5604E Reference Manual, Rev. 5

30 Freescale Semiconductor



37.8.4 Time Stamp Unit Parsing Definitions Register 4 (PTP_TSPDRA) .......ccccecveeevvevevieen, 882

37.8.5 Time Stamp Unit Parsing Definitions Register 5 (PTP_TSPDRY) .....ccccccevvnieiiriinniene 883
37.8.6 Time Stamp Unit Parsing Definitions Register 6 (PTP_TSPDRO) ........ccccccvvverveieerenne. 884
37.8.7 Time Stamp Unit Parsing Definitions Register 7 (PTP_TSPDR7) .....ccccovevveeeieeie s, 886
37.8.8 Time Stamp Unit Parsing Offset Values (PTP_TSPOV) ....cccooeiiiiineneeeee e 887
37.8.9 Time Stamp Unit Mode Register (PTP_TSMR) .....ccoviieieee e 889
37.8.10Timer PTP Event Register (PFTP_TMR_PEVENT)/ Timer PTP Mask Register

(PTP_TMR_PEMASK) .oooeoveeeeeeeeeeseeeseseeeseessssssesssesssssssssssssssssssssssssssssssssssssssssssnsssssssssanssnnes 890

37.8.11Time Stamp Unit Receiver Time High (TMR_UC_RXTS_H)/Time Stamp Unit Receiver
TimeLow (TMR_UC_RXTS L)/Time Stamp Unit Transmitter Time High

(TMR_UC_TXTS_H)/Time Stamp Unit Transmitter TimeLow (TMR_UC _TXTS L) ........... 893
37.9 IEEE1588 Timer MOUE REJISLENS ....ccueecieiieiiciecieerieeeestee e eee st te e reeae e seeaesreesreeneesneenneeneas 894
37.9.1 Timer Control Register (TMR_CTRL) ...uooiuiiieceece e 894

37.9.2 Timer Event Register (TMR_TEVENT)/Timer Event Mask Register (TMR_TEMASK)
......................................................................................................................................... 896
37.9.3 Timer Counter Register (TMR_CNT_L/TMR_CNT_H) oo 898
37.9.4 Timer Addend Register (TMR_ADD) ..ot 899
37.9.5 Timer Accumulator Register (TMR_ACC) ...uoiiiecieeeeesece et 900
37.9.6 Timer Prescale Register (TMR_PRSC) ....occviiiiiiiirieeerie e 901
37.9.7 Timer Offset Register (TMROFF_L/TMROFF_H) ...oovvvreeeeeeeseeeeeeeseseeesse s 902
37.9.8 Alarm Time Register (TMR_ALARM_L/TMR_ALARM_H) ..oooiiiiiiiieeciee 903
37.9.9 Timer Fixed Interval Period Register (TMR_FIPERN) .......ccocoveviiiiiiececececeee e 903
37.9.10FIPER Start Register (TMR_FSV_L/ITMR_FSV_H) ..oovioeieeeeeeeeeeeeeeeeee e, 905
37.9.11External Trigger Time Stamp Register (TMR_ETTS L/TMR_ETTS H) ..ccccevvevenene. 905
37.20Time SEAMP UNIT (TSU) oot bbbttt e b b snas 906
37.10.1PTP EVENE INTEITUPLS ...ttt 907
37.11 IEEE1588 Real Time ClOCK (RTC) ...oiiiiiiiiiriesie sttt st 908
37.11.1RTC CIOCK SOUICES ....ovivereeiuisiirieeiesiesiesiestesiessessesseeseessessessessesbessessessesseensensessessessessesss 910
37.11.2Prescale Output Clock and Pulse per Second Edge Alignment ..........ccocvvevenenencrienne. 910
37.12PTP Frame RECEPLION .....c.oeceeiieeiecie st eteseesieee et te s e st ste e e teeseesseesseenaesseesseensesneesseenennsennnes 910
37.12.10Ut-0F-BaANA IMOUE .....c.eoiviiiiiiiiiieiieiee ettt st s et sa e benreenas 910
7. 13PTP Frame TraNSMISSION .......ccueieeeeieesieaeesseeseesseesseesseaseesseessessessseessesseessessssssesssesssesseessessesssesnees 911
37.14Cycle Delay from Time StamP LOCALION ......c.ecveieerieeie ettt ee et sre e nne e 911
37.151NItIAlI ZBHON SEQUENCE ....oeveeiecie ettt ettt re et et esbe e teeseesseeseeaeesseensesaeesreenseeneenseenns 911
37.15.1TSU MOUE REGISEN'S ..ottt nenn e benreenis 911
37.15.2RTC MOUE REGISLENS ...ecuveceeeieeieeieesieeieseesteeiesree e eeesseesseeseesseeseeseesseenseeseesseenseeneesseenes 912
37.15.3ENADIE SEQUENCE ..ottt et e e st e et e s ae e reenneeae e neeneenneeans 912

Chapter 38
Nexus Debug Interface (NDI)

G TN A O Y= VT S 913
I = (1 =SSR 913
38.2 Nexus Port Controller (NPC) ..ottt st nne s 914
38.2.1 FEALUIES ...ttt sttt b e st e e bt e s ae e et e e ehe e e be e saeeeabeenaeeebeebeennnean 914
113 27 Y/ Koo [=-SX o @ o = = 1] o 1SS 914

MPC5604E Reference Manual, Rev. 5

Freescale Semiconductor 31



38.2.2.1 RESEL ... 915

38.2.2.2 Disabled-Port MOUE .........ccooiiiiiiiiieieeee et 915

38.2.2.3 FUII-POIT MOOE ... e 915

38.3 External Signal DESCIIPLION ......cceiieiiieieiieie ettt re et e s e s esteeaeesreeneeneenneennas 915
G TR B A @ V< VT TSRS 915

38.3.2 Detailed Signal DESCIIPLIONS .....cccveieerieeieiierieeeesteeste e seeste e sreesseeeesseesseeseesseessesseenns 916
38.3.2.1 EVTO B - EVENT OUL ...t 916

38.3.2.2 MDO - MeSSage Daa OUL ........ccceeieeiieieiiieie e 916

38.3.2.3 MSEO _B - Message Start/ENd OUL .........cceeerierieriesene e 916

38.3.2.4 TCK - Test ClOCK INPUL ..o e 916

38.3.2.5 TDI - TeSt DA@lINPUL ...ccoccveiieeiieiececeeeeeee et 916

38.3.2.6 TDO - Nexus Test Data OULPUL ........ceeviiireeiieie e siee e 917

38.3.2.7 TMS- TeSt MOUE SEECE ....c.eoeiiiiiciesese s 917

38.4 REQIStEr DEFINITION ..ot b bttt e et benn b e e 917
38.4.1 REQISIEr DESCIIPLIONS ..ecuveieeeeieieeiesieeieseesteetesseesteesesseesseeaesseesseensesseesseenseeneesseeneesneenes 917
38.4.1.1 BYPaSSREJISIEN ....c.eoceeece ettt 917

38.4.1.2 INSITUCHION REJISIEN ..ottt 917

38.4.1.3 NexusDevice D RegiSter (DID) ....ccocveceeieerieceeieesieseeseeie e 918

38.4.1.4 Port Configuration RegISter (PCR) .......cceveevieieeieee et 919

38.5 FUNCLIONAl DESCIPIION ..ottt b bbbttt e e bt n b e 921
38.5.1 NPC_HNDSHK MOUUIE .....ocuiriiiiiiiiriieieieie sttt st 921

38.5.2 NPC Reset CoNfigUIaLioN ........ccceeiieieiierie ettt ne s 922

38.5.3 AUXIlTAry OULPUL POI ......oouiieiiiiiieieeeee e 922
38.5.3.1 Output MeSSage ProtOCOI .........ccecueieeiieeieiiesiecieseesie e e e sie e esse e sseeeas 922

38.5.3.2 OULPUL IMESSAGES ....eeeiiuieieiiieesiiieesiies s sitee s e st e e sse e sbe e s sbe e s ssbe e e ssneesnnseesnsneas 923

38.5.3.3 RUIES Of IMESSAZE ....coviiiierieitisie ettt st 924

38.5.4 1EEE 1149.1-2001 (JTAG) TAP .ottt 925
38.5.4.1 Enabling the NPC TAP CONrOIEr ......c.cceeiieeeceeseee e 925

38.5.4.2 Retrieving deviCe IDCODE ........cccooeiiiieiieieniere et 927

38.5.4.3 Loading NEXUS-ENABLE INSIFUCLION .....ccovviieiieie e 927

38.5.4.4 Selecting aNexus Client REGISLEN ........covveevieiiee et 928

38.5.5 NEXUS JTAG POIT SNAMNNG ..c.veiveiieriieiieieieitesee et e s 929

38.5.6 MCKO and ipg_SYNC MCKO ......ecviiieiecieciee ettt 929

1 BT A AV A @ S 1 1 oo USSR 929

38.5.8 NEXUS RESEL CONLIOl ....c.veieeeiieieeee ettt sre e snee s 929

38.6 Initialization/Application INFOrMELTION .........cccceieeiieie et eas 929
38.6.1 Accessing NPC tool-mapped rEQISLENS ......ceccveeerieeiie e cie et 929

Chapter 39
Register Protection (REG_PROT)

G150 A 1 011 0o o1 oo S 931
1S I I R @< V= OSSP 931

39,12 FEALUIES ...ttt ettt b et e bt e s st e e st e s ae e e b e e eaeeembeesaeeenbeesneeenreebeesnneans 931

39.1.3 MOUES OFf OPEIBIION ...c.vivirieiieiieieeieeee ettt e e e et e bt b e e e e e nesnesbenreenis 932

39.2 Externa Signal DESCIIPLION ......ccueiieiieiesieseeeseesieeee s e ste et teeeesseesse e e s seenseeneesreeseeneenseenees 932

MPC5604E Reference Manual, Rev. 5

32 Freescale Semiconductor



39.3

394

39.5

39.6

40.1
40.2
40.3
40.4

40.5
40.6

41.1

41.2

Memory Map and Register DEfINITION .........ccceiiiieiieiece et 932
39.3.1 IMEAMOIY IMIBID ..ttt ettt ettt et b e st e b e e s e e et e e eae e e seesaeesnbeesaeeenreesneeanneans 933
39.3.2 REQISIEr DESCIIPLIONS ..euveieeeieeieeie e eiesee st e e see s e te e s e eaessaesteensesseesseenseeneesseeneenneenes 934

39.3.2.1 Module Registers (MRO-6143) .......cccccveieiieiecee e 934
39.3.2.2 Module Register and Set Soft Lock Bit (LMRO-6143) .......cccccevevvvneeniennen. 934
39.3.2.3 Soft Lock Bit Register (SLBRO-1535) .....cccccovirirenininirineesee e 934
39.3.2.4 Global Configuration Register (GCR) .......cccccveveieeiecieceerie e 935

FUNCLION@l DESCIIPLION ...ttt bbbttt ettt b e e 936
30.4.1 GENENE ..ottt bbbt a ettt b e ns 936
39.4.2 Change LOCK SEINGS .....ccveivieieiiesieee ettt st e e e nne e sne s 937

39.4.2.1 Change Lock Settings Directly VIa Ar€a# ..........ccocveveeeeeieneneneneseneeen 937
39.4.2.2 Enable Locking ViaMirror Module Space (Area#3) .....cccccevcevvverveieeneennn 938
39.4.2.3 Write Protection for LOCKIiNG BitS .......cccccevieveiieiiese e 939
39.4.3 ACCESS EITOIS ...ttt sttt ettt ettt e st e e s bt e st e e beesabe e beesneeebeennneans 940

Initialization/Application INFOrMALTON .........ccceiieiieiiee e 940
1C1S o R (= < RSSO 940
39.5.2 Writing C code using the register protection SCheme ..........ccccoevererinieicrescseseee 940

[RS8 ( £ U170 (= o) = o) o S 942

Chapter 40
Temperature Sensor (TSENS)

L0 (8 (o o RSSO 955

FFEBIUIES ...ttt e st e e e a e e e ae e e e be e e e be e e eabe e e eabe e e nan e e enneenne e e naneeas 955

SIONAIS ettt — e —e Rt e te e eear e e te e eeea e e teanteareeteeneenteeneeareeneaneeas 955

Memory Map and RegiSter DESCIIPLION .......ccuvccieiieiiecieceecie ettt 956
40.4.1 MEMOTY MBI ..ottt sttt n e bt et e san e s e e n e e e e neennennn s 956

1Y/ KoTo [=-SY 0] ] o= = 1 o o [ 956

Obtaining the device temperature USING TSENS .........oooiiii e 956
40.6.1 TSENS calibration CONSLANES ........cccoeieerieeiinieie e et e e 956
40.6.2 Equationsfor converting TSENS voltage to device temperature ..........ccceeeveeeevvereesennn. 957

Chapter 41
JTAG Controller (JTAGC)

L1008 1o o RSSO 959
0 Nt = VT SR 959
A = (=S SR PR PORPPPR 960
41.1.3 MOUES Of OPEFBLION ....eciveeieiiiieieeie et erteeee st ste e reete e e s reeaeereesbesaeesreeseeneesreeneesanenns 960

N R o= 960
41.1.3.2 1EEE 1149.1-2001 Defined TESt MOUES ......cccooereerieniirieniirinieee e 960
41.1.3.3 BYPESSMOUE .....cuveceeeiecee ettt ettt ens 961

External Signal DESCIIPLION .....cc.oiiiiiriieiiieeeei et nn e nre s 961
A1.2.1 OVEIVIEW ..ottt sttt ettt bbbt bt ae st e e e b e s e e b e s b e e bt e bt s bt e ae e e e e et et e benaeebenbenns 961
41.2.2 Detailled SIgnal DESCIIPLIONS .....cooiiiiiieriieieseesie ettt s nee e 961

41.2.2.1 TCK - Test CIOCK INPUL .......oviiiiiieiieieeeeeee e 961
41.2.2.2 TDI - TESE DAATNPUL ....oueenieiiriesiesiesesieeee et 961

MPC5604E Reference Manual, Rev. 5

Freescale Semiconductor 33



b -

P

|
41.2.2.3 TDO - TSt DA OULPUL .....coveeeiiiiesiieiiseeeesee et seesee e sne e 961

41224 TMS-TeSt MOUE SEIECE ....cccveiiiiieeieeee et e 962

7RSI S (= o TS (= D 1= 11 011 o o P 962
41.3.1 RegiSter DESCIIPLIONS ....veeiveiieeeieeiteeie st et eee st e et e s e e e s reeaeereesbesaeesseeseeneesreennesanenns 962
41.3.1.1 INStruCtioN REJISIEN .....ocueiiieiieee et 962

41.3.1.2 BYPESS REJISIEN ....ccveeeeeieeiice ettt eee sttt ne e ne e 962

41.3.1.3 Device ldentification REQISIEN ......cccvvieiiicie e 963

41.3.1.4 CENSOR_CTRL REQISEN ....ociveiieieiieetieeeteeieiesie e se et see s 963

41.3.1.5 Boundary SCan REQISLEN ......ccceeceeieeiieiiereeieseesie e s esie e steeae e sse e sneeees 964

41.4 FUNCLIONG DESCIIPLION ...ovieieciecteeie ettt ettt ettt e s be et e eneesae e s e eaeesteennesreenseeneenneenns 964
41.4.1 JTAGC ReSEt CONFIGUILTON ....viviiiieisiirieeieeieeeeee ettt sre s 964

41.4.2 1EEE 1149.1-2001 (JTAG) TeSt ACCESS POIT ...cuveviieiiesiisiesee e 964

41.4.3 TAP Controller State MaChine ..........ccooiiiiiiiiieeee e s 965
41.4.3.1 Enabling the TAP CONtroller ..o 967

41.4.3.2 Selecting an |EEE 1149.1-2001 REJISLES .....ccervvrierierierieniirineeee e 967

41.4.4 JTAGC BIOCK INSITUCLIONS .....ooviiiiieiiesiecieeieeee ettt 967
41.4.4.1 IDCODE INSIIUCHION ...ocuviiviiieeiiesieeiesiesieeeesieesee e sseeeesseesseeeesseessesssesseenes 968

41.4.4.2 SAMPLE/PRELOAD INSITUCLION ...c.voiviiiieiieieiesie et 968

41.4.4.3 SAMPLE INSIIUCHION ...oouiiiiiiiiesiisie sttt 968

41.4.4.4 EXTEST — External Test INSIrUCLION ......ccovvevieiieseeeeeesieeee e 968

41.4.45 ENABLE_CENSOR_CTRL INSIIUCLION ....cooviiiiiieriiniiriesiinieseeee e 968

41.4.4.6 CLAMP INSITUCTION ..oiviiiiiiieiiiiesiesie sttt sne e 969

41.4.4.7 ACCESS AUX_TAP X INSIUCLIONS ....ccveeeeieieiesiesieeieeeesie e seeeee e eneas 969

41.4.4.8 BYPASSINSIIUCKION ....oouiiiiiiiieiiisiesiesteseeee e sse e sae e nee s 969

A1.4.5 BOUNBIY SCAN ....ueeviiieiiieiieee e et eee sttt e e e st e te e e s teeaesseesseenteeseessesneesseenseennesneensesnnenns 969

41.5 Initiaization/Application INFOIMELTON ........c.cciiiieiiieree e 969

MPC5604E Reference Manual, Rev. 5

34 Freescale Semiconductor



About This Book

This reference manual describes the MPC5604E processor for software and hardware devel opers.
Information regarding bus timing, signal behavior, and AC, DC, and thermal characteristics are detailed
in the device data sheet (MPC5604E Microcontroller Data Sheet).

Theinformation in thisbook is subject to change without notice, as described in the disclaimerson thetitle
page. Aswith any technical documentation, the reader needs to make sure to use the most recent version
of the documentation.

To locate any published errata or updates for this document, refer to the world-wide web at
http://www.freescal e.com/powerpc.

Audience

Thismanual isintended for system software and hardware devel opers and applications programmers who
want to develop products with the MPC5604E processor. It is assumed that the reader understands
operating systems, microprocessor system design, basic principles of software and hardware, and basic
details of the PowerPC® architecture.

Chapter Organization and Device-Specific Information

This document includes chapters that describe:
* Thedeviceasawhole
» Thefunctionality of the individual modules on the device

In the latter, any device-specific information is presented in the section “Information Specific to This
Device’ at the beginning of the chapter, where the chapter may describe a superset of features.

Suggested Reading

This section lists additional reading that provides background for the information in thismanual aswell as
general information about PowerPC architecture.

General Information

Useful information about the PowerPC architecture and computer architecture in general:

* Programming Environments Manual for 32-Bit Implementations of the Power PC® Architecture
(MPCFPE32B)

» Using Microprocessors and Microcomputers. The Motorola Family, William C. Wray, Ross
Bannatyne, Joseph D. Greenfield

» Computer Architecture: A Quantitative Approach, Second Edition, by John L. Hennessy and David
A. Patterson.

»  Computer Organization and Design: The Hardware/Software Interface, Second Edition, David A.
Patterson and John L. Hennessy.
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PowerArchitecture Documentation

Power Architecture documentation is available from the sources listed on the back cover of this manual,
aswell as our web site, http://www.freescal e.com/powerpc.

Reference manuals (formerly called user’s manuals)—These books provide details about
individual PowerPC implementationsand areintended to be used in conjunction with the Power PC
Programmers Reference Manual.

Addenda/errata to reference manual s—Because some processors have follow-on parts, an
addendum is provided that describes the additional features and functionality changes. Also, if
mistakes are found within a reference manual, an errata document may be issued before the next
published release of the reference manual. These addenda/errata are intended for use with the
corresponding reference manuals.

Data sheets—Data sheets provide specific information regarding pin-out diagrams, bus timing,
signal behavior, and AC, DC, and thermal characteristics, aswell as other design considerations.
Product briefs—Each device has a product brief that provides an overview of its features. This
document is roughly equivalent to the overview (Chapter 1) of adevice's reference manual.

Application notes—These short documents address specific design issues useful to programmers
and engineers working with Freescale Semiconductor processors.

Additional literature is published as new processors become available. For a current list of PowerPC
documentation, refer to http://www.freescal e.com/powerpc.

Conventions

This document uses the following notational conventions:
cleared/set When a bit takes the value zero, it is said to be cleared; when it takes a value of

one, it issaid to be set.

reserved When abit or addressisreserved, it should not bewritten. If read, its value cannot

be not guaranteed. Reading or writing to reserved bits or addresses may cause
unexpected results.

MNEMONICS In text, instruction mnemonics are shown in uppercase.
mnemonics In code and tables, instruction mnemonics are shown in lowercase.
italics Italics indicate variable command parameters.

Book titlesin text are set in italics.

0x0 Prefix to denote hexadecimal number

Ob0 Prefix to denote binary number

REG[FIELD] Abbreviationsfor registers are shown in uppercase. Specific bits, fields, or ranges
appear in brackets. For example, RAMBAR[BA] identifies the base addressfield
in the RAM base address register.

nibble A 4-bit data unit

byte An 8-hit data unit

halfword A 16-bit data unit*
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word
doubleword
X

I
OVERBAR

A 32-bit data unit
A 64-bit data unit

In some contexts, such as signal encodings, x (without italics) indicates a“don’t
care” condition.

With italics, used to express an undefined alphanumeric value (e.g., avariable in
an equation); or avariable alphabetic character in a bit, register, or module name
(e.g., DSPI_x could refer to DSPI_A or DSPI_B).

Used to express an undefined numerical value; or avariable numeric character in
abit, register, or module name (e.g., EIFn could refer to EIF1 or EIFO).

NOT logical operator

AND logical operator

OR logical operator

Field concatenation operator

An overbar indicates that asignal is active-low.

Register Figure Conventions

This document uses the following conventions for the register reset values:

wlc

U

u

[signal_name]

Write 1 to clear the bit to 0.

Undefined at reset or “not applicable.”
Bit value is uninitialized upon reset.
Bit value is unchanged upon reset.

Reset value is determined by the polarity of the indicated signal.

The following register fields are used:

Rl O
w
Rl 1
w

R | FIELDNAME

R | FIELDNAME
w

Indicates a reserved bit field in a memory-mapped register. These bits are always read as zeros.

Indicates a reserved bit field in a memory-mapped register. These bits are always read as ones.

Indicates a read/write bit.

Indicates a read-only bit field in a memory-mapped register.

The only exceptions to this appear in the discussion of serial communication modules that support variable-length data
transmission units. To simplify the discussion these units are referred to as words regardless of length.
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W | FIELDNAME

R | FIELDNAME

W wlc

R 0

W | FIELDNAME

Indicates a write-only bit field in a memory-mapped register.

Write 1 to clear: indicates that writing a 1 to this bit field clears it.

Indicates a self-clearing bit.

Acronyms and Abbreviations

Tablei lists acronyms and abbreviations used in this document.

Table i. Acronyms and Abbreviated Terms

Term Meaning
ADC Analog-to-digital conversion
ALU Arithmetic logic unit
BDM Background debug mode
BIST Built-in self test
BSDL Boundary-scan description language
CODEC Code/decode
DAC Digital-to-analog conversion
DMA Direct memory access
DSP Digital signal processing
EA Effective address
FIFO First-in, first-out
GPIO General-purpose /0
IEEE Institute for Electrical and Electronics Engineers
IFP Instruction fetch pipeline
IPL Interrupt priority level
JEDEC Joint Electron Device Engineering Council
JTAG Joint Test Action Group
LIFO Last-in, first-out
LRU Least recently used
LSB Least-significant byte
Isb Least-significant bit
MAC Multiply accumulate unit, also Media access controller
MSB Most-significant byte
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Table i. Acronyms and Abbreviated Terms (continued)

Term Meaning
msh Most-significant bit
Mux Multiplex
NC No connection
NOP No operation
OEP Operand execution pipeline
PC Program counter
PLIC Physical layer interface controller
PLL Phase-locked loop
PIN Referring to an external pin or ball (i.e. external signal)
POR Power-on reset
RISC Reduced instruction set computing
Rx Receive
SOF Start of frame
STAC Shared Time and Counter
TAP Test access port
TTL Transistor transistor logic
Tx Transmit
UART Universal asynchronous/synchronous receiver transmitter
USB Universal serial bus

Terminology Conventions

Tableii shows terminology conventions used throughout this document.

Table ii. Notational Conventions

Instruction Operand Syntax

Opcode Wildcard

cc Logical condition (example: NE for not equal)

Register Specifications

An Any address register n (example: A3 is address register 3)
Ay,Ax Source and destination address registers, respectively

Dn Any data register n (example: D5 is data register 5)
Dy,Dx Source and destination data registers, respectively

Rc Any control register (example VBR is the vector base register)
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Table ii. Notational Conventions (continued)

Instruction Operand Syntax
Rm MAC registers (ACC, MAC, MASK)
Rn Any address or data register
Rw Destination register w (used for MAC instructions only)
Ry,Rx Any source and destination registers, respectively
Xi Index register i (can be an address or data register: Ai, Di)
Miscellaneous Operands
#<data> Immediate data following the 16-bit operation word of the instruction
<ea> Effective address
<ea>y,<ea>Xx | Source and destination effective addresses, respectively
<label> Assembly language program label
<list> List of registers for MOVEM instruction (example: D3-D0)
<shift> Shift operation: shift left (<<), shift right (>>)
<size> Operand data size: byte (B), word (W), longword (L)
bc Instruction and data caches
dc Data cache
ic Instruction cache
# <vector> Identifies the 4-bit vector number for trap instructions
<> identifies an indirect data address referencing memory
<XXX> identifies an absolute address referencing memory
dn Signal displacement value, n bits wide (example: d16 is a 16-bit displacement)
SF Scale factor (x1, x2, x4 for indexed addressing mode, <<1n>> for MAC operations)
Operations
+ Arithmetic addition or postincrement indicator
- Arithmetic subtraction or predecrement indicator
X Arithmetic multiplication
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Table ii. Notational Conventions (continued)

Instruction Operand Syntax
/ Arithmetic division
~ Invert; operand is logically complemented
& Logical AND
| Logical OR
A Logical exclusive OR
<< Shift left (example: DO << 3 is shift DO left 3 bits)
>> Shift right (example: DO >> 3 is shift DO right 3 bits)
- Source operand is moved to destination operand
“— Two operands are exchanged

sign-extended

All bits of the upper portion are made equal to the high-order bit of the lower portion

If <condition>

Test the condition. If true, the operations after then are performed. If the condition is false and the

then optional else clause is present, the operations after else are performed. If the condition is false and
<operations> | else is omitted, the instruction performs no operation. Refer to the Bcc instruction description as an
else example.
<operations>
Subfields and Qualifiers
{3 Optional operation
0 Identifies an indirect address
dn Displacement value, n-bits wide (example: dqg is a 16-bit displacement)
Address Calculated effective address (pointer)
Bit Bit selection (example: Bit 3 of DO)
Isb Least significant bit (example: Isb of DO)
LSB Least significant byte
LSW Least significant word
msb Most significant bit
MSB Most significant byte
MSW Most significant word
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Chapter 1
Overview

1.1  Chipset overview

The MPC5604E microcontroller is agateway system designed to move data from different sources via
Ethernet to areceiving system and vice versa. The supported data sources and sinks are:

* Video data (with 8/10/12 bits per data word)

e Audio data (6x stereo channels)

* RADAR data (2 x 12 bit with <1us per sample, digitized externally and read in via SPI)
»  Other seria communication interfacesincluding CAN, LIN, and SPI

The Ethernet module has a bandwidth of 10/100 Mbits/sec and supports precision time stamps
(IEEE1588). Unshielded twisted pair cables are used to transfer data (via Ethernet) in the car, resulting in
asignificant reduction of wiring costs by providing inexpensive high bandwidth data links.

The core selected for the device is the Harvard bus interface version of the e200z0 to cover the low-end
chassis application space.

The €200 processor family is a set of CPU cores that implement low-cost versions of the Power
Architecture Book E architecture. The €200 processors are designed for deeply embedded control
applications that require low cost solutions rather than maximum performance. The €200z0 processor
integrates an integer execution unit, branch control unit, instruction fetch and load/store units, and a
multi-ported register file capable to sustaining three read and two write operations per clock. Most integer
instructions executein asingle clock cycle. Branch target prefetching is performed by branch unit to allow
single-cycle branches in some cases. The €200z0 coreisasingle-issue, 32-bit Power Architecture Book E
VLE only design with 32-bit general purpose registers (GPRs). All arithmetic instructions that executein
the core operate on data in the general purpose registers (GPRS). Instead of the base Power Architecture
Book E instruction set support, the e200z0 core only implementsthe VLE (variablelength encoding) APU,
providing improved code density.

The MPC5604E has asingle level of memory hierarchy consisting of 96 KB on-chip SRAM and 578 KB
(512 KB code + 64 KB data) of on-chip flash memory. Both the SRAM and the flash memory can hold
instructions and data.

Multimedia support is provided by avideo encoder module and a 6x stereo audio (SAI) module.

The timer functions of MPC5604E are performed by the eTimer Modular Timer System and Peripheral
Interrupt Timer (PIT) modules. The eTimer module implements enhanced timer features (six channels)
including dedicated motor control quadrature decode functionality and DMA support. The PIT module
includes four general purpose interrupt timers (32-bit counters) with DMA support for each channel.
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Overview

Off-chip communication is performed by a suite of serial protocolsincluding CANSs, ethernet, enhanced
SPIs (DSPI), and SCls (LINFlex).

The System Integration Unit Lite (SIUL) performs several chip-wide configuration functions. Pad
configuration and general-purpose input/output (GPIO) are controlled from the SIUL. External interrupts
are also found in the SIUL.

Asthe MPC5604E is built on awider legacy of Power Architecture-based devices, when applicable and
possible, reusing or enhancement of existing I1P, design and concepts is adopted.

1.2  Target applications

Thisdeviceis agateway system to move data from different sources via Ethernet to a receiving system
and vice versa. The supported data sources/sinks combined with the Ethernet are:

* Video data (with 8/10/12 bits per data word)
* Audio data (6x stereo channels)
* RADAR data (2x 12 bit with <1us per sample, digitized externally and read in via SPI)
*  Other Serial communication interfaces like CAN, LIN, and SPI
The Ethernet has a bandwidth of 10/100 Mbits/sec supporting precision time stamps (IEEE1588).

Unshielded twisted pair cables are then used to transfer information (via Ethernet) in the car. Thus, a
significant reduction of wiring costsin the car can be achieved by providing high bandwidth data links.

The Ethernet AVB is an upcoming high-bandwidth communication standard in the automotive area
competing with established protocols like LVDS, MOST, and FlexRay (to a sudden extend for some
chassis applications).

1.3 Features

The table provides a summary of the features of the MPC5604E.

Table 1. Device summary

MPC5604E
Feature

100-pin LQFP1 64-pin LQFP
CPU €200z0h, 64 MHz, VLE only, no SPE
Flash with ECC CFlash: 512 KB (LC) DFlash: 64 KB (LC, area optimized)
RAM with ECC 96 KB
DMA 16 channels
PIT yes
SWT yes
FCU yes
Ethernet 100 Mbits MlI 100 Mbits MlI-Lite
Video Encoder 8bpp/12bpp

MPC5604E Reference Manual, Rev. 5
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Table 1. Device summary (continued)

Overview

Feature

MPC5604E

100-pin LQFP?!

64-pin LQFP

Audio Interface

6x Stereo (4x synchronous + 2x synchronous/asynchronous)

ADC (10-bit)

1X 4 channels + Vpp |0 *+ Vppcore + TSeNS

Timer 1/O (eTimer)

1X6 channels

SCI (LINFlex)

2X

SPI (DSPI)

DSPI_0: 2 chip selects
DSPI_1: 2 chip selects
DSPI_2: 4 chip selects

CAN (FlexCAN) 1x
Ic 2X
Supply 33VIO

1.2V Core with dedicated ballast source pin in two modes:

« internal ballast or
« external supply (using power on reset pin)

Phase Lock Loop (PLL)

1X FMPLL

Internal RC Oscillator

16 MHz

External crystal

4 MHz - 40 MHz

Oscillator

CRC yes
Debug JTAG, Nexus2+ JTAG
Ambient Temperature -401to0 125 °C

1 The 100-pin package is not a production package. It is used for software development only.

1.4  Block diagram

Figure 1 shows atop-level block diagram of the MPC5604E microcontroller.
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eTimer Enhanced Timer PDI Parallel Data Interface (image sensor)
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Figure 1. MPC5604E block diagram
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1.5 Application examples

The following sections contain examples of applications for the MPC5604E microcontroller.

151 CMOS vision sensor gateway

The active safety and advanced driver assistance systems (ADAS) support Panorama View Park-Assist
providing a high quality view of the vehicle's surroundings (typically abird's eye view).

For this, up to 5 CMOS cameras with wide-angle lenses attached to the car. A typical installation has one
camera at each corner of the front bumper, one in each side mirror and one in the rear. The front-viewing
sensors cannot be combined with the front-viewing camera sensor used for active safety applications due
to completely different optical requirements. All sensors are connected to a central fusion Electronic
Control Unit (ECU) that performs enhancement and image generation.

First, the fusion unit corrects the wide-angle distortion in each image, if not done optically. Alternatively,
there is an inexpensive optical solution (2nd inverting lens) on the market.

The next step is the stitching of the images—similar to the feature found on many of today’s digital
cameras. There is abroad range of agorithm complexity depending on the required quality. In principle,
similarities in adjacent images need to identified, e.g., by running matching filters. After identifying how
the images fit geometrically together, there is some post-processing necessary for a smooth appearance
within the overlapping areas.

Finally, the stitched images are rendered on a 3D grid model representing the chosen perspective to
generate the final image.

The interconnect between the remote cameras and central fusion unit is done in a point-to-point manner
with aswitch located in the central ECU. The switch combines the Ethernet AV B streams and sends them,
e.g., viaGigE, to the central processing unit. Future systems with more ADAS nodes (e.g., cameras and
RADARSs in the bumper) might have two dedicated ADAS switches.

Figure 2 illustrates a multi-camera system based on the MPC5604E.

Video
< > MPC5604E Gateway
Control

100 Mb/s

L ! . Fusion
3-5 Sensor Units Switch — Unit
_ 1 Gb/s

Video
—— | MPC5604E Gateway

Control

100 Mb/s

Figure 2. Multi-camera system level diagram

Each camerain Figure 2 is connected to one MPC5604E gateway viaa parallel digital interface as shown
in Figure 3. The raw data is buffered and the color component is vertically sub-sampled from YUV 4.2:2
to YUV4:2:0. A low latency video encoder compresses the image data by afactor of 1:5/1:10 or higher

MPC5604E Reference Manual, Rev. 5
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into abit stream. This compression is not lossless, thus, the quality of the image is degraded with higher
compression ratios. The video bitstream is then buffered in the MPC5604E (dedicated video bit stream
buffer) and transmitted via the Ethernet AVB link.

33V /l 33V
15V o
c
&
_>
% o MPC5604E
E |B
<€ 12C or DSPI
— PDI Mil
g Nexus
t debugging
Workstation

6V
Vre

-« 9

14— XTAL

<« Ethernet | g Ethernet
PHY Transformer €™

Figure 3. MPC5604E interfacing for CMOS sensor gateway

Figure 4 illustrates the processing flow of video data within the MPC5604E.
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1. video_clk frequency can be 120/128 MHz depending on the system_clk (60/64 MHz).

Video Encoding:

Video data is captured by the camera, and streamed via the PDI to the Video Encoder (MJPEG). The MJPEG offers the encoded
data via an output buffer memory to the FEC (Ethernet).

Besides the video data, also histograms (for exposure control) are streamed to the PDI. The PDI separates these data that are
moved via DMA to the SRAM. The CPU processes the information and set up the exposure/white balance via the 1IC in the camera.

Figure 4. MPC5604E video data path
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1.6  Audio source gateway

The MPC5604E can be effectively used as an audio source gateway. Figure 5 showsthe data flow for this
application. Six stereo input audio channels at 44.1 KHz or 48 KHz are provided via |2S by an external
audio source (radio, CD/DVD player, etc.). The external device providesthe clock for its data (master).

MPC5604E Reference Manual, Rev. 5
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1. video_clk frequency can be 120/128 MHz depending on the system_clk (60/64 MHz).
Audio In:
Data is sampled based on the input signals SAI_BCLK (11.29MHz) and SAI_SYNC. The 12S module (SAl) buffers the

input data (6 channels) and signals the availability of data to the DMA module (in 64MHz domain). The DMA module
moves the data to the SRAM. From here the FEC can move the data via the Mll interface to a receiver.

Figure 5. Audio to ethernet data path
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1.7

Critical performance parameters

MPC5604E is running under the following critical performance corner points:

1.8

Maximum CPU frequency: 64 MHz

Junction temperature range: —40 °C to 150 oct
Nominal power dissipation: Lessthan 1.5 W
Supply voltages:

— Vpp_Hv_10=33V

— Vpp Hv_ADc = 3.3V
— Vpp_Lv_core= 1.2V (with internal ballast or external supply)

Chip-level features

On-chip modules available within the family include the following features:

32-hit Power Architecture® embedded CPU (e200z0h) with single issue and Harvard architecture
Memory

— 512 KB on-chip Code Flash with ECC and erase/program controller
— additional 64 (4 x 16) KB on-chip Data Flash with ECC for EEPROM emulation
— 96 KB on-chip SRAM with ECC

Fail-safe protection

— Programmable watchdog timer

— Non-maskabl e interrupt

— Fault collection unit

Nexus 2+ interface

Interrupts and events

— 16-channel eDMA controller

— 16 priority level controller

— Upto 25 external interrupts

— PIT implements four 32-bit timers

— 120 interrupts are routed viaINTC

Genera purpose I/0Os

— Individually programmable as input, output or special function

— 39 on LQFP64

— 71 0n LQFP100?

1 general purpose eTimer unit

— 6 timers each with up/down capabilities

1.Ambient temperature is 125 °C, for the video use case with internal core voltage supply the ambient temperature is
105 °C.
2.The 100-pin package is not a production package. It is used for software development only.

MPC5604E Reference Manual, Rev. 5
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— 16-bit resolution, cascadeable counters

— Quadrature decode with rotation direction flag

— Double buffer input capture and output compare
Communications interfaces

— 2 LINFlex channels (1 x Master/Slave, 1 x Master Only)

— 3 DSPI channels with automatic chip select generation (up to 2/2/4 chip selects)

— 1 FlexCAN interface (2.0B Active) with 32 message buffers
One 10-bit analog-to-digital converter (ADC)

Overview

— 7 input channels: 4 channels routed to the pins, 3 internal connections (Temperature sensor,

Core voltage, 10 voltage)
— Conversion time < 1 usincluding sampling time at full precision
— 4 analog watchdogs with interrupt capability
On-chip CAN/UART bootstrap loader with Boot Assist Module (BAM)
100 MBit Fast Ethernet Controller (FEC)
— Supports precision timestamps
— MII on 100-pint LQFP package
— MIl-lite on 64-pin LQFP package
Video encoder
6x stereo audio interface
12C controller module
CRC module

Module features

1.8.1

High performance e200z0 core CPU

The €200z0 Power Architecture core provides the following features:

High performance €200z0 core processor for managing peripherals and interrupts
Single issue 4-stage pipeline in-order execution 32-bit Power Architecture CPU
Harvard architecture

Variable length encoding (VLE), allowing mixed 16-bit and 32-bit instructions
Results in smaller code size footprint

Minimizes impact on performance

Branch processing accel eration using lookahead instruction buffer

L oad/store unit

1-cycleload latency

Misaligned access support

1. The 100-pin package is not a production package. It is used for software development only.
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1.8.2

No load-to-use pipeline bubbles
Thirty-two 32-bit general purpose registers (GPRS)

Separate instruction bus and |oad/store bus Harvard architecture

Hardware vectored interrupt support

Reservation instructions for implementing read-modify-write constructs

Long cycle time instructions, except for guarded loads, do not increase interrupt latency

Extensive system development support through Nexus debug port

Non Maskable Interrupt support

Crossbar switch (XBAR)

The XBAR multi-port crossbar switch supports simultaneous connections between four master ports and
four slave ports. The crossbar supports a 32-bit address bus width and a 32-bit data bus width.

The crossbar allows for concurrent transactions to occur from any master port to any slave port. If aslave
port is simultaneously requested by more than one master port, arbitration logic will select the higher
priority master and grant it ownership of the slave port. All other masters requesting that slave port will be
stalled until the higher priority master completes its transactions. The default priority schemeis fixed
priority based on the master ID. Besides this, the software can select around robin arbitration.

The crossbar provides the following features:

1.8.3

Four master ports

— €200z0 core complex Instruction port

— €200z0 core complex Load/Store Data port
— eDMA

— Ethernet

Four slave ports

— Hash memory (code flash and data flash) controller
— SRAM controller

— Video encoder output buffer

— Peripheral bridge

32-bit internal address, 32-bit internal data paths
Fixed Priority Arbitration based on port master
Temporary dynamic priority elevation of masters

System clocks and clock generation

The following list summarizes the system clock and clock generation on the MPC5604E:

Lock detect circuitry continuously monitors lock status
Loss of clock (LOC) detection for PLL outputs
Programmable output clock divider (<1, +2, +4, +8)

MPC5604E Reference Manual, Rev. 5
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» Fractional clock divider clock for close loop controlled clocks
— Provides audio clock in medium quality mode (approximately 11.29 MHz)
— Provides camerainput clock (25-30 MHz)

*  On-chip oscillator with automatic level control

* Internal 16 MHz RC oscillator for rapid start-up and safe mode
— Supports frequency trimming by user application

» Ethernet TX clock asinput for the PLL (via OSC input pin)

* Upto 64 MHz for system clock; up to 128 MHz for video encoder clock

1.8.4 Frequency Modulated Phase Lock Loop (FMPLL)

The FMPLL alowsthe user to generate high speed system clocks from a4 MHz to 40 MHz input clock.
Further, the FMPLL supports programmable frequency modulation of the system clock. The PLL
multiplication factor, output clock divider ratio are all software configurable.
The PLL has the following major features:

* Input clock frequency from 4 MHz to 40 MHz

» Voltage controlled oscillator (VCO) range from 256 MHz to 512 MHz

* Reduced frequency divider (RFD) for reduced frequency operation without forcing the PLL to
re-lock

*  Frequency modulated PLL

» Modulation enabled/disabled through software

» Triangle wave modulation

* Programmable modulation depth (+0.25% to +2% deviation from center frequency)
* Programmable modulation frequency dependent on reference frequency

» Self-clocked mode (SCM) operation

1.85 Main oscillator

The main oscillator provides these features:
* Input frequency range 4 MHz to 40 MHz
* Crystal input mode or Oscillator input mode
* PLL reference

1.8.6 Internal RC oscillator

This device has an RC ladder phase-shift oscillator. The architecture uses constant current charging of a
capacitor. The voltage at the capacitor is compared by the stable bandgap reference voltage.

The RC Oscillator provides these features:
* Nominal frequency 16 MHz
» 5% variation over voltage and temperature after process trim

MPC5604E Reference Manual, Rev. 5
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» Clock output of the RC oscillator serves as system clock sourcein case loss of lock or loss of clock
is detected by the PLL

* RC oscillator is used as the default system clock during startup

1.8.7 Voltage regulator (VREG)

The on-chip voltage regulator module provides the following features:
* Availablein two modes
— Using internal PMOS ballast transistor to regulate external 3.3 V downto 1.2 V for the core
logic
— Disabled for using external supply for core logic
* Low voltage detection on the internal 1.2 V and 1/O voltage 3.3 V

1.8.8 System Integration Unit (SIU-Lite)

The MPC5604E SIU-L.ite controls MCU pad configuration, external interrupt, general purpose I/0
(GPIO), and internal peripheral multiplexing.

The pad configuration block controls the static electrical characteristics of 1/0 pins. The GPIO block
provides uniform and discrete input/output control of the I/O pins of the MCU.
The SIU provides the following features:
» Centralized genera purpose input output (GPIO) control
— 71 GPIO pads (bonding to pinsis package dependent)
* Asmany asfour internal output functions can be multiplexed onto one pin
* All GPIO pins can be independently configured to support pull-up, pull down, or no pull
* Reading and writing to GPIO supported both as individua pinsand 16-bit wide ports
» All peripheral pins can be alternatively configured as both general purpose input or output pins
» Direct readback of the pin value is supported on all pins through the SIU supporting 4 external
interrupts based on general purpose input pins
» Supports 4 external interrupts based on general purpose input pins (8 pads per interrupt)

» Configurable digital input filter that can be applied to general purpose input pins with interrupt
functions for noise elimination

1.8.9 Boot Assist Module (BAM)

The BAM isablock of read-only one-time programmed memory and is identical for all MPC56X X
devices that are based on the €200z0h core. The BAM program is executed every time the device is
powered-on if the alternate boot mode has been selected by the user.
The BAM provides the following features:
» Boot from Internal Code Flash
— Selected as default (using internal pull down on FAB pin).

MPC5604E Reference Manual, Rev. 5
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— Censorship mode to protect the content of the flash memory.
» Alternate serial boot-loading via FlexCAN, LINFlex

— BAM accepts a password via the used serial communication channel to grant the legitimate
user access to the non-volatile memory.

1.8.10 Junction temperature sensor

The MPC5604E has ajunction temperature sensor to enable measurement of the temperature of the silicon
viathe ADC.
The junction temperature sensor has these key parameters:
* Nomina temperature range from —40 °C to 150 °C
e Cadlibrated sensor accuracy:
— 10 °C, -40to 25 °C ambient
— +7°C, 2510 125 °C ambient

1.8.11 JTAG controller (JTAGC)

The JTAG controller (JTAGC) block provides the meansto test chip functionality and connectivity while
remaining transparent to system logic when not in test mode. All datainput to and output from the JTAGC
block is communicated in serial format. The JTAGC block is compliant with the |EEE standard.
The JTAG controller provides the following features:
» |EEE Test Access Port (TAP) interface with four pins (TDI, TMS, TCK, TDO)
» Selectable modes of operation include JTAGC/debug or normal system operation.
* A 5-bit instruction register that supports the following |EEE 1149.1-2001 defined instructions:
— BYPASS
— IDCODE
— EXTEST
— SAMPLE
— SAMPLE/PRELOAD
» A 5-hit instruction register that supports the additional following public instructions:
— ACCESS AUX_TAP NPC
— ACCESS AUX_TAP_ONCE
* Threetest dataregisters: a bypass register, a boundary scan register, and a device identification
register.
» A TAP controller state machine that controls the operation of the data registers, instruction register
and associated circuitry.
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1.8.12 Nexus Debug Interface (NDI)

The NDI (Nexus Debug Interface) block provides real-time development support capabilities for the
device Power Architecture based MCU in compliance with the IEEEISTO 5001-2003 standard. This
development support is supplied for MCUs without requiring external address and data pins for internal
visibility. The NDI block is an integration of several individual Nexus blocks that are selected to provide
the development support interface for this device. The NDI block interfaces to the host processor and
internal bussesto provide devel opment support as per the |IEEE-I1 STO 5001-2003 Class 2+ standard. The
development support provided includes access to the MCUs internal memory map and access to the
processors internal registers during run time.
The Nexus Interface provides the following features:

» Configured viathe IEEE 1149.1

» All Nexus port pins operate a Vpp,o (no dedicated power supply)

* Nexus 2+ features supported

e Static debug

* Watchpoint messaging

»  Ownership trace messaging

* Program trace messaging

* Real time read/write of any internally memory mapped resources through JTAG pins

»  Overrun control, which selectswhether to stall before Nexus overruns or keep executing and allow
overwrite of information

» Watchpoint triggering for program tracing

* Auxiliary Output Port

* Four MDO (Message Data Out) pinsin full port mode
* MCKO (Message Clock Out) pin

*  Two MSEO (Message Start/End Out) pins

« EVTO (Event Out) pin

* Auxiliary Input Port

« EVTI (EventIn) pin

1.8.13 DMA controller

The enhanced direct memory access (eEDMA) controller is a second-generation module capable of
performing complex datamovementsvia 16 programmable channels, with minimal intervention from the
host processor. The hardware micro architecture includes a DMA engine which performs source and
destination address calculations, and the actual data movement operations, along with an SRAM-based
memory containing thetransfer control descriptors(TCD) for the channels. Thisimplementationisutilized
to minimize the overall block size.

The eDMA module provides the following features:
» 16 channels support independent 8-, 16-, or 32-bit single value or block transfers
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e Supports variable sized queues and circular queues

»  Source and destination address registers are independently configured to post-increment or remain
constant

» Eachtransfer isinitiated by a peripheral, CPU, or eDMA channel request

» EacheDMA channel can optionally send an interrupt request to the CPU on completion of asingle
value or block transfer

* DMA transfers possible between system memories, DSPIs, ADC, eTimer, audio interface, and
video bit stream output buffer

* Programmable DMA channel mux allows assignment of any DMA source to any available DMA
channel with as many as 30 potential request sources.

» eDMA abort operation through software

1.8.14 DMA channel multiplexer (DMA_MUX)

* 32 independently selectable DMA channel routers

» Each channel router is assigned to one of the following sources:
— One of the peripheral DMA sources
— The aways enabled source

1.8.15 Software Watchdog Timer (SWT)

The SWT on the MPC5604E is configured as the SWT found on MPC5604P devices. Thisincludes, e.g.,
the reset values for the timer clock selection.
The SWT has the following features:

o 32-bit time-out register to set the time-out period

» Timer running on IRC clock for increased functional safety

» Programmable selection of window mode or regular servicing

* Programmable selection of reset or interrupt on an initial time-out

» Master access protection

» Hard and soft configuration lock bits

* Reset configuration inputs allow timer to be enabled out of reset

1.8.16 System Timer Module (STM)

The STM module implements these features:
o 32-bit up counter with 8-bit pre-scaler
» Four 32-bit compare channels
* Independent interrupt source for each channel
» Counter can be stopped in debug mode
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1.8.17 Periodic Interrupt Timers (PIT)

The PIT module implements these features:

As many asfour general purpose interrupt timers
32-bit counter resolution

Clocked by system clock frequency

Each channel can be used as trigger for aDMA request

1.8.18 FlexCAN module

The MPC5604E M CU contains one controller area network (FlexCAN) module. This moduleisa
communication controller implementing the CAN protocol according to Bosch Specification version 2.0B.
The CAN protocol was designed to be used primarily as avehicle serial data bus, meeting the specific
requirements of thisfield: real-time processing, reliable operation in the EMI environment of a vehicle,
cost-effectiveness and required bandwidth. The FlexCAN module contains 32 message buffers.

The FlexCAN module provides the following features:

Supports the full implementation of the CAN Specification Version 2.0, Part B
— Standard data and remote frames (up to 109 bits long)

— Extended data and remote frames (up to 127 bits long)

— 0to 8 bytes datalength

— Programmable bit rate up to 1 Mbit/s

— Content-related addressing

32 message buffers of 0 to 8 bytes data length

Each message buffer configurable as RX or TX, all supporting standard and extended messages
Listen-only mode capability

Individual mask registers for each message buffer

Programmable transmit-first scheme: lowest 1D or lowest buffer number
Timestamp based on 16-bit free-running timer

Global network time, synchronized by a specific message

Programmabl e loop-back mode supporting self-test operation

Maskable interrupts

Independent of the transmission medium (an external transceiver is assumed)
High immunity to EMI

Short latency time due to an arbitration scheme for high-priority messages
Wake-up when activity on the RX pin

— Requires an externa glitch filter at the pad (2750 ns of O-input)

— Wake-up via CAN interrupt

Transmit features

— Supports configuration of multiple mailboxes to form message queues of scalable depth
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— Arbitration scheme according to message ID or message buffer number
— Internal arbitration to guarantee no inner or outer priority inversion
* Recelvefeatures
— Individua programmable filters for each mailbox
— Eight mailboxes configurable as a six-entry receive FIFO
— Eight programmable acceptance filters for receive FIFO
* Programmable clock source
— System clock
— Direct oscillator clock to avoid PLL jitter

1.8.19 Deserial Serial Peripheral Interface (DSPI)

The deserial seria peripheral interface (DSPI) module provides a synchronous serial interface for
communication between the MPC5604E MCU and external devices (e.g., Sensors).
The DSPI modules provide these features:

* Full duplex, three-wire synchronous transfers

* Master or slave operation

* Programmable master bit rates

» Programmable clock polarity and phase

» End-of-transmission interrupt flag

* Programmable transfer baud rate

* Programmable dataframes from 4 to 16 bits

Overview

* Asmany asfour chip select lines available per DSPI module, depending on package and pin
multiplexing, enable 12 external devicesto be selected using external multiplexing from asingle

DSPI
» Eight clock and transfer attributes registers

» Chip select strobe available as alternate function on one of the chip select pins for de-glitching

» FIFOsfor buffering as many as five transfers on the transmit and receive side

*  Queueing operation possible through use of the eDMA

* TX and RX FIFOs can be disabled individually for low-latency updates to SPI queues
* Vighility into TX and RX FIFOs for ease of debugging

* Programmable transfer attributes on a per-frame basis

* Modified SPI transfer formats for communication with slower peripheral devices

1.8.20 Serial communication interface module (LINFlex)

The LINFlex on the MPC5604E features the following:
» Supports LIN Master mode, LIN Slave mode and UART mode
* LIN state machine compliant to LIN1.3, 2.0, and 2.1 Specifications
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e HandlesLIN frame transmission and reception without CPU intervention
* LIN features

Autonomous LIN frame handling

LINO supports master and slave mode with 16 identifier filters
LIN1 supports master mode only (no identifier filters required)
Message buffer to store Identifier and as much as 8 data bytes
Supports message length as long as 64 bytes

Detection and flagging of LIN errors: Syncfield; Delimiter; 1D parity; Bit; Framing; Checksum
and Time-out errors

Classic or extended checksum calculation

Configurable Break duration as long as 36-bit times

Programmable Baud rate pre-scalers (13-bit mantissa, 4-bit fractional)
Diagnostic features: Loop back; Self Test; LIN bus stuck dominant detection
I nterrupt-driven operation with 16 interrupt sources

* LIN slave mode features

Autonomous LIN header handling
Autonomous LIN response handling

e UART mode

1.8.21

Full-duplex operation

Standard non return-to-zero (NRZ) mark/space format

Data buffers with 4-byte receive, 4-byte transmit

Configurable word length (8-bit or 9-bit words)

Error detection and flagging

Parity, Noise and Framing errors

I nterrupt-driven operation with four interrupt sources

Separate transmitter and receiver CPU interrupt sources

16-bit programmabl e baud-rate modul us counter and 16-bit fractional
Two receiver wake-up methods

eTimer

The eTimer module provides six 16-bit general purpose up/down timer/counter.

The following features are implemented:
* Individual channel capability

Input capture trigger

Output compare

Double buffer (to capture rising edge and falling edge)
Separate pre-scaler for each counter
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— Selectable clock source
— 0% to 100% pul se measurement
— Rotation direction flag (Quad decoder mode)
* Maximum count rate
» Counters are cascadeable
* Programmable count modulo
*  Quadrature decode capabilities
» Counters can share available input pins
» Count once or repeatedly
» Counters are pre-loadable

1.8.22 Successive approximation Analog-to-Digital Converter (ADC)

The ADC module provides the following features:
* Anaog part:
— Oneon-chip AD converter
— 10-bit AD resolution
— Conversion time, including sampling time, lessthan 1 us (at full precision)
— Typica sampling timeis 150 ns min. (at full precision)
— Differentia non-linearity error (DNL) +1 LSB
— Integral non-linearity error (INL) +1.5 LSB
— TUE<3LSB
— Single-ended input signal range from 0to Vpp v ADc
— The ADC supply can be equal to Vpp Hy 10 (\_/DD__HV_ADC =33V)

— The ADC supply and the ADC reference are not independent from each other (they are
internally bonded to the same pad)

— Sampletimes of 2 (default), 8, 64, or 128 ADC clock cycles
* Digital part:
— 8input channels
— 4 channelsrouted to the pins
— 3internal connections. 1x temperature sensor, 1x core voltage, 1x 10 voltage

— Four analog watchdogs comparing ADC results against predefined levels (low, high, range)
before results are stored in the appropriate ADC result location,

— Register-based interface with the CPU: control register, status register, and one result register
per channel

— ADC state machine managing 3 request flows: regular command, hardware injected command
through eTimer and software injected command

— DMA compatible interface
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1.8.23 Fault Collection Unit (FCU)

The FCU provides an independent fault reporting mechanism even when the CPU is not performing
properly.
The FCU module includes following features:
» Collection of critical faults (all of these must be glitch free)
* Reporting of selected critical faults to external
» Fault flag status kept over non-destructive reset for later analysis (in a"Freeze" register)
» Continous and synchronous latch of MC state
* MC state kept over non-destructive reset for later analysis (in a"Freeze" register)
» 4 datesfinite state machine (Init, Normal, Alarm, Fault)
» Different actions can be taken depending on fault type.
» Selectable protocols for fault signal indication in Fault state (dual-rail, time-switching, bi-stable)
» Programmable clock prescaler for time-switching output signal generation
* Protection mechanism to avoid un-wanted clearing of fault flags
* Internal logic testing, by using afake fault generator during initialization phase

1.8.24 Cyclic Redundancy Check (CRC)

The CRC has the following major features:
* 2 contexts (static parameter) for the concurrent CRC computation
» Separate CRC engine for each context
* O-wait states during the CRC computation (pipeline scheme)
» 3 hardwired polynomials (CRC-8, CRC-16-CCITT, CRC-32)
»  Support for byte/half-word/word width of the input data stream

1.8.25 Video encoder

* Image resolution up to 1280800 at 30 fps

* Low latency compression with MJPEG format

» Color sub-sampling from YUV 4:2:2 to YUV 4:2:0

» 8bits per pixel component

e 12 bits per pixel component

» Support compression ratio from 1:20 to 1:5

» Support for the Ethernet Controller DMA via CPU Interrupt

1.8.26 Serial Audio Interface (SAIl)

»  Supports up to 6 (stereo) audio channels
» Transmitter with independent Bit Clock and Frame Sync supporting 4 data channels
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* Receiver with independent Bit Clock and Frame Sync supporting 4 data channels
* Maximum Frame Size of 16 Words

* Word size of between 8-bits and 32-bits Word size configured separately for first word and
remaining words in frame

» Asynchronous 8 x 32-bit FIFO for each Transmit and Receive Channel
* Restarts after FIFO Error

1.8.27 Ethernet AVB (FEC + PTP + RTC)
The Ethernet modules provide 100 MBits/s data communication for al use cases. To support Ethernet
AVB (Audio Video Bridging), this module group consists of following modules:
* FEC (Ethernet base module)
» PTP (IEEE 1588 precision time protocol)
* RTC (Real time clock required for precision time protocol)
MPC5604E does not integrate the PHY components of the Ethernet, thus, the FEC connects viathe
MII-Liteinterface (14 pins) to the external PHY. In addition to the MIl-Liteinterface, the RTC providesa
single timer pin that is directly linked to the precision time.
Support for different Ethernet MAC-PHY interfaces:
e 100 Mbits/s IEEE 802.3 MII-Lite 1
e 10 Mbits/s |IEEE 802.3 MlI-Lite
* |EEE 802.3 full duplex flow control and half duplex flow
* Programmable max frame length
* Addressrecognition
* Word size configured separately for first word and remaining words in frame
* Asynchronous 4 x 32-bit FIFO for each Transmit and Receive Channel
o Graceful restart after FIFO Error:
— Frames with broadcast address may be always accepted or always rejected
— Exact match for single 48-bit individual (unicast) address
— Asynchronous 4 x 32-bit FIFO for each Transmit and Receive Channel
— Hash (64-hit hash) check of individual (unicast) address
— Hash (64-hit hash) check of group (multicast) address
— Promiscuous mode
* Internal loop-back

1.8.27.1 Precision Time Protocol

Hardware assistance for IEEE1588 Precision Time Protocol v1.0
» Supports user configured values for PTP header fields
*  Support timestamp overrun report for TX and RX
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» Supportsinterrupts notification due to following: RX PTP frame detection, TX

» PTPframetransmission which was marked by the Software asaPTPframe, RX and TX timestamp
overrun error

1.8.27.2 RTC

Support single IEEE1588 RTC
e Support timer frequency compensation
»  Support timer offset update
* One 64-bit FIPER start register. Used to define the starting time of PPS signals generation
» Support timer frequency compensation
»  Separate maskable timer interrupt event register
» Phase adigned adjustable (divide by N) clock output

The MPC5604E MCU tools and third-party developers are ssimilar to those used for the Freescale
MPC5500 product family, offering a widespread, established network of tool and software vendors. The
device a so features a high-performance Nexus debug interface.
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Chapter 2
Memory Map
Table 2 shows the memory map for the MPC5604E device. All addresses on the MPC5604E, including

those that are reserved, areidentified in the table. The addresses represent the physical addresses assigned
to each IP block.

Table 2. System memory map
Start End Size Descrintion
Address Address (KB) P

On-Chip Flash Memory (Code Flash)

0x0000_0000 0x0000_3FFF 16

0x0000_4000 0x0000_7FFF 16

0x0000_8000 0x0000_FFFF 32

0x0001_0000 0x0000_17FF 32

0x0001_8000 0x0001_BFFF 16

Code Flash Array 0

0x0001_C000 0x0001_FFFF 16

0x0002_0000 0x0002_FFFF 64

0x0003_0000 0x0003_FFFF 64

0x0004_0000 0x0005_FFFF 128

0x0006_0000 0x0007_FFFF 128

0x0008_0000 0x001F_FFFF 1536 Reserved

On-Chip Flash Memory (Shadow for Code Flash)
0x0020_0000 0x0020_3FFF 16 Code Flash Array 0 Shadow Sector
0x0020_4000 0x003F_FFFF 2032 Reserved

On-Chip Flash Memory (Test Sector for Code Flash)
0x0040_0000 0x0040_3FFF 16 Code Flash Array 0 Test Sector
0x0040_4000 0x005F_FFFF 2032 Reserved

On-Chip Flash Memory (Data Flash)
0x0080_0000 0x0080_3FFF 16 Data Flash Array O
0x0080_4000 0x0080_7FFF 16 Data Flash Array O
0x0080_8000 0x0080_BFFF 16 Data Flash Array O
0x0080_C000 | 0x0080_FFFF 16 Data Flash Array O
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Memory Map

Table 2. System memory map (continued)

Start End Size Description
Address Address (KB)
0x0081_0000 0x009F_FFFF 1984 Reserved
On-Chip Flash Memory (Shadow Sector for Data Flash)
0x00A0_0000 0x00BF_FFFF 2048 Reserved
On-Chip Flash Memory (Test Sector for Data Flash)
0x00C0_0000 | 0x00CO_1FFF 8 Reserved
0x00C0_2000 0x00CO0_3FFF 8 Data Flash Test Sector
0x00C0_4000 | OXO0FF_FFFF 4080 Reserved
Emulation Mapping

0x0100_0000 Ox01FF_FFFF 524288 Reserved

SRAM
0x4000_0000 0x4000_9FFF 40 SRAM
0x4000_A000 0x4000_FFFF 24 SRAM
0x4001_0000 0x4001_7FFF 32 SRAM
0x4001_8000 Ox4FFF_FFFF 262048 Reserved
0x5000_0000 0x5000_1FFF 8 Video Output Buffer
0x5000_2000 0x5000_3FFF 8 Mirrored Video Output Buffer (from 0x50000000)
0x5000_4000 OX5FFF_FFFF 262128 Reserved
0x6000_0000 Ox7FFF_FFFF 524288 Reserved

Table 3. Peripheral memory map

A(iti?;tss Adlfjr;gss (SKIEe) ME_PCTL Description
O0xC3F8_0000 |OxC3F8_7FFF 32 — Reserved
0xC3F8_8000 OxC3F8_BFFF 16 — Code Flash Configuration 0 (CFLASHO)
0xC3F8_C000 OxC3F8_FFFF 16 — Data Flash Configuration (DFLASHO)
0xC3F9_0000 OxC3F9_3FFF 16 — System Integration Unit Lite (SIUL)
0OxC3F9_4000 OxC3F9_T7FFF 16 — WakeUP Unit (WKUP)
0xC3F9_8000 |O0xC3FD_7FFF 256 — Reserved
0xC3FD_8000 OxC3FD_BFFF 16 — System Status and Configuration Module (SSCM)
OXC3FD_C000 |OxC3FD_FFFF |16 — Mode Entry (MC_ME)
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Table 3. Peripheral memory map

Memory Map

AdsctI?(retss Adlilr;ceiss (SKIZBe) ME_PCTL Description

OxC3FE_0000 OXC3FE_3FFF 16 — Clock related modules
Note: Refer to Table 7 for details.

O0xC3FE_4000 OXC3FE_7FFF 16 — Reset Generation Module (MC_RGM)
OXC3FE_8000 |OxC3FE_BFFF 16 — Power Control Unit (MC_PCU)
OxC3FE_CO000 |OxC3FE_FFFF 16 — Reserved
O0xC3FF_0000 OxC3FF_3FFF 16 92 Periodic Interrupt Timer (PTI)
OxC3FF_4000 OXC3FF_FFFF 48 = Reserved

AIPS(0) - Off Platform Peripherals

OxFFEO_0000 OXFFEO_3FFF 16 32 Analog to Digital Converter 0 (ADCO)
OxFFEO_4000 OXFFE1_7FFF 80 — Reserved

OxFFE1_8000 OxFFE1_BFFF 16 38 eTimer 0

OxFFE1_C000 OXFFE2_FFFF 80 — Reserved

OxFFE3_0000 OXFFE3_3FFF 16 44 Inter IC Bus Interface Controller 0 (12C0)
OxFFE3_4000 OXFFE3_7FFF 16 45 Inter IC Bus Interface Controller 1 (12C1)
OxFFE3_8000 OXFFE3_FFFF 32 — Reserved

OxFFE4_0000 OxFFE4_3FFF 16 48 LinFlex 0

OxFFE4_4000 OxFFE4_7FFF 16 49 LinFlex 1

OxFFE4_8000 OXFFE6_T7FFF 128 — Reserved

OxFFE6_8000 OXFFE6_BFFF 16 58 Cyclic Redundany Checker (CRC)
OxFFEG6_C000 OxFFEG6_FFFF 16 — Fault Collection Unit (FCU)
OxFFE7_0000 OXFFE7_3FFF 16 — Reserved

OxFFE7_4000 OXFFE7_7FFF 16 61 Precision Time Stamps (PTP)
OxFFE7_8000 OxFFE7_BFFF 16 62 Real-Time Counter (CE_RTC)
OxFFE7_C000 OXFFE7_FFFF 80 — Reserved

AIPS(0) - Off Platform Per

ipherals (mirrored from AIPS(1) range OxC3F80000 - OxC3FFFFFF)

OxFFES_0000

OXFFEF_FFFF

512

Mirrored

AIPS(0) - On Platform Peripherals

OxFFFO_0000 OxFFF3_7FFF 224 — Reserved

OxFFF3_8000 OXFFF3_BFFF 16 — Software Watchdog Timer 0 (SWTO)
OxFFF3_C000 OXFFF3_FFFF 16 — System Timer Module 0 (STMO)
OxFFF4_0000 OxFFF4_3FFF 16 — Miscellaneous Control Module (MCM)
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Table 3. Peripheral memory map

AdS(;?;tss Adlfjr;(ejss (SKIZBe) ME_PCTL Description
OxFFF4_4000 OxFFF4_7FFF 16 — Direct Memory Access Controller 0 (DMA2x)
OxFFF4_8000 OxFFF4_BFFF 16 — Interrupt Controller (INTC)

AIPS(0) - Off Platform Peripherals

OXFFF4_C000 |OxFFF4_FFFF 16 — Ethernet (FEC)

OxFFF5_0000 OXFFF7_FFFF 192 == Reserved

OxFFF8_0000 OxXFFF8_FFFF 64 == Reserved

OxFFF9_0000 OxFFF9_3FFF 16 4 DSPI O

OxFFF9_4000 OxFFF9_7FFF 16 5 DSPI 1

OxFFF9_8000 OxFFF9_BFFF 16 6 DSPI 2

OxFFF9_CO000 OxFFFB_FFFF 144 == Reserved

OxFFFC_0000 OxFFFC_3FFF 16 16 FlexCan 0 (CANO)

OxFFFC_4000 OXFFFD_7FFF 80 == Reserved

OxFFFD_8000 OxFFFD_BFFF 16 22 SAI O
OXFFFD_C000 |OXFFFD_FFFF |16 23 DMA Channel Multiplexer (DMA_CH_MUX)
OxFFFEO000 OxFFFE_FFFF 64 == Reserved

OxFFFF0000 OxFFFF_3FFF 16 28 SAI'1

OxFFFF4000 OxFFFF_7FFF 16 29 SAl 2

OxFFFF8000 OxFFFF_BFFF 16 30 Video Data Path/Parallel Digital Interface (PDI)
OxFFFFCO000 OxFFFF_FFFF 16 — Boot Assist Module (BAM)
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Chapter 3
Signal Description

3.1 Introduction

This chapter describes signals that connect off-chip. It includes asignal properties summary, power and
ground segmentation summary, package pinouts, and detailed descriptions of signals. Because the
MPC5604E comesin multiple packages, some signals may not be available on every package. Refer to the
MPC5604E Microcontroller Data Sheet for electrical characteristics.

3.2  Signal Properties Summary

Table 4 showsthe signals properties for each pin on MPC5604E. For all port pins that have an associated
SIU_PCRn register to control pin properties, the supported functions column lists the functions associated
with the programming of the SIU_PCRnN[PA] bit in the order: general-purpose input/output (GPIO),
function 1, function 2, and function 3. When an alternate function is not implemented for a value of
SIU_PCRn[PA], adash is shown in the Description column and the respective value in the PA bitfield is
reserved.
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Signal Description

Table 4. Pin muxing

5 6
Port PCR Alternate . . 3 /0 Pad speed Pin
pin | register |functionl28 Functions | Peripheral® | ; o ion4
SRC=0 | SRC=1 | 64-pin |100-pin’
Port A (16-bit)
A[0] |PCR[0] |ALTO GPIO[0] SIUL 110 Slow Medium |2 2
ALT1 D[0] SAIO 10
ALT2 — — —
ALT3 — — —
— D[L1] VID |
— SIN DSPI 1 |
— EIRQ[0] SIUL |
A[l] |PCR[l] |ALTO GPIO[1] SIuL 110 Slow Medium |3 4
ALT1 DI[1] SAIO e
ALT2 SOUT DSPI1 @)
ALT3 — — —
— D[10] VID |
— EIRQ[1] SIUL |
A2] |PCR[2] |ALTO GPIO[2] SIUL e Slow Medium |4 6
ALT1 D[2] SAIO e
ALT2 SCK DSPI1 110
ALT3 DI[0] SAIL e
— D[9] VID |
— ETC[5] ETIMERO ||
— EIRQ[2] SIuL |
AB] |PCR[3] |ALTO GPIO[3] SIuL s Slow Medium |5 8
ALT1 D[3] SAIO 110
ALT2 — — —
ALT3 DI[0] SAI2 110
— D[] VID |
— SIN DSPI2 |
— EIRQ[3] SIuL |
A[4] |PCR[4] |ALTO GPIO[4] SIuL s Slow Medium |8 15
ALT1 SYNC SAIO 110
ALT2 SOUT DSPI2 O
ALT3 — — —
— D[7] VID |
— ETC[3] ETIMERO |1
— EIRQ[4] SIUL |
A5] |PCR[5] |ALTO GPIO[5] SIUL e Medium | Fast 9 16
ALT1 SYNC SAIl 110
ALT2 SCK DSPI2 110
ALT3 DI[0] SAIL s
— CLK VID |
— ETC[4] ETIMERO |1
— EIRQ[5] SIUL |
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Table 4. Pin muxing (continued)

Signal Description

5 6
Port PCR Alternate . . 3 /0 Pad speed Pin
pin | register |functionl28 Functions | Peripheral™ | . 0 fion . -
SRC=0 | SRC=1 64-pin | 100-pin
Al6] | PCR[6] |ALTO GPIO[6] SIUL 110 Slow Medium |10 17
ALT1 SYNC SAI2 110
ALT2 CSOo DSPI2 110
ALT3 — — —
— VSYNC VID |
— D[0] VID |
— ETC[] ETIMERO ||
— EIRQ[6] SiuL |
A[7] |PCR[7] |ALTO GPIO[7] SIUL 1o Slow Medium |16 23
ALT1 BCLK SAIO 110
ALT2 CS1 DSPI2 110
ALT3 — — —
— HREF VID |
— D[1] VID |
— ETC[2] ETIMERO ||
— EIRQ[7] SIUL |
A[8] |PCR[8] |ALTO GPIO[8] SIUL 110 Slow Medium | 24 37
ALT1 BCLK SAIl 110
ALT2 CSO DSPI1 110
ALT3 D[0] SAI2 1o
— DI6] VID |
— RX LIN1 |
— EIRQ[8] SIUL |
A[9] |PCR[9] |ALTO GPIO[9] SIUL 110 Slow Medium |25 38
ALT1 BCLK SAI2 110
ALT2 CS1 DSPI1 110
ALT3 ™ LINL1 (@]
— DI5] VID |
— EIRQ[9] SiuL |
A[10] |PCR[10] |ALTO GPIO[10] | SIUL 110 Slow Medium |26 39
ALT1 MCLK SAI2 110
ALT2 ETCI[5] ETIMERO 110
ALT3 — — —
— D[4] VID |
— SIN DSPIO |
— EIRQ[L0] | SIUL |
Al11] |PCR[11] |ALTO GPIO[11]  |SIUL IIo Slow Medium |27 40
ALT1 > CANO (e}
ALT2 CS1 DSPIO O
ALT3 CSO DSPI1 110
— D[3] VID |
— RX LINO |
— RX LIN1 |
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Table 4. Pin muxing (continued)

5 6
Port PCR Alternate . . 3 /0 Pad speed Pin
pin | register |function28 Functions | Peripheral™ | . 0 fion
SRC=0 | SRC=1| 64-pin |100-pin’
Al12] |PCR[12] |ALTO GPIO[12] SIUL /0 Slow Medium |28 41
ALT1 TX LINO @)
ALT2 CSO DSPIO 110
ALT3 TX LIN1 @)
— D[2] VID [
— RX CANO |
— EIRQ[11] SIUL [
A[13] | PCR[13] |ALTO GPIO[13] SIUL /0 Slow Medium |29 42
ALT1 CLK lci 110
ALT2 F[0] FCUO o)
ALT3 CSO DSPIO 110
— EIRQ[12] SIUL [
Al14] |PCR[14] |ALTO GPIO[14] SIUL /0 Slow Medium |30 43
ALT1 DATA lci 1/0
ALT2 F[1] FCUO o)
ALT3 CS1 DSPIO 0]
— SIN DSPIO |
— EIRQ[13] SIUL [
A[15] | PCR[15] |ALTO GPIO[15] SIUL /0 Slow Medium |61 95
ALT1 SCK DSPIO 110
ALT2 PPS3 CE_RTC 0]
ALT3 MCLK SAIl 1/0
— SCK DSPI1 |
— ETCIO] ETIMERO [
— EIRQ[18] SIUL [
Port B (16-bit)
B[0] |PCR[16] |ALTO GPIO[16] SIUL /0 Slow Medium |17 26
ALT1 TX CANO @)
ALT2 ALARM2 CE_RTC 0]
ALT3 BCLK SAIl 1/0
— AN[O0] ADCO8 [
B[1] PCR[17] |ALTO GPIO[17] SIUL 1/0 Slow Medium 18 27
ALT1 — — —
ALT2 — — —
ALT3 D[0] SAIl /0
— AN[1] ADCO08 [
— RX CANO |
— TRIGGER2 |CE_RTC |
B[2] |PCR[18] |ALTO GPIO[18] SIUL /0 Slow Medium |19 28
ALT1 TX LINO O
ALT2 PPS2 CE_RTC @)
ALT3 ALARM1 CE_RTC @)
— AN[2] ADCO08 [
— TRIGGER1 |CE_RTC |
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Table 4. Pin muxing (continued)

Signal Description

5 in6
Port PCR Alternate . . 3 /0 Pad speed Pin
pin | register |functionl28 Functions | Peripheral™ | . 0 fion . -
SRC=0| SRC=1 64-pin | 100-pin
B[3] |PCR[19] |ALTO GPIO[19] SIuL /0 Slow Medium |20 29
ALT1 ETC[2] ETIMERO 110
ALT2 SOUT DSPIO 110
ALT3 PPS1 CE_RTC @)
— AN[3] ADC08 [
— RX LINO |
— EIRQ[14] SIuL [
B[4] |PCR[20] |ALTO GPI[20] SIuL [ Slow Medium |32 50
ALT1 — — —
ALT2 — — —
ALT3 — — —
— RX_DV FEC |
B[5] |PCR[21] |ALTO GPIO[21] SIUL /0 Slow Medium |33 55
ALT1 TX_DO FEC 0]
ALT2 DEBUGIO0] SSCM 1/0
ALT3 — — —
B[6] |PCR[22] |ALTO GPIO[22] SIuL /0 Slow Medium |34 56
ALT1 TX D1 FEC @)
ALT2 DEBUGI1] SSCM 110
ALT3 — — —
B[7] |PCR[23] |ALTO GPIO[23] SIUL /0 Slow Medium |39 62
ALT1 TX D2 FEC @)
ALT2 DEBUGI2] SSCM 1/0
ALT3 — — —
BI[8] PCR[24] |ALTO GPI0[24] SIUL 1/0 Slow Medium |44 67
ALT1 TX_D3 FEC @)
ALT2 DEBUGI3] SSCM 110
ALT3 — — —
B[9] |PCR[25] |ALTO GPIO[25] SIUL 110 Slow Medium |45 70
ALT1 TX_EN FEC (0]
ALT2 DEBUG[4] SSCM 1/0
ALT3 — — —
B[10] |PCR[26] |ALTO GPIO[26] SIuL /0 Slow Medium |46 73
ALT1 MDC FEC @)
ALT2 DEBUGI5] SSCM 110
ALT3 — — —
B[11] |PCR[27] |ALTO GPIO[27] SIUL /0 Slow Medium |48 75
ALT1 MDIO FEC 110
ALT2 DEBUGI6] SSCM /0
ALT3 — — —
B[12] |PCR[28] |ALTO GPIO[28] SIUL e} Slow Medium |49 76
ALT1 — — —
ALT2 DEBUGI7] SSCM 110
ALT3 — — —
— TX_CLK FEC |
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Table 4. Pin muxing (continued)

5 in6
Port PCR Alternate . . 3 /0 Pad speed Pin
pin | register |functionl28 Functions | Peripheral® | ; o ion4
SRC=0 | SRC=1 | 64-pin |100-pin’
B[13] |PCR[29] |ALTO GPI[29] SIUL [ Slow Medium |50 77
ALT1 — — —
ALT2 — — —
ALT3 — — —
— RX_DO FEC [
B[14] |PCR[30] |ALTO GPI[30] SIUL [ Slow Medium |51 79
ALT1 — — —
ALT2 — — —
ALT3 — — —
— RX_D1 FEC |
B[15] |PCR[31] |ALTO GPI[31] SIUL [ Slow Medium |52 81
ALT1 — — —
ALT2 — — —
ALT3 — — —
— RX_D2 FEC |
Port C (64-pin: 7-bit; 100-pin: 16-bit)
C[0] |PCR[32] |ALTO GPI[32] SIUL [ Slow Medium |53 82
ALT1 — — —
ALT2 — — —
ALT3 — — —
— RX_D3 FEC [
C[1] |PCR[33] |ALTO GPI[33] SIUL [ Slow Medium |54 83
ALT1 — — —
ALT2 — — —
ALT3 — — —
— RX_CLK FEC |
— EIRQ[15] SIUL [
C[2] |PCR[34] |ALTO GPIO[34] SIUL /0 Slow Medium |57 91
ALT1 ETCIO] ETIMERO 1/0
ALT2 X CANO o
ALT3 PPS1 CE_RTC 0]
— D[0] VID [
— RX LINO |
— EIRQI[16] SIUL [
C[3] |PCR[35] |ALTO GPIO[35] SIUL /0 Slow Medium |60 94
ALT1 ETC[1] ETIMERO 1/0
ALT2 X LINO O
ALT3 SYNC SAIl 1/0
— D[1] VID [
— RX CANO |
— EIRQ[17] SIUL [
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Table 4. Pin muxing (continued)

Signal Description

5 6
Port PCR Alternate . . 3 /0 Pad speed Pin
pin | register |functionl28 Functions | Peripheral™ | . 0 fion . -
SRC=0| SRC=1 64-pin | 100-pin
C[4] | PCR[36] |ALTO GPIO[36] | SIUL o Medium | Fast 62 96
ALT1 CLK_OUT MC_CGL O
ALT2 ETC[4] ETIMERO 110
ALT3 MCLK SAIO 110
— TRIGGER1 CE_RTC |
— ABS[0] MC_RGM ||
— EIRQ[L9] | SIUL |
C[5] | PCR[37] |ALTO GPIO[37] | SIUL IIo Slow Medium | 63 99
ALT1 CLK I1CO —
ALT2 ETC[3] ETIMERO 110
ALT3 CS2 DSPI2 O
— ABS[2] MC_RGM |l
— EIRQ[20] | SIUL |
Cl6] |PCR[38] |ALTO GPIO[38] | SIUL 1o Slow Medium |64 100
ALT1 DATA I1CO —
ALT2 CSO DSPI1 110
ALT3 CS3 DSPI2 (e}
— FAB MC_RGM |
— EIRQ[21] | SIUL I
C[7] |PCR[39] |ALTO GPIO[39] | SIUL 110 Slow Medium | — 3
ALT1 TXD LINO
ALT2 — — —
ALT3 — — —
— RXD LIN1
C[8] |PCR[40] |ALTO GPIO[40] | SIUL 1o Slow Medium | — 5
ALT1 TXD LIN1 O
ALT2 — — —
ALT3 — — —
— RXD LINO |
— EIRQ[22] | SIUL |
Cl9] |PCR[41] |ALTO GPI[41] SIuL | Slow Medium | — 7
ALT1 — — —
ALT2 — — —
ALT3 — — —
— SIN DSPIO |
— EIRQ[23] | SIUL |
C[10] |PCR[42] |ALTO GPIO[42] | SIUL 1o Slow Medium | — 24
ALT1 ETCI[5] ETIMERO 110
ALT2 ETC[4] ETIMERO 110
ALT3 — — —
— SIN DSPI1 |
— EIRQ[24] | SIUL |
C[11] |PCR[43] |ALTO GPIO[43] | SIUL 1o Slow Medium | — 25
ALT1 ETC[2] ETIMERO 110
ALT2 ETC[1] ETIMERO 110
ALT3 ETC[3] ETIMERO 110
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Signal Description

Table 4. Pin muxing (continued)

5 in6
Port PCR Alternate . . 3 /0 Pad speed Pin
pin | register |functionl28 Functions | Peripheral™ | . 0 fion . -
SRC=0| SRC=1 64-pin | 100-pin
C[12] |PCR[44] |ALTO GPIO[44] SIUL I/0 Slow Medium |— 44
ALT1 PPS1 CE_RTC @]
ALT2 PPS2 CE_RTC O
ALT3 ALARM1 CE_RTC O
— TRIGGER1 |CE_RTC I
— TRIGGER2 |CE_RTC |
— EIRQ[25] SIUL |
C[13] |PCR[45] |ALTO GPIO[45] SIUL /0 Slow Medium | — 46
ALT1 — — —
ALT2 — — —
ALT3 — — —
— D[1] VID |
— EIRQ[26] SIUL |
C[14] |PCR[46] |ALTO GPIO[46] SIUL /10 Slow Medium | — 47
ALT1 — — —
ALT2 — — —
ALT3 — — —
— DI[O] VID |
— EIRQ[27] SIUL |
C[15] |PCR[47] |ALTO GPI[47] SIUL I Slow Medium |— 48
ALT1 — — —
ALT2 — — —
ALT3 — — —
— COL FEC |
Port D (100-pin package: 16-bit)
D[O] PCR[48] |ALTO GPIO[48] SIUL /0 Slow Medium |— 9
ALT1 MDOO NEXUS O
ALT2 — — —
ALT3 — — —
D[1] PCR[49] |ALTO GPIO[49] SIUL /10 Slow Medium | — 14
ALT1 MCKO NEXUS 0]
ALT2 — — —
ALT3 — — —
D[2] PCR[50] |ALTO GPIOI[50] SIUL I/0 Slow Medium |— 13
ALT1 EVTO NEXUS O
ALT2 — — —
ALT3 — — —
D[3] PCR[51] |ALTO GPIO[51] SIUL /10 Slow Medium | — 72
ALT1 MSEO1 NEXUS 0]
ALT2 — — —
ALT3 — — —
D[4] PCR[52] |ALTO GPIO[52] SIUL /0 Slow Medium |— 78
ALT1 MSEOO NEXUS @]
ALT2 — — —
ALT3 — — —
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Signal Description

Table 4. Pin muxing (continued)

5 6
Port PCR Alternate . . 3 /0 Pad speed Pin
pin | register |functionl28 Functions | Peripheral® | ; o ion4 . -
SRC=0| SRC=1 64-pin | 100-pin
DI5] |PCR[53] |ALTO GPIO[53] | SIUL 110 Slow Medium | — 80
ALT1 MDO3 NEXUS @)
ALT2 — — —
ALT3 — — —
D[6] |PCR[54] |ALTO GPIO[54] | SIUL 1o Slow Medium | — 84
ALT1 MDO2 NEXUS (@]
ALT2 — — _
ALT3 — — —
D[7] | PCR[55] |ALTO GPIO[55] | SIUL 1o Slow Medium | — 08
ALT1 MDO1 NEXUS —
ALT2 — — —
ALT3 — — —
D[8] |PCR[56] |ALTO GPI[56] SIUL I Slow Medium | — 10
ALT1 — — —
ALT2 — — —
ALT3 — — —
— EVTI NEXUS |
D[9] | PCR[57] |ALTO GPIO[57] | SIUL 110 Slow Medium | — 49
ALT1 ETC[3] ETIMERO 110
ALT2 ETC[2] ETIMERO | 1/O
ALT3 — — —
— RXD CANO |
— EIRQ[28] | SIUL |
D[10] |PCR[58] |ALTO GPIO[58] | SIUL 1o Slow Medium | — 51
ALT1 TXD CANO (@)
ALT2 — — —
ALT3 — — —
D[11] |PCR[59] |ALTO GPIO[59] | SIUL 110 Slow Medium | — 52
ALT1 ETCIO] ETIMERO 110
ALT2 ETCI[5] ETIMERO 110
ALT3 ETC[4] ETIMERO 110
D[12] |PCR[60] |ALTO GPIO[6O] | SIUL 1o Slow Medium | — 53
ALT1 ETC[1] ETIMERO 110
ALT2 ETCIO] ETIMERO 110
ALT3 — — —
— SIN DSPIO |
D[13] |PCR[61] |ALTO GPI[61] SIUL I Slow Medium | — 54
ALT1 — — —
ALT2 — — —
ALT3 — — —
— CRS FEC |
— EIRQ[29] | SIUL |
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Table 4. Pin muxing (continued)

5 6
Port PCR Alternate . . 3 /0 Pad speed Pin
in | register |functionk28 | Functions | Peripheral® ..o 4
P g SRC=0 | SRC=1 | 64-pin |100-pin’
D[14] |PCR[62] |ALTO GPI[62] SIUL [ Slow Medium |— 57
ALT1 — — —
ALT2 — — —
ALT3 — — —
— RX ER FEC |
— E|RQ[30] SIUL |
D[15] |PCR[63] |ALTO GPIO[63] SIUL 110 Slow Medium |— 69
ALT1 F[0] FCUO o)
ALT2 — — —
ALT3 — — —
Port E (100-pin package: 7-bit)
E[0] PCR[64] |ALTO GPI0[64] SIUL 110 Slow Medium |— 68
ALT1 F[1] FCUO0
ALT2 — — —
ALT3 — — —
E[1] |PCR[65] |ALTO GPIO[65] SIuL 110 Slow Medium |— 71
ALT1 TX_ER FEC O
ALT2 — — —
ALT3 — — —
E[2] PCR[66] |ALTO GPI[66] SIUL I Slow Medium |— 85
ALT1 — — —
ALT2 — — —
ALT3 — — —
— RXD LIN1 [
— E|RQ[31] SIUL |
E[3] PCR[67] |ALTO GPIO[67] SIUL 110 Slow Medium — 86
ALT1 TXD LIN1 O
ALT2 — — —
ALT3 — — —
E[4] |PCR[68] |ALTO GPIO[68] SIUL 110 Slow Medium |— 89
ALT1 CSO DSPIO 110
ALT2 CSo DSPI1 110
ALT3 CSo DSPI2 110
E[5] PCR[69] |ALTO GPIO[69] SIUL 110 Slow Medium |— 90
ALT1 SCK DSPIO 110
ALT2 SCK DSPI1 110
ALT3 SCK DSPI2 110
E[6] |PCR[70] |ALTO GPIO[70] SIUL 110 Slow Medium |— 97
ALT1 SOUT DSPIO O
ALT2 SOuUT DSPI1 (@]
ALT3 SOuUT DSPI2 (@]
— SIN DSPIO |
— SIN DSPI2 |
— SIN DSPI2 |
MPC5604E Reference Manual, Rev. 5
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ALTO is the primary (default) function for each port after reset.

Signal Description

2 Alternate functions are chosen by setting the values of the PCR.PA bitfields inside the SIU module. PCR.PA = 00 — ALTO;
PCR.PA =01 —» ALT1; PCR.PA =10 —» ALT2; PCR.PA = 11 — ALT3. This is intended to select the output functions; to use
one of the input functions, the PCR.IBE bit must be written to ‘1’, regardless of the values selected in the PCR.PA bitfields.
For this reason, the value corresponding to an input only function is reported as “—".

3 Module included on the MCU.

IN

values of the PSMIO.PADSELX bitfields inside the SIUL module.

o N o O

3.3  Supply pins
Table 5 lists the supply pins for the MPC5604E.

Programmable via the SRC (Slew Rate Control) bits in the respective Pad Configuration Register.

Additional board pull resistors are recommended when JTAG pins are not being used on the board or application.
The 100-pin package is not a production package. It is used for software development only.
Do not use ALT multiplexing when ADC channels are used.

Table 5. Supply pins

Supply Pin
. Multi-bonded Power _ . L9
Port Pin Supplies/Ground Description 64-pin | 100-pin
VREG control and power supply pins. Pins available on 64-pin and 100-pin package.

VDD _HV_S_BALLASTO

Ballast Source/Supply Voltage

ground

VDD_HV_S_BALLAST 23 34
Vpp Hv s_paLLasTi | Ballast Source/Supply Voltage
ADCO reference and supply voltage. Pins available on 64-pin and 100-pin package.
Vv ADCO supply voltage with respect to
DD_HV_ADCO ground (Vss Hv_aApc)
Vbp_Hv_ADC : _ 21 30
v ADCO high reference voltage with respect
DD_HV_ADCO to ground (Vss Hv_apc)
Vv ADCO ground voltage with respect to
SS_HV_ADCO ground
Vss_Hv_Abc _ 22 31
ADCO low reference voltage with respect to
Vss Hv_ADCO

MPC5604E Reference Manual, Rev. 5
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Signal Description

Table 5. Supply pins (continued)
Supply Pin
. Multi-bonded Power _ . L1
Port Pin Supplies/Ground Description 64-pin | 100-pin
ower supply pins (3.3 V). Pins available on 64-pin and 100-pin package.
Vbb HV 100 0 Input/output ground voltage
e 11 18
Vbp_Hv_0sco Crystal oscillator amplifier supply voltage
Vbp_Hv_100_2 3.3 V Input/Output Supply Voltage (supply) a8 61
Vbp_Hv VbD_Hv_FLAL Code and data flash supply voltage
VbD_Hv_100_3 3.3 V Input/Output Supply Voltage (supply) - a7
VbD_Hv_FLAO Code and data flash supply voltage
Vbp_Hv HV Supply - 36
Vss Hv 100 0 Input/output ground voltage
- 12 19
Vss_Hv_0sco Crystal oscillator amplifier ground
Vss Hv_100 2 Input/output ground voltage a7 60
Vss_hv Vss HV_FLAL Code and data flash supply ground
Vss 100 4 Input/output ground voltage 35
— 56
Vss_HV_FLAO Code and data flash supply voltage 88
Vss_hv HV Ground 47 74
ower supply pins (1.2 V). Pins available on 64-pin and 100-pin package.
1.2 V supply pins for core logic and code
Vv Flash. Decoupling capacitor must be
DD_LV_CORO_3 connected between these pins and the 7 12
nearest VSS_LV_CORO_3 pln
Vb _Lv PLLO 1.2V PLL supply voltage
1.2 V supply pins for core logic and code
Vv Flash. Decoupling capacitor must be
Vop_Lv DD_LV_COR0_2 connected between these pins and the 58 92
nearest Vss v corg_2 Pin.
Vbp_LV_FLAO Code and data flash supply voltage
1.2 V supply pins for core logic and code
Vv Flash. Decoupling capacitor must be
DD_LV_CORO_1 connected between these pins and the 35 58
nearest VSS_LV_CORO_]. pln
Vbb_Lv_FLAL Code and data flash supply voltage
Vop_Lv Core supply - 33
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Table 5. Supply pins (continued)

Signal Description

Supply Pin
. Multi-bonded Power _ . L1
Port Pin Supplies/Ground Description 64-pin | 100-pin
1.2 V supply pins for core logic and code
v Flash. Decoupling capacitor must be
S5_LV_COR0_3 connected betwee.n these pins and the 6 1
nearest VDD_LV_CORO_3 pln
Vss Lv PLLO PLL supply ground
1.2 V supply pins for core logic and code
v Flash. Decoupling capacitor must be
SS_LV_COR0_2 connected betwee.n these pins and the 59 93
Vss v nearest Vpp Lv_coro_2 PiN.
Vss_Lv_FLAO Code and data flash supply ground
1.2 V supply pins for core logic and data
v Flash. Decoupling capacitor must be
S5_LV_CORO0_1 connected between these pins and the 36 59
nearest VDD_LV_CORO_]. pln
Vss Lv FLAL Code and data flash supply ground
Vss v Core ground - 32
1 The 100-pin package is not a production package. It is used for software development only.
3.4  System pins
Table 6 lists the system pins for the MPC5604E.
Table 6. System pins
Pad speed? Pin
Symbol Description Direction .
SRC=0|SRC=1| 6apin |1O%PN
Dedicated pins
NMI Non-maskable Interrupt Input only Slow — 1 1
XTAL Oscillator amplifier output Output only — — 13 20
EXTAL | Input for oscillator amplifier circuit and Input only — — 14 21
internal clock generator
TDIB JTAG test data input Input only Slow Medium 40 63
TMS® | JTAG state machine control Input only Slow Medium 41 64
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Signal Description

Table 6. System pins (continued)

Pad speed? Pin
Symbol Description Direction .
SRC=0|SRC=1| 6apin |1O%PIN
TCK® | JTAG clock Input only Slow — 42 65
TDO® | JTAG test data output Output only Slow Medium 43 66
Reset pin
RESET | Bidirectional reset with Schmitt trigger Bidirectional | Medium — 15 22
characteristics and noise filter
POR_B |Power-on reset Input only — — 31 45

SRC values refer to the value assigned to the Slew Rate Control bits of the pad configuration register.
The 100-pin package is not a production package. It is used for software development only.
Additional board pull resistors are recommended when JTAG pins are not being used on the board or application.

35 Pinouts

Figure 6 shows the 64-pin LQFP pin assignments. Figure 7 shows the 100-pin LQFP! pin assignments.
For more information, see the MPC5604E Microcontroller Data Sheet.

1. The 100LQFP package is not available in production quantity—it is for development only.
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Signal Description

Note:

NMI O
Al0] G
Al1] 4
Al2] 4
A3 g
Vss v
Vop vH
AT4
NG
NGOk
Voo v
Vss 1vH
XTALO
EXTALO
RESETQ
A7 d

©CO~NDUTAWN R \

D LV
D _HV

64 hcle]
63 hcls]
62 hcla]
61 pA[15]
60 bclal
59 PVss 1v
58 b Vp,
57 hcizr
56 P Vss_nv
55 b vp,
54 p C[1]
53 p C[0]
52 b B[15]
51 [p B[14]
50 [p B[13]
49 pB[12]

64 LQFP

17
18
19
20
21
22
23
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1. All VDD_HV and VSS_HV pins must be shorted on the board. The ADC supply

(VDD_HV_ADC) and ground (VSS_HV_ADC) should be managed independently from other
high-voltage supplies, (it may still be supplied from the same high-voltage source, but caution
must be taken while routing it on the board.)
2. All VDD_LV and VSS LV pins must be shorted on the board.

Figure 6. 64-pin LQFP pinout (top view)
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Signal Description
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Vss v d 19 57 p D[14]
XTAL 4 20 56 p B[6]
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1. All VDD_HV and VSS_HV pins must be shorted on the board. The ADC supply
(VDD_HV_ADC) and ground (VSS_HV_ADC) should be managed independently from other
high-voltage supplies, (it may still be supplied from the same high-voltage source, but caution
must be taken while routing it on the board.)

2. All VDD_LV and VSS LV pins must be shorted on the board.

Figure 7. 100-pin LQFP pinout (top view)*

1. The 100-pin package is not a production package. It is used for software development only.
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Chapter 4
Clock Architecture

The goal of this section isto provide designers and users with documentation to help them understand the
programming model of the IC clock distribution. The following information is included:

e Clock sources

» Clock selection architecture
e Clock distribution

e Power modes

4.1 Clock related modules

The following clock related modules are instantiated on MPC5604E devices.
» 1 x Clock, Reset and Mode Handling (MagicCarpet)
» 1 x High Frequency Oscillator (XOSC)
* 1 x High Frequency RC-Oscillator (IRCOSC)
* 1 x Frequency Modulated Phase Lock Loop (FMPLL_0)
e 1 x Clock Monitoring Unit (CMU_0)
» 3 x Fractional Clock Dividers (wrapped to include AUX Clock Selectors)
» 4xInteger Clock Dividers

4.2  High-level block diagrams

This section shows the block diagrams for the clock selection, Figure 8, and for the clock distribution,
Figure 9, and Figure 10.
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Clock Architecture

IRCOSC_CIk
16 MHz
Vid_Clk
RC-Oscillator — 120/128 MHz _
(IRC) 16 MHz 10 Sys_Clk
4-40 MHz R svs oLk piv 60/64 MHz
ystem ol 2q o [SESCLK >
5 Clicselo [*7172 g
_ >3 e RTC_Clk!
Oscillator >/ FMPLL_0 § Reset: 2 30 MHz
(XOscC) +1,+2 /FuPLL] cLKk_DIV Run: SW 2>
—> 120 MHz i w12
sel. typical 2 RTC_CLK_DIV
Reset: 1
10
: 1 Clk_Out
”|2 clkout ~30 MHz
= > +1,+2,+4,+8— >
>3 Sel0 1,+2,+4,~8
g
16 MH > =
z 5
YYVY
CMU_O
5 L
T ) A_CIk[0]
M o FCE Lo 22,5792 MHz
>3
240 MHz MCLK]O] I
5 L
T ) A_CIK[1]
» CEASCARAE 22,5792 MHz
All dividers are SW >3
programmable
” MCLK][1] I
§—|— A_CIk[2]
» [IAEARAE 22,5792 MHz

%

MCLK[2] I

Note: The maximum frequency supported by clk_out pad is 32 MHz.

1. RTC_Clk divider is SW programmable. Reset value of thisdivider is 2.
Itisrequirement in RTC that ipg_clk should be half of ipg_ce clk.
So, the SW should never program this divider = 1.

2 For details, refer to MCLK Divide Register (12S_MDR) of the Integrated Interchip
Sound (12S) / Synchronous Audio Interface (SAl) chapter.

Figure 8. MPC5604E Clock Selection
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Clock Architecture

The block shows a set of clock selectors and their possible inputs sources. The internal RC-Oscillator isa
reliable clock source, that run independently from any other components. It isthe main clock source during
boot or in case of lock lossin the PLL. During Run-Mode the PLL is assumed to be used as main clock
source allowing to operate the system at high frequencies. The PLL clock is derived from the Oscillator
(XOSC) output. The XOSC module requires an external oscillator source, either acrystal or an external
clock generator.

The main clock isthe system clock Sys CIk. It drives the CPU core, the crossbar, and the I PS peripheral
busincluding all peripheral interfaces of the IP blocks. A typical frequency would be 60MHz or 64MHz.
To support the external clock frequency required for the MIILite interface of the Ethernet module (FEC)
the system clock needsto higher than 50MHz. The system clock isfurthermore divided by 2 and provided
as possible clock for the real-time counter used to for precision timestamps (RTC_CIk).

The MPC5604E allows to supply for different use cases closed loop controlled clocks. For this purpose,
the MPC5604E instantiates Fractional Clock Dividers (FCD), for which the frequency can be adjusted
with fine granularity. To achieve a minimum clock jitter, the input frequency shall be selected as high as
possible, up to the maximum input frequency the FCDs can work on. To create a closed loop control, the
real clock frequency can be measured using an eTimer input, by counting the clock edges (up to

Sys Clk/2). Thus, low long term drift can be achieved. The FCD clocks can be provided to:

e Clk_Out (to apin, e.g., used as camera clock)
* A0 _Clk - A2 Clk (audio bit clocks)

For further information about FCD input clock selection, see Section 23.1.3.1, “ SAI/I2S Clock Selection”
of Chapter 23, "SAl Instantiation”.

The MPC5604E allows to clock external components, e.g., the camera sensor. For this purpose the
MPC5604E has an output pin (Clk_Out). The clock source for this pin can be selected using the
Clk_Out_Sel 0 selector. If this clock needs to have alow long term drift, it can be selected from the
A0/1/2_Clk.

The Vid_CIk drives the video encoder module. This frequency needs to be higher than the pixel clock
provided by the camera sensor. The cameraprovidesapixel clock upto 80MHz or 100MHz, thus, typically
the Vid_Clk will be configured to 120MHz.

Theexternal audio interfacesrun also on dedicated frequenciesthat isdifferent from the system clock. This
clock can be supplied either from external or from internal. In both cases the frequency of the audio bit
clock need to be closed loop controlled to remove long term drift and to prevent buffer overflows or
underruns. In casethe audio bit clock is provided from internal, the fractional clock divider clock needsto
be used. However, thisisan easy solution, thefractional clock divider impliesapeak jitter from 1/2 X input
clock (e.g., 120MHz). Thus, the input clock for the FCD is preferably selected with afrequency as high as
possible. Thus, the input selector can also select from the PLL output directly, which is running at 4x
Sys_Clk. Because the system clock shall not below 50MHz (due to the FEC minimum clock) the FCD
should operate at input frequencies of 200MHz and above. The FCD clocks can be used for low cost audio.
For high quality audio an external audio clock should be used with ajitter about 100ps RMS.

Figure 9 shows how the clocks from the clock selectors are connected to the system components. All BIU
(bus interface units to the | PS peripheral bus) are running on system clock. The IPS clock running on
Sys Clk isonly active on active bus cycles.
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Thus, all modules also have amodule clock that istypically a gated (per module) version of the system
clock Sys Clk. Besides this, the software watchdog timer SWT uses the morereliable internal RC
oscillator clock IRCOSC_CLK. Thisclock isamost always on and thus well apt for safety functions.

The IRCOSC_Clk is also used for safety relevant functions in the Fault Collection Unit (FCU).
Furthermore, this clock is used for the digital filters to detect externa interrupt events. Thus, the system
can resume from STOP mode, while the system clock is gated off and only the IRCOSC_Clk is running.

Sys_ClIk
IPS@Sys_CIk
PIT
> Module Clock
>|BIU INTC
Module Clock
STM —
> Module Clock
> SSCM
> Module Clock
SWT > :Ir(L)JtocoI Clock
IRCOSC_Clk > Module Clock
> Timeout WK UP
>| BIU -
> Module Clock
PFlash CTR > BIU
Code Flash
> Module Clock
> BIU Data Flash MC ME PMU
dule Clock CGM FMPLL
> Module Clocl
FEl e RGM | RCOSC
IRCOSC_Clk > Module Clo_ck PCU e
> Safety Logging SRAM
>| BIU
> Module Clock
SIUL
IRCOSC_Clk > Modulg Clock
> IRQ Filter Clk SDVA
> BIU
> Module Clock
CRC > BIU
> Module Clock
>|BlU DMA_Mux
> Module Clock
> BIU

Figure 9. MPC5604E Clock Distribution Part A
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Figure 10 shows how the clocks are connected to the remaining system components and to the functional
IP modules. Again, all BIUs (businterface units) are running on system clock that is gated on only during

active IPS bus cycles.
Furthermore, the functional clocks RTC_CIk, Vid_Clk, and A0/1/2_Clk are routed to the corresponding

IP modules. The RTC_Clk can be selected as time base for the precision time stamps of the PTP. The
A0/1/2_Clk clocks provide the protocol clock for the audio interfaces. The Vid_Clk drivesthelogic of the

video encoder and its input- and output buffers.
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Sys_Clk

IPS@Sys_Clk

Vid_Clk

Pix_Clk

A-CIk[0:2]

RTC_Clk

BClk

BIU = Bus Interface Unit
(e.g., IPS bus)

Figure 10. MPC5604E Clock Distribution Part B
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NOTE
Disabling of peripheralsand clock sources:

Software should take carethat the clock sources (system clocksand protocol
clocks) clock sources selected for a peripheral are not disabled during any
mode transition preceding a mode transition to disable the peripheral.

For example: In FLEXCAN, when FXOSC is selected for the CAN Engine
clock source (FLEXCAN_CTRL[CLK_SRC]), before disabling
FLEXCAN peripheral clock, the user must ensure that FXOSC is enabled
in the current mode prior to the target mode transition that will disable the
FLEXCAN.

FXOSC is enabled in the current mode prior to the target mode transition
that will disable the FLEXCAN.

Enabling of peripheralsand clock sources:

Software should take care that the clock sources (system clocksand protocol
clocks) are enabled for the target mode, before initiating the target mode
transition to enable the peripheral.

4.3 Memory Map

This section provides the memory map of the registers that correspond to clock related modules.

Table 7. Memory Map

Clock Architecture

Address

0 1 2 3 4 5 6 7 8 9 10 11 12 13

14

15

Name

16 17 18 19 20 21 22 23 24 25 | 26 27 28 29

30

31

OXC3FE
0000
OXC3FE
_001C

XOSC registers

OXC3FE
0020
OXC3FE
_005C

reserved

OXC3FE
0060
OXC3FE
_007C

IRC regqisters
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Table 7. Memory Map

o|l1|2]|3| 4|5 |6 | 7|8 | 9 |10|11|12]13]| 14| 15
Address Name

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

0xC3FE
~ 0080
reserved
0xC3FE
_009C

OXC3FE
_00AO0
FMPLL_O registers
OxC3FE
_ooBC

OxC3FE
_00cCo
reserved
OxC3FE
_00FC

OxC3FE
_0100
CMUO registers
OxC3FE
_011C

OxC3FE |PLL_CLK_ DI |[R{ O | O | O|]O|O0|0]|O
_0120 |V

o | CLK_DIV

OxC3FE
_0124
reserved
OxC3FE
_013C

OXC3FE |[SYSTEM CL [R| 0|0 |0 | 0|0 |0] O
0140 |K_DIV

o | CLK_DIV

OxC3FE
0144
reserved
0xC3FE
_015C
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Table 7. Memory Map

o| 1|23 |4]|5 |6 |7 | 8| 9 |10]|11]|12]|13]|14]|15
Address Name
16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30 | 31
OxC3FE |RTC_CLK_ DI |R| O 0 0 0 0 0 0 = 0 0 0 0 0 0 0 0
0160 |V o
W X
(@)
rR/O|O|lO|O|]O|]O|O|]O]O|O]|J]O|]O|O|O]O]O
W
OxC3FE
_0164
reserved
OxC3FE
_036C
OxC3FE |CGM_OC EN|R| O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0370 |1
W
R| O 0 0 0 0 0 0 0 0 0 0 0 0 0 0
EN
W
OxC3FE |CGM_OCDS_|R| O 0 0 0 0 0 0 0 0 0
0374 |scl SELDIV SELCTL
- W
R| O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
W
OxC3FE |CGM_SC SS |R| O 0 0 0 SELSTAT 0 0 0 0 0 0 0 0
0378 |1
W
R| O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
W

1 For details, refer to the chapter Clock Generation Module (MC_CGM).

4.4  Internal RC oscillator (IRC) digital interface

44.1 Introduction

TheIRC digital interface controlsthe 16 MHz fast internal RC oscillator (IRC). It holds control and status
registers accessible for application.

4.4.2 Functional description

The IRC provides a high frequency clock of 16 MHz. This clock can be used to accelerate the exit from
reset and wakeup sequence from low power modes of the system. It is controlled by the MC_ME module
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based on the current device mode. The clock source status is updated in ME_GS[S RC]. Please refer to
the MC_ME chapter for further details.

The IRC can be further divided by a configurable division factor in the range from 1 to 32 to generate the
divided clock to match system requirements. This division factor is specified by RC_CTL[RCDIV] bits.

The IRC output frequency can be trimmed by RC_CTL[IRCTRIM] bits. These bits can be programmed
to modify internal capacitor/resistor values. After power on reset, the trimming bits are provided by the

flash options. Only after afirst write accessto RC_CTL will the value specified by bits IRCTRIM control
the trimming.

In this oscillator, two's complement trimming method isimplemented. So the trimming code increases
from-32to 31. Asthetrimming codeincreases, theinternal time constant increases and frequency reduces.
Please refer to device datasheet for average frequency variation of the trimming step.

4.4.3 Register description

Address offset: 0x0000 Base Address: OXC3FE_0060
0 1 2 3 ‘ 4 5 6 7 8 9 10 11 12 13 14 15
Reserved IRCTRIM[5:0]
Access — rw

Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

Reserved

Access — rw — rw
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 11. IRC Oscillator Control Register (IRC_CTL)

Table 8. RC Oscillator Control Register (IRC_CTL) field descriptions

Field Description

IRCTRIM[5:0] |IRC trimming bits
Note: All configurations cannot be used. Please refer to data sheet.

NOTE

The IRC istrimmed during reset using a factory programmed value stored
in flash. After reset, thistrim valueis not visibleat IRC_CTL[TRIM].
Therefore, any read-write operation on the 32-bit register will potentially set
the IRC to an unoptimised trim value.
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Busaccesserrorsare generated in only half of the non-implemented address
space of Oscillator External Interface (Crystal XOSC) and RCOSC Digital
Interface (16MHz Internal RC oscillator [IRC]). Do not access
unimplemented address space for XOSC and RCOSC register areas OR
write software that is not dependent on receiving an error when access to
unimplemented X OSC and RCOSC space occurs.

4.5  External crystal oscillator (XOSC) digital interface

The XOSC digital interface controls the operation of the 4— MHz fast external crystal oscillator (XOSC).
It holds control and status registers accessible for application.

451 Main features

» Oscillator powerdown control and status reporting through MC_ME block
» Oscillator clock available interrupt

» Oscillator bypass mode

» Output clock division factors ranging from 1, 2, 3....32

45.2 Functional description

The XOSC circuit includes an internal oscillator driver and an external crystal circuitry. It provides an
output clock that can be provided to the FMPLL or used asareference clock to specific modules depending
on system needs.

The XOSC can be controlled by the MC_ME module. The ME_xxx_MC[XOSCON] bit controls the
powerdown of the oscillator based on the current device modewhile ME_GS[S XOSC] register provides
the oscillator clock available status.

After system reset, the oscillator is put into powerdown state and software has to switch on when required.
Whenever the crystal oscillator is switched on from the off state, the OSCCNT counter starts and when it
reaches the value EOCV[7:0]x512, the oscillator clock is made avail able to the system. Also, an interrupt
pending XOSC_CTL[I_OSC] hit is set. An interrupt is generated if the interrupt mask bit M_OSC is set.

The oscillator circuit can be bypassed by setting XOSC_CTL[OSCBY P]. This bit can only be set by
software. A system reset is needed to reset this bit. In this bypass mode, the output clock has the same
polarity as the external clock applied on the EXTAL pin and the oscillator statusisforcedto‘1’. The
bypass configuration is independent of the powerdown mode of the oscillator.

Table 9 shows the truth table of different oscillator configurations.
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Table 9. Truth table of crystal oscillator

ME_xxx_MC[FXOSCON] | FXOSC_CTL[OSCBYP] XTAL EXTAL FXOSC Oscillator MODE
0 0 No crystal, | No crystal, 0 Powerdown
High Z High Z
X 1 X Ext clock EXTAL Bypass, OSC disabled
1 0 Crystal Crystal EXTAL Normal, OSC enabled
Gnd Ext clock EXTAL Normal, OSC enabled

The XOSC clock can befurther divided by aconfigurablefactor in therange 1 to 32 to generatethe divided
clock to match system requirements. This division factor is specified by XOSC_CTL[OSCDIV] field.

4.5.3

Address offset: 0x0000

Register description

Base Address: 0xC3FE0000

0 1 2 3 ‘ 4 5 6 7 8 9 10 11 12 13 14 15
% Reserved EOCV[7:0]
@]
%]
(@]

Access IS — rw

Reset Q 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
§ Reserved I_OSC Reserved
|
=

Access rw — w rc —

Reset Q 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 12. External Crystal Oscillator Control Register (XOSC_CTL)
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Table 10. External Crystal Oscillator Control Register (XOSC_CTL) field descriptions

Field Description

OSCBYP Crystal Oscillator bypass

This bit specifies whether the oscillator should be bypassed or not. Only software can set this bit.
System reset is needed to clear this bit.

0: Oscillator output is used as root clock

1: EXTAL is used as root clock

EOCV[7:0] |End of Count Value

These bits specify the end of count value to be used for comparison by the oscillator stabilization
counter OSCCNT after reset or whenever it is switched on from the off state (OSCCNT runs on the
FXOSC). This counting period ensures that external oscillator clock signal is stable before it can be
selected by the system. When oscillator counter reaches the value EOCV[7:0] x 512, the crystal
oscillator clock interrupt (I_OSC) request is generated. The OSCCNT counter will be kept under
reset if oscillator bypass mode is selected.

M_OSC Crystal oscillator clock interrupt mask
0: Crystal oscillator clock interrupt is masked
1: Crystal oscillator clock interrupt is enabled

I_OSC Crystal oscillator clock interrupt

This bit is set by hardware when OSCCNT counter reaches the count value EOCV[7:0]x512. It is
cleared by software by writing ‘1'.

0: No oscillator clock interrupt occurred

1: Oscillator clock interrupt pending

NOTE

Busaccesserrorsare generated in only half of the non-implemented address
space of Oscillator External Interface (Crystal XOSC) and RCOSC Digital
Interface (16MHz Internal RC oscillator [IRC]). Do not access
unimplemented address space for XOSC and RCOSC register areas OR
write software that is not dependent on receiving an error when access to
unimplemented X OSC and RCOSC space occurs.”

4.6  Frequency-modulated phase-locked loop (FMPLL)

46.1 Introduction

This section describes the features and functions of the FMPLL module implemented in the device.

46.2 Overview

The FMPLL enables the generation of high speed system clocks from a common 4-40 MHz input clock.
Further, the FMPLL supports programmable frequency modulation of the system clock. The FMPLL
multiplication factor and output clock divider ratio are al software configurable.

MPC5604E has one FMPLL that can generate the system clock and takes advantage of the FM mode.
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NOTE

The user must take care not to program device with afrequency higher than
allowed (no hardware check).

The FMPLL block diagram is shown in Figure 13.

4.6.3

clkin Phase Gharge PHI
——» IDF Frequency g HE » vco » ODF ——»
Detector ow Pass
(PFD) Filter
A
NDIV
Loop <
Frequency
Divider

Figure 13. FMPLL block diagram

Features

The FMPLL has the following major features:

4.6.4

Input clock frequency 4 MHz — 40 MHz

PFD input clock frequency range in normal mode is 4-16 MHz

Voltage controlled oscillator (VCO) range from 256 MHz to 512 MHz
Frequency divider (FD) for reduced frequency operation without forcing the FMPLL to relock
Frequency modulated FMPLL

— Modulation enabled/disabled through software

— Triangle wave modulation

Programmable modulation depth

— +0.25% to +4% deviation from center spread frequency?!

— —0.5% to +8% deviation from down spread frequency

— Programmable modulation frequency dependent on reference frequency
Self-clocked mode (SCM) operation

4 available modes

— Normal mode

— Progressive clock switching

— Normal mode with frequency modulation

— Powerdown mode

Memory map?

Table 11 shows the memory map of the FMPLL. The FMPLL_0 base address is OxC3FE_00AO.

1. Spread spectrum should be programmed in line with maximum datasheet frequency figures.
2. FMPLL_x are mapped through the MC_CGM register slot
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Table 11. FMPLL memory map

Base address: OXC3FEOOAOQ (FMPLL_O0)

Address offset Register Access Location

0x0 Control Register (CR) R/W (write on page 67
access in
supervisor mode

only)

0x4 Modulation Register (MR) R/W (write on page 69
access in
supervisor mode
only)

Table 12. FMPLL memory map

Address offset Register Location
0x0 Control Register (CR) on page 67
Ox4 Modulation Register (MR) on page 69

4.6.5 Register description

The FMPLL operation is controlled by two registers. Those registers can be accessed and writtenin
supervisor mode only.

4.6.5.1 Control Register (CR)

Table 13. CR field descriptions

Field Description

IDF The value of this field sets the FMPLL input division factor as described in Table 14.
ODF The value of this field sets the FMPLL output division factor as described in Table 15.
NDIV The value of this field sets the FMPLL loop division factor as described in Table 16.

EN_PLL_SW | This bitis used to enable progressive clock switching. After the PLL locks, the PLL output initially

is divided by 8, and then progressively decreases until it reaches divide-by-1.

0 Progressive clock switching disabled.

1 Progressive clock switching enabled.

Note: Progressive clock switching should not be used if a non-changing clock is needed, such
as for serial communications, until the division has finished.

I_LOCK This bit is set by hardware whenever there is a lock/unlock event.

S LOCK This bit is an indication of whether the FMPLL has acquired lock.

0: FMPLL unlocked

1: FMPLL locked

Note: S_LOCK =1 signals coarse lock. The system clock should not be changed to PLL output
for at least 200 ps after S_LOCK is set.
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Table 13. CR field descriptions (continued)

Field Description

PLL_FAIL_MASK | This bit is used to mask the pll_fail output.
0 pll_fail not masked.
1 pll_fail masked.

PLL_FAIL_FLAG | This bit is asynchronously set by hardware whenever a loss of lock event occurs while FMPLL
is switched on. It is cleared by software writing ‘1.

Table 14. Input divide ratios

IDF[3:0] Input divide ratios
0000 Divide by 1
0001 Divide by 2
0010 Divide by 3
0011 Divide by 4
0100 Divide by 5
0101 Divide by 6
0110 Divide by 7
0111 Divide by 8
1000 Divide by 9
1001 Divide by 10
1010 Divide by 11
1011 Divide by 12
1100 Divide by 13
1101 Divide by 14
1110 Divide by 15
1111 Clock Inhibit

Table 15. Output divide ratios
ODF[1:0] Output divide ratios
00 Divide by 2
01 Divide by 4
10 Divide by 8
11 Divide by 16
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Table 16. Loop divide ratios

Clock Architecture

NDIV[6:0]

Loop divide ratios

0000000-0011111

0100000 Divide by 32
0100001 Divide by 33
0100010 Divide by 34
1011111 Divide by 95
1100000 Divide by 96

1100001-1111111

4.6.5.2 Modulation Register (MR)
Offset: 0x4 Access: Supervisor read/write
0 2 3 ‘ 4 5 6 7 ‘ 8 9 10 11 | 12 14 15
0
Rl B3] 0|
g w
Wi > ml
m o) MOD_PERIOD
o o
o o
£ )
n
RESET: ¢ 0 0 0 0 0 0 0 0 0 0 0 0 0 0
6 17 18 19 | 20 21 22 23 | 24 25 26 27 | 28 30 31
Rl &
| INC_STEP
w| 2
RESET: ¢ 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 14. Modulation Register (MR)
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Table 17. MR field descriptions

Field Description

STRB_BYPASS | Strobe bypass.

The STRB_BYPASS signal is used to bypass the strobe signal used inside FMPLL to latch the

correct values for control bits (INC_STEP, MOD_PERIOD and SPRD_SEL).

0 Strobe is used to latch FMPLL modulation control bits

1 Strobe is bypassed. In this case control bits need to be static. The control bits must be changed
only when FMPLL is in powerdown mode.

SPRD_SEL | Spread type selection.

The SPRD_SEL controls the spread type in Frequency Modulation mode.
0 Center SPREAD

1 Down SPREAD

MOD_PERIOD | Modulation period.
The MOD_PERIOD field is the binary equivalent of the value modperiod derived from following
formula:

fref

modperiod= axf

where:
fref: represents the frequency of the feedback divider
fmod: represents the modulation frequency

FM_EN Frequency Modulation Enable. The FM_EN enables the frequency modulation.
0 Frequency modulation disabled
1 Frequency modulation enabled

INC_STEP Increment step.
The INC_STEP field is the binary equivalent of the value incstep derived from following formula:

incstep = round( (2°—1) x md x MDF )
100 x 5x MODPERIOD

where:

md: represents the peak modulation depth in percentage (Center spread -- pk-pk=+/-md,

Downspread -- pk-pk=-2xmd)

MDF: represents the nominal value of loop divider (CR[NDIV])

4.6.6 Functional description

46.6.1 Normal mode

In Normal Mode the FMPLL inputs are driven by the CR. This means that, when the FMPLL isin lock
state, the FMPLL output clock (PHI) is derived by the reference clock (CLKIN) through this relation:

clkin- NDIV

Phi= A 5F ODF
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wherethevalue of IDF, NDIV and ODF are set in the CR and can be derived from Table 14, Table 15 and
Table 16.

4.6.6.2 Progressive clock switching

Progressive clock switching alows to switch the system clock to FMPLL output clock stepping through
different division factors. Thismeansthat the current consumption gradually increasesand, inturn, voltage
regulator response isimproved.

This feature can be enabled by programming CR[EN_PLL_SW] bit. When enabled, the system clock is
switched to divided PHI. The FMPLL_clk divider isthen progressively decreased to the target divider as
shown in Table 18.

Table 18. Progressive clock switching on pll_select rising edge

FMPLL_clk frequency

Number of FMPLL output clock cycles (FMPLL output clock frequency)

8 (FMPLL output clock frequency)/8

16 (FMPLL output clock frequency)/4

32 (FMPLL output clock frequency)/2
onward FMPLL output clock frequency

FMPLL output clock——— Division factors of 8, 4, 2 or 1 —» FMPLL_clk

Figure 15. FMPLL output clock division flow during progressive switching

4.6.6.3 Normal mode with frequency modulation

The FMPLL default mode is without frequency modulation enabled. When frequency modulation is
enabled, however, two parameters must be set to generate the desired level of modulation: the PERIOD,
and the STEP. The modulation waveform is always a triangle wave and its shape is not programmable.
FM mode is activated in two steps:
1. Configure the FM mode characteristics: MOD_PERIOD, INC_STEP.
2. Enablethe FM mode by programming bit FM_EN of theMRto ‘1. FM mode can only be enabled
when FMPLL isin lock state.

Therearetwo waysto latch these valuesinsidethe FMPLL, depending on thevalue of bit STRB_BYPASS
inthe MR.

If STRB_BYPASSislow, the modulation parameters are latched in the FMPLL only when the strobe
signal goes high for at least two cycles of CLKIN clock. The strobe signal is automatically generated in
the FMPLL digital interface when the modulation is enabled (FM_EN goes high) if the FMPLL islocked
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(S_LOCK = 1) or when the modulation has been enabled (FM_EN = 1) and FMPLL enterslock state
(S_LOCK goes high).

If STRB_BYPASS s high, the strobe signal isbypassed. In this case, control bits (MOD_PERIOD[12:0],
INC_STEP[14:0], SPREAD_CONTROL) need to be static or hardwired to constant values. The control
bits must be changed only when the FMPLL isin powerdown mode.

The modulation depth in % is

(100>< 5x INCSTEPXM ODPERIOD)
2" _1)x MDF
NOTE

The user must ensure that the product of INCTEP and MODPERIOD isless
than (21°-1).

ModulationDepth =

Frequency
A

Center Spread

_______ \/ e BV

AN
Down Spread

FO

FO

Tmod 2Tm0d

Figure 16. Frequency modulation

46.6.4 Powerdown mode

To reduce consumption, the FMPLL can be switched off when not required by programming the registers
ME_x_MC onthe MC_ME module.

4.6.7 Recommendations

To avoid any unpredictable behavior of the FMPLL clock, it is recommended to follow these guidelines:

» TheFMPLL VCO frequency should reside in the range 256 MHz to 512 MHz. Careis required
when programming the multiplication and division factors to respect this requirement.

* Theuser must change the multiplication, division factors only when the FMPLL output clock is
not selected as system clock. Use progressive clock switching if system clock changesare required
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whilethe PLL is being used as the system clock source. MOD_PERIOD, INC_STEP,
SPREAD_SEL hits should be modified before activating the FM mode. Then strobe has to be
generated to enable the new settings. If STRB_BYPissetto‘1l’ then MOD_PERIOD, INC_STEP
and SPREAD_SEL can be modified only when FMPLL isin powerdown mode.

*  FMPLL must be powered down before changing the values of NDIV and IDF and then powered
up with the new settings. If the power up and power down is not performed, the NDIV and IDF
will reflect new configuration values but the PLL frequency will be as per the old configuration.

» Useprogressive clock switching (FMPLL output clock can be changed when it isthe system clock,
but only when using progressive clock switching).

» Beforeenabling FMPLL, ensure that the input clock to FMPLL is stable.

4.7  Clock Monitor Unit (CMU)

4.7.1 Overview

The Clock Monitor Unit (CMU) serves three purposes:
* FMPLL clock monitoring: detect if FMPLL |leaves an upper or lower frequency boundary

» Crystal clock monitoring: monitor the external crystal oscillator clock, which must be greater than
the internal RC clock divided by a division factor given by CMU_CSR[RCDIV]

* Frequency meter: measure the frequency of RCOSC versus a known reference clock XOSC

CMU forwards these kind of eventsto the MC_CGM, MC_ME, and FCU. These in turn can then switch
to a safe mode, generate areset, or generate or an interrupt.

Table 19. CMU module summary

Module Monitored clocks

CMU_0 PLL divider clock

4.7.2 Main features

* RC oscillator frequency measurement

» External oscillator clock monitoring with respect to CK_IRC+n clock
» FMPLL clock frequency monitoring with respect to CK_IRC+4 clock
» Event generation for various failures detected inside monitoring unit

4.7.3 Functional description

The names of the clocks involved in this block have the following meaning:
* CK_XOSC: clock coming from the external crystal oscillator
* CK_IRC: clock coming from the low frequency internal RC oscillator
» CK_PLL: clock coming from the FMPLL
* FOSC: frequency of external crystal oscillator clock
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* FRC: frequency of low frequency internal RC oscillator
* FPLL: frequency of FMPLL divider clock

4.7.4 Crystal clock monitor
If FOSC issmaller than FRC divided by 2RV bitsof CMU_0_CSR andthe CK_XOSCis‘ON’ and stable
as signaled by the MC_ME, then:
* CMU_ISR[OLRI] is set.
NOTE

OSC and FMPLL monitor m groduce false events when OSC/FMPLL
frequency is less than 2xRC/2RCP!V frequency due to the limitation on to
compare two clocks accurately.

4741 FMPLL clock monitor

TheFMPLL clock CK_PLL frequency can be monitored by programming CME bit of CMU_CSR register
to 1. CK_PLL monitor startsas soon as CME bit isset. Thismonitor can be disabled at any time by writing
CME hit to 0.

If CK_PLL frequency (FPLL) is greater than a reference value determined by the HFREF[11:0] bits of
CMU_HFREFR and the CK_PLL is*ON’ and the FMPLL locked as signaled by the MC_ME then
* Anevent pending bit FHHI in CMU_ISR is set

If FPLL islessthan areference clock frequency (FRC/4) andthe CK_PLL is*ON’ and the FMPLL locked
assignaled by the MC_ME, then:

* Anevent pending bit FLCI in CMU_ISR is set

If FPLL islessthan areference value determined by the LFREF[11:0] bits of CMU_LFREFR and the
CK_PLL is*ON’ and the FMPLL locked as signaled by the MC_ME, then:
* Anevent pending bit FLLI in CMU_ISR is set

» A falureeventissignaled tothe MC_RGM and Fault Collection Unit, which in turn can generate
an interrupt

NOTE

OSC and FMPLL monitor ma?é groduce false events when OSC/FMPLL
frequency is less than 2xRC/2RCP!V frequency due to the limitation on to
compare two clocks accurately.

4.7.4.2 Frequency meter

The frequency meter calibrates the internal RC oscillator (CK_IRC) using a known frequency.

NOTE

This value can then be stored in the flash memory so that application
software can reuse it later on.
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Thereference clock isalwaysthe XOSC. A simple frequency meter returns adraft value of CK_IRC. The
measure starts when CMU_CSR[SFM] is set. The measurement duration is given by the CMU_MDR

register in terms of IRC clock cycleswith awidth of 20 bits. The SFM bit is cleared by the hardware after
the frequency measurement is done and the count isloaded in the CMU_FDR.The frequency FRC can be
derived from the value loaded in the CMU_FDR register as follows:

FRC = (FOSC x MD) /' n Eqgn. 1
where nisthe valuein CMU_FDR register and MD isthe valuein CMU_MDR.
NOTE
When FXOSC > FIRC and MDR=0xFFFFF, it will cause overflow of FDR
register and the value stored cannot be relied upon. When FXOSC > FIRC,
application need to ensure that value of MDR is chosen such that n does not
overflow where nisnumber of XOSC clock edgesin duration of MDR IRC
clock edges.
4.7.5 Memory map and register description
The CMU registers are mapped through the MC_CGM (see the memory map in Chapter 5, Clock
Generation Module (MC_CGM)). The base address for CMU is shown in Table 20.
Table 20. CMU base address
Module Base address
CMU_O OxC3FE_0100
The memory map of CMU is shown in Table 21.
Table 21. CMU memory map
Address offset Register Location
0x00 Control status register (CMU_CSR) on page 76
0x04 Frequency display register (CMU_FDISP) on page 77
0x08 High-frequency reference register A (CMU_HFREFR_A) on page 77
0x0C Low-frequency reference register A (CMU_LFREFR_A) on page 78
0x10 Interrupt status register (CMU_ISR) on page 78
0x14 Reserved
0x18 Measurement duration register (CMU_MDR) on page 79
MPC5604E Reference Manual, Rev. 5
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4.75.1 Control status register (CMU_CSR)

Address: Base + 0x00 Access: User read/write
0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
Rl O 0 0 0 0 0 0 0 0 0 0 0 0 0 0
W SFM

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

Rl O 0 0 0 0 0 0 0 0 0 0
CKSEL1 RCDIV CME

Reset O 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0
Figure 17. Control status register (CMU_CSR)

Table 22. CMU_0_CSR field descriptions

Field Description

SFM Start frequency measure

Set this bit to start a clock frequency measure. The bit is cleared by hardware when the measure is
ready in the CMU_FDR register. Software cannot clear this bit.

0 Frequency measurement is completed or not yet started.

1 Frequency measurement is started.

CKSEL1 |Clock selection
This field selects the clock to be measured by the frequency meter. Selects IRC 16 MHz as reference
clock. This field must not be programmed with value 2.

RCDIV  |RC clock division factor

These bits specify the RC clock division factor. The output clock is CK_IRC fast (16 MHz) divided by the
factor 2RCPV. This output clock is compared with CK_XOSC for crystal clock monitor feature. The clock
division coding is as follows.

00 Clock divided by 1 (No division).

01 Clock divided by 2.

10 Clock divided by 4.

11 Clock divided by 8.

CME_A |Clock monitor enable
0 Monitor is disabled.
1 Monitor is enabled.
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4.7.5.3

Frequency display register (CMU_FDR)
Address: Base + 0x04 Access: User read-only
0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
R 0 0 0 0 0 0 0 0 0 0 FD[19:16]
w [ ]
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 ‘ 20 21 22 23 ‘ 24 25 26 27 ‘ 28 29 30 31
R FD[15:0]
we [ ] ] | 1 ] | [ [ T [ |
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 18. Frequency display Register (CMU_FDR)
Table 23. CMU_FDR field descriptions
Field Description
FD Measured frequency bits
This register displays the measured frequency fzc with respect to fogc. The measured value is given
by the following formula:
frc = (fosc x MD)/n
where n is the value in CMU_FDR register
High-frequency reference register A (CMU_HFREFR_A)

Address: Base + 0x08

Access: User read/write

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R 0 0 0 0 0 0 0 0 0 0 0 0 0 0
W
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 ‘ 24 25 26 27 28 29 30 31
Rl O 0 0 0
HFREF_A
\W
Reset O 0 0 0 1 1 1 1 ‘ 1 1 1 1 1 1 1 1
Figure 19. High-frequency reference register A (CMU_HFREFR_A)
Table 24. CMU_HFREFR_A field descriptions
Field Description
HFREF_A [High-frequency reference value

These bits determine the high reference value for the FMPLL clock. The reference value is given by:
(HFREF_A/16) x (frc/4).
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These bits determine the low reference value for the FMPLL clock. The reference value is given by:

(LFREF_A/16) x (frc/4).

4.7.5.4 Low-frequency reference register A (CMU_LFREFR_A)
Address: Base + 0x0C Access: User read/write
0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
R 0 0 0 0 0 0 0 0 0
\W
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 ‘ 24 25 26 27 28 29 30 31
Rl O 0 0 0
LFREF_A
\W
Reset O 0 0 0 0 0 0 0 ‘ 0 0 0 0 0 0 0 0
Figure 20. Low-frequency reference register A (CMU_LFREFR_A)
Table 25. CMU_LFREFR_A fields descriptions
Field Description
LFREF_A |Low-frequency reference value

This bit is set by hardware when both of the following are true:

» The FMPLL frequency becomes lower than reference clock frequency (FRC/4) value
 CK_FMPLL is ‘ON’ and the FMPLL locked as signaled by the MC_ME.

It can be cleared by software by writing 1.
0 No FLC event.
1 FLC eventis pending.

4.75.5 Interrupt status register (CMU_ISR)
Address: Base + 0x10 Access: User read/write
0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
R 0 0 0 0 0 0 0 0 0
w
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R < < < —
oloflojojofojojoflofo|lo|o|g | T I3
¢ | & |z |°
W wlc | wic | wlc | wlc
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 21. Interrupt status register (CMU_ISR)
Table 26. CMU_ISR field descriptions
Field Description
FLCI_A |FMPLL clock frequency less than reference clock interrupt
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Table 26. CMU_ISR field descriptions (continued)

FHHI_A |FMPLL_O Clock frequency higher than high reference interrupt

This bit is set by hardware when both of the following are true:

» The FMPLL frequency becomes higher than HFREF_A value

e CK_FMPLL is ‘ON’ and the FMPLL locked as signaled by the MC_ME.
It can be cleared by software by writing 1.

0 No FHH event.

1 FHH event is pending.

FLLI_A |FMPLL_O Clock frequency less than low reference event

This bit is set by hardware when both of the following are true:

* The FMPLL frequency becomes lower than LFREF_A value

e CK_FMPLL is ‘ON’ and the FMPLL locked as signaled by the MC_ME.
It can be cleared by software by writing 1.

0 No FLL event.

1 FLL eventis pending.

OLRI Oscillator frequency less than RC frequency event

This bit is set by hardware when both of the following are true:

 The frequency of CK_XOSC is less than CK_IRCfast/2RPV frequency
* CK_XOSC is ‘'ON’ and stable as signaled by the MC_ME.

It can be cleared by software by writing 1.

0 No OLR event.

1 OLR event is pending.

4.7.5.6 Measurement duration register (CMU_MDR)

Address: Base + 0x18 Access: User read/write
0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
R 0 0 0 0
MD[19:16]
W
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

16 17 18 19 ‘ 20 21 22 23 ‘ 24 25 26 27 28 29 30 31

MDI[15:0]

Reset 0 0 0 o]0 o0 o0 0[O0 o0 0 0 0 0O 0 O
Figure 22. Measurement duration register (CMU_MDR)

Table 27. CMU_MDR field descriptions

Field Description

MD Measurement duration bits
This register displays the measured duration in term of IRC clock cycles. This value is loaded in the
frequency meter down-counter. When CMU_CSR[SFM] = 1, the down-counter starts counting.

4.8 Boot and power management concept

At boot time, the MPC5604E is using the IRCOSC_Clk to start. At thistime (after reset), the system clock
divider isset to avalue of "1", thus, the system clock is 16MHz. Then, the MPC5604E can configure the
module to connect the external oscillator (XOSC) and the PLL. Once the PLL islocked, the SW can
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change the system clock divider to "2" and switch the system clock selector to be driven by the PLL. One
output of the PLL can be reconfigured without producing glitches on the clock signal. This clock is used
to drive the system clock (Sys_CIk).

The other output clock of the PLL isused to drive all the other clocks. Because this port cannot be
reconfigured free of glitches, all attached 1P modules need to be gated off before changing the clock
frequency.

The other clock selectors (Clk Out Sel and the FCDs) do not allow glitch-less clock selection. Thus, SW
need to gate off all attached |P modules before changing the clock source.

In casethe PLL lock getslost during operation, the MPC5604E switches to safe mode and automatically
selectsthe IRCOSC_Clk asinput at the system clock selector so that the system clock runs now at SV Hz.
In safe mode, the SW can switch the divider value again to "1" thus, the system clock is 16MHz. The loss
of lock event also creates an entry in the Fault Collection Unit (FCU).

The MPC5604E al so supports two low power modes, the STOP mode and the HALT mode. These modes
distinguish between different clock and clock gating settings. In both modes the clocks need to be
configured to allow aresume to the RUN mode. Figure 23 shows which modules need to use the reliable
IRCOSC_Clk that remains active during STOP mode. These are the safety relevant functionsin

« FCU
e SWT

and the functions need for wake-up, which are
» digital input filters for external interrupt detection (part of the SIUL).

The non maskableinterrupt (NM1) isdriven viaaninput pin. Thissignal isrouted purely inacombinatorial
way through the system. This allows to wake-up as long as only the Mode Entry (ME) unit is clocked.
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MagicCarpet
IRCOSC_CLK _ cet SYS CLK _G#1
XOSC_CLK Sélsteflz‘ SYS_CLK Clock .
> oc .
FMPLL_0_CLK Selector 0 Gates | | sys cLk_G#n .
IRCOSC_CLK
SYS_CLK_G#z > Platform SIU-Lite Y
IRCOSC_CLK Pad
> SWT Filter | _ IR
(digital) [< (external IRQ €«———
IRQ #n capable)
| IrRQ#m 4 . T
INTC | IRQ # ’ -
< 2% Filter P2
IRQ #q (digital) <— (external IRQ [«———
9 capable)
= mcp
Core |< nmi PIT < SYS_CLK_G#x
| B crifint
L]
STOP/HALT STOP/HALT
mode T ode Any < SYS_CLK_G#y
request ack FENPTEE]
YYYYVYYY
MC_CGL WakeUp -
< Filter Pad
wakeup (analog) (NMI)
Y
>| MagicCarpet ME PLL ON
SYS_CLK N > FMPLL_O FMPLL_O_CLK
XOSC_CLK ;
Legend:

<—— Combinatorial
< Available in STOP mode

Available in HALT mode

Figure 23. MPC5604E Clock Selection for Power Modes

4.9  Safety concept

This section givesabrief overview on the safety aspects of the clock architecture. Thisincludestwo items:
» reliable clock for safety modules
» clock frequency monitoring
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A safety relevant unit of the MPC5604E is the Software Watchdog Timer (SWT). To ensure that this
modules operates also in case of failure of the system clock, the watchdog counter decrementsevery cycle
of the IRCOSC_ClIk. This clock ismore robust against failure compared to the PLL clock because it does
not depend on other components. In case of the PLL clock, proper performance also depends on the
external crystal or clock generator, the XOSC and loss of clock lock.

Besidestheloss of PLL lock detection, the M PC5604E also has a Clock Monitoring Unit (CMU). Itsmain
features are:

* RC oscillator (IRCOSC_CIk) frequency measurement

» External oscillator clock monitoring with respect to IRCOSC_Clk/n clock (turned off at reset)

* PLL clock frequency monitoring with respect to IRCOSC_Clk/4 clock (turned off at reset)

» Event generation for various failures detected inside monitoring unit

Figure 24 shows how the clock monitoring unit is integrated into the MPC5604E clocking system.

XOSC valid (on AND stable)/off
CMU_0 - ,
FMPLL_0 valid (on AND locked)/off MagicCarpet
IRCOSC_CLK E CK1 <
16MHz CK O(reference) A A
Loss of crystal
XOSC_CLK OLR
CK XOsC
4-40MHz
FHH FMPLL_O frequency out of range
FMPLL_O CK PLL FLL
Y Y
120/128 MHZ Logical OR

FCU

Figure 24. MPC5604E Clock Monitoring Unit Integration

In case of clock monitoring event, the CMU signals the Clock Generation Module, Reset Generation
Module, and Mode Entry Module, which might take appropriate actions (e.g., switching the system clock
to the IRCOSC_Clk), and to the fault collection unit (FCU) to keep record of the event.
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Chapter 5
Clock Generation Module (MC_CGM)

5.1 Introduction

511 Overview

The clock generation module (MC_CGM) generates reference clocks for all the chip blocks. The
MC_CGM selects one of the system clock sources to supply the system clock. The MC_ME controls the
system clock selection (seethe MC_ME chapter for more details). The memory spaces of system and
peripheral clock sources which have addressable memory spaces are accessed through the MC_CGM
memory space. The MC_CGM also selects and generates an output clock.

Figure 25 shows the MC_CGM block diagram.
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MC_CGM

IRC I
<@— MC_ME

XOSC L

Registers

Register Interface <« | MC_RGM

FMPLLO |

System Clock _
Multiplexer EEE—. peripherals

I CLKOUT

§—P core

Output Clock
Selector/Divider

< > mapped

peripherals

Mapped Modules Interface

Figure 25. MC_CGM block diagram

51.2 Features

The MC_CGM includes the following features:
» generates system and peripheral clocks

» selects and enables/disables the system clock supply from system clock sources according to
MC_ME control
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» supports multiple clock sources and maps their address spaces to its memory map
* generates an output clock

» guarantees glitch-less clock transitions when changing the system clock selection
* supports 8, 16, and 32-bit wide read/write accesses

5.2  External Signal Description
The MC_CGM delivers an output clock to the CLKOUT pin for off-chip use and/or observation.

5.3 Memory Map and Register Definition
Table 28. MC_CGM Register Description

Access
Address Name Description Size Location
User | Supervisor Test

OXC3FE | PLL_DIVIDER PLL Clock Divider byte | read read/write |read/write | on page 86
_0120
OXC3FE | SYSTEM_CLK_DIVI | System Clock Divider byte | read read/write |read/write | on page 86
_0140 |DER
OXC3FE | RTC_CLK_DIVIDER |RTC Clock Divider byte | read read/write |read/write | on page 87
_0160
OXC3FE |CGM_OC_EN Output Clock Enable word | read read/write | read/write | on page 87
_0370
OXC3FE |CGM_OCDS_sSC Output Clock Division byte | read read/write |read/write | on page 88
0374 Select
OXC3FE |CGM_SC_SS System Clock Select byte | read read read on page 89
0378 Status
NOTE
Any access to unused registers as well as write accesses to read-only
registerswill:

* not change register content
e cause atransfer error

5.3.1 Register Descriptions

All registers may be accessed as 32-bit words, 16-bit half-words, or 8-bit bytes. The bytes are ordered
according to big endian. For example, the CGM_OC_EN register may be accessed as aword at address
OXC3FE_0370, as a half-word at address OxC3FE_0372, or as a byte at address OxC3FE_0373.
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5.3.1.1

PLL Clock Divider Register (PLL_CLK_DIV)

Address OXxC3FE_0120

Access: User read, Supervisor read/write, Test read/write

0 1 2 3 4 5 6 7
R 0 0 0 0 0 0
CLK_DIV
W _
Reset 0 0 0 0 0 0 0 0

Figure 26. PLL Clock Divider Register (PLL_CLK_DIV)

Thisregister setsthe FMPLL_0 PCS clock division factor.

Table 29. PLL Clock Divider Register (PLL_CLK_DIV) Field Descriptions

Field Description

CLK_DIV |Clock Divider Enable
0 FMPLL_O PCS clock to system clock selector is divided by 1 (no division)
1 FMPLL_O PCS clock to system clock selector is divided by 2

5.3.1.2 System Clock Divider Register (SYSTEM_CLK_DIV)

Address OxC3FE_0140 Access: User read, Supervisor read/write, Test read/write

0 1 2 3 4 5 6 7
R 0 0 0 0 0
CLK_DIV
W _
Reset 0 0 0 0 0 0 0 0

Figure 27. System Clock Divider Register (SYSTEM_CLK_DIV)

This register sets the system clock division factor.

Table 30. System Clock Divider Register (SYSTEM_CLK_DIV) Field Descriptions

Field Description

CLK_DIV |Clock Divider Enable
0 system clock is divided by 1 (no division)
1 system clock is divided by 2
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5.3.1.3

RTC Clock Divider Register (RTC_CLK_DIV)

Address OxC3FE_0160

Clock Generation Module (MC_CGM)

Access: User read, Supervisor read/write, Test read/write

0 1 2 3 4 5 6 7
R 0 0 0 0 0 0
CLK_DIV
W _
Reset 0 0 0 0 0 0 0 0

Figure 28. RTC Clock Divider Register (RTC_CLK_DIV)

Thisregister setsthe RTC clock division factor.

Table 31. RTC Clock Divider Register (RTC_CLK_DIV) Field Descriptions

Field Description
CLK_DIV |Clock Divider Enable
0 RTC clock is divided by 1 (no division)
1 RTC clock is divided by 2
5.3.14 Output Clock Enable Register (CGM_OC_EN)
Address OxC3FE_0370 Access: User read, Supervisor read/write, Test read/write
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R| O 0 0 0 0 0 0 0 0 0 0 0
w
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R| O 0 0 0 0 0 0 0 0 0 0 0 0 0 0
EN
w
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 29. Output Clock Enable Register (CGM_OC_EN)

Thisregister is used to enable and disable the output clock.
Table 32. Output Clock Enable Register (CGM_OC_EN) Field Descriptions

Field Description

EN Output Clock Enable control
0 Output Clock is disabled

1 Output Clock is enabled

MPC5604E Reference Manual, Rev. 5

Freescale Semiconductor

5-87



Clock Generation Module (MC_CGM)

5.3.15

Address OxC3FE_0374

Output Clock Division Select Register (CGM_OCDS_SC)

Access: User read, Supervisor read/write, Test read/write

0 1 2 3 4 5 6 7
R 0
SELDIV SELCTL
W
Reset 0 0 0 0 0 0 0 0

Figure 30. Output Clock Division Select Register (CGM_OCDS_SC)

Thisregister isused to select the current output clock source and by which factor it isdivided before being
delivered at the output clock.

Table 33. Output Clock Enable Register (CGM_OC_EN) Field Descriptions

0000 IRC

0001 XOSC

0010 FMPLL_O
0011 FCDO AO0_CLK
0100 FCD1 Al1_CLK
0101 FCD2 A2_CLK
0110 reserved
0111 reserved
1000 reserved
1001 reserved
1010 reserved

1011 reserved
1100 reserved
1101 reserved

1110 reserved

1111 reserved

Field Description
SELDIV |Output Clock Division Select
00 output selected Output Clock without division
01 output selected Output Clock divided by 2
10 output selected Output Clock divided by 4
11 output selected Output Clock divided by 8
SELCTL | Output Clock Source Selection Control — This value selects the current source for the output clock.
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5.3.1.6 System Clock Select Status Register (CGM_SC_SS)

Address OXC3FE_0378 Access: User read, Supervisor read, Test read
0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
R O 0 0 0 SELSTAT 0 0 0 0 0 0 0 0
w [ [ |

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 31. System Clock Select Status Register (CGM_SC_SS)

This register provides the current system clock source selection.
Table 34. System Clock Select Status Register (CGM_SC_SS) Field Descriptions

Field Description
SELSTAT |System Clock Source Selection Status — This value indicates the current source for the system clock.
0000 IRC
0001 reserved
0010 XOSsC

0011 reserved
0100 FMPLL_O PCS
0101 reserved

0110 reserved

0111 reserved
1000 reserved
1001 reserved
1010 reserved

1011 reserved
1100 reserved
1101 reserved
1110 reserved
1111 system clock is disabled

5.4  Functional Description

54.1 System Clock Generation

Figure 32 showsthe block diagram of the system clock generationlogic. TheMC_ME providesthe system
clock select and switch mask (see MC_ME chapter for more details), and the MC_RGM providesthe safe
clock request (see MC_RGM chapter for more details). The safe clock request forces the sel ector to select
the IRC as the system clock and to ignore the system clock select.
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system clock is disabled if
ME_<current mode>_MC.SYSCLK =*“1111"

FMPLL_O PCS — | clock ) i

divider ,AO7§
x L

PLL_CLK_DIV Register

IRC
X0OSsC

A 4
o

A 4
N

A 4
D

video clock

v

SYSTEM_CLK_DIV

Register
»| clock >
- » system clock
divider y
LA
MC_RGM SAFE mode request clock
_ p ClO — RTC clock
Q divider
JAG000 —p{1 4
ME_<current mode> —pi0 RTC_CLK_DIV
_MC.SYSCLK Register

CGM_SC_SS Register

Figure 32. MC_CGM System Clock Generation Overview

541.1 System Clock Source Selection

During normal operation, the system clock selection is controlled
* onaSAFE mode or reset event, by the MC_RGM
» otherwise, by the MC_ME

54.1.2 System Clock Disable
During the TEST mode, the system clock can be disabled by the MC_ME.

5.4.2 Output Clock Multiplexing

The MC_CGM contains a multiplexing function for a number of clock sources which can then be used as
output clock sources. The selection is done viathe CGM_OCDS_SC register.
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5.4.3

IRC
XOSC
FMPLL_O
FCDO A0_CLK
FCD1 Al_CLK
FCD2 A2_CLK

Output Clock Division Selection

Clock Generation Module (MC_CGM)

CGM_OC_EN Register

)

AQ
- M CLKOUT

o r N W

CGM_OCDS_SC.SELCTL
Register

0 AO<]—

1

2

3 L - — -

4

S || >

A

CGM_OCDS_SC.SELDIV ||

Register

Figure 33. MC_CGM Output Clock Multiplexer and CLKOUT Generation

The MC_CGM provides the following output signal for the output clock generation:

* CLKOUT (seeFigure 33). Thissignal is generated by using one of the 3-stage ripple counter
outputs or the selected signal without division. The non-divided signal is not guaranteed to be 50%
duty cycle by the MC_CGM.

The MC_CGM also has an output clock enable register (see Section 5.3.1.4, “Output Clock Enable
Register (CGM_OC_EN)”) that contains the output clock enable/disable control bit.
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Chapter 6
Mode Entry Module (MC_ME)

6.1 Introduction

6.1.1 Overview

TheMC_ME controlsthe chip mode and mode transition sequencesin al functional states. It also contains
configuration, control and status registers accessible for the application.

Figure 34 shows the MC_ME block diagram.
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Figure 34. MC_ME Block Diagram
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6.1.2

The MC_ME includes the following features:
» control of the available modes by the ME_ME register
» definition of various chip mode configurations by the ME_<mode>_MC registers
» control of the actual chip mode by the ME_MCTL register
» capture of the current mode and various resource status within the contents of the ME_GS register
» optional generation of various mode transition interrupts
» status bits for each cause of invalid mode transitions

» periphera clock gating control based onthe ME_RUN_PCO0...7, ME_LP_PCO0...7, and
ME_PCTLn registers

» capture of current peripheral clock gated/enabled status

Features

6.1.3

The MC_ME isbased on severa chip modes corresponding to different usage models of the chip. Each
modeisconfigurable and can define apolicy for energy and processing power management tofit particular
system requirements. An application can easily switch from one mode to another depending on the current
needs of the system. The operating modes controlled by the MC_ME are divided into system and user
modes. The system modes are modes such as RESET, DRUN, SAFE, and TEST. These modes aim to
ease the configuration and monitoring of the system. The user modes are modes such as RUNO... 3,
HALTO, and STOPO which can be configured to meet the application requirements in terms of energy
management and available processing power. The modes DRUN, SAFE, TEST, and RUNO...3 arethe
chip software running modes.

Modes of Operation

Table 35 describes the MC_ME modes.
Table 35. MC_ME Mode Descriptions

Name Description Entry Exit

RESET This is a chip-wide virtual mode during which the system reset system reset
application is not active. The system remains in this mode |assertion from deassertion from
until all resources are available for the embedded software | MC_RGM MC_RGM
to take control of the chip. It manages hardware
initialization of chip configuration, voltage regulators, clock
sources, and flash modules.

DRUN This is the entry mode for the embedded software. It system reset system reset
provides full accessibility to the system and enables the deassertion from | assertion,
configuration of the system at startup. It provides the MC_RGM, RUNO...3, TEST
unique gate to enter user modes. BAM when present is software request | via software,
executed in DRUN mode. from SAFE, TEST | SAFE via software

and RUNO...3 or hardware
failure.

SAFE This is a chip-wide service mode which may be entered on | hardware failure, |system reset
the detection of a recoverable error. It forces the system software request | assertion, DRUN
into a pre-defined safe configuration from which the system | from DRUN, and | via software
may try to recover. RUNO...3
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Table 35. MC_ME Mode Descriptions (continued)

Name Description Entry Exit
TEST This is a chip-wide service mode which is intended to software request | system reset
provide a control environment for chip software testing. from DRUN assertion, DRUN
via software
RUNO...3 | These are software running modes where most processing | software request | system reset
activity is done. These various run modes allow to enable | from DRUN or assertion, SAFE
different clock & power configurations of the system with other RUNO...3, via software or
respect to each other. interrupt event hardware failure,
from HALTO, other RUNO...3
interrupt or modes, HALTO,
wakeup event from | STOPO via
STOPO software
HALTO This is a reduced-activity low-power mode during which the | software request | system reset
clock to the core is disabled. It can be configured to switch | from RUNO...3 assertion, SAFE
off analog peripherals like clock sources, flash, main on recoverable
regulator, etc. for efficient power management at the cost of hardware failure,
higher wakeup latency. RUNO...3 0n
off-platform
interrupt event
STOPO This is an advanced low-power mode during which the software request | system reset

clock to the core is disabled. It may be configured to switch
off most of the peripherals including clock sources for
efficient power management at the cost of higher wakeup
latency.

from RUNO...3

assertion, SAFE
on recoverable
hardware failure,
RUNO...3 on
interrupt event or
wakeup event

6.2

External Signal Description

The MC_ME has no connections to any external pins.

6.3

Memory Map and Register Definition

The MC_ME contains registers for:

mode selection and status reporting

mode configuration

mode transition interrupts status and mask control
scalable number of peripheral sub-mode selection and status reporting
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6.3.1 Memory Map
Table 36. MC_ME Register Description
Access
Address Name Description Size Location
User |Supervisor Test

OXC3FD | ME_GS Global Status word | read read read on page 105
_Co000

OxC3FD | ME_MCTL Mode Control word | read read/write | read/write | on page 107
_Coo4

O0xC3FD | ME_ME Mode Enable word | read read/write | read/write | on page 108
_Coo08

OXC3FD | ME_IS Interrupt Status word | read read/write | read/write | on page 110
_cooc

OxXC3FD | ME_IM Interrupt Mask word | read read/write | read/write | on page 111
_Cco1o

OXC3FD | ME_IMTS Invalid Mode Transition |[word| read read/write | read/write | on page 112
_C014 Status

OXC3FD | ME_DMTS Debug Mode Transition |word | read read read on page 113
_Co18 Status

OXC3FD | ME_RESET_MC RESET Mode word | read read read on page 116
_Co020 Configuration

OXC3FD | ME_TEST_MC TEST Mode word | read read/write | read/write | on page 116
_C024 Configuration

OxXC3FD | ME_SAFE_MC SAFE Mode word | read read/write | read/write | on page 117
_Co028 Configuration

OxC3FD | ME_DRUN_MC DRUN Mode word | read read/write | read/write | on page 117
_Cco2C Configuration

OxC3FD | ME_RUNO_MC RUNO Mode word | read read/write | read/write | on page 118
_CO030 Configuration

OXC3FD | ME_RUN1_MC RUN1 Mode word | read read/write | read/write | on page 118
_C034 Configuration

OXxC3FD | ME_RUN2_MC RUN2 Mode word | read read/write | read/write | on page 118
_C038 Configuration

OxC3FD | ME_RUN3_MC RUN3 Mode word | read read/write | read/write | on page 118
_Co3C Configuration

OXC3FD | ME_HALTO_MC HALTO Mode word | read read/write | read/write | on page 118
_Co40 Configuration

OXC3FD | ME_STOPO_MC STOPO Mode word | read read/write | read/write | on page 119
_C048 Configuration

OxC3FD | ME_PSO Peripheral Status 0 word | read read read on page 121
_Co060

OxC3FD | ME_PS1 Peripheral Status 1 word | read read read on page 121
_Co64
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Table 36. MC_ME Register Description (continued)

Access
Address Name Description Size Location
User | Supervisor Test

OXC3FD | ME_PS2 Peripheral Status 2 word | read read read on page 122
_Co68

OXC3FD | ME_PS3 Peripheral Status 3 word | read read read on page 122
_Co6C

OxC3FD | ME_RUN_PCO Run Peripheral word | read read/write | read/write | on page 123
_Co080 Configuration 0

OxC3FD | ME_RUN_PC1 Run Peripheral word | read read/write | read/write | on page 123
_Co84 Configuration 1

OxXC3FD | ME_RUN_PC7 Run Peripheral word | read read/write | read/write | on page 123
_Co9cC Configuration 7

OXC3FD |ME_LP_PCO Low-Power Peripheral word | read read/write | read/write | on page 124
_COA0 Configuration 0

OXC3FD |ME_LP_PC1 Low-Power Peripheral word | read read/write | read/write | on page 124
_CO0A4 Configuration 1

OXC3FD |ME_LP_PC7 Low-Power Peripheral word | read read/write | read/write | on page 124
_CoBC Configuration 7

OxC3FD | ME_PCTL4 DSPIO Control byte | read read/write |read/write | on page 124
_coc4

OxC3FD | ME_PCTL5 DSPI1 Control byte | read read/write |read/write | on page 124
_Cocs

OxC3FD | ME_PCTL6 DSPI2 Control byte | read read/write |read/write | on page 124
_CocCe6

OxC3FD | ME_PCTL16 FlexCANO Control byte | read read/write | read/write | on page 124
_CoDo

OXC3FD | ME_PCTL22 SAIO Control byte | read read/write | read/write | on page 124
_CoD6

OXC3FD | ME_PCTL23 DMA_CH_MUX Control | byte | read read/write | read/write | on page 124
_CoD7

OxC3FD | ME_PCTL28 SAI1 Control byte | read read/write | read/write | on page 124
_cobcC

OxC3FD | ME_PCTL29 SAI2 Control byte | read read/write |read/write | on page 124
_CobD

OXC3FD | ME_PCTL30 Video Control byte | read read/write | read/write | on page 124
_CODE

OxC3FD | ME_PCTL32 ADCO Control byte | read read/write |read/write | on page 124
_COEO
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Table 36. MC_ME Register Description (continued)

Mode Entry Module (MC_ME)

Any access to unused registers as well as write accesses to read-only

registerswill:

* not change register content
* causeatransfer error

MPC5604E Reference Manual, Rev. 5

Access
Address Name Description Size Location
User | Supervisor Test
OXxC3FD | ME_PCTL38 eTimer0 Control byte | read read/write | read/write | on page 124
_COE6
OXC3FD | ME_PCTL44 12C_DMAO Control byte | read read/write | read/write | on page 124
_COEC
OXC3FD | ME_PCTLA45 12C_DMAL1 Control byte | read read/write |read/write | on page 124
_COED
OXC3FD | ME_PCTLA48 LIN_FLEXO Control byte | read read/write | read/write | on page 124
_COF0
OxC3FD | ME_PCTL49 LIN_FLEX1 Control byte | read read/write | read/write | on page 124
_COF1
OxC3FD | ME_PCTL58 CRC Control byte | read read/write | read/write | on page 124
_COFA
OxC3FD | ME_PCTL61 PTP Control byte | read read/write | read/write | on page 124
_COFD
OXC3FD | ME_PCTL62 CE_RTC Control byte | read read/write | read/write | on page 124
_COFE
OXC3FD | ME_PCTL92 PIT_RTI Control byte | read read/write | read/write | on page 124
_Ciuc
OxC3FD | ME_PCTL104 CMUO Control byte | read read/write | read/write | on page 124
_C128
NOTE
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Table 37. MC_ME Memory Map

o | 1| 2 | 3 |27|5|6 |7 |8 |9 10| 11| 12| 13| 14| 15
Address Name
16 | 17 | 18 | 19 |20 |21 |22 |23 |24 | 25|26 | 27 | 28 | 29 | 30 | 31
0xC3FD | ME_GS 9
o) @
_C000 < Q <
R|S_CURRENT_MODE|X | 1|0 [0 | | 0|0 |5 | SDFLA | S_CFLA
§| o "
n
w
e
413 | o
R % 9 %l S _SYSCLK
|_|_I (f)l n
n
w
OxC3FD | ME_MCTL R 0|]0|]0|0O0|0O0]0O]O 0 0 0 0 0
C004 ——  TARGET_MODE
- w
R 1 0 1 0 0|10 1|]0]0]O0 0 1 1 1 1
w KEY
OxC3FD | ME_ME R| O 0 0 0 0|]0|]0|0|0O0]0O0]O 0 0 0 0 0
C008
- w
o)
pd
S
o 2|3 |u a
R oo fololg|olele|y(z|5 |2 |% |5 |G
o |23 |(3|x |0 |9 W |
5 T ||| |
w
OxC3FD |ME_IS R| O 0 0 0 0|]0|]0|0|0O0]0O0]O 0 0 0 0 0
_cooc
w
3
Jlzla e
Rlo|o|o|o|o|o|o|lo|o|o|Oo|ZzZ|Q |Q |<<|E
5 |C |2 |9 |3
i
W wlc | wlc | wlc | wlc | wlc
OxC3FD | ME_IM R| O 0 0 0 0|]0|]0|0|0O0]0O0]O 0 0 0 0 0
_C010
w
R| O 0 0 0 olo|lO0O|O|]O]|]O]|O]| 2
O L w w
TR - = T ol IS
Z|o|0o | < | &
8|Q |2 |un|=2
w 8] [ ' 2'
Cls|s|=
=
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Table 37. MC_ME Memory Map (continued)

Mode Entry Module (MC_ME)

0 1 2 3 27 5 6 7 8 9 10 11 12 13 14 15
Address Name
16 | 17 | 18 | 19 |20 |21 |22 |23 |24 | 25|26 | 27 | 28 | 29 | 30 | 31
OxC3FD | ME_IMTS 0 0 0 0 0|]0|]0|0|0O0]0O0]O 0 0 0 0 0
_Co014
= = < < <
E | x
000000000002lz|§§%',;JI
v o lelelon
wlc | wlc | wlc | wlc | wlc
OxC3FD | ME_DMTS 5 8 g
_Co18 > x | O x
PREVIOUS_MODE |0 |0 [0 |0 |® 0|0 & [, [0 0| s
T (@) x (%)
o = (@)
= o (@)
N~
%) 0 ™ ~ To) ™ -
? | D QEOOSH I
ol@ @ |29 %|E5|F5|E]|o]o Tz |z g
19 |9 |E|lo|l<|<|x T g | | &
I I |9 |33 |a o o a o
ST 17 (R[> & | a ]
w Ol |a|lo |a ' a | a | &
[ng (7] ) % =) ) [a)
OXC3FD reserved
_coic
0xC3FD | ME_RESET_ o 3
_C020 |[MC 0 0 0 0 ojojojo|a|0]|O0 g DFLAON | CFLAON
o
=
5 z
22| 2
21918 SYSCLK
)]
a|jlo| x
S | X
L
OxC3FD |ME_TEST_M z
_C024 |C 0 0 0 0 00|00 o 0|0 | x
o § DFLAON | CFLAON
o
z
0 0 0 0 0|0|0|0]|O0 51z
S 0|2
21918 SYSCLK
)]
a|lo|x
= [ X
L
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Table 37. MC_ME Memory Map (continued)

0 1 2 3 27 5 6 7 8 9 10 11 12 13 14 15
Address Name
16 17 18 19 20 | 21 | 22 | 23|24 | 25| 26 27 28 29 30 31
OXC3FD | ME_SAFE_M Z
_C028 |C 0| 0|0 |0|0|0[O0O|O|g|O|O|& |DFLAON | CFLAON
o =
o
5 b
81z 2
2918 SYSCLK
]
a |0 | &
=S | X
L.
0XC3FD |ME_DRUN_M o 4
_coz2cC |C o|lo|o|lo|o|lo|o|lo|a|o|Oo]|g&
o Z | DFLAON | CFLAON
Z Z
o|lo|o|lo|o|loflo|o|0|8]3]|8
4o | SYSCLK
]
o O
S | X
LL
OXC3FD | ME_RUNO...3 o Z
_C030 |_MC olo|lo|o|o|o|o|o|&|0]|O]| &
o Z | DFLAON | CFLAON
0xC3FD
_Co3C
pd =2
o|lo|o|lo|o|loflo|o|0|8]3]|8
Ao | x SYSCLK
)]
T |0
s | X
L.
OXC3FD | ME_HALTO_ o 4
_C040 |MC o|lo|o|lo|o|o|o|lo|al|o|o]|g&
o Z | DFLAON | CFLAON
Z
ojofojojojofolo|0|Z|,
S 0|z
2218 SYSCLK
)]
a|o| X
= | X
LL
OxC3FD reserved
_C044
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Table 37. MC_ME Memory Map (continued)

o | 1| 2| 3 |27|5|6|7|8]|9|10]| 112 | 12|13 | 14 | 15
Address Name
16 | 17 | 18 | 19 |20 |21 |22 |23 |24 |25 |26 | 27 | 28 | 29 | 30 | 31
OXC3FD | ME_STOPO_ 2
_C048 |MC ROOOOOOOOOOOQ:
e > DFLAON | CFLAON
a =
W
z| 2
R000000000088 SYSCLK
o | x
W
OxC3FD
_Co4C
reserved
OxC3FD
_Co05C
O0xC3FD | ME_PSO0 §
_C060 o El e
$|%|% Bk 3
R > 99 o 9 &
oo |ln <o T
D| n
%)
W
N g2
ala | a
R n|ln | u
Dl Dl D|
n|ln|un
W
Ox((:lggf ME_PS1 8 % %
@)
— a4 & x d d
R w! o S, S
O | ” 5|3
) [ [
n n
W
< |2 o
= | = ] 3
[a) [a) = a
R I I =
9|8 5 <
N ] o
n n
W
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Table 37. MC_ME Memory Map (continued)

o | 1| 2| 3 |27|5|6|7|8]|9|10]| 112 | 12|13 | 14 | 15
Address Name
16 | 17 | 18 | 19 |20 |21 |22 |23 |24 |25 |26 | 27 | 28 | 29 | 30 | 31
OxC3FD | ME_PS2 E
_C068 R i
&
n
W
R
W
OXC3FD |ME_PS3 R
_Co6C
W
o
=
R O|
%)
W
OxC3FD reserved
_Co070
0xC3FD
_Co74
reserved
OxC3FD
_co7C
OxC3FD [ME_RUN_PC |R| O 0 0 0 o(o0ojo|l0O0Oj]0O0O|0O]O 0 0 0 0 0
C080 |(0...7
- W
OxC3FD E
_Co09C R ol 0| O] O |O|O|O|O|lwm|lan|d|o | Z |w |+ |o
2 zlz| 2 ) L n w
i I e I B T e o < w o
r ||| o a n [=
W
OxC3FD [ME_LP_PCO |R| O 0 0 0 ofojo|l0O0Oj0O0O|0O]O 0 0 0 0 0
COAO |...7
- W
OxC3FD Rlo|o|o|o|oflg|ofle|oflojolOo|O0O|0O]|O]oO
_CoBC o 3
w 5 T
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Table 37. MC_ME Memory Map (continued)

Mode Entry Module (MC_ME)

Address

0

[y

2

3

5 6 7

8

©

10

11 12

13 14 15

Name

16

=
~

18

19

21 | 22

23

24

N
(6]

26

27 28

29 30 31

OXC3FD
_C0CO
OXC3FD
_C14C

ME_PCTLO...

0

1431

LP_CFG

RUN_CFG

0

LP_CFG

RUN_CFG

S| x|l s =™

DBG_F | DBG_F

LP_CFG

RUN_CFG

DBG_F |DBG_F

LP_CFG

RUN_CFG

OXC3FD
_C150
OXC3FD
_FFFC

I

eserved

1 Thereis space in the register map for 144 peripherals. Please refer to Table 36 for the ME_PCTLn locations
actually occupied. The unoccupied locations contain a read-only byte value of 0x00.

6.3.2

Register Description

Unless otherwise noted, all registers may be accessed as 32-bit words, 16-bit half-words, or 8-bit bytes.
The bytesare ordered according to big endian. For example, the ME_RUN_PCO register may be accessed
asaword at address OxC3FD_C080, as a half-word at address 0xC3FD_C082, or as a byte at address

OxC3FD_C083.
Some fields may be read-only, and their reset value of ‘1’ or ‘0" and the corresponding behavior cannot be

changed.

6.3.2.1

Global Status Register (ME_GS)

Address OxC3FD_C000

Access: User read, Supervisor read, Test read

0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
R n
2 Q x
S_.CURRENT MODE | € | 1 | o | 0o | & | 0 | 0 | S | SDFLA | S_CFLA
El 0 0
n
wl [ ]
Reset O 0 0 0 1 1 0 0 0 0 0 1 1 1 1 1
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R o| O
- %) &)
T Q| & S_SYSCLK
L|_I (f)l n
%)
w ]
Reset O 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0

Figure 35. Global Status Register (ME_GS)
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This register contains global mode status.

Table 38. Global Status Register (ME_GS) Field Descriptions

Field Description

S_CURREN | Current chip mode status
T_MODE |0000 RESET
0001 TEST
0010 SAFE
0011 DRUN
0100 RUNO
0101 RUN1
0110 RUN2
0111 RUNS3
1000 HALTO
1001 reserved
1010 STOPO
1011 reserved
1100 reserved
1101 reserved
1110 reserved
1111 reserved

S_MTRANS | Mode transition status
0 Mode transition process is not active
1 Mode transition is ongoing

S _PDO Output power-down status — This bit specifies output power-down status of 1/0s. This bit is asserted

whenever outputs of pads are forced to high impedance state or the pads power sequence driver is

switched off.

0 No automatic safe gating of I/0Os used and pads power sequence driver is enabled

1 In SAFE/TEST modes, outputs of pads are forced to high impedance state and the pads power
sequence driver is disabled. The inputs are level unchanged. In STOPO mode, only the pad power
sequence driver is disabled, but the state of the output remains functional.

S_MVR Main voltage regulator status
0 Main voltage regulator is not ready
1 Main voltage regulator is ready for use

S_DFLA | Data flash availability status

00 Data flash is not available

01 Data flash is in power-down mode

10 Data flash is not available

11 Data flash is in normal mode and available for use

S_CFLA | Code flash availability status

00 Code flash is not available

01 Code flash is in power-down mode

10 Code flash is in low-power mode

11 Code flash is in normal mode and available for use

S FMPLL_O |system PLL status
0 system PLL is not stable
1 system PLL is providing a stable clock

S XOSC |external oscillator status
0 external oscillator is not stable
1 external oscillator is providing a stable clock
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Table 38. Global Status Register (ME_GS) Field Descriptions (continued)

Field Description

S IRC internal RC oscillator status
0 internal RC oscillator is not stable
1 internal RC oscillator is providing a stable clock

S_SYSCLK | System clock switch status — These bits specify the system clock currently used by the system.
0000 IRC

0001 reserved

0010 XOSC

0011 reserved

0100 FMPLL_OPCS

0101 reserved

0110 reserved

0111 reserved

1000 reserved

1001 reserved

1010 reserved

1011 reserved

1100 reserved

1101 reserved

1110 reserved

1111 system clock is disabled

6.3.2.2 Mode Control Register (ME_MCTL)

Address OxC3FD_C004 Access: User read, Supervisor read/write, Test read/write
0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
R 0 0 0 0 0 0 0 0 0 0 0 0
W TARGET_MODE

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

Reset 1 0 1 ©0]0 1 o 1]/0 o0 o0 o011 1 1 1
Figure 36. Mode Control Register (ME_MCTL)
Thisregister isused to trigger software-controlled mode changes. Depending on the modes as enabled by

ME_ME register bits, configurations corresponding to unavailable modes are reserved and accessto
ME_<mode>_MC registers must respect this for successful mode requests.

NOTE

Byte and half-word write accesses are not allowed for thisregister as a
predefined key is required to changeits value.
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Table 39. Mode Control Register (ME_MCTL) Field Descriptions

Field

Description

TARGET_M
ODE

Target chip mode — These bits provide the target chip mode to be entered by software

programming. The mechanism to enter into any mode by software requires the write operation twice:

first time with key, and second time with inverted key. These bits are automatically updated by

hardware while entering SAFE on hardware request. Also, while exiting from the HALTO and STOPO

modes on hardware exit events, these are updated with the appropriate RUNO...3 mode value.

0000 RESET (triggers a ‘functional’ reset event)

0001 TEST

0010 SAFE

0011 DRUN

0100 RUNO

0101 RUN1

0110 RUN2

0111 RUNS3

1000 HALTO

1001 reserved

1010 STOPO

1011 reserved

1100 reserved

1101 disabled

1110 reserved

1111 disabled

Note: 1101 and 1111 modes are permanently disabled. Setting these modes will set S_DMA bit in
ME_IMTS register.

KEY

Control key — These bits enable write access to this register. Any write access to the register
with a value different from the keys is ignored. Read access will always return inverted key.
KEY:0101101011110000 (0x5AFO0)
INVERTED KEY:1010010100001111 (OxA50F)

6.3.2.3 Mode Enable Register (ME_ME)

Address OxC3FD_C008 Access: User read, Supervisor read/write, Test read/write
0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
Rl O 0 0 0 0 0 0 0 0 0 0 0 0
W
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
O
R Z
)
o o Z 1] I'|'|
0 0 0 0 | & 0 E e g 2|5 |z |% |5 |G
o Z |5 |5 |5 |2 |a|&d |wl|a
] T o o o (== I[.JI:J
W
Reset 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 01

Figure 37. Mode Enable Register (ME_ME)
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Mode Entry Module (MC_ME)

Thisregister allows away to disable the chip modes which are not required for agiven chip. RESET,
SAFE, DRUN, and RUNO modes are always enabled.

Table 40. Mode Enable Register (ME_ME) Field Descriptions

Field Description
STOPO STOPO mode enable

0 STOPO mode is disabled

1 STOPO mode is enabled
HALTO HALTO mode enable

0 HALTO mode is disabled

1 HALTO mode is enabled
RUN3 RUN3 mode enable

0 RUN3 mode is disabled

1 RUN3 mode is enabled
RUN2 RUN2 mode enable

0 RUN2 mode is disabled

1 RUN2 mode is enabled
RUN1 RUN1 mode enable

0 RUN1 mode is disabled

1 RUNI1 mode is enabled
RUNO RUNO mode enable

1 RUNO mode is enabled
DRUN DRUN mode enable

1 DRUN mode is enabled
SAFE SAFE mode enable

1 SAFE mode is enabled
TEST TEST mode enable

0 TEST mode is disabled

1 TEST mode is enabled

RESET_FUN | ‘functional’ RESET mode enable
C 1 ‘functional’ RESET mode is enabled
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6.3.2.4 Interrupt Status Register (ME_IS)

Address OxC3FD_CO00C Access: User read, Supervisor read/write, Test read/write
0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
Rl O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
W

o
o
o
o
o

Reset 0 0 0 0 0 0 0 0 0 0 0

16 17 18 19 20 21 22 23 24 25 26

N
~
N
[ee]
N
©
w
o
w
iy

R 3
w
u! % 8 m o
0 0 0 0 0 0 0 0 0 0 0 % 3] = % zl
_
W wlc | wlc | wilc | wic | wic

o
o
o
o
o

Reset O 0 0 0 0 0 0 0 0 0 0
Figure 38. Interrupt Status Register (ME_IS)

Thisregister provides the current interrupt status.
Table 41. Interrupt Status Register (ME_IS) Field Descriptions

Field Description

|_ICONF_CU | Invalid mode configuration interrupt (Clock Usage) — This bit is set during a mode transition if a
clock which is required to be on by an enabled peripheral is configured to be turned off. It is cleared
by writing a ‘1’ to this bit.

0 No invalid mode configuration (clock usage) interrupt occurred

1 Invalid mode configuration (clock usage) interrupt is pending

I_ICONF |Invalid mode configuration interrupt — This bit is set whenever a write operation to
ME_<mode>_MC registers with invalid mode configuration is attempted. It is cleared by writing a ‘1’
to this bit.

0 No invalid mode configuration interrupt occurred

1 Invalid mode configuration interrupt is pending

I_IMODE |Invalid mode interrupt — This bit is set whenever an invalid mode transition is requested. It is
cleared by writing a ‘1’ to this bit.

0 No invalid mode interrupt occurred

1 Invalid mode interrupt is pending

|_SAFE SAFE mode interrupt — This bit is set whenever the chip enters SAFE mode on hardware requests
generated in the system. It is cleared by writing a ‘1’ to this bit.

0 No SAFE mode interrupt occurred

1 SAFE mode interrupt is pending

I_MTC Mode transition complete interrupt — This bit is set whenever the mode transition process
completes (S_MTRANS transits from 1 to 0). It is cleared by writing a ‘1’ to this bit. This mode
transition interrupt bit will not be set while entering low-power modes HALTO, or STOPO.

0 No mode transition complete interrupt occurred

1 Mode transition complete interrupt is pending
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6.3.2.5 Interrupt Mask Register (ME_IM)
Address OxC3FD_C010 Access: User read, Supervisor read/write, Test read/write
0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
Rl O 0 0 0 0 0 0 0 0 0 0 0
W
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Rl O 0 0 0 0 0 0 0 0 0 0 2
w Dlg s w0
LL LL
@] (@) =
g |¢C | = ﬁ, =
I
21s|s|= |2
=
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 39. Interrupt Mask Register (ME_IM)

This register controls whether an event generates an interrupt or not.
Table 42. Interrupt Mask Register (ME_IM) Field Descriptions

Field Description
M_ICONF_C | Invalid mode configuration (clock usage) interrupt mask
U 0 Invalid mode interrupt is masked
1 Invalid mode interrupt is enabled
M_ICONF | Invalid mode configuration interrupt mask
0 Invalid mode interrupt is masked
1 Invalid mode interrupt is enabled
M_IMODE | Invalid mode interrupt mask
0 Invalid mode interrupt is masked
1 Invalid mode interrupt is enabled
M_SAFE | SAFE mode interrupt mask
0 SAFE mode interrupt is masked
1 SAFE mode interrupt is enabled
M_MTC Mode transition complete interrupt mask
0 Mode transition complete interrupt is masked
1 Mode transition complete interrupt is enabled
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6.3.2.6 Invalid Mode Transition Status Register (ME_IMTS)

Address OxC3FD_C014 Access: User read, Supervisor read/write, Test read/write
0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
Rl O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R Elz | £]% S
o ofo|o|o|ofloflo]o]o]|o]|5]|3 Z | 2 '(JnJl
0 l U)l 0
W wlc | wlc | wlc | wilc | wlc

Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 40. Invalid Mode Transition Status Register (ME_IMTS)

This register provides the status bits for the possible causes of an invalid mode interrupt.
Table 43. Invalid Mode Transition Status Register (ME_IMTS) Field Descriptions

Field Description

S_MTI Mode Transition lllegal status — This bit is set whenever a new mode is requested while some
other mode transition process is active (S_MTRANS is ‘1’). Please refer to Section 6.4.5, “Mode
Transition Interrupts” for the exceptions to this behavior. It is cleared by writing a ‘1’ to this bit.

0 Mode transition requested is not illegal

1 Mode transition requested is illegal

S_MRI Mode Request lllegal status — This bit is set whenever the target mode requested is not a valid
mode with respect to current mode. It is cleared by writing a ‘1’ to this bit.

0 Target mode requested is not illegal with respect to current mode

1 Target mode requested is illegal with respect to current mode

S DMA Disabled Mode Access status — This bit is set whenever the target mode requested is one of those
disabled modes determined by ME_ME register. It is cleared by writing a ‘1’ to this bit.

0 Target mode requested is not a disabled mode

1 Target mode requested is a disabled mode

S _NMA Non-existing Mode Access status — This bit is set whenever the target mode requested is one of
those non existing modes determined by ME_MCTL register. It is cleared by writing a ‘1’ to this bit.
0 Target mode requested is an existing mode

1 Target mode requested is a non-existing mode

S SEA SAFE Event Active status — This bit is set whenever the chip is in SAFE mode, SAFE event bit is
pending and a new mode requested other than RESET/SAFE modes. It is cleared by writing a ‘1’ to
this bit.

0 No new mode requested other than RESET/SAFE while SAFE event is pending

1 New mode requested other than RESET/SAFE while SAFE event is pending
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6.3.2.7 Debug Mode Transition Status Register (ME_DMTS)

Address OxC3FD_C018 Access: User read, Supervisor read/write, Test read/write
0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
O]
R o o | @
) 04 o x
PREVIOUS_MODE oo | oo |9 oo || 4]0 o0]|=
T @) x 0
a b= @)
= o O
we [ [ |
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R ™ N T} ™
U (_) N —
K ol 2o o = I R I !
S22 21212 S1a| a3
) T T I I
o |9 |9 el S |a | > e | oo T |2 |2 |&
19 9 | X0 | < | < | ¥ | ¥ | K
I I x %) < S o o
QL= 1812z |5 N a | Y !
g | & 1o |8 |0 |y 2 | 8|5 |3
> O O 8 O O O
W
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 41. Debug Mode Transition Status Register (ME_DMTS)

Thisregister provides the status of different factors which influence mode transitions. It is used to give an

indication of why amode transition indicated by ME_GS.S_MTRANS may be taking longer than
expected.
NOTE

The ME_DMTS register does not indicate whether a mode transition is
ongoing. Therefore, some ME_DMTS bits may till be asserted after the
mode transition has completed.
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Table 44. Debug Mode Transition Status Register (ME_DMTS) Field Descriptions

Field

Description

PREVIOUS_
MODE

Previous chip mode — These bits show the mode in which the chip was prior to the latest change
to the current mode.
0000 RESET
0001 TEST

0010 SAFE

0011 DRUN

0100 RUNO

0101 RUN1

0110 RUN2

0111 RUNS3

1000 HALTO
1001 reserved
1010 STOPO

1011 reserved
1100 reserved
1101 reserved
1110 reserved
1111 reserved

MPH_BUSY

MC_ME/MC_PCU Handshake Busy indicator — This bit is set if the MC_ME has requested a mode
change from the MC_PCU and the MC_PCU has not yet responded. It is cleared when the MC_PCU
has responded.

0 Handshake is not busy

1 Handshake is busy

PMC_PROG

MC_PCU Mode Change in Progress indicator — This bit is set if the MC_PCU is in the process of
powering up or down power domains. It is cleared when all power-up/down processes have
completed.

0 Power-up/down transition is not in progress

1 Power-up/down transition is in progress

CORE_DBG

Processor is in Debug mode indicator — This bit is set while the processor is in debug mode.
0 The processor is not in debug mode
1 The processor is in debug mode

SMR

SAFE mode request from MC_RGM is active indicator — This bit is set if a hardware SAFE mode
request has been triggered. It is cleared when the hardware SAFE mode request has been cleared.
0 A SAFE mode request is not active

1 A SAFE mode request is active

VREG_CSR
C_sc

Main VREG dependent Clock Source State Change during mode transition indicator — This bit is set
when a clock source which depends on the main voltage regulator to be powered-up is requested to
change its power up/down state. It is cleared when the clock source has completed its state change.
0 No state change is taking place

1 A state change is taking place

CSRC_CSR
C_Ssc

(Other) Clock Source dependent Clock Source State Change during mode transition indicator — This
bit is set when a clock source which depends on another clock source to be powered-up is requested
to change its power up/down state. It is cleared when the clock source has completed its state
change.

0 No state change is taking place

1 A state change is taking place
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Table 44. Debug Mode Transition Status Register (ME_DMTS) Field Descriptions (continued)

Field Description
IRC_SC IRC State Change during mode transition indicator — This bit is set when the internal RC oscillator
is requested to change its power up/down state. It is cleared when the internal RC oscillator has
completed its state change.
0 No state change is taking place
1 A state change is taking place
SYSCLK_S | System Clock Switching pending status —
W 0 No system clock source switching is pending
1 A system clock source switching is pending
DFLASH_SC | DFLASH State Change during mode transition indicator — This bit is set when the DFLASH is
requested to change its power up/down state. It is cleared when the DFLASH has completed its state
change.
0 No state change is taking place
1 A state change is taking place
CFLASH_SC | CFLASH State Change during mode transition indicator — This bit is set when the CFLASH is
requested to change its power up/down state. It is cleared when the DFLASH has completed its state
change.
0 No state change is taking place
1 A state change is taking place
CDP_PRPH | Clock Disable Process Pending status for Peripherals 0...1431 — This bit is set when any peripheral
_0.143 has been requested to have its clock disabled. It is cleared when all the peripherals which have been
requested to have their clocks disabled have entered the state in which their clocks may be disabled.
0 No peripheral clock disabling is pending
1 Clock disabling is pending for at least one peripheral
CDP_PRPH | Clock Disable Process Pending status for Peripherals 96...127'— This bit is set when any peripheral
_96_127 |appearing in ME_PS3 has been requested to have its clock disabled. It is cleared when all these
peripherals which have been requested to have their clocks disabled have entered the state in which
their clocks may be disabled.
0 No peripheral clock disabling is pending
1 Clock disabling is pending for at least one peripheral
CDP_PRPH | Clock Disable Process Pending status for Peripherals 64...951 — This bit is set when any peripheral
_64 95 appearing in ME_PS2 has been requested to have its clock disabled. It is cleared when all these
peripherals which have been requested to have their clocks disabled have entered the state in which
their clocks may be disabled.
0 No peripheral clock disabling is pending
1 Clock disabling is pending for at least one peripheral
CDP_PRPH | Clock Disable Process Pending status for Peripherals 32...631 — This bit is set when any peripheral
_32 63 appearing in ME_PS1 has been requested to have its clock disabled. It is cleared when all these
peripherals which have been requested to have their clocks disabled have entered the state in which
their clocks may be disabled.
0 No peripheral clock disabling is pending
1 Clock disabling is pending for at least one peripheral
CDP_PRPH | Clock Disable Process Pending status for Peripherals 0...311 — This bit is set when any peripheral
031 appearing in ME_PSO0 has been requested to have its clock disabled. It is cleared when all these

peripherals which have been requested to have their clocks disabled have entered the state in which
their clocks may be disabled.

0 No peripheral clock disabling is pending

1 Clock disabling is pending for at least one peripheral
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1 Peripheral n corresponds to the ME_PCTLn register. Please refer to Table 36 for the ME_PCTLn locations actually
occupied, which in turn indicates which peripherals are reported in the ME_DMTS register.

6.3.2.8 RESET Mode Configuration Register (ME_RESET_MC)

Address OXxC3FD_C020 Access: User read, Supervisor read/write, Test read/write
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R zZ
0 0 0 0 0 0 0 0 |PDO| O 0 2 DFLAON CFLAON
=
w

o
o
[
=
[
[
=

Reset O 0 0 0 0 0 0 0 0

28 29 30 31

N
o1
N
o
N
~

16 17 18 19 20 21 22 23 24

pd
R @) pd
c>I 8 %
- 3 O SYSCLK
o @] x
= <
i
w [

Reset O 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0
Figure 42. RESET Mode Configuration Register (ME_RESET_MC)

Thisregister configures system behavior during RESET mode. Please refer to Table 45 for details.

6.3.2.9 TEST Mode Configuration Register (ME_TEST_MC)

Address OxC3FD_C024 Access: User read, Supervisor read/write, Test read/write
0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
R 5
0 0 0 0 0 0 0 0 0 0 x
PDO § DFLAON CFLAON
w

28 29 30 31

N
a
N
o
N
~

16 17 18 19 20 21 22 23 24

R O 0 0 0 0 0 0 0 0 Z
@) b

w O| o] %
— O O SYSCLK
— (70}
o @] o
> X
i

Reset 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0

Figure 43. TEST Mode Configuration Register (ME_TEST_MC)

Thisregister configures system behavior during TEST mode. Please refer to Table 45 for details.

NOTE
Byte write accesses are not allowed to this register.
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6.3.2.10 SAFE Mode Configuration Register (ME_SAFE_MC)
Address 0xC3FD_C028 Access: User read, Supervisor read/write, Test read/write
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R 5
0 0 0 0 0 0 0 0 0 0 o DFLAON CFLAON
PDO >
=
w
Reset 0 0 0 0 0 0 0 0 1 0 0 1 1 1 1 1
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R b
(@) zZ
S, o) Z
41918 SYSCLK
o O @
= <
L
w | |
Reset 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0

Figure 44. SAFE Mode Configuration Register (ME_SAFE_MC)

Thisregister configures system behavior during SAFE mode. Please refer to Table 45 for details.

NOTE
Byte write accesses are not allowed to this register.

6.3.2.11 DRUN Mode Configuration Register (ME_DRUN_MC)
Address OxC3FD_C02C Access: User read, Supervisor read/write, Test read/write
0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
R 5
0 0 0 0 0 0 0 0 |[PDO| O 0 x
§ DFLAON CFLAON
w
Reset 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R zZ Z
olo|o|lo|o|o]o|o|o]|8|3]|S8
J o |k SYSCLK
g |
w S $
LL
Reset O 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0

Figure 45. DRUN Mode Configuration Register (ME_DRUN_MC)
This register configures system behavior during DRUN mode. Please refer to Table 45 for details.

NOTE
Byte write accesses are not allowed to this register.
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6.3.2.12 RUNO0..3 Mode Configuration Register (ME_RUNO..3_MC)

Address OxC3FD_C030 - 0xC3FD_C03C Access: User read, Supervisor read/write, Test read/write
0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
R 5
0 0 0 0 0 0 0 0 |PDO| O 0 o
§ DFLAON CFLAON
W

o
o
[
[
[
[
[

Reset 0 0 0 0 0 0 0 0 0

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R z z
olo|o|lo|o|o]o|o|o]|8]|3]S8
4] o | SYSCLK
z | &
W L9
L
Reset 0 O O OO0 O O O |0 O O 1|0 ©0 o0 o0

Figure 46. RUNO...3 Mode Configuration Registers (ME_RUNO...3_MC)

This register configures system behavior during RUNO...3 modes. Please refer to Table 45 for details.

NOTE
Byte write accesses are not allowed to this register.

6.3.2.13 HALTO Mode Configuration Register (ME_HALTO_MC)

Address OxC3FD_C040 Access: User read, Supervisor read/write, Test read/write
0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
R 5
0 0 0 0 0 0 0 0 |PDO| O 0 x
§ DFLAON CFLAON
W

o
o
[
=
[
[
=

Reset O 0 0 0 0 0 0 0 0

28 29 30 31

N
o1
N
o
N
~

16 17 18 19 20 21 22 23 24

Rk o|o0o|O0O|O0O]|]O0O]O0O|O]O]|O]|Z
o | z

w S |10 |3
-4 1 3 | o SYSCLK
-
o @] x
S | X
LL

Rest 0 0o 0 O 0O 0 O O 0 O O 1|0 O O0 O

Figure 47. HALTO Mode Configuration Register (ME_HALTO_MC)

This register configures system behavior during HALTO mode. Please refer to Table 45 for details.

NOTE
Byte write accesses are not allowed to this register.
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6.3.2.14 STOPO Mode Configuration Register (ME_STOPO_MC)

Address OxC3FD_C048 Access: User read, Supervisor read/write, Test read/write
0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
b
R @)
0 0 0 0 0 0 0 0 0 0 o
PDO § DFLAON CFLAON
W

=
o
-
o
=

Reset 0 0 0 0 0 0 0 0 0 0 0

N
o1
N
o
IN
<

16 17 18 19 20 21 22 23 24 28 29 30 31

R —
5 | z
<) O %

o|ofo oo |00 |o0]|O0]| 4|8 ]|o0 SYSCLK

g | O | &
s X
LL

w

Reset 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0

Figure 48. STOPO Mode Configuration Register (ME_STOPO_MC)
1 Invalid mode configuration interrupt (I_ICONF) is generated if software tries to set this bit.

This register configures system behavior during STOPO mode. Please refer to Table 45 for details.

NOTE
Byte write accesses are not allowed to thisregister.

Table 45. Mode Configuration Registers (ME_<mode> MC) Field Descriptions

Field Description

PDO I/O output power-down control — This bit controls the output power-down of 1/Os.

0 No automatic safe gating of 1/0Os used and pads power sequence driver is enabled

1 In SAFE/TEST modes, outputs of pads are forced to high impedance state and pads power
sequence driver is disabled. The inputs are level unchanged. In STOPO mode, only the pad power
sequence driver is disabled, but the state of the output remains functional.

MVRON Main voltage regulator control — This bit specifies whether main voltage regulator is switched off or
not while entering this mode.
1 Main voltage regulator is switched on

DFLAON | Data flash power-down control — This bit specifies the operating mode of the data flash after entering
this mode.

00 reserved

01 reserved

10 reserved

11 Data flash is in normal mode

Note: Data flash should be kept in Normal mode in Stop and Halt mode.
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Table 45. Mode Configuration Registers (ME_<mode>_MC) Field Descriptions (continued)

Field Description

CFLAON | Code flash power-down control — This bit specifies the operating mode of the code flash after
entering this mode.

00 reserved

01 reserved

10 reserved

11 Code flash is in normal mode

Note: Code flash should be kept in Normal mode in Stop and Halt mode.

FMPLL_OON | System PLL control
0 system PLL is switched off
1 system PLL is switched on

XOSCON | external oscillator control
0 external oscillator is switched off
1 external oscillator is switched on

IRCON internal RC oscillator control
0 internal RC oscillator is switched off
1 internal RC oscillator is switched on

SYSCLK | System clock switch control — These bits specify the system clock to be used by the system.
0000 IRC

0001 reserved

0010 XOSC

0011 reserved

0100 FMPLL_ O PCS

0101 reserved

0110 reserved

0111 reserved

1000 reserved

1001 reserved

1010 reserved

1011 reserved

1100 reserved

1101 reserved

1110 reserved

1111 system clock is disabled in TEST mode, reserved in all other modes
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6.3.2.15 Peripheral Status Register 0 (ME_PSO0)

Address OxC3FD_C060 Access: User read, Supervisor read, Test read

0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15

x

R D
= S
S| & | = = <
o < < S < o
> 199 < | 2 &
1) ) n S n T,
DI wn
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o
o
o

Reset 0 0 0 0 0 0 0 0

16 17 18 19 20 21 22 23 24 28 29 30 31

N
(6]
N
~

S_DSPI1|®

S_DSPI2

S_DSPIO

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 49. Peripheral Status Register 0 (ME_PSO0)

Thisregister provides the status of the peripherals. Please refer to Table 46 for details.

6.3.2.16 Peripheral Status Register 1 (ME_PS1)

Address OxC3FD_C064 Access: User read, Supervisor read, Test read
0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
R — o
O < X
F | e O i
[ N 6 T o
w [ | z z
O | o » S| 3
n [ [
n n
W
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R < < o
= | = o 3
[a) [a) £ a
N o %
n 0
AW
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 50. Peripheral Status Register 1 (ME_PS1)

Thisregister provides the status of the peripherals. Please refer to Table 46 for details.
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6.3.2.17 Peripheral Status Register 2 (ME_PS2)

Address OxC3FD_C068

Access: User read, Supervisor read, Test read

0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
R E
=,
=
e,
n
W
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R
W
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 51. Peripheral Status Register 2 (ME_PS2)

This register provides the status of the peripherals. Please refer to Table 46 for details.

6.3.2.18 Peripheral Status Register 3 (ME_PS3)

Address OXxC3FD_C06C

Access: User read, Supervisor read, Test read

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R
w
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R o
2
=
UI
)
w
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 52. Peripheral Status Register 3 (ME_PS3)

This register provides the status of the peripherals. Please refer to Table 46 for details.

Table 46. Peripheral Status Registers (ME_PSn) Field Descriptions

Field

Description

S_<periph> | Peripheral status — These bits specify the current status of each peripheral which is controlled by the
MC_ME.

0 Peripheral is frozen
1 Peripheral is active
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6.3.2.19 Run Peripheral Configuration Registers (ME_RUN_PCO...7)

Address OxC3FD_C080 - 0xC3FD_C09C Access: User read, Supervisor read/write, Test read/write
0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
Rl O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
W
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R i
0 0 0 0 0 0 0 0 2 % E‘ % % LI_II_J 5 m
) ) ) D o < L o
14 o (4 4 ) %) [
W
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 53. Run Peripheral Configuration Registers (ME_RUN_PCO...7)

These registers configure eight different types of periphera behavior during run modes.
Table 47. Run Peripheral Configuration Registers (ME_RUN_PCO...7) Field Descriptions

Field Description

RUN3 Peripheral control during RUN3
0 Peripheral is frozen with clock gated
1 Peripheral is active

RUN2 Peripheral control during RUN2
0 Peripheral is frozen with clock gated
1 Peripheral is active

RUN1 Peripheral control during RUN1
0 Peripheral is frozen with clock gated
1 Peripheral is active

RUNO Peripheral control during RUNO
0 Peripheral is frozen with clock gated
1 Peripheral is active

DRUN Peripheral control during DRUN
0 Peripheral is frozen with clock gated
1 Peripheral is active

SAFE Peripheral control during SAFE
0 Peripheral is frozen with clock gated
1 Peripheral is active

TEST Peripheral control during TEST
0 Peripheral is frozen with clock gated
1 Peripheral is active

RESET Peripheral control during RESET
0 Peripheral is frozen with clock gated
1 Peripheral is active
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6.3.2.20 Low-Power Peripheral Configuration Registers (ME_LP_PCO0...7)
Address OXC3FD_CO0AO - 0xC3FD_CO0BC Access: User read, Supervisor read/write, Test read/write
0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
R| O 0 0 0 0 0 0 0 0 0 0
w
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
VF\{/ 0 0 0 0 0 g 0 E 0 0 0 0 0 0 0 0
& S
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 54. Low-Power Peripheral Configuration Registers (ME_LP_PCO0...7)

These registers configure eight different types of peripheral behavior during non-run modes.
Table 48. Low-Power Peripheral Configuration Registers (ME_LP_PCO...7) Field Descriptions

Field Description

STOPO Peripheral control during STOPO
0 Peripheral is frozen with clock gated
1 Peripheral is active

HALTO Peripheral control during HALTO
0 Peripheral is frozen with clock gated
1 Peripheral is active

6.3.2.21 Peripheral Control Registers (ME_PCTLn)

Address OxC3FD_CO0CO - 0xC3FD_C14F Access: User read, Supervisor read/write, Test read/write

0

1

2

3

|

4

5

6

7

R 0
W DBG_F LP_CFG RUN_CFG
Reset 0 0 0 0 0 0 0 0

Figure 55. Peripheral Control Registers (ME_PCTLn)

These registers select the configurations during run and non-run modesfor each peripheral. Pleaserefer to
Table 36 for information on which ME_PCTLn locations are actually occupied. The unoccupied locations
contain aread-only byte value of 0x00.
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Table 49. Peripheral Control Registers (ME_PCTLn) Field Descriptions

Field Description

DBG_F Peripheral control in debug mode — This bit controls the state of the peripheral in debug mode
0 Peripheral state depends on RUN_CFG/LP_CFG bits and the chip mode
1 Peripheral is frozen if not already frozen in chip modes.

NOTE

Thisfeature is useful to freeze the peripheral state
while entering debug. For example, thismay be used
to prevent areference timer from running while
making a debug accesses.

LP_CFG | Peripheral configuration select for non-run modes — These bits associate a configuration as defined
in the ME_LP_PCQO...7 registers to the peripheral.

000 Selects ME_LP_PCO configuration

001 Selects ME_LP_PC1 configuration

010 Selects ME_LP_PC2 configuration

011 Selects ME_LP_PC3 configuration

100 Selects ME_LP_PC4 configuration

101 Selects ME_LP_PCS5 configuration

110 Selects ME_LP_PC6 configuration

111 Selects ME_LP_PC7 configuration

RUN_CFG | Peripheral configuration select for run modes — These bits associate a configuration as defined in
the ME_RUN_PCO...7 registers to the peripheral.

000 Selects ME_RUN_PCO configuration

001 Selects ME_RUN_PC1 configuration

010 Selects ME_RUN_PC2 configuration

011 Selects ME_RUN_PC3 configuration

100 Selects ME_RUN_PC4 configuration

101 Selects ME_RUN_PCS5 configuration

110 Selects ME_RUN_PC6 configuration

111 Selects ME_RUN_PC7 configuration

NOTE
After modifying any of the ME_RUN_PCO...7, ME_LP_PCO...7, and
ME_PCTLn registers, software must request a mode change and wait for
the mode change to be compl eted before entering debug mode in order to
have consistent behavior between the peripheral clock control process and
the clock status reporting in the ME_PSn registers.

6.4  Functional Description

6.4.1 Mode Transition Request

The transition from one mode to another mode is normally handled by software by accessing the mode
control register ME_MCTL. But in case of specia events, the mode transition can be automatically
managed by hardware. In order to switch from one mode to another, the application should access the
ME_MCTL register twice by writing
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» thefirsttimewiththevaueof thekey (OX5AFO) intothe KEY bit field and the required target mode
into the TARGET_MODE bit field,

» and the second time with the inverted value of the key (OxA50F) into the KEY bit field and the
required target mode into the TARGET_MODE hit field.

Onceavalid mode transition request is detected, the target mode configuration information isloaded from
the corresponding ME_<mode>_MC register.The mode transition request may require a number of
cycles depending on the programmed configuration, and software should check the

S _CURRENT_MODE bit field and the S_ MTRANS bhit of the global status register ME_GS to verify
when the mode has been correctly entered and the transition process has completed. For a description of
valid mode requests, please refer to Section 6.4.5, “Mode Transition Interrupts’.

Any modification of the mode configuration register of the currently selected mode will not be taken into
account immediately but on the next request to enter this mode. This means that transition requests such
asRUNO...3 - RUNO...3, DRUN — DRUN, SAFE — SAFE, and TEST — TEST are considered
valid mode transition requests. As soon as the mode request is accepted asvalid, theS_ MTRANS bit is
set till the status in the ME_GS register matches the configuration programmed in the respective
ME_<mode>_MC register.

NOTE

It isrecommended that software poll the S_MTRANS bit in the ME_GS
register after requesting a transition to HALTO or STOPO modes.
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SYSTEM MODES  ecoverable USER MODES
hardware failure |  _ _ _ _ _ _

software
request

non-recoverable
failure

Figure 56. MC_ME Mode Diagram

6.4.2 Modes Details

6.4.2.1 RESET MODE

The chip enters this mode on the following events:

e from SAFE, DRUN, RUNO...3, or TEST mode when the TARGET _MODE bit field of the
ME_MCTL register iswritten with “0000” for a‘functional’ reset

» fromany mode dueto asystem reset by theMC_RGM because of some non-recoverable hardware
failure in the system (see the MC_RGM chapter for details)

Transition to this mode is instantaneous, and the system remainsin this mode until the reset sequenceis
finished. The mode configuration information for thismodeisprovided by the ME_ RESET _MC register.
This mode has a pre-defined configuration, and the IRC is selected as the system clock.

6.4.2.2 DRUN Mode

The chip enters this mode on the following events:
» automatically from RESET mode after completion of the reset sequence
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e fromRUNO...3, SAFE, or TEST mode whenthe TARGET_MODE bit field of the ME_MCTL
register is written with “0011”

Assoon asany of the above events has occurred, aDRUN mode transition request is generated. The mode
configuration information for this mode is provided by the ME_DRUN_MC register. In this mode, the
flashes, al clock sources, and the system clock configuration can be controlled by software as required.
After system reset, the software execution starts with the default configuration selecting the IRC as the
system clock.

This mode is intended to be used by software
» toinitidize al registers as per the system needs

NOTE

Software must ensure that the code executesfrom RAM before changing to
this mode if the flashes are configured to be in the low-power or
power-down state in this mode.

6.4.2.3 SAFE Mode

The chip enters this mode on the following events:

» from DRUN, RUNO...3 when the TARGET_MODE bit field of the ME_MCTL register is
written with “0010”

» fromany mode except RESET dueto a SAFE mode request generated by the MC_RGM because
of some potentially recoverable hardware failure in the system (seethe MC_RGM chapter for
details)

NOTE

If ahardware SAFE mode request occursduring RESET, depending on the
timing of the SAFE mode request, SAFE mode may be entered
immediately after the normal completion of the reset sequence or severd
system clock cycles after DRUN entry. The SAFE mode request does not
have any influence on the execution of the reset sequence itself.

Assoon as any of the above events has occurred, a SAFE mode transition request is generated. The mode
configuration information for this mode is provided by the ME_SAFE_MC register. This mode has a
pre-defined configuration, and the IRC is selected as the system clock.

If the SAFE modeis requested by software while some other mode transition process is ongoing, the new
target mode becomes the SAFE mode regardless of other pending requests or new requests during the
mode transition. Any new mode request made during atransition to the SAFE mode will cause an invalid

mode interrupt.
NOTE

If software requests to change to the SAFE mode and then requests to
change back to the parent mode before the mode transition is completed, the
chip’s final mode after mode transition will be the SAFE mode.
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Aslong asaSAFE event isactive, the system remainsin the SAFE mode, and any software mode request
during thistimeisignored and lost.
This mode is intended to be used by software
» to assessthe severity of the cause of failure and then to either
— re-initialize the chip viathe DRUN mode, or
— completely reset the chip viathe RESET mode.

If the outputs of the system 1/Os need to be forced to a high impedance state upon entering this mode, the
PDO bit of the ME_SAFE_MC register should be set. The input levels remain unchanged.

6.4.2.4 Test Mode

The chip enters this mode on the following event:
e fromthe DRUN mode when the TARGET_MODE hit field of the ME_MCTL register iswritten
with “0001”

As soon as the above event has occurred, a TEST mode transition request is generated. The mode
configuration information for this mode is provided by the ME_TEST_MC register. Except for the main
voltage regulator, all resources of the system are configurable in thismode. The system clock to the whole
system can be stopped by programming the SYSCLK bit field to “1111”, and in this case, the only way to
exit this mode is viaachip reset.

This mode is intended to be used by software

* to execute software test routines

NOTE

Software must ensure that the code executes from RAM before changing to
this mode if the flashes are configured to be in the low-power or
power-down state in this mode.

6.4.2.5 RUNO..3 Modes

The chip enters one of these modes on the following events:

» fromthe DRUN, SAFE, or another RUNO...3 mode when the TARGET_MODE bit field of the
ME_MCTL register iswritten with “0100...0111”

o fromthe HALTO mode due to an off-platform interrupt event
» fromthe STOPO mode due to an interrupt or wakeup event

As soon as any of the above events has occurred, a RUNO...3 mode transition request is generated. The
mode configuration information for thesemodesisprovided by theME_RUNO...3_MC registers. Inthese
modes, the flashes, all clock sources, and the system clock configuration can be controlled by software as
required.
These modes are intended to be used by software

» to execute application routines
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NOTE

Software must ensure that the code executesfrom RAM before changing to
thismode if the flashes are configured to be in the low-power or
power-down state in this mode.

6.4.2.6 HALTO Mode

The chip enters this mode on the following event:
» fromoneof the RUNO...3 modeswhenthe TARGET _MODE bhit field of the ME_MCTL register
iswritten with “1000”.

As soon as the above event has occurred, a HALTO mode transition request is generated. The mode
configuration information for this mode is provided by ME_HALTO_MC register. Thismode is quite
configurable, and the ME_HALTO_MC register should be programmed according to the system needs.
The flashes can be put in low-power or power-down mode as needed. If thereisaHALTO mode request
while an interrupt request is active, the transition to HALTO is aborted with the resultant mode being the
current mode, SAFE (on SAFE mode request), or DRUN (on reset), and an invalid mode interrupt is not
generated.

This mode isintended as afirst-level low-power mode with
» thecoreclock frozen
» only afew peripherals running

and to be used by software

» towaituntil itisrequired to do something and then to react quickly (i.e., within afew system clock
cycles of an interrupt event)

NOTE

It is good practice for software to ensure that the S MTRANS bit in the
ME_GS register has been cleared on HALTO mode exit to ensure that the
previous RUNO...3 mode configuratoin has been fully restored before
executing critical code.

6.4.2.7 STOPO Mode

The chip enters this mode on the following event:
o fromoneof theRUNO...3 modeswhenthe TARGET_MODE bit field of the ME_MCTL register
iswritten with “1010”.

As soon as the above event has occurred, a STOPO mode transition request is generated. The mode
configuration information for thismodeis provided by the ME_STOPO_MC register. Thismodeisfully
configurable, and the ME_STOPO_MC register should be programmed according to the system needs.

The flashes can be put in power-down mode as needed. If thereisa STOPO mode request while any
interrupt or wakeup event is active, the transition to STOPO is aborted with the resultant mode being the
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current mode, SAFE (on SAFE mode request), or DRUN (on reset), and an invalid mode interrupt is not
generated.

This can be used as an advanced |ow-power mode with the core clock frozen and amost al peripherals
stopped.

This mode is intended as an advanced low-power mode with
» thecoreclock frozen
» amost al peripherals stopped

and to be used by software

e towait until it isrequired to do something with no need to react quickly (e.g., allow for system
clock source to be re-started)

Thismode can be used to stop all clock sourcesand thus preserve the chip status. When exiting the STOPO
mode, the internal RC oscillator clock is selected as the system clock until the target clock is available.

NOTE

It is good practice for software to ensure that the S_ MTRANS bit in the
ME_GS register has been cleared on STOPO mode exit to ensure that the
previous RUNO...3 mode configuratoin has been fully restored before
executing critical code.

6.4.3 Mode Transition Process

The process of mode transition follows the following steps in a pre-defined manner depending on the
current chip mode and the requested target mode. In many cases of mode transition, not all steps need to
be executed based on the mode control information, and some steps may not be applicable according to
the mode definition itself.

6.4.3.1 Target Mode Request

The target mode is requested by accessing the ME_MCTL register with the required keys. This mode
transition request by software must be a valid request satisfying a set of pre-defined rulesto initiate the
process. If the request failsto satisfy these rules, it isignored, and the TARGET _MODE bit field is not
updated. An optional interrupt can be generated for invalid mode requests. Refer to Section 6.4.5, “Mode
Transition Interrupts” for details.

In the case of mode transitions occurring because of hardware events such as areset, a SAFE mode
reguest, or interrupt requests and wakeup eventsto exit from low-power modes, the TARGET_MODE bit
field of the ME_MCTL register is automatically updated with the appropriate target mode. The mode
change process start isindicated by the setting of the mode transition statusbit S MTRANS of the
ME_GS register.

A RESET mode requested viathe ME_MCTL register is passed to the MC_RGM, which generates a
global system reset and initiates the reset sequence. The RESET mode request has the highest priority,
and the MC_ME iskept in the RESET mode during the entire reset sequence.
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The SAFE mode request hasthe next highest priority after reset. It can be generated either by softwarevia
the ME_MCTL register from all software running modes including DRUN, RUNO...3, and TEST or by
the MC_RGM after the detection of system hardware failures, which may occur in any mode.

6.4.3.2 Target Mode Configuration Loading

On completion of the Target Mode Request step, the target mode configuration from the
ME_<target mode>_MC register isloaded to start the resources (voltage sources, clock sources,
flashes, pads, etc.) control process.

An overview of resource control possibilities for each modeisshownin. A ‘v’ indicates that a given
resource is configurable for a given mode.

Table 50. MC_ME Resource Control Overview

Resourc Mode
€ RESET TEST SAFE DRUN RUNO...3 HALTO STOPO
IRC V v ol
on on on on on on on
XOSC v v v v v
off off off off on off off
FMPLL_O V ol V v
off off off off on off off
CFLASH N N N N N
normal normal normal normal normal normal normal
DFLASH N N N N N
normal normal normal normal normal normal normal
MVREG v ol
on on on on on on on

6.4.3.3 Peripheral Clocks Disable

On completion of the Target Mode Request step, the MC_ME requests each peripheral to enter its stop
mode when:

» the peripheral is configured to be disabled via the target mode, the peripheral configuration
registers ME_RUN_PCO0...7 and ME_LP_PCO0...7, and the peripheral control registers
ME_PCTLn_
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NOTE

TheMC_ME automatically requests peripheralsto enter their stop modesif
the power domains in which they are residing are to be turned off dueto a
mode change. However, it is good practice for software to ensure that those
peripherals that are to be powered down are configured inthe MC_ME to
be frozen.

Each peripheral acknowledges its stop mode request after closing itsinternal activity. The MC_ME then
disables the corresponding clock(s) to this peripheral.

In the case of a SAFE mode transition request, the MC_ME does not wait for the peripheralsto
acknowledge the stop requests. The SAFE mode clock gating configuration is applied immediately
regardless of the status of the peripherals’ stop acknowledges.

Please refer to Section 6.4.6, “Peripheral Clock Gating” for more details.

Each peripheral that may block or disrupt acommunication busto which it is connected ensuresthat these
outputs are forced to a safe or recessive state when the chip enters the SAFE mode.

6.4.3.4 Processor Low-Power Mode Entry

If, on completion of the Peripheral Clocks Disable step, the mode transition isto the HALTO mode, the
MC_ME requests the processor to enter its halted state. The processor acknowledgesits halt state request
after completing all outstanding bus transactions.

If, on completion of the Peripheral Clocks Disable step, the mode transition isto the STOPO mode, the
MC_ME requeststhe processor to enter its stopped state. The processor acknowledgesits stop state request
after completing all outstanding bus transactions.

6.4.3.5 Processor and System Memory Clock Disable

If, on completion of the Processor Low-Power Mode Entry step, the mode transition isto the HALTO or
STOPO mode and the processor isin its appropriate halted or stopped state, the MC_ME disables the
processor and system memory clocks to achieve further power saving.

The clocks to the processor and system memory are unaffected while transitioning between software
running modes such as DRUN, RUNO...3, and SAFE.

WARNING

Clocks to the whole chip including the processor and system memory can
be disabled in TEST mode.

6.4.3.6 Clock Sources Switch-On

On completion of the Processor Low-Power Mode Entry step, the MC_ME switches on all clock sources
based on the <clock source>ON bits of the ME_<current mode>_MC and
ME_<target mode>_MC registers. The following clock sources are switched on at this step:

* theinternal RC oscillator
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» theexterna oscillator

* thesystemPLL
The clock sources that are required by the target mode are switched on. The duration required for the
output clocksto be stable depends on the type of source, and all further steps of mode transition depending

on one or more of these clocks waits for the stable status of the respective clocks. The availability status
of these clocksisupdated inthe S_<clock source> bitsof ME_GS register.

The clock sources which need to be switched off are unaffected during this processin order to not disturb
the system clock which might require one of these clocks before switching to a different target clock.

6.4.3.7 Flash Modules Switch-On

On completion of the step, if one or more of the flashes needs to be switched to normal mode from its
low-power or power-down mode based on the CFLAON and DFLAON bhit fields of the
ME_<current mode>_MC and ME_<target mode>_MC registers, the MC_ME requeststhe flash to
exit from its low-power/power-down mode. When the flashes are available for access, the S CFLA and
S_DFLA bhit fields of the ME_GS register are updated to “11” by hardware.

WARNING

Itisillegal to switch the CFLASH from low-power mode to power-down
mode and from power-down mode to low-power mode. The MC_ME,
however, does not prevent this nor doesit flag it.

6.4.3.8 Pad Outputs-On

On completion of the step, if the PDO bit of the ME_<target mode>_MC register is cleared, then
« al pad outputs are enabled to return to their previous state
» thel/O pads power sequence driver is switched on

6.4.3.9 Peripheral Clocks Enable

Based on the current and target chip modes, the peripheral configuration registers ME_RUN_PCO...7,
ME_LP_PCO...7, and the peripheral control registers ME_PCTLn, the MC_ME enables the clocks for
selected modules as required. This step is executed only after the processis completed.

6.4.3.10 Processor and Memory Clock Enable

If the mode transition is from any of the low-power modes HALTO or STOPO to RUNO...3, the clocks
to the processor and system memory are enabled. The process of enabling these clocks is executed only
after the Flash Modules Switch-On process is compl eted.

6.4.3.11 Processor Low-Power Mode Exit

If the mode transition isfrom any of the low-power modes HALTO orSTOPO to RUNO...3,theMC_ME
requests the processor to exit fromits halted or stopped state. Thisstep isexecuted only after the Processor
and Memory Clock Enable process is completed.
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6.4.3.12 System Clock Switching

Based on the SYSCLK bit field of the ME_<current mode>_MC and ME_<target mode>_MC
registers, if thetarget and current system clock configurations differ, the following method isimplemented
for clock switching.

» Thetarget clock configuration for the IRC takes effect only after the S _IRC bit of the ME_GS
register is set by hardware (i.e., theinternal RC oscillator has stabilized).

» Thetarget clock configuration for the X OSC takes effect only after the S_XOSC hit of the
ME_GS register is set by hardware (i.e., the external oscillator has stabilized).

» Thetarget clock configuration for the FMPLL_0 PCS takes effect only after theS_FMPLL_0 bit
of the ME_GS register is set by hardware (i.e., the system PLL has stabilized).

» If theclock isto be disabled, the SYSCLK bit field should be programmed with “1111". Thisis
possible only in theTEST mode.

The current system clock configuration can be observed by reading the S_ SYSCLK bit field of the
ME_GS register, which is updated after every system clock switching. Until the target clock is available,
the system uses the previous clock configuration.

System clock switching starts only after

» theClock Sources Switch-On process has completed if the target system clock source isone of the
following:

— theinternal RC oscillator
— the system PLL

» the Peripheral Clocks Disable process has completed in order not to change the system clock
frequency before peripherals close their internal activities

An overview of system clock source selection possibilities for each modeis shownin Table 51. A ‘v’
indicates that a given clock source is selectable for a given mode.

Table 51. MC_ME System Clock Selection Overview

System Mode
Clock
Source RESET TEST SAFE DRUN RUNO...3 HALTO STOPO
IRC v N v v N v v
(default) (default) (default) (default) (default) (default) (default)
XOSC v v v v v
FMPLL_O d \ \ V
PCS
system Vi
clock is
disabled

1 disabling the system clock during TEST mode will require a reset in order to exit TEST mode
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6.4.3.13 Pad Switch-Off

If the PDO bit of the ME_<target mode>_MC registeris‘1’ then
» theoutputs of the pads are forced to the high impedance state if the target modeis SAFE or TEST

This step is executed only after the Peripheral Clocks Disable process has compl eted.

6.4.3.14 Clock Sources (with no Dependencies) Switch-Off

Based on the chip mode and the <clock source>ON bitsof the ME_<mode>_ MC registers, if agiven
clock sourceisto be switched off and no other clock source needs it to be on, the MC_ME requests the
clock source to power down and updates its availability statusbit S_<clock source> of the ME_GS
register to ‘0’. The following clock sources switched off at this step:

* thesystemPLL
This step is executed only after the System Clock Switching process has compl eted.

6.4.3.15 Clock Sources (with Dependencies) Switch-Off

Based on the chip mode and the <clock source>ON bitsof the ME_<mode>_MC registers, if agiven
clock sourceisto be switched off and all clock sources which need this clock source to be on have been

switched off, the MC_ME requests the clock source to power down and updates its availability status bit
S _<clock source> of the ME_GS register to ‘0'. Thefollowing clock sources switched off at this step:

» theexternal oscillator

This step is executed only after
» the System Clock Switching process has completed in order not to lose the current system clock
during mode transition

» the Clock Sources (with no Dependencies) Switch-Off process has completed in order to, for
example, prevent unwanted lock transitions

6.4.3.16 Flash Switch-Off

Based on the CFLAON and DFLAON bit fields of the ME_<current mode>_MC and

ME_<target mode>_MC registers, if any of the flashesisto be put in itslow-power or power-down
mode, the MC_ME requests the flash to enter the corresponding power mode and waits for the flash to
acknowledge. The exact power mode status of the flashesisupdated intheS_ CFLA and S_DFLA bit
fields of the ME_GS register. This step is executed only when the Processor and System Memory Clock
Disable process has compl eted.

6.4.3.17 Current Mode Update

Thecurrent mode statushit fieldS_ CURRENT_MODE of the ME_GS register isupdated with thetarget
mode bit field TARGET_MODE of the ME_MCTL register when :

» all the updated status bitsin the ME_GS register match the configuration specified in the
ME_<target mode>_MC register
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e power sequences are done
» clock disable/enable process is finished
» processor low-power mode (halt/stop) entry and exit processes are finished

NOTE

SAFE mode entry does not wait for the clock disable/enable process to
finish. It only waits for the ME_GS.S_RC bit to be set. Thisisto ensure
that the SAFE mode is entered as quickly as possible.

Software can monitor the mode transition status by reading the S_ MTRANS bit of the ME_GS register.
The mode transition latency can differ from one mode to another depending on the resources’ availability
before the new mode request and the target mode’s requirements.

If amode transition is taking longer to complete than is expected, the ME_DMTS register can indicate
which processis till in progress.
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Figure 57. MC_ME Transition Diagram
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6.4.4 Protection of Mode Configuration Registers

While programming the mode configuration registers ME_<mode>_MC, the following rules must be
respected. Otherwise, the write operation isignored and an invalid mode configuration interrupt may be
generated.

* If theRC isselected as the system clock, IRC must be on.

* |If the XOSC clock is selected as the system clock, OSC must be on.

* Ifthe FMPLL_O PCS clock is selected as the system clock, PLL must be on.
e If FMPLL_Oison, XOSC must also be on.

NOTE
Software must ensure that clock sourceswith dependencies other than those
mentioned above are switched on as needed. There is no automatic
protection mechanism to check thisin the MC_ME.
» Configuration “00” for the CFLAON bit field is reserved.
» Configuration “00” for the DFLAON bit field is reserved.
* Configuration “10” for the DFLAON bit field is reserved.
» Configuration"11" for the DFLAON bit field with "01" or "10" for the CFLAON bit field is
reserved.
» System clock configurations marked as ‘reserved’ may not be selected.

» Configuration “1111” for the SYSCLK bit field is allowed only for theTEST mode, and only in
this case may all system clock sources be turned off.

WARNING

If the system clock is stopped during TEST mode, the chip can exit only via
asystem reset.

6.4.5 Mode Transition Interrupts

The MC_ME providesinterrupts for incorrectly configuring a mode, requesting an invalid mode
transition, indicating a SAFE mode transition not due to a software request, and indicating when a mode
transition has completed.

6.4.5.1 Invalid Mode Configuration Interrupt

Whenever awrite operation is attempted to the ME_<mode>_MC registersviolating the protection rules
mentioned in the Section 6.4.4, “ Protection of Mode Configuration Registers’, the interrupt pending bit
|_ICONF of the ME_IS register is set and an interrupt request is generated if the mask bit M_ICONF of
the ME_IM registeris‘1’.

In addition, during a mode transition, if a clock source has been configured in the
ME_<target mode>_MC register to be off and aperipheral requiring this clock sourceto be on has been
enabled viathe ME_RUN_PCO0...7/ME_LP_PCO0...7 and ME_PCTLn registers, the interrupt pending
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bit | ICONF_CU of the ME_IS register is set and an iterrupt request is generated if the mask bit
M_ICONF_CU of the ME_IM registeris‘1’.

6.4.5.2 Invalid Mode Transition Interrupt

The mode transition request is considered invalid under the following conditions:

If the system isin the SAFE mode and the SAFE mode request from MC_RGM is active, and if
thetarget moderequested isother than RESET or SAFE, then thisnew moderequest isconsidered
to beinvalid, and the S_SEA bit of the ME_IMTS register is set.

If the TARGET_MODE bit field of the ME_MCTL register iswritten with avalue different from
the specified modevalues (i.e., anon-existing mode), an invalid modetransition event isgenerated.
When such anon existing modeisrequested, theS_NMA bit of the ME_IMTS register isset. This
condition is detected regardless of whether the proper key mechanism is followed while writing
the ME_MCTL register.

If some of the chip modes are disabled as programmed in the ME_ME register, their respective
configurations are considered reserved, and any accessto the ME_MCTL register with those
values results in an invalid mode transition request. When such a disabled mode is requested, the
S_DMA bit of the ME_IMTS register is set. This condition is detected regardless of whether the
proper key mechanism is followed while writing the ME_MCTL register.

If the target mode is not a valid mode with respect to the current mode, the mode request illegal
statusbit S_MRI of the ME_IMTS register is set. This condition is detected only when the proper
key mechanism isfollowed while writing the ME_MCTL register. Otherwise, the write operation
isignored.

If further new mode requests occur while amode transitionisin progress (theS_ MTRANS bit of
the ME_GS registeris‘1’), themodetransitionillegal statusbit S_MTI of the ME_IMTS register
is set. This condition is detected only when the proper key mechanism is followed while writing
the ME_MCTL register. Otherwise, the write operation isignored.

NOTE

Asthe causes of invalid mode transitions may overlap at the same time, the
priority implemented for invalid mode transition status bits of the
ME_IMTS register intheorder from highest tolowestisS_SEA,S _NMA,
S_DMA,S _MRI,and S_MTI.

As an exception, the mode transition request is not considered as invalid under the following conditions:

A new request is allowed to enter the RESET or SAFE mode irrespective of the mode transition
status.

Astheexit of HALTO and STOPO modes depends on the interrupts of the system which can occur
at any instant, these requests to return to RUNO...3 modes are always valid.

In order to avoid any unwanted lockup of the chip modes, software can abort a mode transition by
requesting the parent mode if, for example, the mode transition has not completed after a software
determined ‘reasonable’ amount of time for whatever reason. The parent mode is the chip mode
before a valid mode request was made.
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» Self-transition requests (e.g., RUNO — RUNO) are not considered as invalid even when the mode
transition processisactive (i.e., S_MTRANS is‘1’). During the low-power mode exit process, if
the system is not able to enter the respective RUNO...3 mode properly (i.e., al status bits of the
ME_GS register match with configuration bitsin the ME_<mode>_MC register), then software
can only request the SAFE or RESET mode. It isnot possible to request any other mode or to go
back to the low-power mode again.

Whenever an invalid mode request is detected, the interrupt pending bit |_IMODE of the ME_IS register
is set, and an interrupt request is generated if the mask bit M_IMODE of the ME_IM register is*1’.

6.4.5.3 SAFE Mode Transition Interrupt

Whenever the system entersthe SAFE mode asaresult of a SAFE mode request fromthe MC_RGM due
to ahardware failure, the interrupt pending bit |_SAFE of the ME_IS register is set, and an interrupt is
generated if the mask bit M_SAFE of ME_IM registeris‘1’ .

The SAFE mode interrupt pending bit can be cleared only when the SAFE mode request is deasserted by
theMC_RGM (seetheMC_RGM chapter for detailson how to clear aSAFE moderequest). If the system
isaready in SAFE mode, any new SAFE mode request by the MC_RGM also setsthe interrupt pending
bit |_SAFE. However, the SAFE mode interrupt pending bit is not set when the SAFE mode is entered
by a software request (i.e., programming of ME_MCTL register).

6.4.5.4 Mode Transition Complete interrupt

Whenever the system fully completes a mode transition (i.e., the S_ MTRANS bit of ME_GS register
transitsfrom ‘1’ to *0’), the interrupt pending bit |_MTC of the ME_IS register is set, and an interrupt
request is generated if the mask bit M_MTC of the ME_IM register is‘1’. Theinterrupt bit |_MTC isnot
set when entering low-power modes HALTO and STOPO in order to avoid the same event requesting the
immediate exit of these low-power modes.

6.4.6 Peripheral Clock Gating

During all chip modes, each peripheral can be associated with a particular clock gating policy determined
by two groups of peripheral configuration registers.

The run peripheral configuration registers ME_RUN_PCQO...7 are chosen only during the software
running modes DRUN, TEST, SAFE, and RUNO...3. All configurations are programmable by software
according to the needs of the application. Each configuration register contains a mode bit which
determineswhether or not aperipheral clock isto be gated. Run configuration selection for each peripheral
isdone by the RUN_CFG bit field of the ME_PCTLnN registers.

The low-power peripheral configuration registers ME_LP_PCO...7 are chosen only during the
low-power modes HALTO and STOPO. All configurations are programmable by software according to
the needs of the application. Each configuration register contains amode bit which determines whether or
not a peripheral clock isto be gated. L ow-power configuration selection for each peripheral isdone by the
LP_CFG hit field of the ME_PCTLn registers.
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Any modificationsto the ME_RUN_PCO...7, ME_LP_PCO...7, and ME_PCTLn registers do not
affect the clock gating behavior until a new mode transition request is generated.
Whenever the processor enters a debug session during any mode, the following occursfor each peripheral:

* Theclock isgated if the DBG_F bit of the associated ME_PCTLnN register is set. Otherwise, the
peripheral clock gating status depends on the RUN_CFG and LP_CFG bhits. Any further
modifications of the ME_RUN_PCO0...7, ME_LP_PCO...7,and ME_PCTLn registersduring a
debug session will take affect immediately without requiring any new mode request.

6.4.7 Application Example

Figure 58 shows an example application flow for requesting a mode change and then waiting until the
mode transition has completed.
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< START of mode change )

config
for target mode
okay?

write ME_<target mode>_MC,
ME_RUN_PCO...7, ME_LP_PCO0...7,
and ME_PCTLn registers

write ME_MCTL with target mode
and key

v

write ME_MCTL with target mode
and inverted key

¢<

start timer

S_MTRANS
cleared?

timer

expired?
stop timer
( mode change DONE ) write ME_MCTL with current or

SAFE mode and key

v

write ME_MCTL with current or
SAFE mode and inverted key

Figure 58. MC_ME Application Example Flow Diagram
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Chapter 7
Reset Generation Module (MC_RGM)

7.1 Introduction

7.1.1 Overview

The reset generation module (MC_RGM ) centralizes the different reset sources and manages the reset
sequence of the chip. It providesaregister interface and the reset sequencer. Variousregistersare available
to monitor and control the chip reset sequence. The reset sequencer is a state machine which controls the
different phases (PHASEO, PHASE1, PHASE2, PHASES, and IDLE) of the reset sequence and
controls the reset signals generated in the system.

Figure 59 shows the MC_RGM block diagram.
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MC_RGM
power-on — g
1.2V low-voltage detected < P MC_ME
software watchdog timer
2.7V low-voltage detected Registers
(VREG)

Register Interface »| MC_CGM
¢ | Peripherals
oL

— > =y
0 n
L O
o
Reset
RESET B [———— State
o Machine
JTAG initiated reset §—P core
core reset
software reset T 3
checkstop reset oir
FMPLL O fail [ P °B
oscillator frequency lower than T s
reference
FMPLL_O clock frequency high-
er/lower than reference
code or data flash fatal error
FAB, ABS[1:0] [X— Boot Mode >
Capture SSCM

Figure 59. MC_RGM Block Diagram

7.1.2 Features

The MC_RGM contains the functionality for the following features:
* ‘destructive’ resets management
» ‘functional’ resets management
» signaling of reset events after each reset sequence (reset status flags)
» conversion of reset eventsto SAFE mode or interrupt request events
» ghort reset sequence configuration
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» bidirectiona reset behavior configuration
* boot mode capture on RESET_B deassertion

7.1.3 Reset Sources

The different reset sources are organized into two families: ‘ destructive’ and ‘functional’.

* A ‘destructive’ reset source is associated with an event related to a critical - usually hardware -
error or dysfunction. When a‘ destructive' reset event occurs, the full reset sequenceis applied to
the chip starting from PHASEO. This resets the full chip ensuring a safe start-up state for both
digital and analog modules, and the memory content must be considered to be unknown.
‘Destructive’ resets are

— power-on reset

— 1.2V low-voltage detected

— software watchdog timer

— 2.7V low-voltage detected (VREG)

* A ‘functional’ reset source is associated with an event related to aless-critical - usually
non-hardware - error or dysfunction. When a ‘functional’ reset event occurs, a partial reset
sequenceis applied to the chip starting from PHASEL. In this case, most digital modules are reset
normally, while the state of analog modules or specific digital modules (e.g., debug modules, flash
modules) is preserved. ‘ Functional’ resets are

— external reset

— JTAG initiated reset

— corereset

— software reset

— checkstop reset

— FMPLL_Ofail

— oscillator frequency lower than reference

— FMPLL_O clock frequency higher/lower than reference
— code or data flash fatal error

When areset istriggered, the MC_RGM state machine is activated and proceeds through the different
phases (i.e., PHASEN states). Each phase is associated with a particular chip reset being provided to the
system. A phase is completed when all corresponding phase completion gates from either the system or
internal tothe MC_RGM are acknowledged. The chip reset associated with the phase isthen released, and
the state machine proceeds to the next phase up to entering the IDLE phase. During this entire process, the
MC_ME state machineis held in RESET mode. Only at the end of the reset sequence, when the IDLE
phase is reached, doesthe MC_ME enter the DRUN mode.

Alternatively, it is possible for software to configure some reset source eventsto be converted from areset
to either a SAFE mode request issued to the MC_ME or to an interrupt issued to the core (see

Section 7.3.1.3, “Functional Event Reset Disable Register (RGM_FERD)” and Section 7.3.1.4,
“Functiona Event Alternate Request Register (RGM_FEAR)” for ‘functional’ resets).
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7.2

External Signal Description

The MC_RGM interfaces to the bidirectional reset pin RESET_B and the boot mode pins FAB,

ABS[1:0].

7.3

Memory Map and Register Definition

Table 52. MC_RGM Register Description

Access
Address Name Description Size Location
User | Supervisor Test

OXC3FE | RGM_FES Functional Event Status half-word | read | read/write! | read/write! | on page 151
_4000

OXC3FE | RGM_DES Destructive Event Status | half-word | read | read/write! |read/write! | on page 152
_4002

OxC3FE |RGM_FERD |Functional Event Reset  |half-word | read | read/write? |read/write? | on page 153
_4004 Disable

OXC3FE | RGM_FEAR | Functional Event Alternate | half-word | read read/write | read/write | on page 155
_4010 Request

OXC3FE | RGM_FESS | Functional Event Short half-word | read read/write | read/write | on page 156
_4018 Sequence

OXC3FE | RGM_FBRE | Functional Bidirectional half-word | read read/write | read/write | on page 157
_401C Reset Enable

1 individual bits cleared on writing ‘1’

2 \write once: ‘0’ = enable, ‘1’ = disable.

NOTE

Any access to unused registers as well as write accesses to read-only
registers will:

* not change register content
» causeatransfer error
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Table 53. MC_RGM Memory Map

Reset Generation Module (MC_RGM)

0 1 2 3 27 5 6 7 8 9 10 | 112 | 12 | 13 | 14 | 15
Address Name
16 | 17 | 18 | 19 | 20 | 212 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30 | 31
OXC3FE | RGM_ E‘ E o
_4000 |FES/ o z L |19 |9 Plrly o
RGM_ x < S |gs 2|2 |0|o |&
DES I i S |2 %99 |7
LLI |_|_I w
wlc wlc wlc |wlc |wlc [wlc [wlc |wlc |wlc
V]
i
N
o > = —
(o) 4 < a)
a ~ 0, >
w 2 L 0!
L
wlc wlc wlc wilc
OXC3FE |RGM_ E' 5 o
4004 |FERD o 5 L 19 |9 Plrly o
t < SIs|2(2(3|9 |5
' s ) § e 9, O |7
a | o a
V]
i
> S 5
0 ~ S
S o 3,
> ° o
D|
0xC3FE
4008
reserved
0xC3FE
_400C
OXC3FE |RGM_ E' 5
4010 |FEAR L (@] o w 0)
S| g |2 < | g
§ § & S
O (@) o Q:I o
rII rII < < <
< <
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
OxC3FE reserved
4014
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Table 53. MC_RGM Memory Map (continued)

o | 1| 2|38 |22z 5 |6 | 7|8 | 9 | 10|10 |12]13]|14]| 15
Address Name
16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30 | 31
OxC3FE |RGM_ il 5
4018 |FESS o %) | 12 |6 & Q
< < ©o |o |2 |k |k o | B
R UJl i g g D_l Q % O hl
2 o 515|815 |2 |99
N A O |o | @
O | n 0 @
n
w
R| O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
w
OxC3FE |RGM il 5 o
= T O
_401C |FBRE o B |-|-| OI o = = w 0)
| LL [ <
5 <| |s|s|Z|g|g|8|k
RIL T =S = il e I T
w w
o W 19 | m 4| @ Y e
w | w W
o | m
w
R| O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
w
OxC3FE
4020
reserved
OxC3FE
_7FFC
7.3.1 Register Descriptions

Unless otherwise noted, all registers may be accessed as 32-bit words, 16-bit half-words, or 8-bit bytes.
The bytes are ordered according to big endian. For example, the RGM_DES[8:15] register bits may be
accessed as aword at address OXC3FE_4000, as a half-word at address OXC3FE_4002, or as a byte at
address OxC3FE_4003.

Some fields may be read-only, and their reset value of ‘1’ or ‘O’ and the corresponding behavior cannot be

changed.
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7.3.1.1 Functional Event Status Register (RGM_FES)

Address OxC3FE_4000 Access: User read, Supervisor read/write, Test read/write
0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
R ol o
T i Ie) o @) — w
x I} = Q
> < Jd|Jd|2|lae|ls|F|
I-IJI i g g D-| % m| O '_’|
L LLI ol (@) w U| L LLI L
L 0! w
W| wilc wlc wlc | wlc | wic | wlc | wic | wlc | wlc
POR © 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 60. Functional Event Status Register (RGM_FES)

Thisregister containsthe status of the last asserted functional reset sources. It can be accessed in read/write
on either supervisor mode or test mode. It can be accessed in read only in user mode. Register bits are
cleared on write ‘1’ if the triggering event has already been cleared at the source.

NOTE

If a‘functional’ reset sourceisconfigured to generate aSAFE mode request
or an interrupt regquest, software needsto clear the event in the source
module at least three system clock cycles before it clears the associated
RGM_FES status bit in order to avoid multiple SAFE mode requests or
interrupts for the same event. In order to avoid having to count cycles, itis
good practice for software to check whether the RGM_FES has been
properly cleared, and if not, clear it again.

Table 54. Functional Event Status Register (RGM_FES) Field Descriptions

Field Description

F_EXR Flag for External Reset

0 No external reset event has occurred since either the last clear or the last destructive reset
assertion

1 An external reset event has occurred

F_FLASH |Flag for code or data flash fatal error

0 No code or data flash fatal error event has occurred since either the last clear or the last destructive
reset assertion

1 A code or data flash fatal error event has occurred

F_CMUO_FH | Flag for FMPLL_O clock frequency higher/lower than reference
L 0 No FMPLL_O clock frequency higher/lower than reference event has occurred since either the last
clear or the last destructive reset assertion
1 A FMPLL_O clock frequency higher/lower than reference event has occurred

F_CMUO_OL | Flag for oscillator frequency lower than reference
R 0 No oscillator frequency lower than reference event has occurred since either the last clear or the
last destructive reset assertion
1 A oscillator frequency lower than reference event has occurred
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Table 54. Functional Event Status Register (RGM_FES) Field Descriptions (continued)

Field Description

F_PLLO Flag for FMPLL_O fail

0 No FMPLL_O fail event has occurred since either the last clear or the last destructive reset
assertion

1 A FMPLL_O fail event has occurred

F_CHKSTO |Flag for checkstop reset
P 0 No checkstop reset event has occurred since either the last clear or the last destructive reset
assertion
1 A checkstop reset event has occurred

F_SOFT |Flag for software reset

0 No software reset event has occurred since either the last clear or the last destructive reset
assertion

1 A software reset event has occurred

F_CORE |Flag for core reset
0 No core reset event has occurred since either the last clear or the last destructive reset assertion
1 A core reset event has occurred

F_JTAG Flag for JTAG initiated reset

0 No JTAG initiated reset event has occurred since either the last clear or the last destructive reset
assertion

1 A JTAG initiated reset event has occurred

7.3.1.2 Destructive Event Status Register (RGM_DES)

Address OXC3FE_4002 Access: User read, Supervisor read/write, Test read/write
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R D
x g = N
@] |\' < a)
a ~ 0, >
LL [a)] TR |
=] L
Lo
W| wlc wlc wlc wlc
POR 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 61. Destructive Event Status Register (RGM_DES)

This register contains the status of the last asserted destructive reset sources. It can be accessed in
read/write on either supervisor mode or test mode. It can be accessed in read only in user mode. Register
bits are cleared on write*1’.
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Table 55. Destructive Event Status Register (RGM_DES) Field Descriptions

Field Description

F_POR Flag for Power-On reset
0 No power-on event has occurred since the last clear
1 A power-on event has occurred

F_LVD27_V |Flag for 2.7V low-voltage detected (VREG)
REG 0 No 2.7V low-voltage detected (VREG) event has occurred since either the last clear or the last
power-on reset assertion

1 A 2.7V low-voltage detected (VREG) event has occurred

F_SWT Flag for software watchdog timer

0 No software watchdog timer event has occurred since either the last clear or the last power-on
reset assertion

1 A software watchdog timer event has occurred

F_LvD12 |Flag for 1.2V low-voltage detected

0 No 1.2V low-voltage detected event has occurred since either the last clear or the last power-on
reset assertion

1 A 1.2V low-voltage detected event has occurred

NOTE

The F_POR flag isautomatically cleared on a1.2 VV low-voltage detected
or a2.7 V low-voltage detected. This meansthat if the power-up sequence
is not monotonic (i.e., the voltage rises and then drops enough to trigger a
low-voltage detection), the F_POR flag may not be set but instead the

F LVD12 or F_LVD27_VREG flag is set on exiting the reset sequence.
Therefore, if theF_POR, F_LVD12 or F_LVD27_VREG flagsare set on
reset exit, software should interpret the reset cause as power-on.

7.3.1.3 Functional Event Reset Disable Register (RGM_FERD)

Address OxC3FE_4004 Access: User read, Supervisor read/write, Test read/write
0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15

R = e o

T -

x 0 =
> < S S22 ]¢ o | &
Q' ""| = | = I I O B I

o) o' o

w

POR © 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 62. Functional Event Reset Disable Register (RGM_FERD)

Thisregister provides dedicated bits to disable functional reset sources.When afunctional reset sourceis
disabled, the associated functional event will trigger either a SAFE mode request or an interrupt request
(see Section 7.3.1.4, “Functional Event Alternate Request Register (RGM_FEAR)”). It can be accessed in
read/writein either supervisor mode or test mode. It can be accessed in read only in user mode. Each byte
can be written only once after power-on reset.
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WARNING

It isimportant to clear theRGM_FES register before setting any of the bits
inthe RGM_FERD register to ‘1'. Otherwise aredundant SAFE mode
request or interrupt request may occur.

Table 56. Functional Event Reset Disable Register (RGM_FERD) Field Descriptions

Field Description

D_EXR Disable External Reset
0 An external reset event triggers a reset sequence

D _FLASH |Disable code or data flash fatal error
0 A code or data flash fatal error event triggers a reset sequence

D_CMUO_F |Disable FMPLL_O clock frequency higher/lower than reference
HL 0 A FMPLL_O clock frequency higher/lower than reference event triggers a reset sequence
1 A FMPLL_O clock frequency higher/lower than reference event generates either a SAFE mode or
an interrupt request depending on the value of RGM_FEAR.AR_CMUO_FHL

D_CMUO_O |Disable oscillator frequency lower than reference
LR 0 A oscillator frequency lower than reference event triggers a reset sequence
1 A oscillator frequency lower than reference event generates either a SAFE mode or an interrupt
request depending on the value of RGM_FEAR.AR_CMUO_OLR

D PLLO |Disable FMPLL_O fail

0 A FMPLL_O fail event triggers a reset sequence

1 A FMPLL_O fail event generates either a SAFE mode or an interrupt request depending on the
value of RGM_FEAR.AR_PLLO

D_CHKSTO |Disable checkstop reset
P 0 A checkstop reset event triggers a reset sequence

D_SOFT |Disable software reset
0 A software reset event triggers a reset sequence

D _CORE |Disable core reset

0 A core reset event triggers a reset sequence

1 A core reset event generates either a SAFE mode or an interrupt request depending on the value
of RGM_FEAR.AR_CORE

D_JTAG Disable JTAG initiated reset

0 A JTAG initiated reset event triggers a reset sequence

1 A JTAG initiated reset event generates either a SAFE mode or an interrupt request depending on
the value of RGM_FEAR.AR_JTAG
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7.3.1.4 Functional Event Alternate Request Register (RGM_FEAR)

Address OXxC3FE_4010

0

1 2 3 4 5 6 7 8 11 12 13 14 15

Access: User read, Supervisor read/write, Test read/write

R

AR_PLLO
AR_CORE

AR_JTAG

AR_CMUO_OLR|%2

AR_CMUO_FHL |©

POR O

This register defines an alternate request to be generated when areset on afunctiona event has been

o
o

0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 63. Functional Event Alternate Request Register (RGM_FEAR)

disabled. The aternate request can be either a SAFE mode request to MC_ME or an interrupt request to
the system. It can be accessed in read/write in either supervisor mode or test mode. It can be accessed in
read only in user mode.

Table 57. Functional Event Alternate Request Register (RGM_FEAR) Field Descriptions

Field

Description

AR_CMUO_F
HL

Alternate Request for FMPLL_O clock frequency higher/lower than reference

0 Generate a SAFE mode request on a FMPLL_O clock frequency higher/lower than reference event
if the reset is disabled

1 Generate an interrupt request on a FMPLL_O clock frequency higher/lower than reference event

if the reset is disabled

AR_CMUO_
OLR

Alternate Request for oscillator frequency lower than reference

0 Generate a SAFE mode request on a oscillator frequency lower than reference event if the reset
is disabled

1 Generate an interrupt request on a oscillator frequency lower than reference event if the reset is

disabled

AR_PLLO

Alternate Request for FMPLL_O fail
0 Generate a SAFE mode request on a FMPLL_O fail event if the reset is disabled
1 Generate an interrupt request on a FMPLL_O fail event if the reset is disabled

AR_CORE

Alternate Request for core reset
0 Generate a SAFE mode request on a core reset event if the reset is disabled
1 Generate an interrupt request on a core reset event if the reset is disabled

AR_JTAG

Alternate Request for JTAG initiated reset
0 Generate a SAFE mode request on a JTAG initiated reset event if the reset is disabled
1 Generate an interrupt request on a JTAG initiated reset event if the reset is disabled
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7.3.1.5 Functional Event Short Sequence Register (RGM_FESS)

Address OXxC3FE_4018 Access: User read, Supervisor read/write, Test read/write
0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
R T |5
I T ) o o ] 0
[0 %)
x < S P = n o Z
|_u| i =) -] o 0 o) O =)
n | > > (/)l % N | U)l
0 0 © o 7 | %)
%)) | | (@] %) 0 n
a1 3 0 P
o )
W
POR O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 64. Functional Event Short Sequence Register (RGM_FESS)

Thisregister defines which reset sequence will be done when afunctional reset sequenceistriggered. The
functional reset sequence can either start from PHASEL or from PHASE3, skipping PHASE1 and
PHASEZ2.
NOTE
This could be useful for fast reset sequence, for example to skip flash reset.
It can be accessed in read/write in either supervisor mode or test mode. It can be accessed in read in user
mode.
Table 58. Functional Event Short Sequence Register (RGM_FESS) Field Descriptions

Field Description

SS_EXR | Short Sequence for External Reset
0 The reset sequence triggered by an external reset event will start from PHASE1

SS_FLASH |Short Sequence for code or data flash fatal error
0 The reset sequence triggered by a code or data flash fatal error event will start from PHASE1

SS_CMUOQ_F | Short Sequence for FMPLL_O clock frequency higher/lower than reference
HL 0 The reset sequence triggered by a FMPLL_0 clock frequency higher/lower than reference event
will start from PHASE1
1 The reset sequence triggered by a FMPLL_O clock frequency higher/lower than reference event
will start from PHASES, skipping PHASE1 and PHASE?2

SS_CMUOQ_ | Short Sequence for oscillator frequency lower than reference
OLR 0 The reset sequence triggered by a oscillator frequency lower than reference event will start from
PHASE1

1 The reset sequence triggered by a oscillator frequency lower than reference event will start from
PHASES, skipping PHASE1 and PHASE?2

SS PLLO |Short Sequence for FMPLL_O fail

0 The reset sequence triggered by a FMPLL_O fail event will start from PHASE1

1 The reset sequence triggered by a FMPLL_O fail event will start from PHASES3, skipping PHASE1
and PHASE2

SS_CHKST | Short Sequence for checkstop reset
OoP 0 The reset sequence triggered by a checkstop reset event will start from PHASE1
1 The reset sequence triggered by a checkstop reset event will start from PHASE3, skipping
PHASE1 and PHASE2
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Table 58. Functional Event Short Sequence Register (RGM_FESS) Field Descriptions (continued)

Field Description
SS_SOFT |Short Sequence for software reset
0 The reset sequence triggered by a software reset event will start from PHASE1
1 The reset sequence triggered by a software reset event will start from PHASES3, skipping PHASE1
and PHASE?2
SS_CORE |Short Sequence for core reset
0 The reset sequence triggered by a core reset event will start from PHASE1
1 The reset sequence triggered by a core reset event will start from PHASE3, skipping PHASE1 and
PHASE2
SS_JTAG |Short Sequence for JTAG initiated reset
0 The reset sequence triggered by a JTAG initiated reset event will start from PHASE1
1 The reset sequence triggered by a JTAG initiated reset event will start from PHASE3, skipping
PHASE1 and PHASE2
NOTE
Thisregister isreset on any enabled ‘ destructive’ or ‘functional’ reset event.
Functional Bidirectional Reset Enable Register (RGM_FBRE)
Address OXxC3FE_401C Access: User read, Supervisor read/write, Test read/write
0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
R = x o
T -
I T (@) o o = L 0)
x 0 =
S : S s|2|8|g |8 E
LIJI . = = m 5 zl o| EI
oM L o O P | w
0 o o w o0 M o0
o ) /M
W
POR O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 65. Functional Bidirectional Reset Enable Register (RGM_FBRE)

Thisregister enablesthe generation of an external reset on functional reset. It can be accessed in read/write
in either supervisor mode or test mode. It can be accessed in read in user mode.reset

Table 59. Functional Bidirectional Reset Enable Register (RGM_FBRE) Field Descriptions

Field

Description

BE_EXR

Bidirectional Reset Enable for External Reset
0 RESET_B is asserted on an external reset event if the reset is enabled
1 RESET_B is not asserted on an external reset event

BE_FLASH

Bidirectional Reset Enable for code or data flash fatal error
0 RESET_B is asserted on a code or data flash fatal error event if the reset is enabled
1 RESET_Bis not asserted on a code or data flash fatal error event

BE_CMUO_F
HL

Bidirectional Reset Enable for FMPLL_O clock frequency higher/lower than reference

0 RESET_Bis asserted on a FMPLL_O clock frequency higher/lower than reference event if the
reset is enabled

1 RESET_Bis not asserted on a FMPLL_O clock frequency higher/lower than reference event
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Table 59. Functional Bidirectional Reset Enable Register (RGM_FBRE) Field Descriptions (continued)

Field Description
BE_CMUO_ |Bidirectional Reset Enable for oscillator frequency lower than reference
OLR 0 RESET_B is asserted on a oscillator frequency lower than reference event if the reset is enabled
1 RESET_B is not asserted on a oscillator frequency lower than reference event
BE_PLLO |Bidirectional Reset Enable for FMPLL_O fail
0 RESET_B is asserted on a FMPLL_O fail event if the reset is enabled
1 RESET_Bis not asserted on a FMPLL_O fail event
BE_CHKST |Bidirectional Reset Enable for checkstop reset
OoP 0 RESET_B is asserted on a checkstop reset event if the reset is enabled
1 RESET_B is not asserted on a checkstop reset event
BE_SOFT |Bidirectional Reset Enable for software reset
0 RESET_B is asserted on a software reset event if the reset is enabled
1 RESET_B is not asserted on a software reset event
BE_CORE |Bidirectional Reset Enable for core reset
0 RESET_B is asserted on a core reset event if the reset is enabled
1 RESET_Bis not asserted on a core reset event
BE_JTAG |Bidirectional Reset Enable for JTAG initiated reset
0 RESET_B is asserted on a JTAG initiated reset event if the reset is enabled
1 RESET_Bis not asserted on a JTAG initiated reset event

7.4 Functional Description

7.4.1 Reset State Machine

Themain role of MC_RGM isthe generation of the reset sequence which ensures that the correct parts of
the chip are reset based on the reset source event. Thisis summarized in Table 60.

Table 60. MC_RGM Reset Implications

Source What Gets Reset External .Reiet Boot Mode
Assertion Capture
power-on reset all yes yes
‘destructive’ resets all except some clock/reset management yes yes
external reset all except some clock/reset management and programmable2 yes

debug

‘functional’ resets

all except some clock/reset management and
debug

programmable?

programmable®

shortened ‘functional’ resets?®

flip-flops except some clock/reset management

programmable?

programmable3

A W N P
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‘external reset assertion’ means that the RESET_B pin is asserted by the MC_RGM until the end of reset PHASE3
the assertion of the external reset is controlled via the RGM_FBRE register
the boot mode is captured if the external reset is asserted

the short sequence is enabled via the RGM_FESS register
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Reset Generation Module (MC_RGM)

NOTE

JTAG logic hasits own independent reset control and is not controlled by
the MC_RGM in any way.

Thereset sequence is comprised of five phases managed by a state machine, which ensuresthat all phases
are correctly processed through waiting for aminimum duration and until all processes that need to occur
during that phase have been completed before proceeding to the next phase.

The state machine used to produce the reset sequence is shown in Figure 66.
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power-on

or any other

‘destructive’
reset

duration > 3 internal RC oscillator clock cycles
16 MHz IRC stable, VREG voltage okay done

enabled
non-short-
ened exter-
nal or

“functional’ .
duration > 350 internal RC oscillator clock cycles

duration > 8 internal RC oscillator clock cycles
code and data flash initialization done

enabled

shortened duration > 40 internal RC oscillator clock cycles
external or RESET_B released
functional code and data flash initialization done

Figure 66. MC_RGM State Machine

74.1.1 PHASEO Phase

This phase is entered immediately from any phase on a power-on or any other ‘destructive’ reset event.
The reset state machine exits PHASEO and enters PHASE1 on verification of the following:

» all enabled ‘destructive' resets have been processed
» all processes that need to be done in PHASEO are completed
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— 16 MHz IRC stable, VREG voltage okay

« aminimum of 3 internal RC oscillator clock cycles have elapsed since power-up completion and
the last enabled ‘ destructive' reset event

7.4.1.2 PHASEL1 Phase

This phase is entered either on exit from PHASEO or immediately from PHASE2, PHASES, or IDLE
on anon-masked external or ‘functional’ reset event if it has not been configured to trigger a ‘ short’
sequence. The reset state machine exits PHASE1 and enters PHASE?2 on verification of the following:

» all enabled, non-shortened ‘functional’ resets have been processed

« aminimum of 350 internal RC oscillator clock cycles have elapsed since the last enabled external
or non-shortened ‘functional’ reset event

7.4.1.3 PHASE?2 Phase
Thisphaseisentered on exit from PHASEL. Thereset state machine exits PHASE2 and enters PHASE3
on verification of the following:
» all processes that need to be donein PHASE?2 are completed
— code and data flash initialization
» aminimum of 8 internal RC oscillator clock cycles have elapsed since entering PHASE?2

7.4.1.4 PHASES3 Phase

Thisphaseisaentered either on exit from PHASE2 or immediately from IDLE on an enabled, shortened
‘functional’ reset event. The reset state machine exits PHASES and enters IDLE on verification of the
following:

» all processes that need to be done in PHASES are completed
— code and data flash initialization
« aminimum of 40 internal RC oscillator clock cycleshave elapsed since thelast enabled, shortened

‘functional’ reset event
7.4.1.5 IDLE Phase

Thisisthefina phase and is entered on exit from PHASE3. When this phase is reached, the MC_RGM
releases control of the chip to the core and waits for new reset events that can trigger a reset sequence.

7.4.2 Destructive Resets

A ‘destructive’ reset indicates that an event has occurred after which critical register or memory content
can no longer be guaranteed.

The status flag associated with a given ‘destructive’ reset event (RGM_DES.F_<destructive reset>
bit) is set when the ‘ destructive’ reset is asserted and the power-on reset is not asserted. It is possible for
multiple status bits to be set simultaneously, and it is software’s responsibility to determine which reset
source is the most critical for the application.
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The chip’s low-voltage detector threshold ensures that, when 1.2V low-voltage detected, the supply is
sufficient to have the destructive event correctly propagated through the digital logic. Therefore, if agiven
‘destructive’ reset is asserted, the MC_RGM ensures that the associated reset event will be correctly
triggered to the full system. A destructive reset will trigger areset sequence starting from the beginning of
PHASEDO.

7.4.3 External Reset

The MC_RGM manages the external reset coming from RESET_B. The detection of afalling edge on
RESET_B will start the reset sequence from the beginning of PHASEL.

The status flag associated with the external reset falling edge event (RGM_FES.F_EXR hit) is set when
the external reset is asserted and the power-on reset is not asserted.
NOTE
The RGM_FERD register can be written only once between two power-on
reset events.
External reset will trigger areset sequence starting from the beginning of PHASEL.
The MC_RGM may also assert the external reset if the reset sequence was triggered by one of the
following:
* apower-on reset
* a‘destructive’ reset event
* anexterna reset event
» a'‘functional’ reset event configured viathe RGM_FBRE register to assert the external reset

In this case, the external reset is asserted until the end of PHASES.

7.4.4 Functional Resets

A ‘functional’ reset indicates that an event has occurred after which it can be guaranteed that critical
register and memory content is still intact.

The status flag associated with agiven ‘functional’ reset event (RGM_FES.F_<functional reset> hit)
is set when the ‘functional’ reset is asserted and the power-on reset is not asserted. It is possible for
multiple status bits to be set ssmultaneously, and it is software’s responsibility to determine which reset
source is the most critical for the application.

The ‘functional’ reset can be optionally disabled by software writing bit
RGM_FERD.D_<functional reset>.

NOTE

The RGM_FERD register can be written only once between two power-on
reset events.

An enabled ‘functional’ reset will normally trigger areset sequence starting from the beginning of
PHASEL. Nevertheless, the RGM_FESS register enables the further configuring of the reset sequence
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triggered by afunctional reset. When RGM_FESS.SS_<functional reset> is set, the associated
‘functional’ reset will trigger areset sequence starting directly from the beginning of PHASES, skipping
PHASE1 and PHASE2. This can be useful especialy in case afunctional reset should not reset the flash
module.

7.4.5 Alternate Event Generation

The MC_RGM provides alternative events to be generated on reset source assertion. When areset source
is asserted, the MC_RGM normally enters the reset sequence. Alternatively, it is possible for some reset

source events to be converted from areset to either a SAFE mode request issued to the MC_ME or to an
interrupt request issued to the core.

Alternate event selection for agiven reset sourceismadeviatheRGM_FERD and RGM_FEAR registers
as shown in Table 61.

Table 61. MC_RGM Alternate Event Selection

RG.M—FERD RG.M—FEAR Generated Event
Bit Value Bit Value
0 X reset
1 0 SAFE mode request
1 1 interrupt request

The alternate event is cleared by deasserting the source of the request (i.e., at the reset source that caused
the alternate request) and also clearing the appropriate RGM_FES status bit.
NOTE
Alternate requests (SAFE mode aswell asinterrupt requests) are generated
regardless of whether the system clock is running.
NOTE

If amasked ‘functional’ reset event whichisconfigured to generatea SAFE
mode/interrupt request occurs during PHASEL, it isignored, and the
MC_RGM will not send any safe mode/interrupt request to the MC_ME.

7.4.6 Boot Mode Capturing

The MC_RGM samplesFAB, ABS[1:0] whenever RESET_B isasserted until fiveinternal RC oscillator
clock cycles before its deassertion edge. The result of the sampling is used at the beginning of reset
PHASES3 for boot mode selection and is retained after RESET B has been deasserted for subsequent
boots after reset sequences during which RESET_B is not asserted.

NOTE

In order to ensure that the boot mode is correctly captured, the application
needsto apply the valid boot mode value the entire time that RESET B is
asserted.
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NOTE

RESET_B can be asserted as a consequence of the internal reset
generation. Thiswill force re-sampling of the boot mode pins. (See Table 60
for details.)
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Chapter 8
Power Control Unit (MC_PCU)

8.1 Introduction
8.1.1 Overview

The power control unit (MC_PCU) acts as a bridge for mapping the PMU peripheral to the MC_PCU
address space.

Figure 67 depicts the MC_PCU block diagram.

MPC5604E Reference Manual Rev. 5

Freescale Semiconductor 8-165



Power Control Unit (MC_PCU)

MC_PCU

Registers

Register Interface

<@—P core

< > mapped

peripheral

Mapped Module Interface

Figure 67. MC_PCU Block Diagram

8.1.2 Features

The MC_PCU includes the following features:
* mapsthe PMU registersto the MC_PCU address space

8.2  External Signal Description

The MC_PCU has no connections to any external pins.
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8.3 Memory Map and Register Definition

8.3.1 Memory Map

Table 62. MC_PCU Register Description

Power Control Unit (MC_PCU)

Access
Address Name Description Size Location
User | Supervisor Test
OXC3FE | PCU_PSTAT Power Domain Status word | read read read on page 168
8040 Register
NOTE
Any access to unused registers as well as write accesses to read-only
registers will:
* not change register content
* causeatransfer error
Table 63. MC_PCU Memory Map
o|1|2 |3 |27|5 |6 |7 |8]|9|10]|1]|12]|13]| 14|15
Address Name
16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30 | 31
O0xC3FE
80004
reserved
OxC3FE
_803C
OXC3FE | PCU_PSTAT RIO|JO|lO|lO|lO|O|]O|]O|]O|]O|]O|]O|]O|]O]O]O
8040
w
R a
o
w
0x044
reserved
0x07C
O0xC3FE
8080
PMU registers
OxC3FE
_80FC
OxC3FE
_8100
reserved
OxC3FE
_BFFC
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8.3.2 Register Descriptions

All registers may be accessed as 32-bit words, 16-bit half-words, or 8-bit bytes. The bytes are ordered
according to big endian. For example, the PDO field of the PCU_PSTAT register may be accessed as a
word at address OxC3FE_8040, as a half-word at address OxC3FE_8042, or as a byte at address
OxC3FE_8043.

8.3.2.1 Power Domain Status Register (PCU_PSTAT)

Address OxC3FE_8040 Access: User read, Supervisor read, Test read

0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
Rl O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

W
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R o
&)
o

W
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

Figure 68. Power Domain Status Register (PCU_PSTAT)

This register reflects the power status of all available power domains.
Table 64. Power Domain Status Register (PCU_PSTAT) Field Descriptions

Field Description

PDn Power status for power domain #n
0 Power domain is inoperable
1 Power domain is operable
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Chapter 9
Power Management

9.1 Power management overview

The device supports the following power modes:

» Interna voltage regulation mode
» External voltage regulation mode

9.1.1 Internal voltage regulation mode

In this mode, the following supplies are involved:
* Vpp Hv |0 (3:3V) — Thisisthe main supply provided externally.

* Vpp v core (1.2V) — Thisisthe corelogic supply. In the internal regulation mode, the core
supply is derived from the main supply viaan on-chip linear regulator driving an internal PMOS
ballast transistor. The PMOS ballast transistors are located in the pad ring and their source
connectors are directly bonded to a dedicated pin. See Figure 69.

Pads|] Pins
T& >DVSS_HV_IOO_X

S E— ) vdd_HV_100_X 1

A 3.3V

- -] Vvdd_HV_S Ballast0/1
e 17

- _|..Por B
Vreg

35

~ | vdd_Lv_REGCORO
| :
12v | -o| vdd Lv coro x

(3 supply pairs)

= Vss_LV_CORO_X
L] ﬂ%

Figure 69. Internal Regulation Mode
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The core supply can also be provided externally. Table 65 shows how to connect Vpp Hy s BALLAST PIN
for internal and external core supply mode. -

Table 65. Core Supply Select

Mode Vdd_S_Ballast
Internal supply mode (via internal PMOS ballast Vbp_Hv 1o (3:3V)
transistors)
External supply mode (e.g., via external switched Vpp_Lv_core (1.2V)
regulator)

9.1.2 External voltage regulation mode

In the external regulation mode, the

core supply is provided externally using a switched regulator. This

saves on-chip power consumption by avoiding the voltage drop over the ballast transistor. The external
supply mode is selected viaaboard level supply change at the Vg 1y s Ballast PIN-

Pads

; Lﬁjﬂjﬂ]

Pins
- Vss HV 100 X

| Vdd_HV_I00_X 1 3.3V

1.2V |

o
N

Power
- Vdd_HV_S Ballast0/1 . 1%\,/_21\22\/) Supply, e.g.,
POR B S s_witched or
- O linear
Vreg
relaxed J{H[
LVD
Vdd_LV_REGCORO

Vdd_LV_CORO0O_X
l (3 supply pairs)

Vss_LV_CORO_X

Figure 70. External Regulation Mode
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9.1.3 Voltage Regulator Electrical Characteristics

Crecz (LV_COR/LV_CFLA)

]
GNDJ; 600 nF
Vpp_Hv_I0
[k DD_HV_S_BALLASTO T Vss_Lv_CORo_2 Vbp_Lv_COR0_2
VREF
o _. L1 VDD_Hv_S_BALLASTL
g <
B y
3 O 7 Vop.Lv.CORo3
Q v -
4 g > DEVICE
J o — E
Vpp_Lv_Ccorp_ 0 Summm O
Voltage Regulator T O,
) > m——
— S5
Y | i 3
a ]
S) x
S 1 Vss_ nv_io
GND
VSS_LV_CORJ_O DEVICE SS_LV CORO_1 Vss Hv,o VDD Hv 10

DD_LV_CORO_1
600 nF
GND
GND .
Crec3 (LV_COR/LV_PLL)  Cpgca (supply/IO decoupling)

Figure 71. Voltage regulator capacitance connection

9.2 Power sequencing
As shown in Figure 72 the MPC5604E includes on-chip diodes for ESD protection.

FADs
VDD HV 10(33V)
VDD HV_CORE (1.2V)
ESD protection
dindes
VDD HV_S BALLAST
(33V/12V)
Vbb Hv_ADC mds
33V) I

Figure 72. Internal diodes between supply pads

MPC5604E Reference Manual, Rev. 5

Freescale Semiconductor 9-171



Power Management

For both internal and external core voltage supply modes the following conditions must be guaranteed at
power up and power down:

* Vpp Hv 10>= VDD LV CORE
* Vpp Hv 10> VDD HV_S BALLAST
* Vpp_Hv 10”= Vob_Hv_adc

9.3 Power Management Unit (PMU)

The primary function of the MPC5604E’s power management unit (PMU) isto generate the 1.2 V core
logic supply from the 3.3 V main supply. To alow an easy integration into asystem The PMU includes an
internal PMOS ballast transistor.

In addition the PMU monitors the operation voltages using a set of supervisory circuits: the LVDs (Low
Voltage Detectors). Furthermore, the Power On Reset (POR) circuit monitors VAdREG, the voltage used
internally by the PMU. When VddREG is below the POR threshold voltage, the POR output is asserted,
otherwise it is deasserted.

The purpose of the POR circuit is to keep the MPC5604E in the reset state as long as the supply voltage
to the LVD circuitsis below their minimum operating voltage. By the time the POR output deasserts, the
LVDs are operating and able to assert their outputs properly.
In summary the PMU has the following features:

* Interna PMOS ballast transistor

* Power On Reset (POR)

* Low voltage detection

* Internal power on reset (POR) circuit to detect minimal voltage to operate voltage regulator.

e LVvD27 for VddIO. The minimum threshold value must not be below 2.60V to guarantee correct
flash memory read operations.

* LVD12for VddCore (trimmed during testing)
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Chapter 10
Interrupt Controller (INTC)

10.1 Introduction

The INTC provides priority-based preemptive scheduling of interrupt service requests (I1SRs). This
scheduling scheme is suitable for statically scheduled hard real-time systems. The INTC supports 106
interrupt requests. It istargeted to work with Power Architecture technology and automotive applications
where the ISRs nest to multiple levels, but it al'so can be used with other processors and applications.

For high-priority interrupt requests in these target applications, the time from the assertion of the
peripheral’s interrupt request to when the processor is performing useful work to service the interrupt
request needs to be minimized. The INTC supports this goal by providing a unique vector for each
interrupt request source. It also provides 16 priorities so that |lower priority |SRs do not delay the execution
of higher priority ISRs. Because each individual application will have different priorities for each source
of interrupt request, the priority of each interrupt request is configurable.

When multiple tasks share aresource, coherent accesses to that resource need to be supported. The INTC
supports the priority ceiling protocol for coherent accesses. By providing a modifiable priority mask, the
priority can be raised temporarily so that tasks sharing the resource will not preempt each other.

Multiple processors can assert interrupt requests to each other through software configurable interrupt
requests. These software configurable interrupt requests can al so be used to separate the work involved in
servicing an interrupt request into a high-priority portion and alow-priority portion. The high-priority
portion isinitiated by a peripheral interrupt request, but then the ISR can assert a software configurable
interrupt request to finish the servicing in alower priority ISR. Therefore these software configurable
interrupt requests can be used instead of the peripheral ISR scheduling atask through the RTOS.

10.2 Features

» Supports 106 peripheral interrupts and 8 software-configurable interrupt request sources
» Unique 9-bit vector per interrupt source
» Each interrupt source programmable to one of 16 priorities
*  Preemption
— Preemptive prioritized interrupt requests to processor
— ISR at ahigher priority preempts | SRs or tasks at lower priorities
— Automatic pushing or popping of preempted priority to or from aLIFO
— Ability to modify the ISR or task priority; modifying the priority can be used to implement the
priority ceiling protocol for accessing shared resources.
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Table 66. Interrupt sources available

Low latency—3 clock cyclesfrom receipt of interrupt request from peripheral to interrupt request
to processor

Interrupt sources (106)

Number available

Software

8

eDMA2x

[EnY
~

SWT

ST™M

SIUL

MC_ME

MC_RGM

MCM

12c

Video Encoder

Fast Ethernet Controller (FEC)

CE_RTC

XOSC

PTP

SAl

PIT

ADC

FlexCAN

eTimer

||l Wl dMlO|RP| PPl WW|IO|IDNIW|IFRL|> B | P

DSPI

[EnY
(&)

LINFlex

(o2}

10.3 Block diagram
Figure 73 shows a block diagram of the interrupt controller (INTC).
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ggtf/tvcvz raer Priority Module
Select Configuration Hardware
Interrupt Frenisans Register Vector Enable
Registers 9 1
End of 7 >
1 _ Interrupt Vector Table
Y nt x Highest Lowest Register Entry Size
Flag Bits 4-bits Priority Vector
Peripheral Interrupt Interrupt Interrupt Y Interrupt
Interrupt 8 Y Requests Request Vector Processor 0 Vector
Requests n! « | Priority nt, | Request nt, | Vector 9, Interrupt 9, 3
~| Arbitrator ~1 selector “| Encoder Acknowledge
. . Register
4 Highest Priority A
Pushed New
Priority Priority ¥ Interrupt
_ 4 _ 4 Request to
-~ Processor 0 | Update Interrupt Vector 1 Processor
Processor0 | popped Current Current Priority
Priority Priority Priority Priority | comparator 1 >
LIFO 4 >»| Register 4 > -
A A\ A A A A
Interrupt Acknowledge 1
Push/Update/Acknowledge 1 Slave
Interface Peripheral
Pop 1 | for Reads
& Writes

|:| Memory Mapped Registers
|:| Non-Memory Mapped Logic

1 The total number of available interrupt sources is 106, which includes 8 software sources.

Figure 73. INTC block diagram

10.4 Modes of operation

104.1

In normal mode, the INTC has two handshaking modes with the processor: software vector mode and
hardware vector mode.

Normal mode

NOTE

To correctly configure the interrupts in both software and hardware vector
mode, the user must aso configure the IVPR. The core register IVPR
contains the base address for the interrupt handlers. Please refer to the core
reference manual for more information.

10.4.1.1 Software vector mode

In software vector mode, the interrupt exception handler software must read aregister inthe INTC to
obtain the vector associated with the interrupt request to the processor. The INTC will use software vector
mode for agiven processor when itsassociated HVEN bitin INTC_MCR isnegated. The hardware vector
enable signal to processor 0 or processor 1 isdriven as negated when its associated HVEN bit is negated.
The vector isread from INC_IACKR. Reading the INTC_IACKR negates the interrupt request to the
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associated processor. Even if ahigher priority interrupt request arrived while waiting for this interrupt
acknowledge, the interrupt request to the processor will negate for at least one clock. The reading also
pushes the PRI value in INTC_CPR onto the associated L1FO and updates PRI in the associated
INTC_CPR with the new priority.

Furthermore, the interrupt vector to the processor is driven as al 0s. The interrupt acknowledge signal
from the associated processor is ignored.

10.4.1.2 Hardware vector mode

In hardware vector mode, the hardware signals the interrupt vector from the INTC in conjunction with a
processor that can use that vector. This hardware causesthe first instruction to be executed in handling the
interrupt request to the processor to be specific to that vector. Therefore, the interrupt exception handler is
specific to aperipheral or software configurable interrupt request rather than being common to all of them.
The INTC uses hardware vector mode for a given processor when the associated HVEN bit in the
INTC_MCR isasserted. The hardware vector enable signal to the associated processor is driven as
asserted. When the interrupt request to the associated processor asserts, the interrupt vector signal is
updated. The value of that interrupt vector is the unique vector associated with the preempting peripheral
or software configurable interrupt request. The vector value matchesthe value of the INTVEC field in the
INTC_IACKR field inthe INTC_IACKR, depending on which processor was assigned to handle agiven
interrupt source.

The processor negates the interrupt request to the processor driven by the INTC by asserting the interrupt
acknowledge signal for one clock. Even if a higher priority interrupt request arrived while waiting for the
interrupt acknowledge, the interrupt request to the processor will negate for at least one clock.

The assertion of theinterrupt acknowledge signal for agiven processor pushesthe associated PRI valuein
the associated INTC_CPR register onto the associated LIFO and updates the associated PRI in the
associated INTC_CPR register with the new priority. This pushing of the PRI value onto the associated
LIFO and updating PRI in the associated INTC_CPR does not occur when the associated interrupt
acknowledge signal assertsand INTC_SSCIR0_3-INTC_SSCIR4 7 iswritten at atime such that the PRI
valuein the associated INTC_CPR register would need to be pushed and the previously last pushed PRI
value would need to be popped simultaneously. In this case, PRI in the associated INTC_CPR is updated
with the new priority, and the associated LIFO is neither pushed or popped.

10.4.1.3 Debug mode

The INTC operation in debug mode isidentical to its operation in normal mode.

10.4.1.4 Stop mode

The INTC supports stop mode. The INTC can haveits clock input disabled at any time by the clock driver
on the device. Whileits clocks are disabled, the INTC registers are not accessible.

The INTC requires clocking in order for a peripheral interrupt request to generate an interrupt request to
the processor.
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10.5 Memory map and registers description

10.5.1 Module memory map

Table 67 shows the INTC memory map.
Table 67. INTC memory map

Offset from
INTC_BASE Register Access | Resetvalue | Location
(0XFFF4_8000)

0x0000 INTC Module Configuration Register (INTC_MCR) R/W | 0x0000_0000 | on page 178
0x0004 Reserved
0x0008 INTC Current Priority Register for Processor R/W | 0x0000_0OOOF | on page 178
(INTC_CPR)

0x000C Reserved
0x0010 INTC Interrupt Acknowledge Register (INTC_IACKR) RL/W | 0x0000_0000 | on page 180
0x0014 Reserved
0x0018 INTC End-of-Interrupt Register (INTC_EOIR) W 0x0000_0000 | on page 180
0x001C Reserved

0x0020-0x0027 | INTC Software Set/Clear Interrupt Registers R/W | 0x0000_0000 | on page 181

(INTC_SSCIR0_3-INTC_SSCIR4_7)

0x0028— 0x003C | Reserved

0x0040-0x011C |INTC Priority Select Registers R/W | 0x0000_0000 | on page 182
(INTC_PSRO_3-INTC_PSR220_221)?

0x0120-0x3FFF | Reserved

1 When the HVEN bit in the INTC module configuration register (INTC_MCR) is asserted, a read of the INTC_IACKR
has no side effects.

2 The PRI fields are “reserved” for peripheral interrupt requests whose vectors are labeled as Reserved in Table 74.

10.5.2 Registers description

With exception of the INTC_SSCIn and INTC_PSRn, all registers are 32 bitsin width. Any combination
of accessing thefour bytes of aregister with asingle accessis supported, provided that the access does not
cross aregister boundary. These supported accesses include types and sizes of 8 bits, aligned 16 bits,
misaligned 16 bits to the middle 2 bytes, and aligned 32 bits.

Although INTC_SSCIn and INTC_PSRn are 8 bits wide, they can be accessed with a single 16-bit or
32-bit access, provided that the access does not cross a 32-bit boundary.

In software vector mode, the side effects of aread of INTC_IACKR are the same regardless of the size of
the read. In either software or hardware vector mode, the size of awrite to either
INTC_SSCIRO_3-INTC_SSCIR4 7 or INTC_EOIR does not affect the operation of the write.

INTC registers are accessible only when the core is in supervisor mode.
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10.5.2.1 INTC Module Configuration Register (INTC_MCR)
The module configuration register configures options of the INTC.

Address: Base + 0x0000 Access: User read/write

w
Sy
o
o
~
o
©

0 1 2 10 11 12 13 14 15
Rl O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

VTES HVEN

Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 74. INTC Module Configuration Register (INTC_MCR)

Table 68. INTC_MCR field descriptions

Field Description

26 Vector table entry size
VTES Controls the number of Os to the right of INTVEC in Section 10.5.2.3, “INTC Interrupt Acknowledge
Register (INTC_IACKRY)”. If the contents of INTC_IACKR are used as an address of an entry in a vector
table as in software vector mode, then the number of right most Os will determine the size of each
vector table entry. VTES impacts software vector mode operation but also affects
INTC_IACKR[INTVEC] position in both hardware vector mode and software vector mode.
0 4 bytes
1 8 bytes

31 Hardware vector enable
HVEN Controls whether the INTC is in hardware vector mode or software vector mode. Refer to Section 10.4,
“Modes of operation”, for the details of the handshaking with the processor in each mode.
0 Software vector mode
1 Hardware vector mode

10.5.2.2 INTC Current Priority Register for Processor (INTC_CPR)

Address: Base + 0x0008 Access: User read/write

w
N
o
o
~
o
©

0 1 2 10 1 12 13 14 15
Rl O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

PRI

Reset 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1
Figure 75. INTC Current Priority Register (INTC_CPR)
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Table 69. INTC_CPR field descriptions

Interrupt Controller (INTC)

Field

Description

1111
1110
1101
1100
1011
1010
1001
1000
0111
0110
0101
0100
0011
0010
0001
0000

28-31 | Priority
PRI[] |PRIis the priority of the currently executing ISR according to the following:

Priority 15—highest priority
Priority 14

Priority 13

Priority 12

Priority 11

Priority 10

Priority 9

Priority 8

Priority 7

Priority 6

Priority 5

Priority 4

Priority 3

Priority 2

Priority 1

Priority O—Ilowest priority

The INTC_CPR masks any peripheral or software settable interrupt request set at the same or lower
priority as the current value of the INTC_CPR[PRI] field from generating an interrupt request to the
processor. When the INTC interrupt acknowledge register (INTC_IACKR) isread in software vector
mode or the interrupt acknowledge signal from the processor is asserted in hardware vector mode, the
value of PRI is pushed onto the LIFO, and PRI is updated with the priority of the preempting interrupt
request. When the INTC end-of-interrupt register (INTC_EOIR) iswritten, the LIFO is popped into the
INTC_CPR’s PRI field.

The masking priority can be raised or lowered by writing to the PRI field, supporting the PCP. Refer to
Section 10.7.5, “Priority ceiling protocol”.

NOTE

A storeto modify the PRI field that closely precedes or follows an accessto
a shared resource can result in a non-coherent access to the resource. Refer
to Section 10.7.5.2, “ Ensuring coherency”, for example code to ensure

coherency.
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10.5.2.3 INTC Interrupt Acknowledge Register (INTC_IACKR)

Address Base + 0x0010 Access: User read/write

0 1 2 3‘4 5 6 7‘8 9 10 11‘12 13 14 15

R
W
Reset 0 0 0

VTBA (most significant 16 bits)

6 17 18 23 ‘ 24 25 26
R VTBA INTVEC? 0 0
W (least significant 5 bits) ‘ ‘ ‘ ‘ ‘ ‘
Reset 0 0 0 0 ‘ 0 0 0 0 0 0 0 0 0 0 0 0

1 When the VTES bit in INTC_MCR is asserted, INTVEC is shifted to the left one bit. Bit is read as a ‘0.
VTBA is narrowed to 20 bits in width.

Figure 76. INTC Interrupt Acknowledge Register (INTC_IACKR)

Table 70. INTC_IACKR field descriptions

Field Description

0-20 Vector Table Base Address
or Can be the base address of a vector table of addresses of ISRs. The VTBA only uses the leftmost

0-19 20 bits when the VTES bit in INTC_MCR is asserted.
VTBA
21-29 Interrupt Vector

or Itis the vector of the peripheral or software configurable interrupt request that caused the interrupt
20-28 request to the processor. When the interrupt request to the processor asserts, the INTVEC is
INTVEC updated, whether the INTC is in software or hardware vector mode.
Note: If INTC_MCR[VTES] = 1, then the INTVEC field is shifted left one position to bits 20-28.
VTBA is then shortened by one bit to bits 0-19.

Theinterrupt acknowledge register provides a value that can be used to load the address of an ISR from a
vector table. The vector table can be composed of addresses of the |SRs specific to their respective
interrupt vectors.

In software vector mode, the INTC_IACKR has side effects from reads. Therefore, it must not be
speculatively read while in this mode. The side effects are the same regardless of the size of the read.
Reading the INTC_IACKR does not have side effects in hardware vector mode.

10.5.2.4 INTC End-of-Interrupt Register (INTC_EOIR)

Writing to the end-of-interrupt register signals the end of the servicing of the interrupt request. When the
INTC_EOIR iswritten, the priority last pushed on the LIFO is popped into INTC_CPR. An exception to
this behavior is described in Section 10.4.1.2, “Hardware vector mode”. The values and size of data
written to the INTC_EOIR are ignored. The values and sizes written to this register neither update the
INTC_EOIR contents or affect whether the LI1FO pops. For possible future compatibility, write four bytes
of al Ostothe INTC _EOIR.

Reading the INTC_EOIR has no effect on the LIFO.
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Interrupt Controller (INTC)

Offsets: Base + 0x0018 (IINTC_EOIR) Access: User write-only
0 3 7 8 9 10 1 12 13 14 15
R{ O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
w EOI[31:16]
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R{ O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
w EOI[15:0]
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 77. INTC End of Interrupt Register for Processor (INTC_EOIR)
Table 71. INTC_EOIR field descriptions
Field Description
EOI End of Interrupt. Write four all-zero bytes to this field to signal the end of the servicing of an
interrupt request.
10.5.2.5 INTC Software Set/Clear Interrupt Registers

(INTC_SSCIRO_3-INTC_SSCIR4_7)

Address Base + 0x0020 Access: User read/write

0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15

R 0 0 0 0 0 |[cLrR| O 0 0 0 0 0 0 |CLR
W SETO| O SET1| 1
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

R| O 0 0 0 0 0 0O [cLr| O 0 0 0 0 0 0 |CLR
W SET2| 2 SET3| 3
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 78. INTC Software Set/Clear Interrupt Register 0-3 (INTC_SSCIR[0:3])
MPC5604E Reference Manual, Rev. 5
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Address Base + 0x0024

Access: User read/write

0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
R 0 0 0 0 |cLrR| O 0 0 0 0 0 0 |CLR
w SET4| 4 SET5| S
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Rl O 0 0 0 0 0 0 |cLrR| O 0 0 0 0 0 0 |CLR
w SET6| 6 SET7| 7
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 79. INTC Software Set/Clear Interrupt Register 4—7 (INTC_SSCIR[4:7])
Table 72. INTC_SSCIR][0:7] field descriptions
Field Description
6, 14, 22, 30 Set Flag Bits
SET[0:7] Writing a ‘1’ sets the corresponding CLRx bit. Writing a ‘0’ has no effect. Each SETx always will
be read as a ‘0.
7,15, 23,31 |Clear Flag Bits
CLR[0:7] CLRx is the flag bit. Writing a ‘1’ to CLRXx clears it provided that a ‘1’ is not written simultaneously
to its corresponding SETX bit. Writing a ‘0’ to CLRx has no effect.
0 Interrupt request not pending within INTC
1 Interrupt request pending within INTC

The software set/clear interrupt registers support the setting or clearing of software configurable interrupt
request. These registers contain eight independent sets of bits to set and clear a corresponding flag bit by
software. Excepting being set by software, this flag bit behaves the same as aflag bit set within a
peripheral. Thisflag bit generates an interrupt request within the INTC like a peripheral interrupt request.
Writinga“‘1’ to SETx will leave SETx unchanged at 0 but sets CLRx. Writinga“‘0’ to SETx has no effect.
CLRxistheflag bit. Writinga‘1' to CLRx clearsit. Writinga'‘0’ to CLRx hasno effect. If a‘1" iswritten
simultaneously to apair of SETx and CLRx bits, CLRx will be asserted, regardless of whether CLRx was
asserted before the write.

10.5.2.6 INTC Priority Select Registers (INTC_PSRO_3-INTC_PSR220 221)

Address Base + 0x0040 Access: User read/write

0 1 2

w
Sy
o
o
~
o
©

10 11 12 13 14 15

PRIO PRI1

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

PRI2 PRI3

Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 80. INTC Priority Select Register 0—-3 (INTC_PSR[0:3])
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Address Base + 0x011C

Interrupt Controller (INTC)

Access: User read/write

0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
R 0 0 0 0
W PRI220 PRI221
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Rl O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
W
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 81. INTC Priority Select Register220-221 (INTC_PSR[220:221])

Table 73. INTC_PSRO_3-INTC_PSR220-221 field descriptions

Field Description
4-7,12-15, Priority Select
20-23, 28-31 PRIx selects the priority for interrupt requests. Refer to Section 10.6, “Functional description”.
PRI[-
PRI220:221
Table 74. INTC Priority Select Register address offsets
INTC_PSRx_x Offset Address INTC_PSRx_x Offset Address
INTC_PSRO_3 0x0040 INTC_PSR112_115 0x00BO
INTC_PSR4_7 0x0044 INTC_PSR116_119 0x00B4
INTC_PSR8_11 0x0048 INTC_PSR120_123 0x00B8
INTC_PSR12_15 0x004C INTC_PSR124 127 0x00BC
INTC_PSR16_19 0x0050 INTC_PSR128 131 0x00CO
INTC_PSR20_23 0x0054 INTC_PSR132_135 0x00C4
INTC_PSR24_27 0x0058 INTC_PSR136_139 0x00C8
INTC_PSR28_31 0x005C INTC_PSR140_143 0x00CC
INTC_PSR32_35 0x0060 INTC_PSR144 147 0x00DO0
INTC_PSR36_39 0x0064 INTC_PSR148_151 0x00D4
INTC_PSR40_43 0x0068 INTC_PSR152_155 0x00D8
INTC_PSR44_47 0x006C INTC_PSR156_159 0x00DC
INTC_PSR48_51 0x0070 INTC_PSR160_163 0x00EQ
INTC_PSR52_55 0x0074 INTC_PSR164_167 0xO0E4
INTC_PSR56_59 0x0078 INTC_PSR168_171 OxO00E8
INTC_PSR60_63 0x007C INTC_PSR172_175 Ox00EC
INTC_PSR64_67 0x0080 INTC_PSR176_179 0x00FO0
INTC_PSR68_71 0x0084 INTC_PSR180_183 O0x00F4
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Table 74. INTC Priority Select Register address offsets (continued)

INTC_PSRx_x Offset Address INTC_PSRx_x Offset Address
INTC_PSR72_75 0x0088 INTC_PSR184 187 OXx00F8
INTC_PSR76_79 0x008C INTC_PSR188_191 0x00FC
INTC_PSR80_83 0x0090 INTC_PSR192_195 0x0100
INTC_PSR84_87 0x0094 INTC_PSR196_199 0x0104
INTC_PSR88 91 0x0098 INTC_PSR200_203 0x0108
INTC_PSR92_95 0x009C INTC_PSR204_207 0x010C
INTC_PSR96_99 0x00A0 INTC_PSR208_211 0x0110

INTC_PSR100_103 0x00A4 INTC_PSR212_215 0x0114
INTC_PSR104_107 0x00A8 INTC_PSR216_219 0x0118
INTC_PSR108_ 111 0x00AC INTC_PSR220_221 0x011C

10.6 Functional description

The functional description involves the areas of interrupt request sources, priority management, and
handshaking with the processor.

NOTE

The INTC has no spurious vector support. Therefore, if an asserted
peripheral or software settable interrupt request, whose PRIn valuein
INTC_PSRO-INTC_PSR221 is higher than the PRI value in INTC_CPR,
negates before the interrupt request to the processor for that peripheral or
software settabl e interrupt request is acknowledged, the interrupt request to
the processor still can assert or will remain asserted for that peripheral or
software settable interrupt request. In this case, the interrupt vector will
correspond to that peripheral or software settableinterrupt request. Also, the
PRI valuein the INTC_CPR will be updated with the corresponding PRIn
valuein INTC_PSRn. Furthermore, clearing the peripheral interrupt
request’senablebit inthe peripheral or, alternatively, setting itsmask bit has
the same consequences as clearing its flag bit. Setting its enable bit or
clearing its mask bit whileits flag bit is asserted has the same effect on the
INTC as an interrupt event setting the flag bit.

Table 75. Interrupt vectors

Size
IRQ# | Offset [Bytes] Resource Interrupt Module

Core Interrupts

— | 0x0000 16 — Critical Input (INTC software vector Core
mode) / NMI
— | 0x0010 16 — Machine check / NMI Core
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Table 75. Interrupt vectors (continued)

Interrupt Controller (INTC)

Size

IRQ# | Offset [Bytes] Resource Interrupt Module
— | 0x0020 16 — Data Storage Core
— | 0x0030 16 — Instruction Storage Core
— | 0x0040 16 — External Input Core

(INTC software vector mode)
— | 0x0050 16 — Alignment Core
— | 0x0060 16 — Program Core
— | 0x0070 16 — Reserved Core
— | 0x0080 16 — System call Core
— | 0x0090 96 — Unused Core
— | OX00F0 16 — Debug Core
— | 0x0100 1792 — Unused Core

On-Platform Peripheral Interrupts

0 |0x0800 4 — Software setable flag 0 Software
1 |0x0804 4 — Software setable flag 1 Software
2 | 0x0808 4 — Software setable flag 2 Software
3 | 0x080C 4 — Software setable flag 3 Software
4 |1 0x0810 4 — Software setable flag 4 Software
5 |0x0814 4 — Software setable flag 5 Software
6 |0x0818 4 — Software setable flag 6 Software
7 |0x081C 4 — Software setable flag 7 Software
8 | 0x0820 4 Reserved
9 |0x0824 4 — Platform Flash Bank O Abort | MCM

Platform Flash Bank 0 Stall |

Platform Flash Bank 1 Abort |

Platform Flash Bank 1 Stall |

Platform Flash Bank 2 Abort |

Platform Flash Bank 2 Stall |

Platform Flash Bank 3 Abort |

Platform Flash Bank 3 Stall
10 |0x0828 4 — Combined Error DMA2x
11 | 0x082C 4 — Channel 0 DMA2x
12 | 0x0830 4 — Channel 1 DMA2x
13 | 0x0834 4 — Channel 2 DMA2x
14 | 0x0838 4 — Channel 3 DMA2x
15 |0x083C 4 — Channel 4 DMA2x
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Table 75. Interrupt vectors (continued)

IRQ# | Offset [B?/itzei] Resource Interrupt Module

16 |0x0840 4 — Channel 5 DMA2x

17 |0x0844 4 — Channel 6 DMA2x

18 |0x0848 4 — Channel 7 DMA2x

19 |0x084C 4 — Channel 8 DMA2x

20 | 0x0850 4 — Channel 9 DMA2x

21 |0x0854 4 — Channel 10 DMA2x

22 | 0x0858 4 — Channel 11 DMA2x

23 | 0x085C 4 — Channel 12 DMA2x

24 | 0x0860 4 — Channel 13 DMA2x

25 | 0x0864 4 — Channel 14 DMA2x

26 | 0x0868 4 — Channel 15 DMA2x

27 |0x086C 4 Reserved

28 | 0x0870 4 — Timeout Software Watchdog (SWT)

29 |0x0874 4 Reserved

30 |0x0878 4 — Match on channel 0 ST™M

31 |0x087C 4 — Match on channel 1 ST™M

32 | 0x0880 4 — Match on channel 2 ST™M

33 | 0x0884 4 — Match on channel 3 ST™M

34 | 0x0888 4 Reserved

35 |0x088C 4 — ECC_DBD_PlatformFlash | MCM

ECC_DBD_PlatformRAM
36 | 0x0890 4 — ECC_SBC_PlatformFlash | MCM
ECC_SBC_PlatformRAM
37 | 0x0894 4 Reserved
Common module interrupts

38 |0x0898 4 Reserved

39 | 0x089C 4 Reserved

40 |0Ox08A0 4 Reserved

41 | 0x08A4 4 GROUP_O SIU External IRQ_0 System Integration Unit Lite
(SIUL)

42 | 0x08A8 4 GROUP_1 SIU External IRQ_1 System Integration Unit Lite
(SIUL)

43 |0x08AC 4 GROUP_2 SIU External IRQ_2 System Integration Unit Lite

(SIUL)
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Table 75. Interrupt vectors (continued)

Interrupt Controller (INTC)

IRQ# | Offset [B?/itzei] Resource Interrupt Module

44 | 0x08BO 4 GROUP_3 SIU External IRQ_3 System Integration Unit Lite
(SIUL)

45 |0x08B4 4 Reserved

46 |0x08B8 4 Reserved

47 |0x08BC 4 Reserved

48 | 0x08CO 4 Reserved

49 |0x08C4 4 Reserved

50 |0x08C8 4 Reserved

51 |0x08CC 4 ME_SAFE_MODE Safe Mode Interrupt MC_ME

52 | 0x08DO0 4 ME_MODE_TRANS Mode Transition Interrupt MC_ME

53 | 0x08D4 4 ME_INVALID_MODE Invalid Mode Interrupt MC_ME

54 | 0x08D8 4 ME_INVALID_CONFIG Invalid Mode Config MC_ME

55 |0x08DC 4 Reserved

56 | Ox08EO 4 IRQ Functional and destructive reset MC_RGM

alternate event interrupt (ipi_int)

57 | O0x08E4 4 IRQ XOSC counter expired (ipi_int_osc) X0OsC

58 |Ox08E8 4 Reserved

59 | Ox08EC 4 PIT_O PITimer Channel O Periodic Interrupt Timer (PIT)

60 | Ox08FO0 4 PIT_1 PITimer Channel 1 Periodic Interrupt Timer (PIT)

61 |Ox08F4 4 PIT_2 PITimer Channel 2 Periodic Interrupt Timer (PIT)

62 | O0x08F8 4 all ADC_EOC Analog to Digital Converter O
(ADCO)

63 |Ox08FC 4 wdg_high ADC_ER Analog to Digital Converter O
(ADCO)

64 | 0x0900 4 wdg_low ADC_WD Analog to Digital Converter O
(ADCO)

65 | 0x0904 4 CAN_ERROR FLEXCAN_ESR[ERR_INT] FlexCan 0 (CANO)

66 | 0x0908 4 CAN_WARN FLEXCAN_ESR_BOFF | FlexCan 0 (CANO)

FLEXCAN_Transmit_Warning |
FLEXCAN_Receive_Warning

67 |0x090C 4 CAN_WAK FLEXCAN_ESR_WAK FlexCan 0 (CANO)

68 |0x0910 4 CAN_03_00 FLEXCAN_BUF_00_03 FlexCan 0 (CANO)

69 |0x0914 4 CAN_07_04 FLEXCAN_BUF_04_07 FlexCan 0 (CANO)

70 |0x0918 4 CAN_11_08 FLEXCAN_BUF_08_11 FlexCan 0 (CANO)

71 |0x091C 4 CAN_15 12 FLEXCAN_BUF 12 15 FlexCan 0 (CANO)
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Interrupt Controller (INTC)

Table 75. Interrupt vectors (continued)

IRQ# | Offset [B?/itzei] Resource Interrupt Module
72 | 0x0920 4 CAN_31_16 FLEXCAN_BUF_16_31 FlexCan 0 (CANO)
73 | 0x0924 4 Reserved
74 |0x0928 4 DSPI_TFUF_OF DSP|_SR[TFUF] DSPI_SR[RFOF] DSPI 0

DSPI_SR[SPEF]

75 | 0x092C 4 DSPI_EOQF DSPI_SR[EOQF] DSPI O
76 | 0x0930 4 DSPI_TFFF DSPI_SR[TFFF] DSPI O
77 |0x0934 4 DSPI_TCF DSPI_SR[TCF] DSPI 0O
78 | 0x0938 4 DSPI_RFDF DSPI_SR[RFDF] DSPI 0O
79 | 0x093C 4 LINFLEX_INT_RX LINFlex_RXI LIN FLEX O
80 |0x0940 4 LINFLEX_INT_TX LINFlex_TXI LIN FLEX O
81 |0x0944 4 LINFLEX_ERR LINFlex_ERR LIN FLEX O
82 | 0x0948 4 Reserved

83 | 0x094C 4 Reserved

84 | 0x0950 4 Reserved

85 | 0x0954 4 Reserved

86 |0x0958 4 Reserved

87 | 0x095C 4 Reserved

88 | 0x0960 4 Reserved

89 | 0x0964 4 Reserved

90 |0x0968 4 Reserved

91 |0x096C 4 Reserved

92 | 0x0970 4 Reserved

93 | 0x0974 4 Reserved

94 | 0x0978 4 DSPI_TFUF_OF DSPI_SR[TFUF] DSPI_SR[RFOF] DSPI 1

DSPI_SR[SPEF]

95 |0x097C 4 DSPI_EOQF DSPI_SR[EOQF] DSPI 1
96 |0x0980 4 DSPI_TFFF DSPI_SR[TFFF] DSPI 1
97 |0x0984 4 DSPI_TCF DSPI_SR[TCF] DSPI 1
98 | 0x0988 4 DSPI_RFDF DSPI_SR[RFDF] DSPI 1
99 | 0x098C 4 LINFLEX_INT_RX LINFlex_RXI LIN FLEX 1

100 |0x0990 4 LINFLEX_INT_TX LINFlex_TXI LIN FLEX 1
101 |0x0994 4 LINFLEX_ERR LINFlex_ERR LIN FLEX 1
102 | 0x0998 4 Reserved
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Table 75. Interrupt vectors (continued)

Interrupt Controller (INTC)

Size

IRQ# | Offset [Bytes] Resource Interrupt Module
103- |0x099C 4 Reserved
104 | 0x09A0 4 Reserved
105 |0x09A4 4 Reserved
106 |O0x09A8 4 Reserved
107 |Ox09AC 4 Reserved
108 | 0x09BO 4 Reserved
109 |0x09B4 4 Reserved
110 |0x09B8 4 Reserved
111 | 0x09BC 4 Reserved
112 | 0x09CO 4 Reserved
113 | 0x09C4 4 Reserved

114 |0x09C8 4 DSPI_TFUF_OF DSPI_SR[TFUF] DSPI 2

DSPI_SR[RFOF]
DSPI_SR[SPEF]

115 |0x09CC 4 DSPI_EOQF DSPI_SR[EOQF] DSPI 2

116 |0x09DO 4 DSPI_TFFF DSPI_SR[TFFF] DSPI 2

117 | 0x09D4 4 DSPI_TCF DSPI_SR[TCF] DSPI 2

118 |0x09D8 4 DSPI_RFDF DSPI_SR[RFDF] DSPI 2
119 |0x09DC 4 Reserved
120 | Ox09EO 4 Reserved
121 |Ox09E4 4 Reserved
122 | 0x09E8 4 Reserved
123 | Ox09EC 4 Reserved
124 | 0x09F0 4 Reserved

125 | Ox09F4 4 — IBIF Inter-IC Bus Interface
Controller 0 (12C0)
126 |0x09F8 4 — IBIF Inter-IC bus interface controller
1 (12C1)
127 | Ox09FC 4 PIT_3 PITimer Channel 3 Periodic Interrupt Timer (PIT)
128 | 0x0A00 4 Reserved
129 |0x0A04 4 Reserved
130 |O0x0A08 4 Reserved
131 |O0x0AOC 4 Reserved
132 |0x0A10 4 Reserved
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Table 75. Interrupt vectors (continued)

IRQ# | Offset [B?/itzei] Resource Interrupt Module
133 | 0x0Al4 4 Reserved
134 | 0x0A18 4 Reserved
135 |O0x0AlC 4 Reserved
136 | 0x0A20 4 Reserved
137 | 0x0A24 4 Reserved
138 | 0x0A28 4 Reserved
139 |0x0A2C 4 Reserved
140 | 0x0A30 4 Reserved
141 | 0x0A34 4 Reserved
142 | 0x0A38 4 Reserved
143 | 0x0A3C 4 Reserved
144 | 0x0A40 4 Reserved
145 | 0x0A44 4 Reserved
146 | 0x0A48 4 Reserved
147 |0x0A4C 4 Reserved
148 | 0XOA50 4 Reserved
149 | 0x0A54 4 Reserved
150 |O0x0A58 4 Reserved
151 |O0x0A5C 4 Reserved
152 | 0XOA60 4 Reserved
153 | 0x0A64 4 Reserved
154 | 0x0A68 4 Reserved
155 | O0x0A6C 4 Reserved
156 |O0x0A70 4 Reserved
MPC5604E-specific interrupts
157 | Ox0A74 4 tmr0 TCOIR eTimer_0
158 | Ox0A78 4 tmrl TC1lIR eTimer_0
159 | OX0A7C 4 tmr2 TC2IR eTimer_0
160 | Ox0A80 4 tmr3 TC3IR eTimer_0
161 | Ox0A84 4 tmr4 TCA4IR eTimer_0
162 | OXxOA8C 4 tmr5 TC5IR eTimer_0
163 | 0x0A90 4 Reserved
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IRQ# | Offset [B?/itzei] Resource Interrupt Module
164 | Ox0A94 4 Reserved

165 | Ox0A98 4 wdog WTIF eTimer_0
166 | OXxOA9C 4 Reserved

167 | OXOAAOD 4 rcf RCF eTimer_0
168 | OX0AA4 4 Reserved

169 | OXOAA8 4 Reserved

170 | OXOAAC 4 Reserved

171 | OxOABO 4 Reserved

172 | Ox0OAB4 4 Reserved

173 | OxOAB8 4 Reserved

174 | OXOABC 4 Reserved

175 | OXxOACO 4 Reserved

176 | OxOAC4 4 Reserved

177 | OXOACS8 4 Reserved

178 | OxOACC 4 Reserved

179 | OxOADO 4 encoder VIS (Vertical Image Start) VidEnc_0
180 | Ox0AD4 4 encoder VIE (Vertical Image End) VidEnc_0
181 | OxOADS8 4 input buffer SCR (Sub-Channel Ready) VidEnc_0
182 | OXOADC 4 output buffer PDR (Package Data Ready) VidEnc_0
183 | OXOAEO 4 all INTL VidEnc_0
184 | OXOAE4 4 all ERR? VidEnc_0
185 | OXOAES8 4 all FEC FEC_O
186 | OXOAEC 4 4 X FEC_O
187 | OXOAFO 4 rx RX FEC_O
188 | OxOAF4 4 cept TIMESTAMP PTP
189 | OXOAF8 4 ce_rtc TIMER CE_RTC
190 | OXOAFC 4 tx_fifo X SAI_O
191 | 0xOBOO 4 rx_fifo RX SAI_O
192 | 0x0BO4 4 tx_fifo X SAI_1
193 | 0X0B08 4 rx_fifo RX SAI_1
194 | 0XOBOC 4 tx_fifo X SAI_2
195 | 0xOB10 4 rx_fifo RX SAI_2
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Table 75. Interrupt vectors (continued)

IRQ# | Offset [B?/itzei] Resource Interrupt Module
196 | Ox0B14 4 Reserved
197 | Ox0B18 4 Reserved
198 | Ox0B1C 4 Reserved
199 | 0x0B20 4 Reserved
200 | Ox0B24 4 Reserved
201 | Ox0B28 4 Reserved
202 | 0x0B30 4 Reserved
203 | Ox0B34 4 Reserved
204 | 0x0B38 4 Reserved
205 | 0x0B3C 4 Reserved
206 | 0x0B40 4 Reserved
207 | Ox0B44 4 Reserved
208 | 0x0B48 4 Reserved
209 | 0x0B4C 4 Reserved
210 | 0x0B50 4 Reserved
211 | 0x0B54 4 Reserved
212 | 0x0B58 4 Reserved
213 | 0x0B5C 4 Reserved
214 | 0x0B60 4 Reserved
215 | Ox0B64 4 Reserved
216 | 0x0B68 4 Reserved
217 | 0x0B6C 4 Reserved
218 | 0x0B70 4 Reserved
219 | Ox0B74 4 Reserved
220 | 0x0B78 4 Reserved
221 | 0xOB7C 4 Reserved

1 183is INT which is a single interrupt line ORing all the interrupts that are generated by the video encoder. This is an Active
Low Line.

2 184isthe interrupt for the errors i.e Length error and count error line.

Len_err_irg(Interrupt signalling mismatch between active line length and programmed line length).

count err irg(Interrupt signalling mismatch between active image height and programmed image height)
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10.6.1 Interrupt request sources

The INTC has two types of interrupt requests, peripheral and software configurable. These interrupt
requests can assert on any clock cycle.

10.6.1.1 Peripheral interrupt requests

Aninterrupt event in a peripheral’s hardware sets a flag bit that resides in the peripheral. The interrupt
request from the peripheral is driven by that flag bit.

The time from when the peripheral startsto drive its peripheral interrupt request to the INTC to the time
that the INTC starts to drive the interrupt request to the processor is three clocks.

Externa interrupts are handled by the SIU (see Section 13.6.3, “External interrupts”).

10.6.1.2 Software configurable interrupt requests

Aninterrupt request is triggered by software by writinga ‘1’ toaSETx bit in
INTC_SSCIRO_3-INTC_SSCIR4 7. Thiswrite sets the corresponding flag bit, CLRX, resulting in the
interrupt request. The interrupt request is cleared by writing a‘1’ to the CLRX hit.

Thetimefrom thewrite to the SETx bit to the time that the INTC startsto drive theinterrupt request to the
processor isfour clocks.

10.6.1.3 Unique vector for each interrupt request source

Each peripheral and software configurable interrupt request is assigned a hardwired unique 9-bit vector.
Software configurable interrupts 0—7 are assigned vectors 0—7 respectively. The peripheral interrupt
requests are assigned vectors 8 to as high as needed to include al the peripheral interrupt requests. The
peripheral interrupt request input ports at the boundary of the INTC block are assigned specific hardwired
vectors within the INTC (see Table 66).

10.6.2 Priority management

The asserted interrupt requests are compared to each other based on their PRIX values set in
INTC_PSRO_3-INTC_PSR292 293. Theresult is compared to PRI in the associated INTC_CPR. The
results of those comparisons manage the priority of the | SR executed by the associated processor. The
associated LIFO also assists in managing that priority.

10.6.2.1  Current priority and preemption

The priority arbitrator, selector, encoder, and comparator subblocks shown in Figure 73 compare the pri-
ority of the asserted interrupt requests to the current priority. If the priority of any asserted peripheral or
software configurable interrupt request is higher than the current priority for a given processor, then the
interrupt request to the processor is asserted. Also, a unique vector for the preempting peripheral or soft-
ware settable interrupt request is generated for INTC interrupt acknowledge register (INTC_IACKR), and
if in hardware vector mode, for the interrupt vector provided to the processor.
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10.6.2.1.1  Priority arbitrator subblock

Thepriority arbitrator subblock for each processor comparesall the prioritiesof all of the asserted interrupt
requests assigned to that processor, both peripheral and software configurable. The output of the priority
arbitrator subblock is the highest of those priorities assigned to a given processor. Also, any interrupt
requests that have this highest priority are output as asserted interrupt requests to the associated request
selector subblock.

10.6.2.1.2 Request selector subblock

If only one interrupt request from the associated priority arbitrator subblock is asserted, then it is passed
as asserted to the associated vector encoder subblock. If multiple interrupt requests from the associated
priority arbitrator subblock are asserted, only the one with the lowest vector passes as asserted to the
associated vector encoder subblock. The lower vector is chosen regardless of the time order of the
assertions of the peripheral or software configurable interrupt requests.

10.6.2.1.3 Vector encoder subblock

The vector encoder subblock generates the unique 9-bit vector for the asserted interrupt request from the
request selector subblock for the associated processor.

10.6.2.1.4  Priority comparator subblock

The priority comparator submodule compares the highest priority output from the priority arbitrator sub-
module with PRI in INTC_CPR. If the priority comparator submodul e detects that this highest priority is
higher than the current priority, then it asserts the interrupt request to the processor. Thisinterrupt request
to the processor asserts whether this highest priority israised above the value of PRI in INTC_CPR or the
PRI valuein INTC_CPRislowered below thishighest priority. Thishighest priority then becomesthe new
priority that will be written to PRI in INTC_CPR when the interrupt request to the processor is acknowl-
edged. Interrupt requests whose PRInin INTC_PSRn are zero will not cause a preemption because their
PRIn will not be higher than PRI in INTC_CPR.

10.6.2.2 Last-in first-out (LIFO)

The LIFO stores the preempted PRI values from the INTC_CPR. Therefore, because these priorities are
stacked within the INTC, if interrupts need to be enabled during the ISR, at the beginning of the interrupt
exception handler the PRI value in the INTC_CPR does not need to be loaded from the INTC_CPR and
stored onto the context stack. Likewise at the end of the interrupt exception handler, the priority does not
need to be loaded from the context stack and stored into the INTC_CPR.

The PRI value in the INTC_CPR is pushed onto the LIFO when the INTC_IACKR isread in software
vector mode or the interrupt acknowledge signal from the processor is asserted in hardware vector mode.
The priority is popped into PRI in the INTC_CPR whenever the INTC_EOIR is written.

Although the INTC supports 16 priorities, an ISR executing with PRI in the INTC_CPR equal to 15 will
not be preempted. Therefore, the LI1FO supports the stacking of 15 priorities. However, the LIFO is only
14 entries deep. An entry for a priority of 0 is not needed because of how pushing onto afull LIFO and

popping an empty LIFO aretreated. If the LIFO is pushed 15 or moretimesthanit is popped, the priorities
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first pushed are overwritten. A priority of 0 would be an overwritten priority. However, the LIFO will pop
Osif it is popped more times than it is pushed. Therefore, athough a priority of O was overwritten, itis
regenerated with the popping of an empty LIFO.

The LIFO is not memory mapped.

10.6.3 Handshaking with processor

10.6.3.1 Software vector mode handshaking

This section describes handshaking in software vector mode.

10.6.3.1.1 Acknowledging interrupt request to processor

A timing diagram of the interrupt request and acknowledge handshaking in software vector mode and the
handshake near the end of the interrupt exception handler, is shown in Figure 82. The INTC examinesthe
peripheral and software configurable interrupt requests. When it finds an asserted peripheral or software
configurable interrupt request with a higher priority than PRI in the associated INTC_CPR, it asserts the
interrupt request to the processor. The INTVEC field in the associated INTC _IACKR is updated with the
preempting interrupt request’s vector when the interrupt request to the processor isasserted. The INTVEC
field retains that value until the next time the interrupt request to the processor is asserted. The rest of
handshaking process is described in Section 10.4.1.1, “ Software vector mode”.

10.6.3.1.2  End of interrupt exception handler

Beforethe interrupt exception handling completes, INTC end-of-interrupt register INTC_EOIR) must be
written.When written, the associated LIFO is popped so the preempted priority isrestored into PRI of the
INTC_CPR. Before it iswritten, the peripheral or software configurable flag bit must be cleared so that
the peripheral or software configurable interrupt request is negated.

NOTE

To ensure proper operation across all eSys MCUs, execute an MBAR Or
MSYNC instruction between the access to clear the flag bit and the write to
the INTC_EOIR.

When returning from the preemption, the INTC does not search for the peripheral or software settable
interrupt request whose ISR was preempted. Depending on how much the ISR progressed, that interrupt
request may no longer even be asserted. When PRI in INTC_CPR islowered to the priority of the
preempted ISR, the interrupt request for the preempted ISR or any other asserted peripheral or software
settableinterrupt request at or below that priority will not cause apreemption. Instead, after the restoration
of the preempted context, the processor will return to the instruction address that it was to next execute
before it was preempted. This next instruction is part of the preempted ISR or the interrupt exception
handler’s prolog or epilog.
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Figure 82. Software vector mode handshaking timing diagram

10.6.3.2 Hardware vector mode handshaking

A timing diagram of the interrupt request and acknowledge handshaking in hardware vector mode, along
with the handshaking near the end of theinterrupt exception handler, isshownin Figure 83. Asin software
vector mode, the INTC examines the peripheral and software settabl e interrupt requests, and when it finds
an asserted one with a higher priority than PRI in INTC_CPR, it asserts the interrupt request to the
processor. The INTVEC field inthe INTC_IACKR is updated with the preempting peripheral or software
settable interrupt request’s vector when the interrupt request to the processor is asserted. The INTVEC
field retains that value until the next time the interrupt request to the processor is asserted. In addition, the
value of theinterrupt vector to the processor matchesthe value of the INTVEC fieldinthe INTC_IACKR.
Therest of the handshaking is described in” Section 10.4.1.2, “Hardware vector mode’”.

The handshaking near the end of the interrupt exception handler, that isthewritingto the INTC_EOIR, is
the same as in software vector mode. Refer to Section 10.6.3.1.2, “End of interrupt exception handler”.
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Figure 83. Hardware vector mode handshaking timing diagram

10.7 Initialization/application information

10.7.1 Initialization flow

After exiting reset, all of the PRIn fieldsin INTC priority select registers (INTC_PSRO-INTC_PSR211)
will be zero, and PRI in INTC current priority register (INTC_CPR) will be 15. These reset values will
prevent the INTC from asserting the interrupt request to the processor. The enable or mask bitsin the
peripherals are reset such that the peripheral interrupt requests are negated. An initialization sequence for
allowing the peripheral and software settable interrupt requests to cause an interrupt request to the
processor is. interrupt_request_initialization:

interrupt request initialization:

configure VTES and HVEN in INTC_MCR

configure VTBA in INTC_IACKR

raise the PRIn fields in INTC PSRN

set the enable bits or clear the mask bits for the peripheral interrupt requests

lower PRI in INTC _CPR to zero
enable processor recognition of interrupts

10.7.2 Interrupt exception handler

These example interrupt exception handlers use Power Architecture assembly code.
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10.7.2.1 Software vector mode

interrupt exception handler:
code to create stack frame, save working register, and save SRRO and SRR1

lis r3, INTC IACKR@ha # form adjusted upper half of INTC IACKR address

lwz r3, INTC IACKR@l (r3) # load INTC_IACKR, which clears request to processor
lwz r3,0x0(r3) # load address of ISR from vector table

wrteei 1 # enable processor recognition of interrupts

code to save rest of context required by e500 EABI

mtlr r3 # move INTC_IACKR contents into link register
blrl # branch to ISR; link register updated with epilog
# address

epilog:
code to restore most of context required by e500 EABI

# Popping the LIFO after the restoration of most of the context and the disabling of processor
# recognition of interrupts eases the calculation of the maximum stack depth at the cost of

# postponing the servicing of the next interrupt request.

mbar # ensure store to clear flag bit has completed

lis r3, INTC_EOIR@ha # form adjusted upper half of INTC EOIR address

1i r4,0x0 # form 0 to write to INTC_EOIR

wrteei 0 # disable processor recognition of interrupts

stw r4, INTC_EOIR@I (r3) # store to INTC_EOIR, informing INTC to lower priority

code to restore SRRO and SRR1, restore working registers, and delete stack frame
rfi
vector table base_address:

address of ISR for interrupt with vector 0
address of ISR for interrupt with vector 1

address of ISR for interrupt with vector 510
address of ISR for interrupt with vector 511

ISRx:
code to service the interrupt event

code to clear flag bit that drives interrupt request to INTC

blr # return to epilog

10.7.2.2 Hardware vector mode

Thisinterrupt exception handler is useful with processor and system bus implementations that support a
hardware vector. This example assumes that each interrupt_exception_handlerx only has space for four
instructions, and therefore a branch to interrupt_exception_handler_continuedx is needed.

interrupt exception handlerx:
b interrupt_exception handler continuedx# 4 instructions available, branch to continue
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interrupt exception handler continuedx:
code to create stack frame, save working register, and save SRRO and SRR1

wrteei 1 # enable processor recognition of interrupts

code to save rest of context required by e500 EABI

bl ISRx # branch to ISR for interrupt with vector x

epilog:

code to restore most of context required by e500 EABI

# Popping the LIFO after the restoration of most of the context and the disabling of processor

# recognition of interrupts eases the calculation of the maximum stack depth at the cost of
# postponing the servicing of the next interrupt request.

mbar # ensure store to clear flag bit has completed

lis r3,INTC_EOIR@ha # form adjusted upper half of INTC EOIR address

1i r4,0x0 # form 0 to write to INTC_EOIR

wrteei 0 # disable processor recognition of interrupts

stw r4,INTC_EOIR@l (r3) # store to INTC_EOIR, informing INTC to lower priority

code to restore SRRO and SRR1, restore working registers, and delete stack frame
rfi

ISRx:

code to service the interrupt event

code to clear flag bit that drives interrupt request to INTC
blr # branch to epilog

10.7.3 ISR, RTOS, and task hierarchy

TheRTOSand all of thetasksunder itscontrol typically executewith PRI in INTC current priority register
(INTC_CPR) having avaue of 0. The RTOS will execute the tasks according to whatever priority scheme
that it may have, but that priority scheme isindependent and has alower priority of execution than the
priority scheme of the INTC. In other words, the | SRs execute above INTC_CPR priority 0 and outside
the control of the RTOS, the RTOS executes at INTC_CPR priority 0, and while the tasks execute at
different priorities under the control of the RTOS, they also execute at INTC_CPR priority O.

If atask shares aresource with an ISR and the PCP is being used to manage that shared resource, then the
task’s priority can be elevated in the INTC_CPR while the shared resource is being accessed.

An ISR whose PRINin INTC priority select registers INTC_PSRO-INTC_PSR211) has avalue of O will
not cause an interrupt request to the processor, even if its peripheral or software settable interrupt request
isasserted. For a peripheral interrupt request, not setting its enable bit or disabling the mask bit will cause
it to remain negated, which consequently also will not cause an interrupt request to the processor. Since
the |SRs are outside the control of the RTOS, this ISR will not run unless called by another ISR or the
interrupt exception handler, perhaps after executing another I1SR.
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10.7.4 Order of execution

An ISR with a higher priority can preempt an ISR with alower priority, regardless of the unique vectors
associated with each of their peripheral or software configurable interrupt requests. However, if multiple
peripheral or software configurable interrupt requests are asserted, more than one has the highest priority,
and that priority is high enough to cause preemption, the INTC selects the one with the lowest unique
vector regardless of the order in time that they asserted. However, the ability to meet deadlines with this
scheduling schemeis no less than if the | SRs execute in the time order that their peripheral or software
configurable interrupt requests asserted.

The example in Table 76 shows the order of execution of both ISRs with different priorities and the same
priority

Table 76. Order of ISR execution example

Code Executing at End of Step PRIin
Step I INTC_CPR
# Step Description RTO | ISR108 | ISR20 | ISR30 | ISR40 | MEMMUPt | End of
S 1 8 8 8 Exception Step
Handler

1 |RTOS at priority 0 is executing. X 0

2 | Peripheral interrupt request 100 at X 1
priority 1 asserts. Interrupt taken.

3 | Peripheral interrupt request 400 at X 4
priority 4 is asserts. Interrupt taken.

4 | Peripheral interrupt request 300 at X 4
priority 3 is asserts.

5 | Peripheral interrupt request 200 at X 4
priority 3 is asserts.

6 |ISR408 completes. Interrupt X 1
exception handler writes to
INTC_EOIR.

7 | Interrupt taken. ISR208 starts to X 3
execute, even though peripheral
interrupt request 300 asserted first.

8 |ISR208 completes. Interrupt X 1
exception handler writes to
INTC_EOIR.

9 | Interrupt taken. ISR308 starts to X 3
execute.

10 |ISR308 completes. Interrupt X 1
exception handler writes to
INTC_EOIR.

11 |ISR108 completes. Interrupt X 0
exception handler writes to
INTC_EOIR.

12 |RTOS continues execution. X 0
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1 ISR108 executes for peripheral interrupt request 100 because the first eight ISRs are for software configurable
interrupt requests.

10.7.5 Priority ceiling protocol

10.7.5.1 Elevating priority

The PRI fieldin INTC_CPR iselevated in the OSEK PCP to the ceiling of all of the priorities of the ISRs
that share aresource. This protocol allows coherent accesses of the | SRs to that shared resource.

For example, ISR1 has apriority of 1, ISR2 hasapriority of 2, and ISR3 has a priority of 3. They share
the same resource. Before ISR1 or ISR2 can access that resource, they must raise the PRI value in
INTC_CPR to 3, the celiling of all of the ISR priorities. After they release the resource, the PRI valuein
INTC_CPR can be lowered. If they do not raise their priority, ISR2 can preempt I1SR1, and ISR3 can
preempt ISR1 or ISR2, possibly corrupting the shared resource. Another possible failure mechanismis
deadlock if the higher priority ISR needs the lower priority ISR to release the resource before it can
continue, but the lower priority I SR cannot rel ease the resource until the higher priority ISR completesand
execution returns to the lower priority ISR.

Using the PCP instead of disabling processor recognition of all interrupts eliminates the time when
accessing ashared resourcethat all higher priority interrupts are blocked. For example, while | SR3 cannot
preempt ISR1 while it is accessing the shared resource, al of the ISRs with a priority higher than 3 can
preempt 1SR1.

10.7.5.2 Ensuring coherency

A scenario can cause non-coherent accesses to the shared resource. For example, ISR1 and ISR2 are both
running on the same core and both share aresource. ISR1 hasalower priority than ISR2. ISR1 isexecuting
and writesto the INTC_CPR. Theinstruction following this storeisastore to avaluein a shared coherent
data block. Either immediately before or at the same time as the first store, the INTC asserts the interrupt
request to the processor because the peripheral interrupt request for | SR2 has asserted. Asthe processor is
responding to the interrupt request from the INTC, and as it is aborting transactions and flushing its
pipelineg, it is possible that both stores will be executed. 1SR2 thereby thinks that it can access the data
block coherently, but the data block has been corrupted.

OSEK usesthe GetResource and Rel easeResource system services to manage access to a shared resource.
To prevent corruption of acoherent data block, modificationsto PRI in INTC_CPR can be made by those
system services with the code sequence:

disable processor recognition of interrupts
PRI modification
enable processor recognition of interrupts

10.7.6  Selecting priorities according to request rates and deadlines

The selection of the priorities for the ISRs can be made using rate monotonic scheduling (RMS) or a
superset of it, deadline monotonic scheduling (DMS). INnRM S, the | SRsthat have higher request rates have
higher priorities. In DMS, if the deadline is before the next time the ISR is requested, then the ISR is
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assigned a priority according to the time from the request for the I SR to the deadline, not from the time of
the request for the ISR to the next request for it.

For example, ISR1 executes every 100 us, |SR2 executes every 200 s, and | SR3 executes every 300 s.
ISR1 has a higher priority than ISR2, which has a higher priority than ISR3; however, if ISR3 hasa
deadline of 150 s, then it has a higher priority than |SR2.

The INTC has 16 priorities, which may be less than the number of ISRs. In this case, the ISRs should be
grouped with other |SRs that have similar deadlines. For example, apriority could be allocated for every
timetherequest rate doubl es. | SRswith request ratesaround 1 mswould shareapriority, | SRswith request
rates around 500 pus would share a priority, | SRs with request rates around 250 ps would share a priority,
etc. With this approach, arange of ISR request rates of 21° could be included, regardiess of the number of
ISRs.

Reducing the number of priorities reducesthe processor’s ability to meet its deadlines. However, reducing
the number of priorities can reduce the size and latency through the interrupt controller. It also allows
easier management of 1SRswith similar deadlines that share aresource. They do not need to use the PCP
to access the shared resource.

10.7.7 Software configurable interrupt requests

The software configurable interrupt requests can be used in two ways. They can be used to schedule a
lower priority portion of an ISR and they may also be used by processors to interrupt other processorsin
amultiple processor system.

10.7.7.1 Scheduling a lower priority portion of an ISR

A portion of an ISR needsto be executed at the PRIx valuein INTC_PSRO_3-INTC_PSR292 293, which
becomes the PRI value in INTC_CPR with the interrupt acknowledge. The ISR, however, can have a
portion that does not need to be executed at this higher priority. Therefore, executing the later portion that
does not need to be executed at this higher priority can prevent the execution of ISRsthat do not have a
higher priority than the earlier portion of the ISR but do have a higher priority than what the later portion
of the ISR needs. This preemptive scheduling inefficiency reduces the processor’s ability to meet its
deadlines.

One option isfor the ISR to complete the earlier higher priority portion, but then schedule through the
RTOS atask to execute the later lower priority portion. However, some RTOSs can require alarge amount
of timefor an ISR to schedule atask. Therefore, asecond optionisfor the | SR, after compl eting the higher
priority portion, to set aSETx bit in INTC_SSCIR0O_3-INTC_SSCIR4_7. Writinga‘1' to SETx causesa
software configurable interrupt request. This software configurable interrupt request will usually have a
lower PRIX value in the INTC_PSRx_x and will not cause preemptive scheduling inefficiencies. After
generating a software settable interrupt request, the higher priority ISR completes. The lower priority ISR
is scheduled according to its priority. Execution of the higher priority ISR is not resumed after the
completion of the lower priority ISR.

MPC5604E Reference Manual, Rev. 5

10-202 Freescale Semiconductor



Interrupt Controller (INTC)

10.7.7.2 Scheduling an ISR on another processor

Because the SETx bitsin the INTC_SSCIRx_x are memory mapped, processors in multiple-processor
systems can schedule | SRs on the other processors. One application is that one processor wants to
command another processor to perform a piece of work and the initiating processor does not need to use
the results of that work. If the initiating processor is concerned that the processor executing the software
configurable | SR has not completed the work before asking it to again execute the ISR, it can check if the
corresponding CLRx bit in INTC_SSCIRx_x is asserted before again writing a‘1’ to the SETx hit.

Another application is the sharing of ablock of data. For example, afirst processor has completed
accessing ablock of data and wants a second processor to then access it. Furthermore, after the second
processor has completed accessing the block of data, the first processor again wants to accessit. The
accesses to the block of data must be done coherently. To do this, thefirst processor writesa‘1’ to a SETX
bit on the second processor. After accessing the block of data, the second processor clears the
corresponding CLRx bit and then writes 1 to a SETx bit on the first processor, informing it that it can now
access the block of data.

10.7.8 Lowering priority within an ISR

A common method for avoiding preemptive scheduling inefficiencies with an 1SR whose work spans
multiple priorities (see Section 10.7.7.1, “ Scheduling a lower priority portion of an ISR”) isto lower the
current priority. However, the INTC has a LIFO whose depth is determined by the number of priorities.

NOTE

Lowering the PRI valuein INTC_CPR within an ISR to below the ISR’s
corresponding PRI valuein INTC_PSRO_3-INTC_PSR292 293 allows
more preemptions than the LI1FO depth can support.

Therefore, the INTC does not support lowering the current priority within an ISR as away to avoid
preemptive scheduling inefficiencies.

10.7.9 Negating an interrupt request outside of its ISR

10.7.9.1 Negating an interrupt request as a side effect of an ISR

Some peripherals have flag bits that can be cleared as a side effect of servicing a peripheral interrupt
request. For example, reading a specific register can clear the flag bits and their corresponding interrupt
requests. This clearing as aside effect of servicing a peripheral interrupt request can cause the negation of
other peripheral interrupt requests besides the peripheral interrupt request whose ISR presently is
executing. This negating of a peripheral interrupt request outside of its ISR can be a desired effect.

10.7.9.2 Negating multiple interrupt requests in one ISR

An ISR can clear other flag bits besidesits own. Onereason that an | SR clears multipleflag bitsis because
it serviced those flag bits, and therefore the ISRs for these flag bits do not need to be executed.
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10.7.9.3 Proper setting of interrupt request priority

Whether an interrupt request negates outside its own I SR due to the side effect of an ISR execution or the
intentional clearing aflag bit, the priorities of the peripheral or software configurable interrupt requestsfor
these other flag bits must be selected properly. Their PRIx valuesin INTC_PSR0O_3-INTC_PSR292 293
must be selected to be at or lower than the priority of the ISR that cleared their flag bits. Otherwise, those
flag bits can cause the interrupt request to the processor to assert. Furthermore, the clearing of these other
flag bits also has the same timing relationship to thewritingto INTC_SSCIR0O_3-INTC_SSCIR4_7 asthe
clearing of theflag bit that caused the present | SR to be executed (see Section 10.6.3.1.2, “ End of interrupt
exception handler”).

A flag bit whose enable bit or mask bit negates its peripheral interrupt request can be cleared at any time,
regardless of the peripheral interrupt request’s PRIX valuein INTC_PSRXx_Xx.

10.7.10 Examining LIFO contents

In normal mode, the user does not need to know the contents of the LIFO. He may not even know how
deeply the LIFO is nested. However, if he wantsto read the contents, such asin debug mode, they are not
memory mapped. The contents can be read by popping the LIFO and reading the PRI field in either
INTC_CPR. The code sequenceis:

pop_lifo:

store to INTC_EOIR

load INTC_CPR, examine PRI, and store onto stack
if PRI is not zero or value when interrupts were enabled, branch to pop_ lifo

When the examination is complete, the L1FO can be restored using this code sequence:

push_lifo:

load stacked PRI value and store to INTC_CPR

load INTC_ IACKR

if stacked PRI values are not depleted, branch to push lifo
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Chapter 11
Wakeup Unit (WKPU)

11.1 Introduction

11.1.1 Overview
The WKPU supports one external source that can cause non-maskabl e interrupt requests or wakeup events.

Figure 84 is a block diagram of the WKPU and itsinterfaces to other system components.

Request

NMI / Wakeup
- Configuration PLATFORM

NMI enable

filter bypass
PBRIDGE yp

wakeup

1 filter

PADS
IOMUX

Mode /
Power Ctl

Figure 84. WKPU block diagram

11.1.2 Features

The WKPU supports:
* 1 NMI source
» lanaog glitchfilter

* Independent interrupt destination: non-maskable interrupt, critical interrupt, or machine check
request
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* Edge detection
» Configurable system wakeup triggering from NMI sources

11.2 External signal description

The module has 1 signal input that can be used as anon-maskabl e interrupt source in normal run mode or
as system wakeup sources in certain power down modes.

11.3 Memory map and register description

This section provides a detailed description of all registers accessible in the WKPU module.

11.3.1 Memory map

Figure 77 gives an overview on the WKPU registers implemented.
Table 77. WKPU memory map

Address Offset Use Abbreviation | Size Aigsssgiezdes
0x0000 NMI Status Flag Register NSR 32 32/16/8
0x0004 - 0x0007 Reserved
0x0008 NMI Configuration Register NCR 32 32/16/8
0x000C - Ox3FFF Reserved
NOTE

Reserved registerswill read as 0, writeswill have no effect. If supported and
enabled by the SoC, atransfer error will be issued when trying to access
completely reserved register space.

11.3.2 Register descriptions

This section describes in address order al the WKPU registers. Each description includes a standard
register diagram with an associated figure number. Details of register bit and field function follow the
register diagrams, in bit order.

Figure 85. Key to Register Fields

Always| 1 | Always| O |R/W|BIT| Read-| BIT | Write- Write 1| BIT | Self-clear| 0 | N/A
reads 1 reads O bit only bit only bit g1 | to clear | \y1¢ bit| g

11.3.2.1 NMI Status Flag Register (NSR)
This register holds the non-maskabl e interrupt status flags.
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Address|0x0000 Access: User read/write (write 1 to clear)
0 1 2
R NIFO NOVFO 0 0 0 0 0 0
W wilc wlc
Reset 0 0 0 0 0 0 0 0
8 10 11 12 13 14 15
R 0 0 0 0 0 0 0 0
w
Reset 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23
R 0 0 0 0 0 0 0 0
w
Reset 0 0 0 0 0 0 0 0
24 25 26 27 28 29 30 31
R 0 0 0 0 0 0 0 0
w
Reset 0 0 0 0 0 0 0 0

Figure 86. NMI Status Flag Register (NSR)

Table 78. NSR Field Descriptions

Field Description

NIFO NMI Status Flag 0. This flag can be cleared only by writing a 1. Writing a 0 has no effect. If enabled
(NREEO or NFEEO set), NIFO causes an interrupt request.

1 An event as defined by NREEO and NFEEO has occurred

0 No event has occurred on the pad

NOVFO NMI Overrun Status Flag 0. This flag can be cleared only by writing a 1. Writing a 0 has no effect. It
will be a copy of the current NIFO value whenever a NMI event occurs, thereby indicating to the
software that a NMI occurred while the last one was not yet serviced. If enabled (NREEO or NFEEO
set), NOVFO causes an interrupt request.

1 An overrun has occurred on NMI input 0

0 No overrun has occurred on NMI input O

11.3.2.2 NMI Configuration Register (NCR)
This register holds the configuration bits for the non-maskable interrupt settings.

MPC5604E Reference Manual, Rev. 5

Freescale Semiconductor 11-207



Wakeup Unit (WKPU)

Address: 0x0008 Access: User read/write
0 1 2 3 4 5 6 7
0
NLOCKO NDSSO0 NWREO NREEO NFEEO NFEO

W
Reset 0 0 0 0 0 0 0 0
8 10 1 12 13 14 15
R 0 0 0 0 0 0 0 0

W
Reset 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23
R 0 0 0 0 0 0 0 0

W
Reset 0 0 0 0 0 0 0 0
24 25 26 27 28 29 30 31
R 0 0 0 0 0 0 0 0

W
Reset 0 0 0 0 0 0 0 0

Figure 87. NMI Configuration Register (NCR)

Table 79. NCR Field Descriptions

Field Description

NLOCKO | NMI Configuration Lock Register 0. Writing a 1 to this bit locks the configuration for the NMI until it is
unlocked by a system reset. Writing a 0 has no effect.

NDSSO NMI Destination Source Select 0.

00 non-maskable interrupt

01 critical interrupt

10 machine check request

11 reserved - no NMI, critical interrupt, or machine check request generated

NWREO NMI Wakeup Request Enable 0.
1 A set NIFO bit or set NOVFO bit causes a system wakeup request
0 System wakeup requests from the corresponding NIFO bit are disabled

NREEO NMI Rising-edge Events Enable O.
1 Rising-edge event is enabled
0 Rising-edge event is disabled
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Table 79. NCR Field Descriptions (continued)

Field Description

NFEEO NMI Falling-edge Events Enable 0.
1 Falling-edge event is enabled
0 Falling-edge event is disabled

NFEO NMI Filter Enable O.

Enable analog glitch filter on the NMI pad input.
1 Filter is enabled

0 Filter is disabled

NOTE

Writing a‘0’ to both NREEO and NFEEQO disables the NMI functionality
completely (i.e. no system wakeup or interrupt will be generated on any pad
activity)!

11.4 Functional description

11.4.1 General

This section provides a complete functional description of the WKPU.

11.4.2 Non-Maskable Interrupts
The WKPU supports one non-maskabl e interrupt.

The WKPU supportsthe generation of 3 typesof interrupts per NMI input to the SoC. The WK PU supports
the capturing of a second event per NMI input before the interrupt is cleared, thus reducing the chance of
losing an NMI event.

Each NMI passes through a bypassable analog glitch filter.

NOTE

Glitch filter control and pad configuration should be done whilethe NMI is
disabled in order to avoid erroneous triggering by glitches caused by the
configuration process itself.
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Figure 88. NMI pad diagram

11.4.2.1 NMI management

Each NMI can be enabled or disabled independently. This can be performed using the single NCR register
laid out to contain all configuration bitsfor agiven NMI in asingle byte (see Figure 87). A pad defined as
an NMI can be configured by the user to recognize interrupts with an active rising edge, an active falling
edge or both edges being active. A setting of having both edge events disabled resultsin no interrupt being
detected and should not be configured.

The active NMI edge is controlled by the user through the configuration of the NREE and NFEE bits.

NOTE

After reset, NREE and NFEE are set to ‘' O’ therefore the NMI functionality
isdisabled after reset and must be enabled explicitly by software.

Once apad’'s NMI functionality has been enabled, the pad cannot be reconfigured in the IOMUX to
override or disable the NMI.

The NMI destination interrupt is controlled by the user through the configuration of the NDSS bits. See
Table 79 for details.

Each NMI supportsastatusflag and an overrun flag which arelocated in the NSR register (see Figure 86).
Thisregister is a clear-by-write-1 register type, preventing inadvertent overwriting of other flagsin the
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same register. The status flag is set whenever an NMI event is detected. The overrun flag is set whenever
an NMI event is detected and the status flag is set (i.e. has not yet been cleared).

NOTE

Theoverrun flag iscleared by writinga‘1’ to the appropriate overrun bitin
the NSR register. If the status bit is cleared and the overrun bit is still set, the
pending interrupt will not be cleared.
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Chapter 12
System Status and Configuration Module (SSCM)

12.1 Introduction

12.1.1 Overview
The System Status and Configuration Module (SSCM) provides central SOC functionality.

System Status and Configuration Module
RevID
Hardmacro

Core ¢

Debug h
Port *ﬁ LOglC

System ¢

Status
H Password

Comparator

Bus Peripheral
Interface 4——} Bus
Interface

Figure 89. System Status and Configuration Module Block Diagram

12.1.2 Features

The SSCM includes these distinctive features:
o System Configuration and Status
— Memory sizes/status
— Device Mode and Security Status
— Determine boot vector
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— Search Code Flash for bootable sector

— DMA Status
* Deviceidentification information (MCU ID Registers)
» Debug Status Port enable and selection
» Busand periphera abort enable/disable

12.1.3 Modes of Operation
The SSCM operatesidentically in all system modes.

12.2 External Signal Description
The SSCM has no external pins.

12.3 Memory Map/Register Definition
This section provides a detailed description of all memory-mapped registersin the SSCM.

Table 80 shows the memory map for the SSCM. Note that all addresses are offsets; the absol ute address
may be calculated by adding the specified offset to the base address of the SSCM.

Table 80. Module Memory Map

Address Register Size Access Mode?
Base + 0x0000 System Status (STATUS) 16 bits R A
Base + 0x0002 System Memory and ID (MEMCONFIG) 16 bits R A
Base + 0x0004 Reserved 16 bits Reads/Writes have no effect. A
Base + 0x0006 Error Configuration (ERROR) 16 bits R/W A
Base + 0x0008 Debug Status Port (DEBUGPORT) 16 bits R/W A
Base + OxO00A Reserved 16 bits Reads/Writes have no effect. A
Base + 0x0014 Reserved 32 bits Reads/Writes have no effect. A

to
Base + 0x001C
Base + 0x0028 Primary Boot Address 32 bits R A
Base + 0x002C Reserved 32 bits Reads/Writes have no effect. A

1 U=user Mode, S = Supervisor Mode, T = Test Mode, V = DFV Mode, A = All (No restrictions)

All registers are accessible via 8-hit, 16-bit or 32-bit accesses. However, 16-bit accesses must be aligned
to 16-bit boundaries, and 32-bit accesses must be aligned to 32-bit boundaries. As an example, the
STATUS register is accessible by a 16-bit READ/WRITE to address ' Base + 0x0002’, but performing a
16-hit accessto 'Base + 0x0003' isillegal.

12.3.1 Register Descriptions

The following registers are available in the SSCM. Those bits that are shaded out are reserved for future
use. To optimize future compatibility, these bits should be masked out during any read/write operations to
avoid conflict with future revisions.
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12.3.1.1

System Status Register

System Status and Configuration Module (SSCM)

The System Status register is aread-only register that reflects the current state of the system.

Address: Base + 0x0000

Access: Read / Write

0 1 2 4 5 6 8 9 10 1 12 13 14 15
R| O 0 0 0 NXEN| PUB | SEC 0 BMODE 0 ABD 0 0 0
w
RESET: 1!
= Reserved
Figure 90. Status (STATUS) Register
1 Reset values for this register depend on the associated option bits, or on the device status after leaving reset.
Table 81. STATUS Allowed Register Accesses
8-bit 16-bit 32-bit?
READ Allowed Allowed Allowed
WRITE Allowed Allowed Allowed
1 All 32-hit accesses must be aligned to 32-bit addresses (i.e. 0x0, 0x4, 0x8 or 0xC).
Table 82. STATUS Field Descriptions
Field Description
NXEN | Nexus enabled.
PUB | Public Serial Access Status. This bit indicates whether serial boot mode with public password is allowed.
1 Serial boot mode with public password is allowed
0 Serial boot mode with private Flash password is allowed, provided the key hasn’t been swallowed
SEC | Security Status. This bit reflects the current security state of the Flash.
1 The Flash is secured
0 The Flash is not secured
MPC5604E Reference Manual, Rev. 5
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Table 82. STATUS Field Descriptions (continued)

Field

Description

BMODE

Device Boot Mode.

000 (reserved for FlexRay Boot Serial Boot Loader)

001 CAN Serial Boot Loader

010 SCI Serial Boot Loader

011 Single Chip

100 Expanded Chip

This field is only updated during reset. If the device goes into standby mode and wakes up from it again, the bits
retain their original value.

ABD

Autobaud. Indicates that autobaud detection is active when in SCI or CAN serial boot loader mode. No meaning in
other modes.

12.3.1.2

System Memory and ID Register

The System Memory Configuration register isaread-only register that reflects the memory configuration
of the system. It also contains the JTAG ID.

Address Base + 0x0002

RESET:

Access: Read Only

10 1 12 13 14 15

IVLD MREV DVLD

1 1 0 0 1 0 0 0 0 0 1 0 0 0 0 1

= Reserved

Figure 91. System Memory and ID (MEMCONFIG) Register

Table 83. MEMCONFIG Field Descriptions

Field Description

JPIN | JTAG Part ID Number

IVLD | Instruction Flash Valid. This bit identifies whether or not the on-chip Instruction Flash is accessible in the system
memory map. The Flash may not be accessible due to security limitations, or because there is no Flash in the
system.
1 Instruction Flash is accessible
0 Instruction Flash is not accessible

MREV | Minor Mask Revision

DVLD |Data Flash Valid. This bit identifies whether or not the on-chip Data Flash is visible in the system memory map. The
Flash may not be accessible due to security limitations, or because there is no Flash in the system.
1 Data Flash is visible
0 Data Flash is not visible
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Table 84. MEMCONFIG Allowed Register Accesses

8-bit 16-bit 32-bit
READ Allowed Allowed Allowed
(also reads STATUS register)
WRITE Not Allowed Not Allowed Not Allowed
12.3.1.3 Error Configuration

The Error Configuration register is aread-write register that controls the error handling of the system.

Address : Base + 0x0006

Access: Read/Write

1 10 1 12 13 14 15
R| O 0 0 0 0 0 0 0 0 0 0 0 0 0 PAE | RAE
w
RESET. O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
= Reserved
Figure 92. Error Configuration (ERROR) Register
Table 85. ERROR Field Descriptions
Field Description
PAE Peripheral Bus Abort Enable. This bit enables bus aborts on any access to a peripheral slot that is not used on the
device. This feature is intended to aid in debugging when developing application code.
1 lllegal accesses to non-existing peripherals produce a Prefetch or Data Abort exception
0 lllegal accesses to non-existing peripherals do not produce a Prefetch or Data Abort exception
RAE | Register Bus Abort Enable. This bit enables bus aborts on illegal accesses to off-platform peripherals. Illegal
accesses are defined as reads or writes to reserved addresses within the address space for a particular peripheral.
This feature is intended to aid in debugging when developing application code.
1 lllegal accesses to peripherals produce a Prefetch or Data Abort exception
0 lllegal accesses to peripherals do not produce a Prefetch or Data Abort exception
Note: Transfers to Peripheral Bus resources may be aborted even before they reach the Peripheral Bus (i.e. at the
AIPS level). In this case, the PER_ABORT and REG_ABORT register bits will have no effect on the abort.
Table 86. ERROR Allowed Register Accesses
8-bit 16-bit 32-bit
READ Allowed Allowed Allowed
WRITE Allowed Allowed Not Allowed
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12.3.1.4

The Debug Status Port register isused to (optionally) provide debug dataon aset of pins. Consult the SOC
guide for thisinformation.

Debug Status Port Register

Address: Base + 0x0008 Access: Read/Write

10 11 12 13 14 15
R O 0 0 0 0 0 0 0 0 0 DEBUG_MODE

W
RESET. 0 0 0 0 0 0 0 0 0 0 0 0 0

= Reserved for future use

Figure 93. Debug Status Port (DEBUGPORT) Register

Table 87. DEBUGPORT Field Descriptions

Field Description
DEBUG__ | Debug Status Port Mode. This field selects the alternate debug functionality for the Debug Status Port
MODE |000 undefined
001 Mode 1 Selected
010 Mode 2 Selected
011 Mode 3 Selected
100 Mode 4 Selected
101 Mode 5 Selected
110 Mode 6 Selected
111 Mode 7 Selected
Table 88 describes the functionality of the Debug Status Port in each mode.
Table 88. Debug Status Port Modes
Pint Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6 Mode 7
0 STATUSIO] STATUSI8] MEMCONFIGI[O0] MEMCONFIGI8] Reserved Reserved Reserved
1 STATUSI[1] STATUSI[9] MEMCONFIG[1] MEMCONFIG[9] Reserved Reserved Reserved
2 STATUS[2] STATUS[10 | MEMCONFIG[2] MEMCONFIG[10] Reserved Reserved Reserved
|
3 STATUSI[3] STATUS[11] | MEMCONFIG[3] MEMCONFIG[11] Reserved Reserved Reserved
4 STATUS[4] STATUS[12 | MEMCONFIG[4] MEMCONFIG[12] Reserved Reserved Reserved
|
5 STATUSI5] STATUS[13 | MEMCONFIG[5] MEMCONFIG[13] Reserved Reserved Reserved
|
6 STATUSI6] STATUS[14 | MEMCONFIGI[6] MEMCONFIG[14] Reserved Reserved Reserved
|
7 STATUSI[7] STATUS[15 | MEMCONFIG[7] MEMCONFIG[15] Reserved Reserved Reserved
|
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L All signals are active high, unless otherwise noted

System Status and Configuration Module (SSCM)

Table 89. DEBUGPORT Allowed Register Accesses

8-bit 16-bit 32-bit!
READ Allowed Allowed Not Allowed
WRITE Allowed Allowed Not Allowed

L All 32-bit accesses must be aligned to 32-bit addresses (i.e. 0x0, 0x4, 0x8 or 0xC).

Table 90. Debug Status Port Signals

Debug Status Port

Signals

sscm__ipg_debug_soc__wire

DS6
platform__zcor_pstat__ wire[6:0]
video_wrap__valid_frame__wire
video_wrap__sub_start__wire
video_wrap__seq_luma__wire
video_wrap__seq_chroma__wire dflashO__f90_done__wire
DS7

cflashO__f90_done__wire

vreg_dig0__vreg_ok__wire

fmpll0__i_lock__wire

fmpll0__i_lock__wire
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12.3.1.5 Primary Boot Address

Address: Base + 0x28 Access: Read/Write
0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
R SADR
W

RESET: O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R SADR

RESET: O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

= Writes have no effect on this bit

Figure 94.

Table 91. PSA Field Descriptions

Field Description

SADR | Start Address - the boot processor will start executing application code from this address

12.4 Functional Description

The primary purpose of the SSCM isto provide information about the current state and configuration of
the system that may be useful for configuring application software and for debug of the system.

12.5 Initialization/Application Information

12.5.1 Reset

Thereset state of each individual bit is shown within the Register Description section (see Section 12.3.1,
“Register Descriptions’).
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Chapter 13
System Integration Unit Lite (SIUL)

13.1 Introduction

This chapter describes the System Integration Unit Lite (SIUL), which is used for the management of the
pads and their configuration. It controls the multiplexing of the alternate functions used on all padsaswell
as being responsible for the management of the external interrupts to the device.

13.2 Overview

The System Integration Unit Lite (SIUL) controls the MCU pad configuration, ports, general-purpose
input and output (GPIO) signals and external interrupts with trigger event configuration. Figure 95
provides a block diagram of the SIUL and its interfaces to other system components.

The module provides dedicated general-purpose pads that can be configured as either inputs or outputs.
* Whenapadisconfigured asan input, the state of the pad (logic high or low) is obtained by reading
an associated data input register.

» When apad is configured as an output, the value driven onto the pad is determined by writing to
an associated data output register. Enabling the input bufferswhen a pad is configured as an output
allows the actual state of the pad to be read.

» To enable monitoring of an output pad value, the pad can be configured as both output and input
so the actual pad value can be read back and compared with the expected value.Rev. 5
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SIUL Module

Pad Config (IOMUXC)

71

4——p Pad Cfg (PCRs)

GPIO Functionality

\ 4
71
< > Data >
71 10 71

IPS < >
Master

Interrupt Functionality

32
¢ > Interrupt <
- Configuration | 4 Interrupt
- Glitch Filter » Controller
IPS
BUS

Figure 95. System Integration Unit Lite block diagram

13.3 Features
The System Integration Unit Lite supports these distinctive features:

The System Integration Unit Lite provides these features:
« GPIO
— GPIO function on up to 71 1/0 pins
— Dedicated input and output registers for each GPIO pin
* External interrupts
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— 4 system interrupt vectors for up to 32 interrupt sources
— 32 programmable digital glitch filters
— Independent interrupt mask
— Edge detection
» System configuration
— Pad configuration control

13.4 External signal description

Most device pads support multiple device functions. Pad configuration registers are provided to enable
selection between GPIO and other signals. These other signals, also referred to as alternate functions, are
typically peripheral functions.

GPIO pads are grouped in “ports’, with each port containing up to 16 pads. With appropriate
configuration, al pinsin aport can be read or written to in parallel with asingle R/W access.

Table 92 lists the external pins used by the SIUL.
‘ Table 92. SIUL signal properties

GPIO[0:198] 110 .
Name . . Function
category direction

System configuration | GPIO[0:70] 1/0 General-purpose input/output

External interrupt A0, Al, A2, A3, A4, A5, A6, Input Pins with External Interrupt Request
A7, A8, A9, A10, Al12, A13, functionality. Please refer to the signal
Al4, A15, B3, C1, C2, C3, description chapter of this reference manual
C4, C5, C6, C8, C9, C10, for details.
C12, C13, C14, D9, D13,
D14, and E2

13.4.1 Detailed signal descriptions

13.4.1.1 General-purpose I/O pins (GPIO[0:70])

The GPIO pins provide general-purpose input and output function. The GPIO pins are generally
multiplexed with other 1/0 pin functions. Each GPIO input and output is separately controlled by an input
(GPDIn_n) or output (GPDON_n) register.

13.4.1.2 External interrupt request input pins (EIRQ[0:31])

The EIRQ[0:31] pins are connected to the SIUL inputs. Rising- or falling-edge events are enabled by
setting the corresponding bitsin the SIUL_IREER or the SIUL_|IFEER register.

13.5 Memory map and register description

This section provides a detailed description of all registers accessible in the SITUL module.
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1351

SIUL memory map

Table 93 gives an overview of the SIUL registers implemented.

Table 93. SIUL memory map

Register Offset Register name Location
0xC3F9_0000 Reserved —
0x0004 MCU ID Register #1 (MIDR1) on page 225
0x0008 MCU ID Register #2 (MIDR2) on page 227
0x000C—-0x0013 Reserved —
0x0014 Interrupt Status Flag Register (ISR) on page 228
0x0018 Interrupt Request Enable Register (IRER) on page 228
0x001C-0x0027 Reserved —
0x0028 Interrupt Rising-Edge Event Enable Register (IREER) on page 229
0x002C Interrupt Falling-Edge Event Enable Register (IFEER) on page 229
0x0030 Interrupt Filter Enable Register (IFER) on page 230
0x0034—-0x003F Reserved —
0x0040-0x00CC Pad Configuration Registers (PCR[0:70]) on page 230
0xO00CE—0x04FF Reserved —
0x500-0x519 Pad Selection for Multiplexed Inputs Registers on page 232

(PSMIO-PSMI25)
0x0520—-0x05FF Reserved —
0x0600-0x0644 GPIO Pad Data Output Registers (GPDOO0_3-GPDO68_71) |on page 235
0x06C8—-0x07FF Reserved —
0x0800-0x0844 GPIO Pad Data Input Registers (GPDIO_3-GPDI68_71) on page 236
0x08C8—0x0BFF Reserved —
0x0C00—-0x0C08 Parallel GPIO Pad Data Out Registers (PGPDO0-PGPDO2) |on page 237
0x0COC—-0x0C3F Reserved —
0x0C40-0x0C48 Parallel GPIO Pad Data In Register (PGPDIO—PGPDI2) on page 237
0x0C4C—-0x0C7F Reserved —
0x0C80-0x0C90 Masked Parallel GPIO Pad Data Out Register on page 238

(MPGPDOO-MPGPDO4)
0x0C94—0x0FFF Reserved —
0x1000-0x107C Interrupt Filter Maximum Counter Registers (IFMCO-IFMC31)|on page 239
0x1080 Interrupt Filter Clock Prescaler Register (IFCPR) on page 241

0x1084—0x3FF

Reserved
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NOTE

A transfer error will be issued when trying to access completely reserved
register space.

13.5.2 Register protection

Individual registersin System Integration Unit Lite can be protected from accidental writes using the
Register Protection module (Chapter 39, "Register Protection (REG_PROT)"). The following registers
can be protected:

* Interrupt Request Enable Register (IRER)

* Interrupt Rising-Edge Event Enable Register (IREER)

* Interrupt Falling-Edge Event Enable Register (IFEER)

* Interrupt Filter Enable Register (IFER)

* Interrupt Filter Enable Register (IFER)

» Pad Configuration Registers (PCR[0:70])

» Pad Selection for Multiplexed Inputs Registers (PSM10—-PSM|125)
e Interrupt Filter Maximum Counter Registers (IFMCO-FMC31)

* Interrupt Filter Clock Prescaler Register (IFCPR)

Refer to Chapter 39, "Register Protection (REG_PROT)"for details.

13.5.3 Register description

This section describesin address order all the SIUL registers. Each description includes astandard register
diagram. Details of register bit and field function follow the register diagrams, in bit order. The numbering
convention of the registersis MSB = 0, however the numbering of the internal fieldsis LSB =0, for
example, PARTNUM[5] = MIDR1[10].

Always | 1 | Always | o R/W Read- | g|T| Write- Write 1 | g|T| Self- 0 N/A
BIT wl | clear
reads 1 reads 0 bit only bit only bit | BIT | to clear c bit BIT

Figure 96. Key to register fields

13.5.3.1 MCU ID Register #1 (MIDR1)

This register contains the part number and the package ID of the device.
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Address: Base + 0x0004

Access: User read-only

0 1 2 5 6 9 10 13 14 15
R PARTNUMI[15:0]
we [ ] ] [ [ | [ [ | [ [ |
Reset 0 1 0 1 0 1 1 0 0 0 0 0 0 1 0 0
16 17 18 19 ‘ 20 21 22 23 24 25 26 27 28 29 30 31
R| CSP PKG[4:0] 0 0 MAJOR_MASK][3:0]* MINOR_MASK[3:0]*
w [ | | [ [ | [ [ |
Reset 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0
Figure 97. MCU ID Register #1 (MIDR1)
1 See Table 94.
Table 94. MIDR1 field descriptions
Field Description
PARTNUM[15:0] | MCU Part Number
Device part number of the MCU.
0101_0110_0000_0010: 5602 (ENET)
0101_0110_0000_0011: 5603 (ENET, SAl)
0101_0110_0000_0100: 5604 (ENET, SAl, MPJPEG)
For the full part number this field needs to be combined with MIDR2.PARTNUM[23:16]
CSP Always reads back 0
PKG[4:0] Package Settings

Can by read by software to determine the package type that is used for the particular device:
00001: 64-pin LQFP

MAJOR_MASK]3:0]

Major Mask Revision
Counter starting at 0x0. Incremented each time a resynthesis is done.
0b0000

MINOR_MASK][3:0]

Minor Mask Revision
Counter starting at 0x0. Incremented each time a mask change is done.
0000: Silicon Cut 1.0
0001: Silicon Cut 1.1
0010: Silicon Cut 1.2
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13.5.3.2 MCU ID Register #2 (MIDR2)

This register contains additional configuration information about the device.

Address: Base + 0x0008 Access: User read-only
0 1 2 3 ‘ 4 5 6 7 8 9 10 1 12 13 14 15
R| SF FLASH_SIZE[3:0] 0 0 0 0 0 0 0 0 0 0 0
w [ |
Reset 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0

16 17 18 19 ‘ 20 21 22 23 24 25 26 27 28 29 30 31
R PARTNUM[23:16] 0 0 0 EE 0 0 0 0

we [ | ] [ 1 |
Reset 0 1 o0 oO0)}O0 1 OO0 1,0 O O 1,0 o0 o0 o0

Figure 98. MCU ID Register #2 (MIDR2)

Table 95. MIDR?2 field descriptions

Field Description
SF Manufacturer
0: Freescale
1: Reserved

FLASH_SIZE[3:0] Coarse granularity for Flash memory size
0101: 512 KB
Other values are reserved.

PARTNUM[23:16] ASCII character in MCU Part Number
0x45: ascii 'E' (MPC5604E)

EE Data Flash present
0: No Data Flash present
1: Data Flash present
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13.5.3.3

Thisregister holds the interrupt flags.

Address: Base + 0x0014

Interrupt Status Flag Register (ISR)

7‘8 9 10

Access: User read/write

11 ‘ 12 13 14 15

0 1 2
R EIF[31:16]
w wlc
Reset 0 0 O O ] 0o 0 O0 O ] 0 0 0 0 ] 0 0 0 0
16 17 18 19 ‘ 20 21 22 23 ‘ 24 25 26 27 ‘ 28 29 30 31
R EIF[15:0]
w wlc
Reset 0 0 O O \ 0o 0 O0 O \ 0 0 0 0 \ 0 0 0 0
Figure 99. Interrupt Status Flag Register (ISR)
Table 96. ISR field descriptions
Field Description
EIFn External Interrupt Status Flag n

This flag can be cleared only by writing a 1. Writing a 0 has no effect. If enabled (IRERnN), EIFn

causes an interrupt request.

0: No interrupt event has occurred on the pad.

1: An interrupt event as defined by IREERn and IFEERnN has occurred.

13.5.3.4

Interrupt Request Enable Register (IRER)

This register enables the interrupt messaging to the interrupt controller.

Address: Base + 0x0018

7‘8 9 10

Access: User read/write

11 ‘ 12 13 14 15

0 1 2
R
IRE[31:16]
w
Reset 0 0 0 oO0]0 o o0 0[O0 o o0 0[]0 0o o0 O
16 17 18 19 ‘ 20 21 22 23 ‘ 24 25 26 27 ‘ 28 29 30 31
R
IRE[15:0]
w
Reset 0 0 0 oO0]0 o o 0[O0 o o 0[O0 0o o0 O
Figure 100. Interrupt Request Enable Register (IRER)
Table 97. IRER field descriptions
Field Description
IREn External Interrupt Request Enable n

0: Interrupt requests from the corresponding EIFn bit are disabled.

1: A set EIFn bit causes an interrupt request.
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Interrupt Rising-Edge Event Enable Register (IREER)

Thisregister allows rising-edge triggered events to be enabled on the corresponding interrupt pads.

Address: Base + 0x0028

7 ‘ 8 9 10 11 ‘ 12 13 14

Access: User read/write

1 2 15
R
IREE[31:16]
W
Reset o o oo o o0 o0/0O O 0 O[O0 O 0 0
17 18 19 ‘ 20 21 22 23 ‘ 24 25 26 27 ‘ 28 29 30 31
R
IREE[15:0]
\W
Reset o o olo o o0 o0 O 0 O[O0 O 0 0
Figure 101. Interrupt Rising-Edge Event Enable Register (IREER)
Table 98. IREER field descriptions
Field Description
IREEn Enable rising-edge events to cause the EIFn bit to be set.
0: Rising-edge event disabled
1: Rising-edge event enabled
13.5.3.6 Interrupt Falling-Edge Event Enable Register (IFEER)

Thisregister allows falling-edge triggered events to be enabled on the corresponding interrupt pads.

Address: Base + 0x002C

Access: User read/write

1 2 15
R
IFEE[31:16]
w
Reset 0 0 0 \ 0O 0 0 O \ 0 0 0 0 \ 0 0 0 0
17 18 19 ‘ 20 21 22 23 ‘ 24 25 26 27 ‘ 28 29 30 31
R
IFEE[15:0]
w
Reset o o o/o o o o0 o o o0f[0 0 0 O
Figure 102. Interrupt Falling-Edge Event Enable Register (IFEER)
Table 99. IFEER field descriptions
Field Description
IFEEN Enable falling-edge events to cause the EIFn bit to be set.

0: Falling-edge event disabled
1: Falling-edge event enabled
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NOTE

If both the IREER.IREE and | FEER.IFEE bits are cleared for the same

interrupt source, the interrupt status flag for the corresponding external
interrupt will never be set.

13.5.3.7 Interrupt Filter Enable Register (IFER)

Thisregister enablesadigital filter counter on the corresponding interrupt padsto filter out glitches on the
inputs.

Address: Base + 0x0030 Access: User read/write
0 1 2 3 ‘ 4 5 6 7 ‘ 8 9 10 1 ‘ 12 13 14 15
R
IFE[31:16]
W

Resetoooo\oooo\oooo\oooo

16 17 18 19 ‘ 20 21 22 23 ‘ 24 25 26 27 ‘ 28 29 30 31

R
w

Resetoooo\oooo\oooo\oooo

IFE[15:0]

Figure 103. Interrupt Filter Enable Register (IFER)

Table 100. IFER field descriptions

Field Description

IFEn Enable digital glitch filter on the interrupt pad input.
0: Filter disabled
1: Filter enabled

13.5.3.8 Pad Configuration Registers (PCR[0:70])

The Pad Configuration Registers allow configuration of the static electrical and functional characteristics
associated with 1/0 pads. Each PCR controls the characteristics of asingle pad.

Address: Base + 0x0040 (PCRO0) Access: User read/write

Base + 0x00CC (PCR70) 71 registers
0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15

Rl O 0 0 0 0 0
W SMC | APC PA[1:0] |OBE | IBE ODE SRC | WPE | WPS

Reset! 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 104. Pad Configuration Registers 0—70 (PCR[0:70])
1 See Table 102.

NOTE
16/32-hit accessis supported for the PCR[0:70] registers.
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Table 101. PCR[0:70] field descriptions

Field Description

SMC Safe Mode Control

This bit supports the overriding of the automatic deactivation of the output buffer of the associated
pad upon entering Safe mode of the device.

0: In Safe mode, output buffer of the pad disabled

1: In Safe mode, output buffer remains functional

APC Analog Pad Control

This bit enables the usage of the pad as analog input.

0: Analog input path from the pad is gated and cannot be used.
1: Analog input path switch can be enabled by the ADC.

PA[1:0] Pad Output Assignment

This field selects the function that is allowed to drive the output of a multiplexed pad. The PA field

size can vary from 0 to 2 bits, depending on the number of output functions associated with this

pad.

00: Alternative mode 0: GPIO

01: Alternative mode 1 (see Signal Description)

10: Alternative mode 2 (see Signal Description)

11: Alternative mode 3 (see Signal Description)

Note: The number of bits in the PA bitfield depends of the number of actual alternate functions
provided for each pad. Please see the MPC5604E Microcontroller Data Sheetn

OBE Output Buffer Enable

This bit enables the output buffer of the pad in case the pad is in GPIO mode.
0: Output buffer of the pad disabled when PA = 00

1: Output buffer of the pad enabled when PA = 00

IBE Input Buffer Enable

This bit enables the input buffer of the pad.
0: Input buffer of the pad disabled

1: Input buffer of the pad enabled

ODE Open Drain Output Enable

This bit controls output driver configuration for the pads connected to this signal. Either open drain
or push/pull driver configurations can be selected. This feature applies to output pads only.

0: Open drain enable signal negated for the pad

1: Open drain enable signal asserted for the pad

SRC Slew Rate Control
0: Slowest configuration
1: Fastest configuration

WPE Weak Pull Up/Down Enable

This bit controls whether the weak pull up/down devices are enabled/disabled for the pad
connected to this signal.

0: Weak pull device enable signal negated for the pad

1: Weak pull device enable signal asserted for the pad

WPS Weak Pull Up/Down Select

This bit controls whether weak pull up or weak pull down devices are used for the pads connected
to this signal when weak pull up/down devices are enabled.

0: Pull down enabled

1: Pull up enabled
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Table 102. PCR[n] reset value exceptions

Field Description
PCRJ[36] These registers correspond to the ABS[0], ABS[2], and FAB boot pins, respectively. Their default
PCR[37] state is input, pull enabled. Their reset value is 0x0102.
PCR[38]
This register corresponds to the TDO pin. Its default state is ALT1, slew rate = 1. Its reset value
is 0x0604.
This register corresponds to the TDI pin. Its default state is input, pull enabled, pull selected, slew
enabled. So its reset value is 0x0107.
PCR[N] For other PCRI[n] registers, the reset value is 0x0000.
13.5.3.9 Pad Selection for Multiplexed Inputs Registers (PSMI0O-PSMI25)

Figure 105 isthe generic figure for PSMI register set. To see actual implementation, refer to Table 104.

Viarouting it is possible to define different pads to be possible inputs for a certain periphera function.

Address: Base + SIUL address offset!

Access: User read/write

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R| O 0 0 0 PADSELO 0 0 0 0 PADSEL1
w
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R| O 0 0 0 PADSEL2 0 0 0 0 PADSEL3
w
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 105. Pad Selection for Multiplexed Inputs Register (PSMI)

1 For SIUL address offset, refer to Table 104.

Table 103. PSMI field descriptions

Field Description
PADSELO-3, |Pad Selection Bits
PADSEL4-7, |Each PADSEL field selects the pad currently used for a certain input function. See Table 104.

In order to multiplex different padsto the same peripheral input, the SIUL provides aregister that controls
the selection between the different sources.
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PSMl registers | PADSEL fields | SIUL address offset |Function / Peripheral Mappingl
PADSEL35 0x500 CANORX 10: PCR[35]
PADSEL12 01: PCR[12]
PSMIO
PADSEL17 00: PCR[17]
PADSEL57 11: PCR[57]
PADSEL15 0x501 DSPIO 0: PCRJ[15]
PSMI1
PADSEL69 1: PCR[69]
PADSEL10 0x502 DSPI 0O 000: PCR[10]
PADSEL14 001: PCR[14]
PSMI2 PADSEL 41 010: PCR[41]
PADSEL 60 011: PCR[60]
PADSEL 70 100: PCRJ[70]
PADSEL12 0x503 DSPI 0O 00: PCR[12]
PSMI3 PADSEL 13 01: PCR[13]
PADSEL 68 10: PCR[68]
PADSEL 2 0x504 DSPI 1 00: PCR[2]
PSMI4 PADSEL 69 01: PCR[69]
PADSEL 15 10: PCR[15]
PADSEL 0 0x505 DSPI 1 00: PCR[O]
PSMI5 PADSEL 42 01: PCR[42]
PADSEL 70 10: PCRJ[70]
PADSEL 8 0x506 DSPI 1 00: PCR[8]
PADSEL 11 01: PCR[11]
PSMI6
PADSEL 38 10: PCR[38]
PADSEL 68 11: PCR[68]
PSMI7 PADSEL 5 0x507 DSPI 2 0: PCRI[5]
PADSEL 69 1: PCR[69]
PSMIS PADSEL 3 0x508 DSPI 2 0: PCRJ[3]
PADSEL 70 1: PCR[70]
PSMI9 PADSEL 6 0x509 DSPI 2 0: PCRI[6]
PADSEL 68 1: PCR[68]
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Table 104. Peripheral input pin selection (continued)

PSMI registers | PADSEL fields | SIUL address offset |Function / Peripheral Mappingl
PADSEL 34 0x50A eTimer0 00: PCR[34]
PADSEL 59 01: PCR[59]
PSMI10
PADSEL 60 10: PCR[60]
PADSEL 15 11: PCR[15]
PADSEL 35 0x50B eTimer0 00: PCR[35]
PADSEL 43 01: PCR[43]
PSMI11
PADSEL 60 10: PCR[60]
PADSEL 6 11: PCR[6]
PADSEL 19 0x50C eTimer0 00: PCR[19]
PADSEL 43 01: PCR[43]
PSMI12
PADSEL 57 10: PCR[57]
PADSEL 7 11: PCR[7]
PADSEL 37 0x50D eTimer0 00: PCR[37]
PADSEL 43 01: PCR[43]
PSMI13
PADSEL 57 10: PCR[57]
PADSEL 4 11: PCR[4]
PADSEL 36 0x50E eTimer0 00: PCR[36]
PADSEL 42 01: PCR[42]
PSMI14
PADSEL 59 10: PCR[59]
PADSEL 5 11: PCR[5]
PADSEL 10 0x50F eTimer0 00: PCR[10]
PADSEL 42 01: PCR[42]
PSMI15
PADSEL 59 10: PCR[59]
PADSEL 2 11: PCR[2]
PADSEL 34 0x510 LINO 00: PCR[19]
PADSEL 11 01: PCR[11]
PSMI16
PADSEL 19 10: PCR[34]
PADSEL 40 11: PCR[40]
PADSEL 8 0x511 LIN1 00: PCR[8]
PADSEL 11 01: PCR[11]
PSMI17
PADSEL 39 10: PCR[39]
PADSEL 66 11: PCR[66]
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Table 104. Peripheral input pin selection (continued)

PSMI registers | PADSEL fields | SIUL address offset |Function / Peripheral Mappingl
PADSEL 18 0x512 RTC 00: PCR[18]
PSMI18 PADSEL 36 01: PCR[36]
PADSEL 44 10: PCR[44]
PSMI19 PADSEL 17 0x513 RTC 0: PCR[17]
PADSEL 44 1: PCR[44]
PSMI20 PADSEL 8 0x514 SAI1 BCLK 0: PCRJ[8]
PADSEL 16 1: PCR[16]
PADSEL 2 0x515 SAI1 RXDATA 00: PCR[2]
PSMI21 PADSEL 5 01: PCRI[5]
PADSEL 17 10: PCR[17]
PSMI22 PADSEL 5 0x516 SAIl 0: PCRI[5]
PADSEL 35 1: PCR[35]
PSMI23 PADSEL 3 0x517 SAI2 0: PCRI[3]
PADSEL 8 1: PCR[8]
PADSEL 6 0x518 Video 00: PCR[6]
PSMI24 PADSEL 34 01: PCR[34]
PADSEL 46 10: PCR[46]
PADSEL 7 0x519 Video 00: PCR[7]
PSMI25 PADSEL 35 01: PCR[35]
PADSEL 45 10: PCR[45]

1 sSeethe signal description chapter of this reference manual for correspondence between PCR and

pinout

13.5.3.10 GPIO Pad Data Output Registers (GPDOO0_3-GPDO68_71)

Theseregisters are used to set or clear GPIO pads. Each pad data out bit can be controlled separately with

a byte access.
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Address: Base + (0x0600—0x0644)

Access: User read/write

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R O 0 0 0 0 0 0 PDO| O 0 0 0 0 0 0 PDO
0 1
W [0 (1]
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R| O 0 0 0 0 0 0 PDO| O 0 0 0 0 0 0 PDO
2 3
W 2] 3]
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 106. Port GPIO Pad Data Output Register 0-3 (GPDOOQ_3)
Table 105. GPDOO_3 field descriptions
Field Description
PDOIX] Pad Data Out

This bit stores the data to be driven out on the external GPIO pad controlled by this register.
0: Logic low value is driven on the corresponding GPIO pad when the pad is configured as an

output

1: Logic high value is driven on the corresponding GPIO pad when the pad is configured as an

output

13.5.3.11 GPIO Pad Data Input Registers (GPDIO_3-GPDI68_71)
These registers are used to read the GPIO pad data with a byte access.

Address: Base + (0x0800—0x0844)

Access: User read

o 1 2 3|4 5 6 7 |8 9 10 11 |12 13 14 15
Rrolo|O0O}|O|O0O|O]|]O|PDN|O]|O]O|O]|O]|O/| O |PD
(0] (1]

W
Reset 0 0 O OO0 O O O0/,0 O O ©O0 0 O 0 ©
6 17 18 19 | 20 21 22 23 | 24 25 26 27 |28 29 30 31
Rrolo|O0O|O|O0O|O]|]O|PDN|O]| O] OO/ |O]|O/| O |PD
(2] (3]

W
Reset 0 0 O O/ 0 O O O ,0O O 0O 0 0 0O 0 ©

Figure 107. Port GPIO Pad Data Input Register 0—-3 (GPDIO_3)

MPC5604E Reference Manual, Rev. 5

13-236

Freescale Semiconductor




System Integration Unit Lite (SIUL)

Table 106. GPDOO_3 field descriptions

Field Description

PDI[X] Pad Data In

This bit stores the value of the external GPIO pad associated with this register.
0: Value of the data in signal for the corresponding GPIO pad is logic low

1: Value of the data in signal for the corresponding GPIO pad is logic high

13.5.3.12 Parallel GPIO Pad Data Out Registers (PGPDOO — PGPDO?2)

MPC5604E devices ports are constructed such that they contain 16 GPIO pins, for example PortA[0..15].
Parallel port registersfor input (PGPDI) and output (PGPDO) are provided to allow a complete port to be
written or read in one operation, dependent on the individual pad configuration.

Writing aparallel PGPDO register directly sets the associated GPDO register bits. Thereis also amasked
parallel port output register allowing the user to determine which pins within a port are written.

While very convenient and fast, this approach does have implications regarding current consumption for
the device power segment containing the port GPIO pads. Toggling several GPIO pins simultaneously can
significantly increase current consumption.

WARNING

Caution must be taken to avoid exceeding maximum current thresholds
when toggling multiple GPIO pins simultaneously. Please refer to data
sheet.

Table 107 shows the locations and structure of the PGPDOX registers.
Table 107. PGPDOO — PGPDO6 Register Map

1 ) Field
Offset™ | Register

P NP EEEEEEEEEEEEEEEREEEEREE
0x0CO00 | PGPDOO Port A Port B
0x0C04 | PGPDO1 Port C Port D
0x0CO08 | PGPDO2 Port E Reserved

1 SIU base address is 0XC3F9_0000. To calculate register address add offset to base address

It isimportant to note the bit ordering of the portsin the parallel port registers. The most significant bit of
the parallel port register corresponds to the least significant pin in the port.
For example in Table 107, the PGPDOO register contains fields for Port A and Port B.

» Bit Oismapped to Port A[Q], bit 1 is mapped to Port A[1] and so on, through bit 15, whichis
mapped to Port A[15]

* Bit 16 ismapped to Port B[0], bit 17 is mapped to Port B[1] and so on, through bit 31, whichis
mapped to Port B[15].

13.5.3.13 Parallel GPIO Pad Data In Register (PGPDIO — PGPDI2)
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The SIU_PGPDI registers are similar in operation to the PGPDIO registers, described in the previous
section (Section 13.5.3.12, “Parallel GPIO Pad Data Out Registers (PGPDOO — PGPDO2)”) but they are
used to read port pins simultaneously.

NOTE

The port pinsto be read need to be configured asinputs but even if asingle
pin within a port has IBE set, then you can still read that pin using the
parallel port register. However, this does mean you need to be very careful.

Reads of PGPDI registers are equivalent to reading the corresponding GPDI registers but significantly
faster since as many as two ports can be read simultaneously with a single 32-bit read operation.

Table 108 showsthelocations and structure of the PGPDIx registers. Each 32-bit PGPDI X register contains
two 16-bit fields, each field containing the values for a separate port.

Table 108. PGPDIO — PGPDI6 Register Map

1 ) Field
Offset™ | Register

P NP EEEEEEEEEEEEEEEREEEEREE
0x0C40 | PGPDIO Port A Port B
0x0C44 | PGPDI1 Port C Port D
0x0C48 | PGPDI2 Port E Reserved

1 SIU base address is 0XC3F9_0000. To calculate register address add offset to base address

It isimportant to note the bit ordering of the portsin the parallel port registers. The most significant bit of
the parallel port register corresponds to the least significant pin in the port.
For example in Table 108, the PGPDIO0 register contains fields for Port A and Port B.

» Bit Oismapped to Port A[Q], bit 1 is mapped to Port A[1] and so on, through bit 15, which is
mapped to Port A[15]

* Bit 16 ismapped to Port B[Q], bit 17 is mapped to Port B[1] and so on, through bit 31, whichis
mapped to Port B[15].

13.5.3.14 Masked Parallel GPIO Pad Data Out Register (MPGPDOO-MPGPDOA4)
The MPGPDOX registers are similar in operation to the PGPDOx ports described in Section 13.5.3.12,
“Parallel GPIO Pad Data Out Registers (PGPDO0 — PGPDO2)”, but with two significant differences:

* The MPGPDOX registers support masked port-wide changes to the data out on the pads of the
respective port. Masking effectively allows selective bitwise writes to the full 16-bit port.

» Each 32-bit MPGPDOX register is associated to only one port.

NOTE

The MPGPDOX registers may only be accessed with 32-bit writes. 8-bit or
16-bit writeswill not modify any bitsin theregister and will cause atransfer
error response by the module. Read accesses return ‘0'.
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Table 109 shows the locations and structure of the MPGPDOX registers. Each 32-bit MPGPDOX register
contains two 16-bit fields (MASK, and MPPDO,). The MASK field is a bitwise mask for its associated
port. The MPPDOQOO field contains the data to be written to the port.

Table 109. MPGPDOO — MPGPDO4 Register Map

. Field
Offset! | Register
O H N M < WO © N[ 00 O Of | AN| M | WO © I~ 0O O O

AN NEFPEEEPEEE EEEEEEEEEEEEEEEEEEE
0x0C80 | MPGPDOO MASKO (Port A) MPPDOO (Port A)
0x0C84 | MPGPDO1 MASK1 (Port B) MPPDO1 (Port B)
0x0C88 | MPGPDO2 MASK2 (Port C) MPPDQO?2 (Port C)
0x0C8C | MPGPDO3 MASKS3 (Port D) MPPDQO3 (Port D)
0x0C90 | MPGPDO4 MASK4 (Port E) Reserved MPPDO4 (Port E)

1 S|U base address is 0OXC3F9_0000. To calculate register address add offset to base address

It isimportant to note the bit ordering of the portsin the parallel port registers. The most significant bit of
the parallel port register corresponds to the least significant pin in the port.

For example in Table 109, the MPGPDOO register contains field MASKO, which is the bitwise mask for
Port A and field MPPDQOO, which contains data to be written to Port A.

*  MPGPDOO[0] isthe mask bit for Port A[0], MPGPDQOO[ 1] isthe mask bit for Port A[1] and so on,
through MPGPDOQ[15], which is the mask bit for Port A[15]

*  MPGPDOOQ[16] isthe databit mapped to Port A[0], MPGPDOO[17] is mapped to Port A[1] and so
on, through MPGPDOOQ[31], which is mapped to Port A[15].

Table 110. MPGPDOO..MPGPDOA4 field descriptions

Field Description

MASK, Mask Field

[15:0] Each bit corresponds to one data bit in the MPPDO, register at the same bit location.
0: Associated bit value in the MPPDO,field is ignored

1: Associated bit value in the MPPDO, field is written

MPPDO, Masked Parallel Pad Data Out

[15:0] Write the data register that stores the value to be driven on the pad in output mode.
Accesses to this register location are coherent with accesses to the bitwise GPIO Pad Data Output
Registers (GPDOO0_3-GPDO68_71).
The x and bit index define which MPPDO register bit is equivalent to which PDO register bit
according to the following equation:
MPPDOI[x][y] = PDO[(x*16)+y]

13.5.3.15 Interrupt Filter Maximum Counter Registers (IFMCO-IFMC31)
These registers are used to configure the filter counter associated with each digital glitch filter.
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NOTE
For the pad transition to trigger an interrupt it must be steady for at least the
filter period.
Address: Base + (0x1000-0x107C) Access: User read/write

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

R| O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R| O 0 0 0 0 0 0 0 0 0 0 0 MAXCNTX[3:0]

Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 108. Interrupt Filter Maximum Counter Registers (IFMCO-IFMC31)

Table 111. IFMC field descriptions

Field Description

MAXCNTX Maximum Interrupt Filter Counter setting.
Filter Period = T(CK)*3 (for 2 < MAXCNT < 6)
Filter Period = T(CK)*MAXCNTXx (for MAXCNT =6,7,.... 15)

For MAXCNT =0, 1, 2 the filter behaves as ALL PASS filter.

MAXCNTX can be 0 to 15;

T(CK): Prescaled Filter Clock Period, which is IRC clock prescaled to IFCP value;
T(IRC): Basic Filter Clock Period: 62.5 ns (F = 16 MHz).

13.5.3.16 Interrupt Filter Clock Prescaler Register (IFCPR)

Thisregister is used to configure a clock prescaler which is used to select the clock for all digital filter
countersin the SIUL.
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Address: Base + 0x1080 Access: User read/write

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Rl O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

Rl O 0 0 0 0 0 0 0 0 0 0 0 IFCP[3:0]

Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 109. Interrupt Filter Clock Prescaler Register (IFCPR)

Table 112. IFCPR field descriptions

Field Description

IFCP Interrupt Filter Clock Prescaler setting

Prescaled Filter Clock Period = T(FIRC) x (IFCP + 1)
T(FIRC) is the fast internal RC oscillator period.
IFCP can be 0 to 15.

13.6 Functional description

13.6.1 Pad control

The SIUL controls the configuration and electrical characteristic of the device pads. It provides a
consistent interface for al pads, both on aby-port and a by-bit basis. The pad configuration registers
(PCRn, see Section 13.5.3.8, “Pad Configuration Registers (PCR[0:70])”) alow software control of the
static electrical characteristics of external pinswith a single write. These are used to configure the
following pad features:

* Opendrain output enable

» Slew rate control

* Pull control

e Pad assignment

» Control of analog path switches

» Safe mode behavior configuration

13.6.2 General purpose input and output pads (GPIO)

The SIUL manages up to 199 GPIO pads organized as ports that can be accessed for datareads and writes
as 32, 16 or 8-hit.t

1. There are exceptions. Some pads, e.g., precision analog pads, are input only.
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Asshown in Figure 110, all port accesses are identical with each read or write being performed only at a
different location to access a different port width.

31 23 15 7 0
SIUL Base+ 0x0C00 | 32-bit Access (2 ports) |
. 15 7 0 15 7 0
ase+ hi SIUL Base+ ;
16-bit Access (full port X
0X0C02 | (full port) | OX0CH0 16-bit Access (full port) |
7 0 7
SIUL Base+ : SIUL Base+ f— O SiUL Base+ : O SIULBase+ [—— 0
0x0C03 8-bit Access 0x0C02 8-bit Access 0x0C01 8-bit Access 0x0C00 8-bit Access
(half port) (half port) (half port) (half port)

Figure 110. Data Port example arrangement showing configuration for different port width accesses

The SIUL has separate data input (GPDIn_n, see Section 13.5.3.11, “GPIO Pad Data Input Registers
(GPDIO_3-GPDI68 _71)") and data output (GPDON_n, see Section 13.5.3.10, “GPIO Pad Data Output
Registers (GPDO0_3-GPDO68 71)") registers for all pads, allowing the possibility of reading back an
input or output value of apad directly. Thissupportsthe ability to validate what is present on the pad rather
than ssimply confirming the value that was written to the dataregister by accessing the datainput registers.

Data output registers allow an output pad to be driven high or low (with the option of push-pull or open
draindrive). Input registers are read-only and reflect the respective pad value. When the pad is configured
to use one of its alternate functions, the datainput val ue reflects the respective value of the pad. If awrite
operationis performed to the data output register for apad configured as an alternate function (non-GPIO),
thiswrite will not be reflected by the pad value until reconfigured to GPIO.

The allocation of what input function is connected to the pin is defined by the PSMI registers (PCRn, see
Section 13.5.3.9, “Pad Selection for Multiplexed Inputs Registers (PSMI0-PSM125)”)

13.6.3 External interrupts

The SIUL supports 24 external interrupts, EIRQO-EIRQ23. In the signal description chapter of this
reference manual, mapping is shown for external interrupts to pads.

The SIUL supports three interrupt vectors to the interrupt controller. Each vector interrupt has eight
external interrupts combined together with the presence of flag generating an interrupt for that vector if
enabled. All of the external interrupt pads within a single group have equal priority.

Refer to Figure 111 for an overview of the external interrupt implementation.

MPC5604E Reference Manual, Rev. 5

13-242 Freescale Semiconductor



System Integration Unit Lite (SIUL)

IRQ Glitch Filter enable
IFE[23:0]

Pads

RNNRRRRNRRRRANRRRNRRRRN

Interrupt
Vectors
S
a9
2o
o =
Q=
= IRQ_23 16 IRQ_15 08 IRQ_07_00
= 0O
OR OR OR
IIIIIIIIIIIIIIIIIIIIIIII T
Interrupt enable | IRE[23:0]() |
Glitch filter Prescaler EIF[23:16] EIF[15:8] EIF[7:0]
Interrupt Edge Enable
IFCP[3:0] pRisingg
Glitch filter Counter_n | Edge Detection |_ | IREE[23:0](1) |
MAXCOUNTIX] IIIIIIIIIIIIIIIIIIIIIIII Falling
Glitch Filter IFEE[23:0](1)

Figure 111. External interrupt pad diagram

Each interrupt can be enabled or disabled independently. This can be performed using the Interrupt

Request Enable Register (IRER). A pad defined as an external interrupt can be configured to recognize
interrupts with an active rising edge, an active falling edge or both edges being active. A setting of having

both edge events disabled is reserved and should not be configured.
The active EIRQ edge is controlled through the configuration of the registers IREER and IFEER.

Each external interrupt supportsanindividual flagwhichisheldinthe Interrupt Status Flag Register (ISR).
Thisregister is a clear-by-write-1 register type, preventing inadvertent overwriting of other flagsin the

same register.

13.7 Pin muxing

For pin muxing, please refer to the signal description chapter of this reference manual.
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Chapter 14
e200z0h Core

14.1 Overview
The MPC5604E microcontroller implements the €200z0h core.

The €200 processor family is a set of CPU cores that implement low-cost versions of the Power
Architecture™ Book E architecture. €200 processors are designed for deeply embedded control
applications that require low cost solutions rather than maximum performance.

The €200z0h processors integrate an integer execution unit, branch control unit, instruction fetch and
load/store units, and a multi-ported register file capable of sustaining three read and two write operations
per clock. Most integer instructions executein asingle clock cycle. Branch target prefetching is performed
by the branch unit to allow single-cycle branches in some cases.

The e200z0 coreisasingle-issue, 32-bit Power Architecture Book E VLE-only design with 32-bit general
purpose registers (GPRs). All arithmetic instructions that execute in the core operate on datain the GPRs.

Instead of the base Power Architecture Book E instruction set support, the €200z0 core only implements
the VLE (variable-length encoding) APU, providing improved code density. The VLE APU isfurther
documented in the Power PC™ VLE APU Definition, a separate document.

14.2 Features

Thefollowing isalist of some of the key features of the e200z0h core:
» High performance €200z0 core processor for managing peripherals and interrupts
» 32-bit Power Architecture Book E VLE-only programmer’s model
» Singleissue, 32-bit CPU
e Implementsthe VLE APU for reduced code footprint
* In-order execution and retirement
» Precise exception handling
» Branch processing unit
— Dedicated branch address calcul ation adder
— Branch acceleration using Branch Target Buffer (€200z0h only)

»  Supports independent instruction and data accesses to different memory subsystems, such as
SRAM and Flash memory via independent Instruction and Data bus interface units (BIUS)

* Load/store unit
— 1cycleload latency
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— Fully pipelined

— Big-endian support only

— Misaligned access support

— Zero load-to-use pipeline bubbles for aligned transfers
* Power management

— Low power design

— Dynamic power management of execution units
o Testability

— Synthesizeable, full MuxD scan design

— ABIST/MBIST for optional memory arrays

14.2.1 Microarchitecture summary

The €200z0 processor utilizes afour stage pipeline for instruction execution. The Instruction Fetch (stage
1), Instruction Decode/Register file Read/Effective Address Calculation (stage 2), Execute/Memory
Access (stage 3), and Register Writeback (stage 4) stages operatein an overlapped fashion, allowing single
clock instruction execution for most instructions.

The integer execution unit consists of a 32-bit Arithmetic Unit (AU), aLogic Unit (LU), a 32-bit Barrel
shifter (Shifter), a Mask-Insertion Unit (M1U), a Condition Register manipulation Unit (CRU), a
Count-Leading-Zerosunit (CLZ), an 8 x 32 Hardware Multiplier array, result feed-forward hardware, and
ahardware divider.

Arithmetic and logical operations are executed in a single cycle with the exception of the divide and
multiply instructions. A Count-L eading-Zeros unit operatesin asingle clock cycle.

The Instruction Unit contains a PC incrementer and adedi cated Branch Address adder to minimize delays
during change of flow operations. Sequential prefetching is performed to ensure a supply of instructions
into the execution pipeline. Branch target prefetching from the BTB is performed to accelerate certain
taken branches. Prefetched instructions are placed into an instruction buffer with 4 entries, each capable
of holding a single 32-bit instruction or apair of 16-bit instructions.

Conditional branches that are not taken execute in a single clock. Branches with successful target
prefetching have an effective execution time of one clock on €200z0h. All other taken branches have an
execution time of two clocks.

Memory load and store operations are provided for byte, halfword, and word (32-bit) data with automatic
zero or sign extension of byte and halfword load data as well as optional byte reversal of data. These
instructions can be pipelined to allow effective single cycle throughput. Load and store multiple word
instructions allow low overhead context save and restore operations. The load/store unit contains a
dedicated effective address adder to all ow effective address generation to be optimized. Also, aload-to-use
dependency does not incur any pipeline bubbles for most cases.

The Condition Register unit supportsthe condition register (CR) and condition register operations defined
by the Power Architecture architecture. The condition register consists of eight 4-bit fields that reflect the
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results of certain operations, such as move, integer and floating-point compare, arithmetic, and logical
instructions, and provide a mechanism for testing and branching.

Vectored and autovectored interrupts are supported by the CPU. Vectored interrupt support is provided to
allow multiple interrupt sources to have unique interrupt handlers invoked with no software overhead.

14.2.1.1 Block diagram

OnCE/NEXUS CPU

CONTROL LOGIC CONTROL LOGIC

vy

NEXUS
T T
DEBUG R INTEGER
CR - >
UNIT SPR &R , GPR <1 > EXECUTION
| | UNIT
XER
| |
[9))]
@ INSTRUCTION UNIT - > MUULﬂ:?LY
u =
a Z INSTRUCTION BUFFER
R N— CONTROL
o < <>
™ L
< [0
e i | EXTERNAL
5 z (BA] SPR ATA
o— 2 INTERFACE
@ @ (MTSPRIMFSPR) >
2 5
e = PC | BRANCH
E O UNIT | UNIT
8>+ §
2 LOAD/STORE
= UNIT <!
DATA BUS INTERFACE UNIT
32 32 N
ADDRESS~  DATA CONTROL

Figure 112. e200z0h block diagram
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14.2.1.2 Instruction unit features

The features of the €200 Instruction unit are:

» 32-hit instruction fetch path supports fetching of one 32-bit instruction per clock, or as many as
two 16-bit VLE instructions per clock

» Instruction buffer with 4 entries in €200z0h, each holding a single 32-bit instruction, or a pair of
16-bit instructions

» Dedicated PC incrementer supporting instruction prefetches

» Branch unit with dedicated branch address adder supporting single cycle of execution of certain
branches, two cyclesfor al others

14.2.1.3 Integer unit features

The €200 integer unit supports single cycle execution of most integer instructions:
e 32-bit AU for arithmetic and comparison operations
o 32-bit LU for logical operations
o 32-bit priority encoder for count leading zero's function
» 32-bit single cycle barrel shifter for shifts and rotates
*  32-bit mask unit for data masking and insertion
» Divider logic for signed and unsigned divide in 5 to 34 clocks with minimized execution timing
e 8x 32 hardware multiplier array supports 1 to 4 cycle 32 x 32 — 32 multiply (early out)

14.2.1.4 Load/Store unit features

The €200 load/store unit supports load, store, and the load multiple/ store multiple instructions:
o 32-hit effective address adder for data memory address calculations
* Pipelined operation supports throughput of one load or store operation per cycle
» 32-bit dedicated interface to memory

14.2.1.5 e200z0h system bus features

The features of the e200z0h System Bus interface are as follows:

* Independent Instruction and Data Buses

» AMBA AHB Lite Rev 2.0 Specification with support for ARM v6 AMBA Extensions
— Exclusive Access Monitor
— Byte Lane Strobes
— Cache Allocate Support

o 32-bit address bus plus attributes and control on each bus

» 32-bit read data bus for Instruction Interface

» Separate uni-directional 32-bit read data bus and 32-bit write data bus for Data Interface

» Overlapped, in-order accesses
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14.2.1.6 Nexus features

The Nexus 2+ module is compliant with Class 2 of the IEEE-ISTO 5001-2003 standard, with additional
Class 3 and Class 4 features available. The following features are implemented:

* Program Trace via Branch Trace Messaging (BTM). Branch trace messaging displays program
flow discontinuities (direct and indirect branches, exceptions, etc.), allowing the devel opment tool
to interpolate what transpires between the discontinuities. Thus, static code may be traced.

* Ownership Trace via Ownership Trace Messaging (OTM). OTM facilitates ownership trace by
providing visibility of which process|D or operating system task isactivated. An Ownership Trace
Message is transmitted when a new process/task is activated, allowing the development tool to
trace ownership flow.

* Run-time access to the processor memory map viathe JTAG port. This allows for enhanced
download/upload capabilities.

» Watchpoint Messaging viathe auxiliary interface
» Watchpoint Trigger enable of Program Trace Messaging
» Auxiliary interface for higher data input/output
— Configurable (min/max) Message Data Out pins (nex_mdo[n:Q])
— One (1) or two (2) Message Start/End Out pins (nex_mseo_b[1:0])
— One (1) Read/Write Ready pin (nex_rdy_b) pin
— One (1) Watchpoint Event pin (nex_evto_b)
— One (1) Event In pin (nex_evti_b)
— One (1) MCKO (Message Clock Out) pin
* Registersfor Program Trace, Ownership Trace and Watchpoint Trigger control
» All features controllable and configurable via the JTAG port

14.3 Core registers and programmer’s model

This section describes the registers implemented in the e200z0h core. It includes an overview of registers
defined by the Power Architecture Book E architecture, highlighting differencesin how theseregistersare
implemented in the €200 core, and provides a detailed description of €200-specific registers. Full
descriptions of the architecture-defined register set are provided in Power Architecture Book E
Specification.

The Power Architecture Book E defines register-to-register operations for all computational instructions.
Source data for these instructions are accessed from the on-chip registers or are provided asimmediate
values embedded in the opcode. The three-register instruction format allows specification of atarget
register distinct from the two source registers, thus preserving the original datafor use by other
instructions. Datais transferred between memory and registers with explicit load and store instructions
only.

Figure 113 and Figure 114 show the €200 register set, including the registers that are accessible while in
supervisor mode and the registers that are accessible in user mode. The number to the right of the
special-purpose registers (SPRs) isthe decimal number used in the instruction syntax to accesstheregister
(for example, the integer exception register (XER) isSPR 1).
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NOTE

€200z0h is a 32-bit implementation of the Power Architecture Book E
specification. In this document, register bits are sometimes numbered from
bit O (Most Significant Bit) to 31 (Least Significant Bit), rather than the
Book E numbering scheme of 32:63, thus register bit numbers for some
registersin Book E are 32 higher.

Where appropriate, the Book E defined bit numbers are shown in
parentheses.
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Figure 113. e200z0 Supervisor mode programmer’s model

MPC5604E Reference Manual, Rev. 5

~

Freescale Semiconductor

14-251



€200z0h Core

-

N

USER Mode Programmer Model

General Registers

Condition
CR

Q
o
c
=]
=

CTR SPR9
Link
LR SPR 8

x

ER
XER SPR 1

General-Purpo
se

GPRO
GPR1

GPR31

Cache Registers

Cache
Configuration
(Read-only)

SPR 515

J

14.3.1

Figure 114. €200 User mode program model

Unimplemented SPRs and read-only SPRs

€200 fully decodes the SPR field of the mfspr and mtspr instructions. If the SPR specified is undefined
and not privileged, an illegal instruction exception is generated. If the SPR specified is undefined and
privileged and the CPU isin user mode (MSR[PR=1]), a privileged instruction exception is generated. If
the SPR specified is undefined and privileged and the coreisin supervisor mode (M SR[PR=0]), anillegal
instruction exception is generated.

For the mtspr instruction, if the SPR specified is read-only and not privileged, an illegal instruction
exception is generated. If the SPR specified is read-only and privileged and the core is in user mode
(MSR[PR=1]), a privileged instruction exception is generated. If the SPR specified is read-only and
privileged and the core isin supervisor mode (M SR[PR=0]), an illegal instruction exception is generated.

14.4 Instruction summary

The €200z0 core supports all VLE instructions described in the PowerPC™ VLE APU Definition version
1.2 together with the additional instructions for context save/restore.
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Chapter 15
Crossbar Switch (XBAR)

15.1 Introduction

This chapter describes the multi-port crossbar switch (XBAR), which supports simultaneous connections
between four master ports and four slave ports. XBAR supports a 32-bit address bus width and a 32-bit
data bus width at all master and slave ports.

15.2 Block diagram
Figure 115 shows a block diagram of the crossbar switch.

Master Master e Master

l Y l Master modules

————————— Crossbar Switch -— - - --

Slave modules
LJ !

Slave Slave e Slave

Figure 115. XBAR block diagram

Table 113 gives the crossbar switch port for each master and slave, the assigned and fixed ID number for
each master and shows the master ID numbers as they relate to the master port numbers.
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Table 113. Device XBAR switch ports

Port
Module Type Logical Physical master ID
number
€200z0 core—CPU instructions Master 0 0
€200z0 core—Data Master 1 1
eDMA Master 2 2
Ethernet Master 4
Flash Slave —
Internal SRAM Slave —
Video encoder output buffer Slave
Peripheral bridge Slave 7 —

15.3 Overview

The XBAR alowsfor concurrent transactionsto occur from any master port to any slave port. It ispossible
for all master ports and slave portsto be in use at the sametime as aresult of independent master requests.
If aslave port issimultaneously requested by more than one master port, arbitration logic selectsthe higher
priority master and grants it ownership of the slave port. All other masters requesting that slave port are

stalled until the higher priority master completes its transactions.

Requesting masters are granted access based on afixed priority.

154 Features

4 Master ports

— €200z0 core complex Instruction port

— €200z0 core complex Load/Store Data port

— eDMA

— Ethernet

4 Slave ports

— Flash memory (code flash and data flash) controller
— SRAM controller

— Video encoder output buffer

— Peripheral bridge

32-bit internal address, 32-bit internal data paths

Fully concurrent transfers between independent master and slave ports
Fixed priority scheme and fixed parking strategy
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15.5 Modes of operation

15.5.1 Normal mode

In normal mode, the XBAR provides the register interface and logic that controls crossbar switch
configuration.

15.5.2 Debug mode
The XBAR operation in debug mode is identical to operation in normal mode.

15.6 Functional description

This section describes the functionality of the XBAR in more detail.

15.6.1 Overview

The main goal of the XBAR isto increase overall system performance by allowing multiple masters to
communicate concurrently with multiple slaves. To maximize data throughput, it is essential to keep
arbitration delays to a minimum.

This section examines data throughput from the point of view of masters and slaves, detailing when the
XBAR stalls masters, or inserts bubbles on the slave side.

15.6.2 General operation

When a master makes an access to the XBAR from an idle master state, the access is taken immediately
by the XBAR. If the targeted slave port of the accessisavailable (that is, the requesting master is currently
granted ownership of the slave port), the access isimmediately presented on the slave port. It is possible
to make single clock (zero wait state) accessesthrough the XBAR by agranted master. If thetargeted slave
port of the accessis busy or parked on a different master port, the requesting master receives wait states
until the targeted slave port can service the master request. The latency in servicing the request depends
on each master’s priority level and the responding slave's access time.

Because the XBAR appears to be just another slave to the master device, the master device has no
indication that it ownsthe slave port it istargeting. While the master does not have control of the slave port
itistargeting, it is wait-stated.

A master is given control of atargeted slave port only after a previous accessto a different slave port has
completed, regardless of its priority on the newly targeted slave port. This prevents deadlock from
occurring when amaster has the following conditions:

» OQutstanding request to slave port A that has along response time
» Pending access to adifferent slave port B
* Lower priority master also makes arequest to the different slave port B.

In this case, the lower priority master is granted bus ownership of slave port B after acycle of arbitration,
assuming the higher priority master dave port A accessis not terminated.
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After amaster has control of the slave port it is targeting, the master remainsin control of that slave port
until it gives up the slave port by running an IDLE cycle, leavesthat slave port for its next access, or loses
control of the slave port to ahigher priority master with arequest to the same slave port. However, because
all masters run a fixed-length burst transfer to a slave port, it retains control of the slave port until that
transfer sequence is compl eted.

When adlave busisidled by the XBAR, it is parked on the master that did the last transfer.

15.6.3 Master ports

A master accessistaken if the slave port to which the access decodes is either currently servicing the
master or is parked on the master. In this case, the XBAR is completely transparent and the master access
isimmediately transmitted on the slave bus and no arbitration delays are incurred. A master access stall if
the access decodes to a dlave port that is busy serving another master, parked on another master.

If the dlave port is currently parked on another master, and no other master isrequesting accessto the slave
port, then only one clock of arbitration isincurred. If the slave port is currently serving another master of
alower priority and the master hasahigher priority than all other requesting masters, then the master gains
control over the slave port as soon as the data phase of the current accessis completed. If the slave port is
currently servicing another master of ahigher priority, then the master gains control of the slave port after
the other master releases control of the slave port if no other higher priority master is aso waiting for the
slave port.

A master access is responded to with an error if the access decodes to alocation not occupied by aslave
port. Thisisthe only time the XBAR directly responds with an error response. All other error responses
received by the master are the result of error responses on the slave ports being passed through the XBAR.

15.6.4 Slave ports

The goal of the XBAR with respect to the slave portsis to keep them 100% saturated when masters are
actively making requests. To do this the XBAR must not insert any bubbles onto the slave bus unless
absolutely necessary.

Thereis only one instance when the XBAR forces a bubble onto the slave bus when a master is actively
making arequest. This occurs when a handoff of bus ownership occurs and there are no wait states from
the dlave port. A requesting master that does not own the slave port is granted access after a one clock
delay.

15.6.5 Priority assignment

Each master port isassigned afixed 3-bit priority level (hard-wired priority). Table 114 showsthe priority
levels assigned to each master (the lowest has highest priority).
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Table 114. Hardwired bus master priorities

Port
Module Priority level
Type Number
€200z0 core—CPU instructions Master 0 7
€200z0 core—Data Master 1 6
eDMA Master 2 5
Ethernet Master

15.6.6 Arbitration
XBAR supports only afixed-priority comparison algorithm.

15.6.6.1 Fixed priority operation

When operating in fixed-priority arbitration mode, each master is assigned a unique priority level. If two
masters both request access to a slave port, the master with the highest priority in the selected priority
register gains control over the slave port.

Any time a master makes arequest to a slave port, the slave port checks to see if the new requesting
master’spriority level ishigher than that of the master that currently has control over theslave port (if any).
The slave port does an arbitration check at every clock edge to ensure that the proper master (if any) has
control of the slave port.

If the new requesting master’s priority level is higher than that of the master that currently has control of
the slave port, the higher priority master is granted control at the termination of any currently pending
access, assuming the pending transfer is not part of a burst transfer.

A new requesting master must wait until the end of the fixed-length burst transfer, beforeit is granted
control of the slave port. But if the new requesting master’s priority level islower than that of the master
that currently has control of the slave port, the new requesting master isforced to wait until the master that
currently has control of the slave port is finished accessing the current slave port.

15.6.6.1.1 Parking

If no master is currently requesting the slave port, the slave port is parked. The slave port parks awaysto
the most recently requesting master (park-on-last). When parked on the last master, the slave port is
passing that master’s signal's through to the slave bus. When the master accesses the slave port again, no
other arbitration penalties are incurred except that a one clock arbitration penalty isincurred for each
access reguest to the slave port made by another master port. All other masters pay a one clock penalty.
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Chapter 16
Miscellaneous Control Module (MCM)

16.1 Introduction

The Miscellaneous Control Module (MCM), provides miscellaneous control functions for the device
Standard Product Platform (SPP) including program-visible information about the platform configuration
andrevision levels, areset status register, a software watchdog timer, and wakeup control for exiting sleep
modes, and optional features such as an address map for the device's crossbar switch, information on
memory errors reported by error-correcting codes and/or generic access error information for certain
processor cores. It aso provides with register access protection for the following slave modules: INTC,
MCM, STM, and SWT.

16.2 Overview

The Miscellaneous Control Module is mapped into the | PS space and supports a number of miscellaneous
control functions for the platform device.

16.3 Features

The MCM includes these features:
* Program-visible information on the platform device configuration and revision

» egistersfor capturing information on platform memory errorsif error-correcting codes (ECC) are
implemented

» egistersto specify the generation of single- and double-bit memory data inversions for test
purposes if error-correcting codes are implemented

» ccess address information for faulted memory accesses for certain processor core
micro-architectures,

» AXBS lite priority functions, including forcing round robin and high priority enabling.
» Capability to restrict register access to supervisor mode to selected on-platform slave devices:
INTC, MCM, STM, and SWT.

16.4 Memory Map and Registers Description

This section detail sthe programming model for the Miscellaneous Control Module. Thisisan on-platform
128-byte space mapped to the region serviced by an | PS bus controller. Some of the control registers have
a64-bit width. These 64-bit registers are implemented as two 32-bit registers, and includean “H” and “L”
suffixes, indicating the “high” and “low” portions of the control function.
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The Miscellaneous Control Module does not include any logic which provides access control. Rather, this
function is supported using the standard access control logic provided by the IPS controller.

MCM registers are accessible only when the core isin supervisor mode (see Section 16.4.3,
“MCM _reg_protection”).

16.4.1

Memory Map

Table 115 isa 32-bit view of the MCM’s memory map.
Table 115. MCM 32-bit Memory Map

MCM Offset Register
0x0000 Processor Core Type (PCT) Revision (REV)
0x0008 IPS Module Configuration (IMC)
0x000c Reserved
0x0014 Reserved
0x0018 Reserved
0x001c Reserved Misc Interrupt
(MIR)
0x0020 Reserved
0x0024 Miscellaneous User-Defined Control Register (MUDCR)
0x0028 Reserved
0x002c - Reserved
0x003c
0x0040 Reserved ECC Configuration
(ECR)
0x0044 Reserved ECC Status
(ESR)
0x0048 Reserved ECC Error Generation (EEGR)
0x004c Reserved
0x0050 Flash ECC Address (FEAR)
0x0054 Reserved Flash ECC Master Flash ECC Attributes
(FEMR) (FEAT)
0x0058 Reserved
0x005c Flash ECC Data (FEDR)
0x0060 RAM ECC Address (REAR)
0x0064 Reserved RAM ECC Syndrome RAM ECC Master RAM ECC Attributes
(RESR) (REMR) (REAT)
0x0068 Reserved
0x006¢ RAM ECC Data (REDR)
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Table 115. MCM 32-bit Memory Map (continued)

MCM Offset Register
0x0070 - Reserved
0x007c

16.4.2 Registers Description

Attempted accesses to reserved addresses result in an error termination, while attempted writes to
read-only registers are ignored and do not terminate with an error. Unless noted otherwise, writes to the
programming model must match the size of the register, e.g., an n-bit register only supports n-bit writes,
etc. Attempted writes of a different size than the register width produce an error termination of the bus
cycle and no change to the targeted register.

16.4.2.1 Processor Core Type (PCT) register

The PCT isa 16-bit read-only register specifying the architecture of the processor corein the device. The
state of thisregister is defined by a module input signal; it can only be read from the IPS programming
model. Any attempted write isignored.

See Figure 116 and Table 116 for the Processor Core Type definition.

Register address: MCM Base + 0x0000

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R PCT[0:15]
w
RESET: 1 1 1 0 0 0 0 0 0 0 0 1 0 0 1 0

= Unimplemented

Figure 116. Processor Core Type (PCT) Register

16.4.2.2 Revision (REV) register

The REV isa 16-hit read-only register specifying arevision number. The state of this register is defined
by an input signal; it can only be read from the IPS programming model. Any attempted writeisignored.

See Figure 117 and Table 117 for the Revision definition.
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Register address: MCM Base + 0x0002

0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15

R REV[0:15]

w
RESET: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

= Unimplemented
Figure 117. Revision (REV) Register
Table 117. Revision (REV) Field Descriptions
Name Description
0-15 Revision

REV[0:15] | The REV][0:15] field is specified by an input signal to define a software-visible revision number.

16.4.2.3 IPS Module Configuration (IMC) register

TheIMCisa32-hit read-only register identifying the presence/absence of the 32 low-order | PS peripheral
modules connected to the primary 1Pl SkyBlue bus controller. The state of thisregister is defined by a
moduleinput signal; it can only be read from the I PS programming model. Any attempted writeisignored.

See Figure 118 and Table 118 for the IPS Module Configuration definition.

Register address: MCM Base + 0x0008

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R MC[0:15]
w
RESET: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R MC[16:31]
w
RESET: 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0
= Unimplemented
Figure 118. IPS Module Configuration (IMC) Register
Table 118. IPS Module Configuration (IMC) Field Descriptions
Name Description
0-31 IPS Module Configuration

MCJ[0:31] |MCJ[n] =0 if an IPS module connection to decoded slot “n” is absent
MC[n] = 1 if an IPS module connection to decoded slot “n” is present
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16.4.2.4 Miscellaneous Interrupt Register (MIR)

All interrupt requests associated with MCM are collected in the MIR register. Thisincludes the processor

core system bus fault interrupt.

During the appropriate interrupt service routine handling these requests, the interrupt source contained in

the MCMIR must be explicitly cleared. See Figure 119 and Table 119.

Register address: MCM Base + 0x001F

0

1

2

4

5

6

Miscellaneous Control Module (MCM)

7

R FBOAI FBOSI FB1AI FB1SI 0 0 0 0
w 1 1 1 1 XXXXXXX | XXXXXXX [ XXXXXXX | XXXXXXX
RESET: 0 0 0 0 0 0 0 0
XXXXXXX = Unimplemented
Figure 119. Miscellaneous Interrupt (MIR) Register
Table 119. Miscellaneous Interrupt (MIR) Field Descriptions
Name Description
0 Flash Bank 0 Abort Interrupt
FBOAI | 0O: A flash bank 0 abort has not occurred.
1: A flash bank 0 abort has occurred. The interrupt request is hegated by writing a 1 to this bit. Writing a 0 has no
effect.
1 Flash Bank 0 Stall Interrupt
FBOSI | 0: A flash bank O stall has not occurred.
1: A flash bank 0 stall has occurred. The interrupt request is negated by writing a 1 to this bit. Writing a 0 has no
effect.
2 Flash Bank 1 Abort Interrupt
FB1Al |O: A flash bank 1 abort has not occurred.
1: A flash bank 1 abort has occurred. The interrupt request is hegated by writing a 1 to this bit. Writing a 0 has no
effect.
3 Flash Bank 1 Stall Interrupt
FB1SI |0: A flash bank 1 stall has not occurred.
1: A flash bank 1 stall has occurred. The interrupt request is negated by writing a 1 to this bit. Writing a 0 has no
effect.
16.4.2.5 Miscellaneous User-Defined Control Register (MUDCR)

The MUDCR provides aprogram-visible register for user-defined control functions. It typically isused as
configuration control for miscellaneous SoC-level modules. The contents of thisregister issimply output
from MCM to other modules where the user-defined control functions are implemented. See Figure 120

and Table 120 for the Miscellaneous User-Defined Control Register definition.
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Register address: MCM Base + 0x0024

0 1 2 3 4 5 6
RESET: o 0 0 0 0 0 0

16 17 18 19 20 21 22
RESET: o 0 0 0 0 0 0

= Unimplemented

7 8 9 10 11 12 13 14 15
0 0 0 0 0 0 0 0 0
23 24 25 26 27 28 29 30 31
0 0 0 0 0 0 0 0 0

Figure 120. Miscellaneous User-Defined Control (MUDCR) Register

Table 120. Miscellaneous User-Defined Control Register (MUDCR) Field Descriptions

Name

Description

MUDCR

AXBS liteforce round_robin bit (MUDCR[31])-

When the AXBS liteisincluded on the platform, thisbit is used to drive the force_round_robin bit of the
AXBS lite. Thiswill force the slavesinto round robin mode of arbitration rather than fixed mode. Unless
amaster isusing priority elevation, which forces the design back into fixed mode regardless of thisbit. By
defining the *define ENABLE_ROUND_ROBIN_RESET, this bit will reset to 1.

AXBS liteisin round robin mode

AXBS liteisin fixed priority mode

16.4.2.6 ECC registers

There are anumber of program-visible registers for the sole purpose of reporting and logging of memory
faillures. These registersinclude the following:

ECC Configuration Register (ECR)

ECC Status Register (ESR)

ECC Error Generation Register (EEGR)
Flash ECC Address Register (FEAR)

Flash ECC Master Number Register (FEMR)
Flash ECC Attributes Register (FEAT)

Flash ECC Data Register (FEDR)

RAM ECC Address Register (REAR)

RAM ECC Syndrome Register (RESR)
RAM ECC Master Number Register (REMR)
RAM ECC Attributes Register (REAT)

RAM ECC Data Register (REDR)
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The details on the ECC registers are provided in the subsequent sections. If the design does not include
ECC on the memories, these addresses are reserved |ocations within the MCM’s programming model.

16.4.2.7 ECC Configuration Register (ECR)

The ECC Configuration Register is an 8-bit control register for specifying which types of memory errors
arereported. In al systemswith ECC, the occurrence of anon-correctable error causes the current access
to be terminated with an error condition. In many cases, this error termination is reported directly by the
initiating bus master. However, there are certain situations where the occurrence of this type of
non-correctableerror isnot reported by the master. Examplesinclude speculativeinstruction fetcheswhich
are discarded due to a change-of-flow operation, and buffered operand writes. The ECC reporting logic in
the MCM provides an optional error interrupt mechanism to signal al non-correctable memory errors. In
addition to the interrupt generation, the MCM captures specific information (memory address, attributes
and data, bus master number, etc.) which may be useful for subsequent failure analysis.

The reporting of single-bit memory corrections can only be enabled via a an SoC-configurable module
input signal. While not directly accessibleto auser, this capability isviewed asimportant for error logging
and failure analysis.

See Figure 121 and Table 121 for the ECC Configuration Register definition.

Register address: MCM Base + 0x0043

0 1 2 3 4 5 6 7
R 0 0 0 0
ER1BR EF1BR ERNCR EFNCR
w
RESET: 0 0 0 0 0 0 0 0
= Unimplemented
Figure 121. ECC Configuration (ECR) Register
Table 121. ECC Configuration (ECR) Field Definitions
Name Description
2 Enable RAM 1-bit Reporting

ER1BR |0 = Reporting of single-bit RAM corrections is disabled.
1 = Reporting of single-bit RAM corrections is enabled.

This bit can only be set if the SoC-configurable input enable signal is asserted. The occurrence of a single-bit RAM
correction generates a MCM ECC interrupt request as signalled by the assertion of ESR[R1BC]. The address,
attributes and data are also captured in the REAR, RESR, REMR, REAT and REDR registers.

3 Enable Flash 1-bit Reporting
EF1BR |0 = Reporting of single-bit flash corrections is disabled.
1 = Reporting of single-bit flash corrections is enabled.

This bit can only be set if the SoC-configurable input enable signal is asserted. The occurrence of a single-bit flash
correction generates a MCM ECC interrupt request as signalled by the assertion of ESR[F1BC]. The address,
attributes and data are also captured in the FEAR, FEMR, FEAT and FEDR registers.
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Table 121. ECC Configuration (ECR) Field Definitions

Name Description

6 Enable RAM Non-Correctable Reporting
ERNCR |0 = Reporting of non-correctable RAM errors is disabled.
1 = Reporting of non-correctable RAM errors is enabled.

The occurrence of a hon-correctable multi-bit RAM error generates a MCM ECC interrupt request as signalled by
the assertion of ESR[RNCE]. The faulting address, attributes and data are also captured in the REAR, RESR,
REMR, REAT and REDR registers.

7 Enable Flash Non-Correctable Reporting
EFNCR |0 = Reporting of non-correctable flash errors is disabled.
1 = Reporting of non-correctable flash errors is enabled.

The occurrence of a non-correctable multi-bit flash error generates a MCM ECC interrupt request as signalled by
the assertion of ESR[FNCE]. The faulting address, attributes and data are also captured in the FEAR, FEMR, FEAT
and FEDR registers.

16.4.2.8 ECC Status Register (ESR)

The ECC Status Register is an 8-bit control register for signaling which types of properly-enabled ECC
events have been detected. The ESR signalsthe last, properly-enabled memory event to be detected. ECC
interrupt generation is separated into single-bit error detection/correction, uncorrectable error detection
and the combination of the two as defined by the following boolean equations:

MCM_ECC1BIT IRQ

= ECRI[ER1BR] & ESR[R1BC] // ram, 1l-bit correction

| ECR[EF1BR] & ESR[F1BC] // flash, 1-bit correction
MCM_ECCRNCR_IRQ

= ECR[ERNCR] & ESRI[RNCE] // ram, noncorrectable error
MCM_ECCFNCR_IRQ

= ECR[EFNCR] & ESR[FNCE] // flash, noncorrectable error
MCM_ECC2BIT_IRQ

= MCM_ECCRNCR_IRQ // ram, noncorrectable error

| MCM_ECCFNCR_IRQ // flash, noncorrectable error
MCM_ECC_IRQ

= MCM_ECCIBIT_IRQ // 1-bit correction

| MCM_ECC2BIT IRQ // noncorrectable error

where the combination of a properly-enabled category in the ECR and the detection of the corresponding
condition in the ESR produces the interrupt request.

The MCM allows a maximum of one bit of the ESR to be asserted at any given time. This preserves the
association between the ESR and the corresponding address and attribute registers, which are loaded on
each occurrence of an properly-enabled ECC event. If there is a pending ECC interrupt and another
properly-enabled ECC event occurs, the MCM hardware automatically handles the ESR reporting,
clearing the previous data and loading the new state and thus guaranteeing that only asingleflag is
asserted.

To maintain the coherent software view of the reported event, the following sequence in the MCM error
interrupt service routine is suggested:

1. Read the ESR and save it.

2. Read and save all the address and attribute reporting registers.
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3. Re-read the ESR and verify the current contents matches the original contents. If the two values
are different, go back to step 1 and repeat.

4. When the values are identical, write a 1 to the asserted ESR flag to negate the interrupt request.
See Figure 122 and Table 122 for the ECC Status Register definition.

Register address: MCM Base + 0x0047

0 1 2 3 4 5 6 7
R 0 0 R1BC F1BC 0 0 RNCE FNCE
w

RESET: 0 0 0 0 0 0 0 0
= Unimplemented
Figure 122. ECC Status (ESR) Register
Table 122. ECC Status (ESR) Field Definitions
Name Description
2 RAM 1-bit Correction

R1BC |0 = No reportable single-bit RAM correction has been detected.
1 = A reportable single-bit RAM correction has been detected.

This bit can only be set if ECR[EPR1BR] is asserted. The occurrence of a properly-enabled single-bit RAM
correction generates a MCM ECC interrupt request. The address, attributes and data are also captured in the
REAR, RESR, REMR, REAT and REDR registers. To clear this interrupt flag, write a 1 to this bit. Writing a 0 has
no effect.

3 Flash 1-bit Correction

F1BC |0 = No reportable single-bit flash correction has been detected.
1 = A reportable single-bit flash correction has been detected.

This bit can only be set if ECR[EPF1BR] is asserted. The occurrence of a properly-enabled single-bit flash
correction generates a MCM ECC interrupt request. The address, attributes and data are also captured in the
FEAR, FEMR, FEAT and FEDR registers. To clear this interrupt flag, write a 1 to this bit. Writing a 0 has no effect.

6 RAM Non-Correctable Error
RNCE |0 = No reportable non-correctable RAM error has been detected.
1 = A reportable non-correctable RAM error has been detected.

The occurrence of a properly-enabled non-correctable RAM error generates a MCM ECC interrupt request. The
faulting address, attributes and data are also captured in the REAR, RESR, REMR, REAT and REDR registers. To
clear this interrupt flag, write a 1 to this bit. Writing a 0 has no effect.

7 Flash Non-Correctable Error

FNCE |0 = No reportable non-correctable flash error has been detected.
1 = A reportable non-correctable flash error has been detected.

The occurrence of a properly-enabled non-correctable flash error generates a MCM ECC interrupt request. The
faulting address, attributes and data are also captured in the FEAR, FEMR, FEAT and FEDR registers. To clear
this interrupt flag, write a 1 to this bit. Writing a 0 has no effect.

In the event that multiple status flags are signaled simultaneously, MCM records the event with the R1BC
as highest priority, then FIBC, then RNCE, and finally FNCE.
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16.4.2.9 ECC Error Generation Register (EEGR)

The ECC Error Generation Register isa 16-bit control register used to force the generation of single- and
double-bit datainversionsin the memories with ECC, most notably the RAM. This capability is provided

for two purposes:

* It provides a software-controlled mechanism for “injecting” errorsinto the memories during data
writesto verify the integrity of the ECC logic.

» |t provides amechanism to allow testing of the software service routines associated with memory

error logging.

It should be noted that while the EEGR is associated with the RAM, similar capabilitiesexist for the flash,
i.e., the ability to program the non-volatile memory with single- or double-bit errorsis supported for the

same two reasons previoudly identified.

For both types of memories (RAM and flash), theintent isto generate errors during datawrite cycles, such
that subsequent reads of the corrupted address|ocations generate ECC events, either single-bit corrections
or double-bit noncorrectable errors that are terminated with an error response.

The enabling of these error generation modes requires the same SoC-configurable input enable signal (as

that used to enable single-bit correction reporting) be asserted.
See Figure 123 and Table 123 for the ECC Configuration Register definition.

Register address: MCM Base + 0x004a

0 1 2 3 4 5 6 7 10 1 12 13 14 15
Rl o 0 |FrciB|FRuBI| 0 0 |FreN| FRL ERRBIT[0:6]
W I c | Nci
RESET: ¢ 0 0 0 0 0 0 0 0 0 0 0 0 0

= Unimplemented

Figure 123. ECC Error Generation (EEGR) Register
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Table 123. ECC Error Generation (EEGR) Field Definitions

Name

Description

2
FRC1BI

Force RAM Continuous 1-Bit Data Inversions
0 = No RAM continuous 1-bit data inversions are generated.
1 = 1-bit data inversions in the RAM are continuously generated.

The assertion of this bit forces the RAM controller to create 1-bit data inversions, as defined by the bit position
specified in ERRBIT[0:6], continuously on every write operation.

The normal ECC generation takes place in the RAM controller, but then the polarity of the bit position defined by
ERRBIT is inverted to introduce a 1-bit ECC event in the RAM.

After this bit has been enabled to generate another continuous 1-bit data inversion, it must be cleared before being
set again to properly re-enable the error generation logic.

This bit can only be set if the same SoC configurable input enable signal (as that used to enable single-bit correction
reporting) is asserted.

3
FR11BI

Force RAM One 1-bit Data Inversion
0 = No RAM single 1-bit data inversion is generated.
1 = One 1-bit data inversion in the RAM is generated.

The assertion of this bit forces the RAM controller to create one 1-bit data inversion, as defined by the bit position
specified in ERRBIT[0:6], on the first write operation after this bit is set.

The normal ECC generation takes place in the RAM controller, but then the polarity of the bit position defined by
ERRBIT is inverted to introduce a 1-bit ECC event in the RAM.

After this bit has been enabled to generate a single 1-bit data inversion, it must be cleared before being set again to
properly re-enable the error generation logic.

This bit can only be set if the same SoC configurable input enable signal (as that used to enable single-bit correction
reporting) is asserted.

6
FRCNCI

Force RAM Continuous Noncorrectable Data Inversions
0 = No RAM continuous 2-bit data inversions are generated.
1 = 2-bit data inversions in the RAM are continuously generated.

The assertion of this bit forces the RAM controller to create 2-bit data inversions, as defined by the bit position
specified in ERRBIT[0:6] and the overall odd parity bit, continuously on every write operation.

After this bit has been enabled to generate another continuous noncorrectable data inversion, it must be cleared
before being set again to properly re-enable the error generation logic.

The normal ECC generation takes place in the RAM controller, but then the polarity of the bit position defined by
ERRBIT and the overall odd parity bit are inverted to introduce a 2-bit ECC error in the RAM.
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Table 123. ECC Error Generation (EEGR) Field Definitions (continued)

Name Description

7 Force RAM One Noncorrectable Data Inversions
FRINCI |0 = No RAM single 2-bit data inversions are generated.
1 = One 2-bit data inversion in the RAM is generated.

The assertion of this bit forces the RAM controller to create one 2-bit data inversion, as defined by the bit position
specified in ERRBIT[0:6] and the overall odd parity bit, on the first write operation after this bit is set.

The normal ECC generation takes place in the RAM controller, but then the polarity of the bit position defined by
ERRBIT and the overall odd parity bit are inverted to introduce a 2-bit ECC error in the RAM.

After this bit has been enabled to generate a single 2-bit error, it must be cleared before being set again to properly
re-enable the error generation logic.

9-15 Error Bit Position
ERRBIT | The vector defines the bit position which is complemented to create the data inversion on the write operation. For
[0:6] the creation of 2-bit data inversions, the bit specified by this field plus the odd parity bit of the ECC code are inverted.

The RAM controller follows a vector bit ordering scheme where LSB=0. Errors in the ECC syndrome bits can be
generated by setting this field to a value greater than the RAM width. For example, consider a 32-bit RAM
implementation.

The 32-bit ECC approach requires 7 code bits for a 32-bit word. For PRAM data width of 32 bits, the actual SRAM
(32b data + 7b for ECC) = 39 bits. The following association between the ERRBIT field and the corrupted memory
bit is defined:

if ERRBIT = 0, then RAM[0] of the odd bank is inverted
if ERRBIT = 1, then RAM[1] of the odd bank is inverted

if ERRBIT = 31, then RAM[31] of the odd bank is inverted
if ERRBIT = 64, then ECC Parity[0] of the odd bank is inverted
if ERRBIT = 65, then ECC Parity[1] of the odd bank is inverted

if ERRBIT = 70, then ECC Parity[6] of the odd bank is inverted

For ERRBIT values of 32 to 63 and greater than 70, no bit position is inverted.

If an attempt to force a non-correctable inversion (by asserting EEGR[FRCNCI] or EEGR[FRC1NCI])
and EEGR[ERRBIT] equals 64, then no data inversion will be generated.

The only allowable values for the 4 control bit enables { FR11BI, FRC1BI, FRCNCI, FRINCI} are
{0,0,0,04, {1,0,0,0}, {0,1,0,0}, {0,0,1,0} and {0,0,0,1}. All other values result in undefined behavior.

16.4.2.10 Flash ECC Address Register (FEAR)

The FEAR isa32-hit register for capturing the address of thelast, properly-enabled ECC event in theflash
memory. Depending on the state of the ECC Configuration Register, an ECC event in the flash causesthe
address, attributes and data associated with the access to be loaded into the FEAR, FEMR, FEAT and
FEDR registers, and the appropriate flag (FIBC or FNCE) in the ECC Status Register to be asserted.

This register can only be read from the IPS programming model; any attempted write isignored. See
Figure 124 and Table 124 for the Flash ECC Address Register definition.

MPC5604E Reference Manual, Rev. 5

16-270 Freescale Semiconductor



Miscellaneous Control Module (MCM)

Register address: MCM Base + 0x0050

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R FEAR[0:15]
w
RESET:
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R FEAR[16:31]
w
RESET:
= Unimplemented
Figure 124. Flash ECC Address (FEAR) Register
Table 124. Flash ECC Address (FEAR) Field Descriptions
Name Description
0-31 Flash ECC Address Register
FEAR[0:31] | This 32-bit register contains the faulting access address of the last, properly-enabled flash ECC event.

16.4.2.11 Flash ECC Master Number Register (FEMR)

TheFEMR isa4-hit register for capturing the AXBS bus master number of thelast, properly-enabled ECC
event in the flash memory. Depending on the state of the ECC Configuration Register, an ECC event in
the flash causes the address, attributes and data associated with the access to be loaded into the FEAR,
FEMR, FEAT and FEDR registers, and the appropriate flag (F1BC or FNCE) in the ECC Status Register
to be asserted.

This register can only be read from the IPS programming model; any attempted write isignored. See
Figure 125 and Table 125 for the Flash ECC Master Number Register definition.

Register address: MCM Base + 0x0056

0 1 2 3 4 5 6 7
R 0 0 0 0 FEMR[0:3]
W
RESET: 0 0 0 0

= Unimplemented

Figure 125. Flash ECC Master Number (FEMR) Register
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Table 125. Flash ECC Master Number (FEMR) Field Descriptions

Name Description

4-7 Flash ECC Master Number Register
FEMR[0:3] | This 4-bit register contains the AXBS bus master number of the faulting access of the last, properly-enabled
flash ECC event.

16.4.2.12 Flash ECC Attributes (FEAT) register

The FEAT is an 8-bit register for capturing the AXBS bus master attributes of the last, properly-enabled
ECC event in the flash memory. Depending on the state of the ECC Configuration Register, an ECC event
in the flash causes the address, attributes and data associated with the access to be loaded into the FEAR,
FEMR, FEAT and FEDR registers, and the appropriate flag (F1BC or FNCE) in the ECC Status Register
to be asserted.

This register can only be read from the IPS programming model; any attempted write isignored. See
Figure 126 and Table 126 for the Flash ECC Attributes Register definition.

Register address: MCM Base + 0x0057

0 1 2 3 4 5 6 7
R Write Size[0:2] Protection[0:3]
w
RESET:
= Unimplemented
Figure 126. Flash ECC Attributes (FEAT) Register
Table 126. Flash ECC Attributes (FEAT) Field Descriptions
Name Description
0 AMBA-AHB HWRITE
Write 0 = AMBA-AHB read access
1 = AMBA-AHB write access
1-3 AMBA-AHB HSIZE[0:2]

Size[0:2] 0b000 = 8-bit AMBA-AHB access
0b001 = 16-bit AMBA-AHB access
0b010 = 32-bit AMBA-AHB access
Ob1xx = Reserved

4-7 AMBA-AHB HPROTI[0:3]
Protection[0:3] | Protection[3]: Cacheable 0 = Non-cacheable,1 = Cacheable
Protection[2]: BufferableO = Non-bufferable,1 = Bufferable
Protection[1]: Mode 0 = User mode, 1 = Supervisor mode
Protection[0]: Type 0 = I-Fetch, 1 = Data

16.4.2.13 Flash ECC Data Register (FEDR)

The FEDR isa 32-bit register for capturing the data associated with the last, properly-enabled ECC event
in the flash memory. Depending on the state of the ECC Configuration Register, an ECC event in the flash
causes the address, attributes and data associated with the access to be loaded into the FEAR, FEMR,

MPC5604E Reference Manual, Rev. 5

16-272 Freescale Semiconductor



Miscellaneous Control Module (MCM)

FEAT and FEDR registers, and the appropriate flag (FIBC or FNCE) in the ECC Status Register to be
asserted.
The data captured on a multi-bit non-correctable ECC error is undefined.

This register can only be read from the |PS programming model; any attempted write isignored. See
Figure 127 and Table 127 for the Flash ECC Data Register definition.

Register address: MCM Base +0x005C

0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
R FEDR[0:15]
w
RESET:
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R FEDR[16:31]
w
RESET:
= Unimplemented
Figure 127. Flash ECC Data (FEDR) Register
Table 127. Flash ECC Data (FEDR) Field Descriptions
Name Description
0-31 Flash ECC Data Register

FEDRJ[0:31] [ This 32-bit register contains the data associated with the faulting access of the last, properly-enabled flash
ECC event. The register contains the data value taken directly from the data bus.

16.4.2.14 RAM ECC Address Register (REAR)

The REAR isa 32-bit register for capturing the address of the last, properly-enabled ECC event in the
RAM memory. Depending on the state of the ECC Configuration Register, an ECC event in the RAM
causes the address, attributes and data associated with the access to be loaded into the REAR, RESR,
REMR, REAT and REDR registers, and the appropriate flag (R1BC or RNCE) in the ECC Status Register
to be asserted.

This register can only be read from the IPS programming model; any attempted write isignored. See
Figure 128 and Table 128 for the RAM ECC Address Register definition.
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Register address: MCM Base + 0x0060

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R REAR[0:15]
w
RESET:
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R REAR[16:31]
w
RESET:
= Unimplemented
Figure 128. RAM ECC Address (REAR) Register
Table 128. RAM ECC Address (REAR) Field Descriptions
Name Description
0-31 RAM ECC Address Register
REAR[0:31] | This 32-bit register contains the faulting access address of the last, properly-enabled RAM ECC event.

16.4.2.15 RAM ECC Syndrome Register (RESR)

The RESR isan 8-bit register for capturing the error syndrome of the last, properly-enabled ECC event in
the RAM memory. Depending on the state of the ECC Configuration Register, an ECC event in the RAM
causes the address, attributes and data associated with the access to be loaded into the REAR, RESR,
REMR, REAT and REDR registers, and the appropriate flag (R1BC or RNCE) in the ECC Status Register
to be asserted.

This register can only be read from the IPS programming model; any attempted write isignored. See
Figure 129 and Table 129 for the RAM ECC Syndrome Register definition.
Register address: MCM Base + 0x0065

0 1 2 3 4 5 6 7

R RESR[0:7]

RESET:

= Unimplemented

Figure 129. RAM ECC Syndrome (RESR) Register
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Table 129. RAM ECC Syndrome (RESR) Field Descriptions

Name Description
0-7 RAM ECC Syndrome Register
RESR[0:7] | This 8-bit syndrome field includes 6 bits of Hamming decoded parity plus an odd-parity bit for the entire 39-bit

(32-bit data + 7 ECC) code word. The upper 7 bits of the syndrome specify the exact bit position in error for
single-bit correctable codewords, and the combination of a non-zero 7-bit syndrome plus overall incorrect parity
bit signal a multi-bit, non-correctable error.

For correctable single-bit errors, the mapping shown in Table 129 associates the upper 7 bits of the syndrome
with the data bit in error.

Note: Table 129 associates the upper 7 bits of the ECC syndrome with the exact data bit in error for single-bit correctable
codewords. This table follows the bit vectoring notation where the LSB=0. Note that the syndrome value of 0x0001 implies
no error condition but this value is not readable when the PRESR is read for the no error case.

Table 130. RAM Syndrome Mapping for Single-Bit Correctable Errors

RESRJ[0:7] Data Bit in Error
0x0000 ECC ODD|0]
0x0001 No Error
0x0002 ECC ODDI[1]
0x0004 ECC ODD|2]
0x0006 DATA ODD BANK[31]
0x0008 ECC ODDI[3]
0x000a DATA ODD BANK([30]
0x000c DATA ODD BANK[29]
0x000e DATA ODD BANK([28]
0x0010 ECC ODD[4]
0x0012 DATA ODD BANK[27]
0x0014 DATA ODD BANK([26]
0x0016 DATA ODD BANK][25]
0x0018 DATA ODD BANK[24]
0x001a DATA ODD BANK([23]
0x001c DATA ODD BANK[22]
0x0050 DATA ODD BANK[21]
0x0020 ECC ODDI[5]
0x0022 DATA ODD BANK][20]
0x0024 DATA ODD BANK[19]
0x0026 DATA ODD BANK][18]
0x0028 DATA ODD BANK][17]
0x002a DATA ODD BANK[16]
0x002c DATA ODD BANK][15]
0x0058 DATA ODD BANK][14]
0x0030 DATA ODD BANK[13]
0x0032 DATA ODD BANK][12]
0x0034 DATA ODD BANK][11]
0x0064 DATA ODD BANK[10]
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Table 130. RAM Syndrome Mapping for Single-Bit Correctable Errors (continued)

RESR[0:7] Data Bit in Error
0x0038 DATA ODD BANK]9]
0x0062 DATA ODD BANK]8]
0x0070 DATA ODD BANK]7]
0x0060 DATA ODD BANK]6]
0x0040 ECC ODD[6]
0x0042 DATA ODD BANK]5]
0x0044 DATA ODD BANK][4]
0x0046 DATA ODD BANK]3]
0x0048 DATA ODD BANK]2]
0x004a DATA ODD BANK]1]
0x004c DATA ODD BANK]0]

0x0003,0x0005........ Ox Multiple bit error
004d
> 0x004d Multiple bit error

16.4.2.16 RAM ECC Master Number Register (REMR)

TheREMR isa4-hit register for capturing the AXBS bus master number of thelast, properly-enabled ECC
event in the RAM memory. Depending on the state of the ECC Configuration Register, an ECC event in
the RAM causes the address, attributes and data associated with the access to be loaded into the REAR,
RESR, REMR, REAT and REDR registers, and the appropriate flag (R1BC or RNCE) in the ECC Status
Register to be asserted.

This register can only be read from the IPS programming model; any attempted write isignored. See
Figure 130 and Table 131 for the RAM ECC Master Number Register definition.

Register address: MCM Base + 0x0066

0 1 2 3 4 5 6 7
R 0 0 0 0 REMR[0:3]
w
RESET: 0 0 0 0
= Unimplemented
Figure 130. RAM ECC Master Number (REMR) Register
Table 131. RAM ECC Master Number (REMR) Field Descriptions
Name Description
4-7 RAM ECC Master Number Register

REMR[0:3] This 4-bit register contains the AXBS bus master number of the faulting access of the last, properly-enabled
RAM ECC event.
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16.4.2.17 RAM ECC Attributes (REAT) register

The REAT is an 8-hit register for capturing the AXBS bus master attributes of the last, properly-enabled
ECC eventinthe RAM memory. Depending on the state of the ECC Configuration Register, an ECC event
inthe RAM causes the address, attributes and data associated with the access to be |oaded into the REAR,
RESR, REMR, REAT and REDR registers, and the appropriate flag (R1BC or RNCE) in the ECC Status
Register to be asserted.

Thisregister can only be read from the IPS programming model; any attempted write isignored. See
Figure 131 and Table 132 for the RAM ECC Attributes Register definition.

Register address: MCM Base + 0x0067

0 1 2 3 4 5 6 7
R Write Size[0:2] Protection[0:3]
w
RESET:
= Unimplemented
Figure 131. RAM ECC Attributes (REAT) Register
Table 132. RAM ECC Attributes (REAT) Field Descriptions
Name Description
0 AMBA-AHB HWRITE
Write 0 = AMBA-AHB read access
1 = AMBA-AHB write access
1-3 AMBA-AHB HSIZE[0:2]

Size[0:2] 0b000 = 8-bit AMBA-AHB access
0b001 = 16-bit AMBA-AHB access
0b010 = 32-bit AMBA-AHB access
Oblxx = Reserved

4-7 AMBA-AHB HPROTI[0:3]
Protection[0:3] | Protection[3]: Cacheable 0 = Non-cacheable, 1 = Cacheable
Protection[2]: Bufferable 0 = Non-bufferable,1 = Bufferable
Protection[1]: Mode 0 = User mode, 1 = Supervisor mode
Protection[0]: Type 0 = I-Fetch, 1 = Data

16.4.2.18 RAM ECC Data Register (REDR)

The REDR isa 32-bit register for capturing the data associated with the last, properly-enabled ECC event
in the RAM memory. Depending on the state of the ECC Configuration Register, an ECC event in the
RAM causesthe address, attributes and data associ ated with the accessto be loaded into the REAR, RESR,
REMR, REAT and REDR registers, and the appropriate flag (R1BC or RNCE) inthe ECC Status Register
to be asserted.

The data captured on a multi-bit non-correctable ECC error is undefined.

This register can only be read from the IPS programming model; any attempted write isignored. See
Figure 132 and Table 133 for the RAM ECC Data Register definition.
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Register address: MCM Base +0x006¢

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R REDR[0:15]
W
RESET:
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R REDR[16:31]
w
RESET:
= Unimplemented

Figure 132. RAM ECC Data (REDR) Register

Table 133. RAM ECC Data (REDR) Field Descriptions

Name Description

0-31 RAM ECC Data Register
REDR[0:31] | This 32-bit register contains the data associated with the faulting access of the last,
properly-enabled RAM ECC event. The register contains the data value taken directly from
the data bus.

16.4.3 MCM reg_protection

The MCM _reg_protection logic provides hardware enforcement of supervisor mode access protection for
four on-platform IPSmodules: INTC, MCM, STM, and SWT. Thislogic resides between the on-platform
bus sourced by the AIPS bus controller and the individual slave modules. It monitors the bus access type
(supervisor or user) and if auser accessis attempted, the transfer isterminated with an error and inhibited
from reaching the slave module. Identical logic isreplicated for each of the five, targeted slave modules.
A block diagram of the MCM _reg_protection module is shown in Figure 133.
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-t » INTC
ips_supervisor_access
< > MCM
g -
AIPS_LITE MCM_REG_PROTECTION
- > STM
- > SWT

Figure 133. Spp_Ips_Reg_Protection block diagram

Attempted accesses to reserved addresses result in an error termination, while attempted writes to
read-only registers are ignored and do not terminate with an error. Unless noted otherwise, writes to the
programming model must match the size of the register; for example, an n-bit register only supports n-bit

writes, etc. Attempted writes of a different size than the register width produce an error termination of the
bus cycle and no change to the targeted register.
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Chapter 17
Internal Static RAM (SRAM)

17.1 Introduction
The general-purpose SRAM has asize of 96 KB.

The SRAM provides the following features:

* SRAM can be read/written from any bus master
* Byte, halfword, word and doubleword addressable
* Single-bit correction and double-bit error detection

17.2 SRAM operating mode

The SRAM has only one operating mode. No standby mode is available.
Table 134. SRAM operating modes

Mode Configuration

Normal (functional) Allows reads and writes of SRAM

17.3 Register memory map

The SRAM occupies 96 KB of memory starting at the base address as shown in Table 135.
Table 135. SRAM memory map

Address Register name Register description Size

0x4000_0000 (Base) — — 96 KB

Theinternal SRAM has no registers. Registers for the SRAM ECC are located in the MCM .

17.4 SRAM ECC mechanism

The SRAM ECC detects the following conditions and produces the following results:
» Detectsand corrects al 1-bit errors
» Detectsand flags all 2-bit errors as non-correctable errors

» Detects 39-hit reads (32-bit data bus plus the 7-bit ECC) that return all zeros or all ones, asserts an
error indicator on the bus cycle, and sets the error flag

SRAM does not detect all errors greater than 2 bits.
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Internal SRAM write operations are performed on the following byte boundaries:
e 1byte (0:7 bits)
* 2 bytes(0:15 hits)
* 4bytesor 1 word (0:31 bits)
If the entire 32 data bits are written to SRAM, no read operation is performed and the ECC is calculated
across the 32-bit data bus. The 8-bit ECC is appended to the data segment and written to SRAM.
If the write operation is less than the entire 32-bit data width (1 or 2-byte segment), the following occurs:

1. The ECC mechanism checksthe entire 32-bit databusfor errors, detecting and either correcting or
flagging errors.

2. Thewrite data bytes (1or 2-byte segment) are merged with the corrected 32 bits on the data bus.

The ECC isthen calculated on the resulting 32 bits formed in the previous step.

4. The 7-bit ECC result is appended to the 32 bits from the data bus, and the 39-bit value is then
written to SRAM.

w

17.4.1 Access timing

The system busis atwo-stage pipelined bus that makes the timing of any access dependent on the access
during the previous clock. Table 136 lists the various combinations of read and write operationsto SRAM
and the number of wait states used for the each operation. The table columns contain the following

information:
» Current operation—Lists the type of SRAM operation currently executing
* Previousoperation—Liststhevalid types of SRAM operationsthat can precede the current SRAM
operation (valid operation during the preceding clock)
» Wait states—L iststhe number of wait states (bus clocks) the operation requires, which depends on
the combination of the current and previous operation

Table 136. Number of wait states required for SRAM operations

Operation type Current operation Previous operation Number of wait states required

Read Read Idle 1

Pipelined read

8, 16 or 32-bit write 0
(read from the same address)

1
(read from a different address)

Pipelined read Read 0
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Table 136. Number of wait states required for SRAM operations (continued)

Operation type Current operation Previous operation Number of wait states required
Write 8 or 16-bit write Idle 1
Read
Pipelined 8- or 16-bit write 2
32-bit write
8 or 16-bit write 0
(write to the same address)
Pipelined 8, 16 or 32-bit write 8, 16 or 32-bit write 0
32-bit write Idle 0
32-bit write
Read

17.4.2 Reset effects on SRAM accesses

Asynchronousreset will possibly corrupt RAM if it asserts during aread or write operation to SRAM. The
completion of that access depends on the cycle at which the reset occurs. If no accessis occurring when
reset occurs, RAM corruption does not happen.

Instead synchronous reset (SW reset) should be used in controlled function (without RAM accesses) in
caseinitialization procedure is needed without RAM initialization.

17.5 Functional description

ECC checks are performed during the read portion of an SRAM ECC read/write (R/W) operation, and
ECC calculations are performed during the write portion of a R/W operation. Because the ECC bits can
contain random data after the device is powered on, the SRAM must be initialized by executing 32-bit
write operations prior any read accesses. Thisis also true for implicit read accesses caused by any write
accesses smaller than 32 bits as discussed in Section 17.4, “SRAM ECC mechanism”.

17.6 Initialization and application information

To use the SRAM, the ECC must check all bits that require initialization after power on. All writes must
specify an even number of registers performed on 32-bit word-aligned boundaries. If the write is not the
entire 32-hits (8 or 16 bits), a read/modify/write operation is generated that checks the ECC value upon
the read. Refer to Section 17.4, “SRAM ECC mechanism”.
NOTE
You must initialize SRAM, even if the application does not use ECC
reporting.
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Chapter 18
Flash Memory

18.1 Introduction

The flash memory comprises a platform flash controller interface and two flash memory arrays: one array
of KB for code (code flash) and one array of 64 KB for data (data flash). The flash architecture of the
MPC5604E deviceisillustrated in Figure 134.

AHB CROSSBAR SWITCH

A
AHB ports 32 [
Y

4x128 Page Buffer 1x128 Page Buffer

PFlash Controller

% A
//
Y
512 KB 64 KB
Code Flash Data Flash
Array 0 Array 1
BankO (code flash) Bank1 (data flash)

Figure 134. MPC5604E flash memory architecture

MPC5604E flash memory is arranged as follows:

Array0 (code flash):
» 512KB + 16 KB shadow block + 16 KB test block
» 8small blocks organized as 16 KB, 16 KB, 32 KB, 32 KB, 16 KB, 16 KB, 64 KB and 64 KB
» 2largeblocks organized as 128 KB and 128 KB
* 1 Shadow block, 16 KB
* 1Testblock, 16 KB

Arrayl (dataflash):
* 64 KB + 8KB test block
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* 4 small blocks organized as 16 KB, 16 KB, 16 KB, 16 KB,
* 1Test block, 8 KB

18.2 Platform flash controller

18.2.1 Introduction

This section provides an introduction of the platform flash controller, which acts as the interface between
the system bus and as many as two banks of flash memory arrays (program and data). It intelligently
converts the protocols between the system bus and the dedicated flash array interfaces. Several important
terms are used to describe the platform flash controller module and its connections. These terms are
defined here.

» Port—Thisterm describesthe AMBA-AHB connection(s) into the platform flash controller. From
an architectural and programming model viewpoint, the definition supports as many as two AHB
ports, even though this specific controller only supports asingle AHB connection.

* Bank—This term describes the attached flash memories. From the platform flash controller’s
perspective, there may be one or two attached banks of flash memory. The code flash bank is
required and always attached to bank0. Additionally, there is a data flash attached to bank1. The
platform flash controller interface supports two separate connections, one to each memory bank.
On the MPC5604E device, bank0 and bank1 are internal to the device.

» Array—Each memory bank has one flash array instantiation.

» Page—Thisvalue defines the number of bitsread from the flash array in a single access. For this
controller and memory, the page size is 128 bits (16 bytes).

The nomenclature “page buffers” and “line buffers’ are used interchangeably.

18.2.1.1 Overview

The platform flash controller supports a 32-bit data bus width at the AHB port and connectionsto 128-bit
read data interfaces from two memory banks, where each bank contains one instantiation of the flash
memory array. One flash bank is connected to the code flash memory and the other bank is connected to
the data flash memory. The memory controller capabilities vary between the two banks with each bank’s
functionality optimized with the typical use cases associated with the attached flash memory. As an
example, the platform flash controller logic associated with the code flash bank contains a four-entry
“page’ buffer, each entry containing 128 bits of data (1 flash page) plus an associated controller that
prefetches sequential lines of datafrom the flash array into the buffer, while the controller logic associated
with the data flash bank only supports a 128-bit register that serves as atemporary page holding register
and does not support any prefetching. Prefetch buffer hits from the code flash bank support O-wait AHB
data phase responses. AHB read requests that miss the buffers generate the needed flash array access and
are forwarded to the AHB upon completion, typically incurring two wait states at an operating frequency
of 60 to 64 MHz.

This memory controller is optimized for applications where a cacheless processor core, for example the
Power €200z0h, is connected through the platform to on-chip memories, for example flash and RAM,
where the processor and platform operate at the same frequency. For these applications, the 2-stage
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pipeline AMBA-AHB system busiseffectively mapped directly into stages of the processor’s pipeline and
0 wait state responses for most memory accesses are critical for providing the required level of system
performance.

18.2.1.2 Features

The following list summarizes the key features of the platform flash controller:

» Single AHB port interface supports a 32-bit data bus. All AHB aligned and unaligned reads within
the 32-bit container are supported. Only aligned word writes are supported.

» Array interfaces support a 128-bit read data bus and a 64-bit write data bus for each bank.

* Interface with code flash provides configurable read buffering and page prefetch support. Four
page read buffers (each 128 bitswide) and a prefetch controller support single-cycle read responses
(O AHB data phase wait states) for hitsin the buffers. The buffersimplement aleast-recently-used
replacement algorithm to maximize performance.

» Interface with data flash includes a 128-bit register to temporarily hold a single flash page. This
logic supports single-cycle read responses (0 AHB data phase wait states) for accesses that hit in
the holding register. There is no support for prefetching associated with bank1.

* Programmable response for read-while-write sequences including support for stall-while-write,
optional stall notification interrupt, optional flash operation termination, and optional termination
notification interrupt

» Separate and independent configurable access timing (on a per bank basis) to support use across a
wide range of platforms and frequencies

» Support of address-based read access timing for emulation of other memory types

» Support for reporting of single- and multi-bit flash ECC events

» Typical operating configuration loaded into programming model by system reset

18.2.2 Modes of operation

The platform flash controller module does not support any special modes of operation. Its operation is
driven from the AMBA-AHB memory references it receives from the platform’s bus masters. Its
configuration is defined by the setting of the programming model registers, physically located as part of
the flash array modules.

18.2.3 External signal descriptions

The platform flash controller does not directly interface with any external signals. Its primary internal
interfaces include a connection to an AMBA-AHB crossbar (or memory protection unit) slave port and
connectionswith as many astwo banks (code and data) of flash memory, each containing oneinstantiation
of the flash array. Additionally, the operating configuration for the platform flash controller is defined by
the contents of certain code flash arrayO registers that are inputs to the module.
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18.2.4 Memory map and registers description

Two memory maps are associated with the platform flash controller: one for the flash memory space and
another for the program-visible control and configuration registers. The flash memory space is accessed

viathe AMBA-AHB port. The program-visible registers are accessed viathe slave peripheral bus. Details
on both memory spaces are provided in Section 18.2.4.1, “Memory map”.

There are no program-visible registers that physically reside inside the platform flash controller. Rather,
the platform flash controller receives control and configuration information from the flash array

controller(s) to determine the operating configuration. These are part of the flash array’s configuration
registers mapped into its slave peripheral (1PS) address space but are described here.

18.2.4.1

Memory map

First, consider the flash memory space accessed viatransactions from the platform flash controller’'s AHB
port. To support the two separate flash memory banks, the platform flash controller uses address bit 23
(haddr[23]) to steer the access to the appropriate memory bank. In addition to the actual flash memory
regions, there are shadow and test sectors included in the system memory map. The program-visible
control and configuration registers associated with each memory array areincluded in the slave peripheral
address region. The system memory map defines one code flash array and one data flash array. See

Table 137.
Table 137. Flash-related regions in the system memory map
Start address End address (SI;'IZ;) Region
0x0000_0000 0x0000_3FFF 16
0x0000_4000 0x0000_7FFF 16
0x0000_8000 0x0000_FFFF 32
0x0001_0000 0x0000_17FF 32
0x0001_8000 0x0001_BFFF 16
Code Flash Array 0
0x0001_C000 0x0001_FFFF 16
0x0002_0000 0x0002_FFFF 64
0x0003_0000 0x0003_FFFF 64
0x0004_0000 0x0005_FFFF 128
0x0006_0000 0x0007_FFFF 128
0x0008_0000 |0x001F FFFF 1536 Reserved
0x0020_0000 0x0020_3FFF 16 Code Flash Array 0 Shadow Sector
0x0020_4000 |0x003F_FFFF 2032 Reserved
0x0040_0000 0x0040_3FFF 16 Code Flash Array 0 Test Sector
0x0040_4000 |O0x005F_FFFF 2032 Reserved
0x0080_0000 0x0080_3FFF 16 Data Flash Array O
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Table 137. Flash-related regions in the system memory map (continued)

Flash Memory

Start address End address (SléZBe) Region
0x0080_4000 0x0080_7FFF 16 Data Flash Array O

0x0080_8000 0x0080_BFFF 16 Data Flash Array O

0x0080_C000 |0x0080_FFFF 16 Data Flash Array 0

0x0081_0000 |Ox009F_FFFF 1984 Reserved

0x00A0_0000 | 0x00BF_FFFF 2048 Reserved

0x00C0_0000 |0x00CO_1FFF 8 Reserved

0x00C0_2000 | 0x00CO_3FFF 8 Data Flash Test Sector
0x00C0_4000 |Ox00FF_FFFF 4080 Reserved

For additional information on the address-based read access timing for emulation of other memory types,
see Section 18.2.17, “Wait state emulation”.

Next, consider the memory map associated with the control and configuration registers.

There are registers that control operation of the platform flash controller. Note the first two flash array
registers (PFCRO, PFCR1) are reset to a device-defined value, while the remaining register (PFAPR) is
loaded at reset from specific locations in the array’s shadow region.

Regardless of the number of populated banks or the number of flash arraysincluded in a given bank, the
configuration of the platform flash controller iswholly specified by the platform flash controller control
registers associated with code flash array0. The code arrayO register settings define the operating behavior
of both flash banks. It isrecommended to set the platform flash controller control registersfor both arrays
to the arrayO values.

NOTE

To perform program and erase operations, the control registersin the actual
referenced flash array must both be programmed, but the configuration of
the platform flash controller module is defined by the platform flash
controller control registers of code arrayO.

The 32-bit memory map for the platform flash controller control registersis shown in Table 138.
Table 138. Platform Flash Controller 32-bit memory map

Offset from
PFLASH_BASE Register Access
(OxFFE8_8000)
0x001C Platform Flash Configuration Register 0 (PFCRO) R/W
0x0020 Platform Flash Configuration Register 1 (PFCR1) R/W
0x0024 Platform Flash Access Protection Register (PFAPR) | R/W
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18.2.4.2 Registers description

This section details the individual registers of the platform flash controller. The platform flash registers
control flash behavior globally.

18.2.4.2.1 Platform Flash Configuration Register 0 (PFCRO)

The Platform Flash Configuration Register O (PFCRO) defines the configuration associated with flash
memory bank0, which corresponds to the code flash. The register is described in Figure 135 and
Table 139.
NOTE
This register is not implemented on the data flash block.

PFCRO[BKO_APC] must equal to PFCRO[BKO_RWSC]. Refer datasheet
for correct setting of RWSC.

Address: Base + 0x001C Access: User read/write
0 1 2 3 ’ 4 5 6 7 ’ 8 9 10 1 ’ 12 13 14 15
R O
=
w =
BKO_APC BKO_WWSC BKO_RWSC r
o
v
m
Reset 0 0 0 1 1 0 0 0 ‘ 1 1 0 0 0 1 1 1

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Rl o 0 0 0 0 0 0 0 8 O] w w = w
s S G o | B T 5
o x o o | @ o S
gI §| Q a, ch>| a, o
@ @ 3 3 8 3 2
Reset 1 0 0 0 0 0 0 0 1 1 1 0 1 1 0 1
Figure 135. Platform Flash Configuration Register 0 (PFCRO)
Table 139. PFCRO field descriptions
Field Description

BankO Address Pipelining Control

BKO_APC This field controls the number of cycles between flash array access requests. This field must be
set to a value appropriate to the operating frequency of the PFLASH. Higher operating frequencies
require non-zero settings for this field for proper flash operation. This field is set to 0b00010 by
hardware reset.

00000 Accesses may be initiated on consecutive (back-to-back) cycles.
00001 Access requests require one additional hold cycle.
00010 Access requests require two additional hold cycles.

11110 Access requests require 30 additional hold cycles.
11111 Access requests require 31 additional hold cycles.
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Table 139. PFCRO field descriptions (continued)

Field

Description

BKO_WWSC

BankO Write Wait State Control

This field controls the number of wait states to be added to the flash array access time for writes.
This field must be set to a value appropriate to the operating frequency of the PFLASH. Higher
operating frequencies require non-zero settings for this field for proper flash operation. This field
is set to an appropriate value by hardware reset. This field is set to 0b00010 by hardware reset.

00000 No additional wait states are added.
00001 1 additional wait state is added.
00010 2 additional wait states are added.

111111 31 additional wait states are added.

BKO_RWSC

Bank0O Read Wait State Control

This field controls the number of wait states to be added to the flash array access time for reads.
This field must be set to a value corresponding to the operating frequency of the PFLASH and the
actual read access time of the PFLASH. Higher operating frequencies require non-zero settings
for this field for proper flash operation.

0 MHz, < 23 MHz
23 MHz, < 45 MHz
45 MHz, < 68 MHz

APC = RWSC = 0.
APC = RWSC = 1.
APC = RWSC = 2.

68 MHz, <90 MHz APC = RWSC = 3.

This field is set to 0b00010 by hardware reset.
00000 No additional wait states are added.
00001 1 additional wait state is added.
00010 2 additional wait states are added.

111111 31 additional wait states are added.

BKO_RWWC

Bank0 Read-While-Write Control
This 3-bit field defines the controller response to flash reads while the array is busy with a program
(write) or erase operation.

Oxx Reserved. This configuration should be avoided.

100 Generate a bus stall for a read while write/erase, enable the operation termination and
the abort natification interrupt.

101 Generate a bus stall for a read while write/erase, enable the operation abort, disable
the abort notification interrupt.

110 Generate a bus stall for a read while write/erase, enable the stall notification interrupt,
disable the abort + abort notification interrupt.

111 Generate a bus stall for a read while write/erase, disable the stall notification interrupt,
disable the abort + abort notification interrupt.

This field is set to 0b111 by hardware reset enabling the stall-while-write/erase and disabling the
abort and notification interrupts.

Reserved
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Table 139. PFCRO field descriptions (continued)

Field Description

Bank0, Port 0 Page Buffer Configuration

BO_PO_BCFG |This field controls the configuration of the four page buffers in the PFLASH controller. The buffers
can be organized as a “pool” of available resources, or with a fixed partition between instruction
and data buffers.

If enabled, when a buffer miss occurs, it is allocated to the least-recently-used buffer within the
group and the just-fetched entry then marked as most-recently-used. If the flash access is for the
next-sequential line, the buffer is not marked as most-recently-used until the given address
produces a buffer hit.

00 All four buffers are available for any flash access, that is, there is no partitioning of the buffers
based on the access type.

01 Reserved.

10 The buffers are partitioned into two groups with buffers 0 and 1 allocated for instruction fetches
and buffers 2 and 3 for data accesses.

11 The buffers are partitioned into two groups with buffers 0,1,2 allocated for instruction fetches
and buffer 3 for data accesses.

This field is set to 2b11 by hardware reset.

BankO, Port 0 Data Prefetch Enable
BO_PO_DPFE |This field enables or disables prefetching initiated by a data read access. This field is cleared by
hardware reset.

0 No prefetching is triggered by a data read access.
1 If page buffers are enabled (BO_PO_BFE = 1), prefetching is triggered by any data read access.

BankO, Port O Instruction Prefetch Enable
BO_PO_IPFE |This field enables or disables prefetching initiated by an instruction fetch read access. This field is
set by hardware reset.

0 No prefetching is triggered by an instruction fetch read access.
1 If page buffers are enabled (BO_PO_BFE = 1), prefetching is triggered by any instruction fetch
read access.

BankO, Port O Prefetch Limit

BO_PO_PFLM |This field controls the prefetch algorithm used by the PFLASH controller. This field defines the
prefetch behavior. In all situations when enabled, only a single prefetch is initiated on each buffer
miss or hit. This field is set to 2b10 by hardware reset.

00 No prefetching is performed.

01 The referenced line is prefetched on a buffer miss, that is, prefetch on miss.

1x The referenced line is prefetched on a buffer miss, or the next sequential page is prefetched
on a buffer hit (if not already present), that is, prefetch on miss or hit.

BankO, Port 0 Buffer Enable
BO_PO_BFE |This bit enables or disables page buffer read hits. It is also used to invalidate the buffers. This bit
is set by hardware reset.

0 The page buffers are disabled from satisfying read requests, and all buffer valid bits are cleared.
1 The page buffers are enabled to satisfy read requests on hits. Buffer valid bits may be set when
the buffers are successfully filled.
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18.2.4.2.2 Platform Flash Configuration Register 1 (PFCR1)

Flash Memory

The Platform Flash Configuration Register 1 (PFCR1) defines the configuration associated with flash
memory bank1. This corresponds to the data flash. The register is described in Figure 136 and Table 140.

NOTE

This register is not implemented on the data flash block.

PFCR1[BK1_APC] must equal to PFCR1[BK1 RWSC]. Refer datasheet

for correct setting of RWSC.

Address: Base + 0x0020

0123’4567’8

Access: User read/write

11 ’ 12 13 14

9 10 15
R o
=
w =
BK1_APC BK1_WWSC BK1_RWSC x
4
X
om
Reset O 1 0 0 0 0 1 0 ‘ 0 0 0 1 0 0 0 1
6 17 18 19 | 20 21 22 23 | 24 25 26 27 | 28 29 30 31
R| ©Q 0 0 0 0 0 0 0 Q 0 0 0 0 0 0 W
w| £ 2 :
3 o, a
Y < o
o] o o
Reset 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1

Figure 136. Platform Flash Configuration Register 1 (PFCR1)

Table 140. PFCR1 field descriptions
Field Description

BK1_APC |Bankl Address Pipelining Control

hardware reset.

11110 Access requests require 30 additional hold cycles.
11111 Access requests require 31 additional hold cycles.

This field controls the number of cycles between flash array access requests. This field must be set
to a value appropriate to the operating frequency of the PFLASH. Higher operating frequencies
require non-zero settings for this field for proper flash operation. This field is set to 0b00010 by

00000 Accesses may be initiated on consecutive (back-to-back) cycles.
00001 Access requests require one additional hold cycle.
00010 Access requests require two additional hold cycles.
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Table 140. PFCR1 field descriptions (continued)

Field Description

BK1_WWSC |Bank1 Write Wait State Control

This field controls the number of wait states to be added to the flash array access time for writes. This
field must be set to a value appropriate to the operating frequency of the PFLASH. Higher operating
frequencies require non-zero settings for this field for proper flash operation. This field is set to an
appropriate value by hardware reset. This field is set to 0b00010 by hardware reset.

00000 No additional wait states are added.
00001 1 additional wait state is added.
00010 2 additional wait states are added.

111111 31 additional wait states are added.

BK1_RWSC |Bankl Read Wait State Control

This field controls the number of wait states to be added to the flash array access time for reads. This
field must be set to a value corresponding to the operating frequency of the PFLASH and the actual
read access time of the PFLASH. Higher operating frequencies require non-zero settings for this field
for proper flash operation.

0 MHz, <23 MHz APC =RWSC =0.
23 MHz, <45 MHz APC =RWSC = 1.
45 MHz, < 68 MHz APC = RWSC = 2.
68 MHz, <90 MHz APC = RWSC = 3.

This field is set to 0b00010 by hardware reset.

00000 No additional wait states are added.
00001 1 additional wait state is added.
00010 2 additional wait states are added.

111111 31 additional wait states are added.

BK1_RWWC [Bankl Read-While-Write Control
This 3-bit field defines the controller response to flash reads while the array is busy with a program
(write) or erase operation.

Oxx Reserved. This configuration should be avoided.

100 Generate a bus stall for a read while write/erase, enable the operation abort and the abort
notification interrupt.

101 Generate a bus stall for a read while write/erase, enable the operation abort, disable the abort
notification interrupt.

110 Generate a bus stall for a read while write/erase, enable the stall notification interrupt, disable
the abort + abort notification interrupt.

111 Generate a bus stall for a read while write/erase, disable the stall notification interrupt, disable
the abort + abort natification interrupt.

This field is set to 0b111 by hardware reset enabling the stall-while-write/erase and disabling the abort
and notification interrupts.

Reserved, should be cleared.
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Table 140. PFCR1 field descriptions (continued)

Field Description

Bank1, Port O Buffer Enable

B1_PO_PFE |This bit enables or disables read hits from the 32-bit holding register. It is also used to invalidate the
contents of the holding register. This bit is set by hardware reset, enabling the use of the holding
register.

0 The holding register is disabled from satisfying read requests.
1 The holding register is enabled to satisfy read requests on hits.

18.2.4.2.3 Platform Flash Access Protection Register (PFAPR)

The Platform Flash Access Protection Register (PFAPR) controlsread and write accessesto the flash based
on system master number. Prefetching capabilities are defined on a per master basis. Thisregister also
defines the arbitration mode for controllers supporting two AHB ports. The register is described in
Figure 137 and Table 141.

The contents of the register are loaded from location 0x20_3EQO of the shadow region in the code flash
(bank0) array at reset. To temporarily change the values of any of the fields in the PFAPR, awrite to the
| PS-mapped register is performed. To change the values |oaded into the PFAPR at reset, the word location
at address 0x20_3EQ0 of the shadow region in the flash array must be programmed using the normal
sequence of operations. The reset value shown in Table 137 reflects an erased or unprogrammed value
from the shadow region.

NOTE
Thisregister is not implemented on the data flash block.

Address: Base + 0x0024 Access: User read/write
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Rl O 0 0 0 0 0 ARBM 0 0 O | M4 | M3 | M2]| ML | MO

W PFD | PFD | PFD | PFD | PFD

Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

M7AP M6AP M5AP M4AP M3AP M2AP M1AP MOAP

Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Figure 137. Platform Flash Access Protection Register (PFAPR)

Table 141. PFAPR field descriptions

Field Description

Reserved, should be cleared.
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Table 141. PFAPR field descriptions (continued)

Field Description

ARBM  |Arbitration Mode
This 2-bit field controls the arbitration for PFLASH controllers supporting 2 AHB ports.

00 Fixed priority arbitration with AHB p0 > p1.
01 Fixed priority arbitration with AHB p1 > pO.
1x Round-robin arbitration.

MxPFD |Master x Prefetch Disable (x =0,1,2,...,7)

These bits control whether prefetching may be triggered based on the master number of the requesting
AHB master. This field is further qualified by the PFCRO[BO_Px_DPFE, BO_Px_IPFE, Bx_Py BFE]
bits.

0 Prefetching may be triggered by this master.
1 No prefetching may be triggered by this master.

MxAP Master x Access Protection (x =0,1,2,...,7)
These fields control whether read and write accesses to the flash are allowed based on the master
number of the initiating module.

00 No accesses may be performed by this master.

01 Only read accesses may be performed by this master.

10 Only write accesses may be performed by this master.

11 Both read and write accesses may be performed by this master.

18.2.5 Functional description

The platform flash controller interfaces between the AHB-Lite 2.v6 system bus and the flash memory
arrays.

The platform flash controller generatesread and write enables, the flash array address, write size, and write
data as inputs to the flash array. The platform flash controller captures read data from the flash array
interface and drivesit onto the AHB. As much as four pages of data (128-bit width) from bankO are
buffered by the platform flash controller. Lines may be prefetched in advance of being requested by the
AHB interface, allowing single-cycle (0 AHB wait states) read data responses on buffer hits.

Several prefetch control algorithms are available for controlling page read buffer fills. Prefetch triggering
may be restricted to instruction accesses only, data accesses only, or may be unrestricted. Prefetch
triggering may also be controlled on a per-master basis.

Buffers may also be selectively enabled or disabled for allocation by instruction and data prefetch.

Access protections may be applied on a per-master basis for both reads and writes to support security and
privilege mechanisms.

Throughout this discussion, bkn_isused as a prefix to refer to two signals, each for each bank: bkO__and
bkl . Also, the nomenclature Bx Py RegNameis used to reference a program-visible register field
associated with bank “x” and port “y”.
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18.2.6 Basic interface protocol

The platform flash controller interfaces to the flash array by driving addresses (bkn_fl_addr[23:0]) and
read or write enable signals (bkn_fl_rd_en, bkn_fl_wr_en).

Theread or write enablesignal (bkn_fl_rd_en, bkn_fl_wr_en) isasserted in conjunction with thereference
address for asingle rising clock when a new access request is made.

Addresses are driven to the flash array in aflow-through fashion to minimize array accesstime. When no
outstanding access isin progress, the platform flash controller drives addresses and asserts bkn_fl_rd_en
or bkn_fl_wr_en and then may change to the next outstanding address in the next cycle.

Accesses are terminated under control of the appropriate read/write wait state control setting. Thus, the
access time of the operation is determined by the settings of the wait state control fields. Accesstiming
can be varied to account for the operating conditions of the device (frequency, voltage, temperature) by
appropriately setting the fields in the programming model for either bank.

The platform flash controller also hasthe capability of extending the norma AHB accesstime by inserting
additional wait states for reads and writes. This capability is provided to allow emulation of other
memories that have different access time characteristics. The added wait state specifications are provided
by bit 28 to bit 24 of Flash address (haddr[28:24], see Table 143 and Table 144). These wait states are
applied in addition to the normal wait states incurred for flash accesses. Refer to Section 18.2.17, “Wait
state emulation”, for more details.

Prefetching of next sequential pageis blocked when haddr[28:24] isnon-zero. Buffer hitsare also blocked
aswell, regardless of whether the access corresponds to valid datain one of the page read buffers. These
steps are taken to ensure that timing emulation is correct and that excessive prefetching is avoided. In
addition, to prevent erroneous operation in certain rare cases, the buffers are invalidated on any
non-sequential AHB access with a non-zero value on haddr[28:24].

18.2.7 Access protections

The platform flash controller provides programmable configurable access protections for both read and
write cyclesfrom mastersviathe Platform Flash Access Protection Register (PFAPR). It allowsrestriction
of read and write requests on a per-master basis. This functionality is described in Section 18.2.4.2.3,
“Platform Flash Access Protection Register (PFAPR)”. Detection of a protection violation resultsin an
error response from the platform flash controller on the AHB transfer.

18.2.8 Read cycles — buffer miss

Read cycles from the flash array areinitiated by driving avalid access address on bkn_fl_addr[23:0] and
asserting bkn_fl_rd_en for the required setup (and hold) time before (and after) the rising edge of hclk.

The platform flash controller then waits for the programmed number of read wait states before sampling
theread data on bkn_fl_rdata[127:0]. This datais normally stored in the least-recently updated page read
buffer for bankO in parallel with the requested data being forwarded to the AHB. For bankl, the datais

captured in the page-wide temporary holding register as the requested data is forwarded to the AHB bus.
Timing diagrams of basic read accesses from the flash array are shown in Figure 138 through Figure 141.
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If the flash access was the direct result of an AHB transaction, the page buffer is marked as
most-recently-used as it is being loaded. If the flash access was the result of a speculative prefetch to the
next sequentia line, it isfirst loaded into the least-recently-used buffer. The status of this buffer is not
changed to most-recently-used until a subsequent buffer hit occurs.

18.2.9 Read cycles — buffer hit

Single cycleread responsesto the AHB are possible with the platform flash controller when the requested
read access was previously loaded into one of the bankO page buffers. In these * buffer hit” cases, read data
isreturned to the AHB data phase with a 0 wait state response.

Likewise, the bank1 logic includes asingle 32-bit temporary holding register and sequential accesses that
“hit” in thisregister are also serviced with a0 wait state response.

18.2.10 Write cycles

In awrite cycle, address, write data, and control signals are launched off the same edge of hclk at the
completion of thefirst AHB data phase cycle. Write cyclesto theflash array areinitiated by driving avalid
access address on bkn_fl_addr[23:0], driving write data on bkn_fl_wdata[63:0], and asserting
bkn_fl_wr_en. Again, the controller drives the address and control information for the required setup time
beforetherising edge of hclk, and providesthe required amount of hold time. The platform flash controller
then waits for the appropriate number of write wait states before terminating the write operation. On the
cycle following the programmed wait state value, the platform flash controller asserts hready out to
indicate to the AHB port that the cycle has terminated.

18.2.11 Error termination

The platform flash controller follows the standard procedure when an AHB bus cycle is terminated with
an ERROR response. First, the platform flash controller asserts hresp[0] and negates hready out to signal
an error has occurred. On the following clock cycle, the platform flash controller asserts hready out and
holds both hresp[0] and hready out asserted until hready in is asserted.

The first case that can cause an error response to the AHB iswhen an access is attempted by an AHB
master whose corresponding Read Access Control or Write Access Control settings do not allow the
access, thus causing a protection violation. In this case, the platform flash controller does not initiate a
flash array access.

The second case that can cause an error response to the AHB iswhen an accessis performed to the flash
array and isterminated with aflash error response. See Section 18.2.13, “Flash error response operation”.
This may occur for either aread or awrite operation.

Thethird case that can cause an error response to the AHB iswhen awrite access is attempted to the flash
array and is disallowed by the state of the bkn_fl_ary access control input. This caseis similar to case 1.

A fourth case involves an attempted read access while the flash array is busy doing awrite (program) or
erase operation if the appropriate read-while-write control field is programmed for thisresponse. The 3-bit
read-while-write control allows for immediate termination of an attempted read, or various
stall-while-write/erase operations are occurring.
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The platform flash controller can also terminate the current AHB accessif hready inisasserted before the
end of the current bus access. While this circumstance should not occur, this does not result in an error
condition being reported, as this behavior isinitiated by the AHB. In this circumstance, the platform flash
controller control state machine completes any flash array accessin progress (without signaling the AHB)
before handling a new access request.

18.2.12 Access pipelining

The platform flash controller does not support access pipelining since this capability is not supported by
the flash array. Asaresult, the APC (Address Pipelining Control) field should typically be the same value
asthe RWSC (Read Wait State Control) field for best performance, that is, BKn_APC = BKn_RWSC. It
cannot be |less than the RWSC.

18.2.13 Flash error response operation

The flash array may signal an error response by asserting bkn_fl_xfr_err to terminate a requested access
with an error. This may occur due to an uncorrectable ECC error, or because of improper sequencing
during program/erase operations. When an error response is received, the platform flash controller does
not update or validate a bankO page read buffer nor the bank1 temporary holding register. An error
response may be signaled on read or write operations. For more information on the specifics related to
signaling of errors, including flash ECC, refer to subsequent sections in this chapter.

18.2.14 BankO page read buffers and prefetch operation

The logic associated with bankO of the platform flash controller contains four 128-bit page read buffers
that hold data read from the flash array. Each buffer operates independently, and isfilled using asingle
array access. The buffers are used for both prefetch and normal demand fetches.

The organization of each page buffer is described as follows in a pseudo-code representation. The
hardware structure includes the buffer address and valid bit, along with 128 bits of page read data and
several error flags.

struct { // bk0_page buffer

reg addr([23:4];// page address

reg valid; // valid bit

reg rdata[127:0];// page read data

reg xfr error; // transfer error indicator from flash array

reg multi ecc _error;// multi-bit ECC error indicator from flash array

reg single ecc_error;// single-bit correctable ECC indicator from flash array
} bk0 page buffer[4];

For the general case, a page buffer iswritten at the completion of an error-free flash access and the valid
bit asserted. Subsequent flash accessesthat “hit” the buffer, that is, the current access address matchesthe
address stored in the buffer, can be serviced in 0 AHB wait states as the stored read datais routed from the
given page buffer back to the requesting bus master.

Asnoted in Section 18.2.13, “Flash error response operation”, a page buffer is not marked asvalid if the
flash array accessterminated with any type of transfer error. However, theresult isthat flash array accesses

MPC5604E Reference Manual, Rev. 5

Freescale Semiconductor 18-299



Flash Memory

that are tagged with a single-bit correctable ECC event are loaded into the page buffer and validated. For
additional comments on thistopic, see Section 18.2.14.4, “Buffer invalidation”.

Prefetch triggering is controllable on a per-master and access-type basis. Bus masters may be enabled or
disabled from triggering prefetches, and triggering may be further restricted based on whether aread
accessisfor instruction or data. A read accessto the platform flash controller may trigger aprefetch to the
next sequential page of array data on the first idle cycle following the request. The access addressis
incremented to the next-higher 16-byte boundary, and a flash array prefetch isinitiated if the datais not
already resident in a page buffer. Prefetched data is always loaded into the least-recently-used buffer.

Buffers may be in one of six states, listed here in prioritized order:

1. Invalid—the buffer contains no valid data.

2. Used—the buffer contains valid data that has been provided to satisfy an AHB burst type read.
3. Valid—the buffer contains valid data that has been provided to satisfy an AHB single type read.
4

. Prefetched—the buffer contains valid data that has been prefetched to satisfy a potential future
AHB access.

Busy AHB—the buffer is currently being used to satisfy an AHB burst read.

6. Busy Fill—the buffer has been allocated to receive data from the flash array, and the array access
isstill in progress.

o

Selection of a buffer to be loaded on amissis based on the following replacement a gorithm:

1. First, the buffers are examined to determine if there are any invalid buffers. If there are multiple
invalid buffers, the one to be used is selected using a simple numeric priority, where buffer O is
selected first, then buffer 1, etc.

2. If thereare noinvalid buffers, the least-recently-used buffer is selected for replacement.

Once the candidate page buffer has been selected, the flash array is accessed and read dataloaded into the
buffer. If the buffer load was in response to a miss, the just-loaded buffer is immediately marked as
most-recently-used. If the buffer load was in response to a speculative fetch to the next-sequential line
address after abuffer hit, the recently-used statusis not changed. Rather, it ismarked as most-recently-used
only after a subsequent buffer hit.

This policy maximizes performance based on reference patterns of flash accesses and alows for
prefetched data to remain valid when non-prefetch enabled bus masters are granted flash access.

Severa algorithms are available for prefetch control that trade off performance versus power. They are
defined by the Bx Py PFLM (prefetch limit) register field. More aggressive prefetching increases power
dlightly due to the number of wasted (discarded) prefetches, but may increase performance by lowering
average read latency.

In order for prefetching to occur, anumber of control bits must be enabled. Specifically, the global buffer
enable (Bx_Py BFE) must be set, the prefetch limit (Bx_Py PFLM) must be non-zero and either
instruction prefetching (Bx_Py_|PFE) or data prefetching (Bx_Py DPFE) enabled. Refer to

Section 18.2.4.2, “Registers description”, for a description of these control fields.

MPC5604E Reference Manual, Rev. 5

18-300 Freescale Semiconductor



Flash Memory

18.2.14.1 Instruction/data prefetch triggering

Prefetch triggering may be enabled for instruction reads viathe Bx_Py_|PFE control field, while
prefetching for datareadsis enabled viathe Bx_Py DPFE control field. Additionally, the Bx Py PFLIM
field must also be set to enable prefetching. Prefetches are never triggered by write cycles.

18.2.14.2 Per-master prefetch triggering

Prefetch triggering may be also controlled for individual bus masters. AHB accesses indicate the
reguesting master via the hmaster[3:0] inputs. Refer to Section 18.2.4.2.3, “Platform Flash Access
Protection Register (PFAPR)” for details on these controls.

18.2.14.3 Buffer allocation

Allocation of the line read buffersis controlled via page buffer configuration (Bx_Py BCFG) field. This
field defines the operating organization of the four page buffers. The buffers can be organized as a“pool”
of available resources (with all four buffersin the pool) or with afixed partition between buffers allocated
to instruction or data accesses. For the fixed partition, two configurations are supported. In one
configuration, buffers 0 and 1 are allocated for instruction fetches and buffers 2 and 3 for data accesses. In
the second configuration, buffers 0, 1, and 2 are allocated for instruction fetches and buffer 3 reserved for
data accesses.

18.2.14.4 Buffer invalidation
The page read buffers may be invalidated under hardware or software control.

Any falling edge transition of the array’sbkn_fl_done signal causes the page read buffersto be marked as
invalid. Thisinput is negated by the flash array at the beginning of all program/erase operations aswell as
in certain other cases. Buffer invalidation occursat the next AHB non-sequential accessboundary, but does
not affect a burst from a page read buffer in progress.

Software may invalidate the buffers by clearing the Bx_Py BFE bit, which also disables the buffers.
Software may then re-assert the Bx_Py BFE hit to its previous state, and the buffers will have been
invalidated.

One specia case needing software invalidation relates to page buffer “hits’ on flash data that was tagged
with asingle-bit ECC event on the original array access. Recall that the page buffer structure includes an
status bit signaling the array access detected and corrected asingle-bit ECC error. On all subsequent buffer
hitsto thistype of page data, asingle-bit ECC event issignaled by the platform flash controller. Depending
on the specific hardware configuration, thisreporting of asingle-bit ECC event may generate an ECC alert
interrupt. In order to prevent repeated ECC dert interrupts, the page buffers need to be invalidated by
software after the first notification of the single-bit ECC event.

Finally, the buffers are invalidated by hardware on any non-sequential access with anon-zero value on
haddr[28:24] to support wait state emulation.
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18.2.15 Bankl temporary holding register

Recall the bank1 logic within the flash includes a single 128-bit dataregister, used for capturing read data.
Since this bank does not support prefetching, the read datafor the referenced address is bypassed directly
back to the AHB databus. The pageisalso loaded into the temporary dataregister and subsequent accesses
to this page can hit from thisregister, if it isenabled (B1_Py BFE).

The organization of the temporary holding register is described as follows, in a pseudo-code
representation. The hardware structure includes the buffer address and valid bit, along with 128 bits of
page read data and several error flags and is the same as an individual bank0 page buffer.

struct { // bkl page buffer

reg addr [23:4];// page address

reg valid; // valid bit

reg rdata[127:0];// page read data

reg xfr error; // transfer error indicator from flash array

reg multi ecc_error;// multi-bit ECC error indicator from flash array

reg single ecc_error;// single-bit correctable ECC indicator from flash array
} bkl page buffer;

For the general case, atemporary holding register iswritten at the completion of an error-free flash access
and thevalid bit asserted. Subsequent flash accessesthat “ hit” the buffer, that is, the current access address
matches the address stored in the temporary holding register, can be serviced in 0 AHB wait states as the
stored read data is routed from the temporary register back to the requesting bus master.

The contents of the holding register are invalidated by the falling edge transition of bk1_fl_done and on
any non-sequential access with a non-zero value on haddr[28:24] (to support wait state emulation) in the
same manner as the bank0 page buffers. Additionally, the B1 Py BFE register bit can be cleared by
software to invalidate the contents of the holding register.

Asnoted in Section 18.2.13, “Flash error response operation”, the temporary holding register is not
marked as valid if the flash array access terminated with any type of transfer error. However, theresult is
that flash array accesses that are tagged with a single-bit correctable ECC event are loaded into the
temporary holding register and validated. Accordingly, one special case needing software invalidation
relatesto holding register “hits’ on flash data that was tagged with asingle-bit ECC event. Depending on
the specific hardware configuration, the reporting of a single-bit ECC event may generate an ECC aert
interrupt. In order to prevent repeated ECC dert interrupts, the page buffers need to be invalidated by
software after the first notification of the single-bit ECC event.

The bank1 temporary holding register effectively operates like a single page buffer.

18.2.16 Read-While-Write functionality

The platform flash controller supports various programmabl e responses for read accesses while the flash
is busy performing awrite (program) or erase operation. For all situations, the platform flash controller
uses the state of the flash array’s bkn_fl_done output to determine if it is busy performing some type of
high-voltage operation, namely, if bkn_fl_done = 0, the array is busy.

Specifically, there are two 3-bit read-while-write (BKn_RWW(C) control register fields that define the
platform flash controller’s response to these types of access sequences. There are five unique responses
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that are defined by the BKn_ RWW(C setting: one immediately reports an error on an attempted read, and
four settings that support various stall-while-write capabilities. Consider the details of these settings.

BKn_RWWC = 0bOxx

— For thismode, any attempted flash read to abusy array isimmediately terminated with an AHB
error response and the read is blocked in the controller and not seen by the flash array.

BKn_RWWC = 0b111

— This defines the basic stall-while-write capability and represents the default reset setting. For
this mode, the platform flash controller module stalls any read reference until the flash has
completed its program/erase operation. If aread access arrives while the array isbusy or if a
falling-edge on bkn_fl_done occurs while aread is still in progress, the AHB data phase is
stalled by negating hready out and saving the address and attributes into holding registers.
Once the array has completed its program/erase operation, the platform flash controller uses
the saved address and attribute information to create a pseudo address phase cycleto “retry”
theread reference and sendsthe registered information to the array asbkn_fl_rd_enisasserted.
Oncethe retried address phase is complete, the read is processed normally and oncethe dataiis
valid, it isforwarded to the AHB bus and hready out negated to terminate the system bus
transfer.

BKn_RWWC = 0b110

— This setting is similar to the basic stall-while-write capability provided when
BKn_RWWC = 0b111 with the added ability to generate a notification interrupt if aread
arrives while the array is busy with a program/erase operation. There are two notification
interrupts, one for each bank.

BKn_RWWC = 0b101

— Again, this setting provides the basic stall-while-write capability with the added ability to
terminate any program/erase operation if aread accessisinitiated. For this setting, the read
request is captured and retried as described for the basic stall-while-write, plus the
program/erase operation is terminated by the platform flash controller’s assertion of the
bkc fl_abort signal. Thebkn_fl_abort signal remainsasserted until bkn_fl_doneisdriven high.
For this setting, there are no notification interrupts generated.

BKn_RWWC = 0b100

— This setting provides the basic stall-while-write capability with the ability to terminate any
program/erase operation if aread accessisinitiated plus the generation of a termination
notification interrupt. For this setting, the read request is captured and retried as described for
the basic stall-while-write, the program/erase operation is terminated by the platform flash
controller’s assertion of the bkn_fl_abort signal and a termination notification interrupt
generated. There are two termination notification interrupts, one for each bank.

As detailed above, there are atotal of four interrupt requests associated with the stall-while-write
functionality. These interrupt requests are captured as part of MCM’s Interrupt Register and logically
summed together to form a single request to the interrupt controller.
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Table 142. Platform flash controller stall-while-write interrupts

MIR[n] Interrupt description
MCM.MIR[7] Platform flash bank0 termination notification, MIR[FBOAI]
MCM.MIR[6] Platform flash bankO0 stall notification, MIR[FBOSI]
MCM.MIR[5] Platform flash bank1 termination notification, MIR[FB1Al]
MCM.MIR[4] Platform flash bank1 stall notification, MIR[FB1S1]

For exampletiming diagrams of the stall-while-write and terminate-while-write operations, see Figure 142
and Figure 143 respectively.

18.2.17 Wait state emulation

Emulation of other memory array timings are supported by the platform flash controller on read cyclesto
the flash. This functionality may be useful to maintain the access timing for blocks of memory that were
used to overlay flash blocks for the purpose of system calibration or tuning during code devel opment.

The platform flash controller inserts additional wait states according to the values of haddr[28:24],where
haddr represents the Flash address. When these inputs are non-zero, additional cycles are added to AHB
read cycles. Write cycles are not affected. In addition, no page read buffer prefetches are initiated, and
buffer hits are ignored.

Table 143 and Table 144 show the relationship of haddr[28:24] to the number of additional primary wait
states. These wait states are applied to the initial access of aburst fetch or to single-beat read accesses on
the AHB system bus.

Note that the wait state specification consists of two components: haddr[28:26] and haddr[25:24] and
effectively extends the flash read by (8 x haddr[25:24] + haddr[28:26]) cycles.

Table 143. Additional wait state encoding

Memory address
haddr[28:26]

000
001
010
011
100
101
110
111

Additional wait states

N o gl M| W N | O

Table 144 showstherelationship of haddr[25:24] to the number of additional wait states. Theseare applied
in addition to those specified by haddr[28:26] and thus extend the total wait state specification capability.
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Table 144. Extended additional wait state encoding

Additional wait states
M%n;g(;)r/[gngrﬁss (added to those specified by
: haddr[28:26])
00 0
01 8
10 16
1 24

18.2.18 Timing diagrams

Since the platform flash controller istypically used in platform configurations with a cacheless core, the
operation of the processor accesses to the platform memories, for example flash and SRAM, playsamajor
rolein the overal system performance. Given the core/platform pipeline structure, the platform’s memory
controllers (PFLASH, PRAM) are designed to provide a0 wait state data phase response to maximize
processor performance. The following diagrams illustrate operation of various cycle types and responses
referenced earlier in this chapter including stall-while-read (Figure 142) and terminate-while-read
(Figure 143) diagrams.

Read, no buffering, no prefetch, APC =0, RWSC =0, PFLM =0
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Figure 138. 1-cycle access, no buffering, no prefetch
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Burst Read, buffer miss, no prefetch, APC=2, RWSC=2, PFLM=0
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Figure 139. 3-cycle access, no prefetch, buffering disabled
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Burst Read, buffer miss, no prefetch, APC =2, RWSC = 2, PFLM =0
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Figure 140. 3-cycle access, no prefetch, buffering enabled
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Burst Read, buffer miss, prefetch, APC = 2, RWSC = 2, PFLM =2
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Figure 141. 3-cycle access, prefetch and buffering enabled
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Burst Read, Stall-and-Retry, APC = 2, RWSC = 2, PFLM =2
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Figure 142. 3-cycle access, stall-and-retry with BKn_RWWC = 11x

As shown in Figure 142, the 3-cycle access to address y is interrupted when an operation causes the
bkn_done signal to be negated, signaling that the array bank is busy with a high-voltage program or erase
event. Eventually, this array operation completes (at the end of cycle 4) and bkn_done returnsto alogical
1. In cycle 6, the platform flash controller module retries the read to addressy that was interrupted by the
negation of bkn_done in cycle 3. Note that throughout cycles 2-9, the AHB bus pipeline is stalled with a
read to addressy in the AHB data phase and aread to address y + 4 in the address phase. Depending on
the state of the least-significant-bit of the BKn_RWWC control field, the hardware may also signal a stall
notification interrupt (if BKn_RWWC = 110). The stall notification interrupt is shown as the optional
assertion of MCM’s MIR[FBNSI] (flash bank n stall interrupt).
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Burst Read, Abort-and-Retry, APC = 2, RWSC = 2, PFLM =2
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Figure 143. 3-cycle access, terminate-and-retry with BKn_RWWC = 10x

Figure 143 showsthe terminate-while-write timing diagram. In thisexample, the 3-cycle accessto address
y isinterrupted when an operation causes the bkn_done signal to be negated, signaling that the array bank
is busy with a high-voltage program or erase event. Based on the setting of BKn_ RWW(C, once the
bkn_done signal is detected as negated, the platform flash controller asserts bkn_abort, which forces the
flash array to cancel the high-voltage program or erase event. The array operation completes (at the end of
cycle4) and bkn_donereturnsto alogical 1. It should be noted that thetime spent in cycle 4 for Figure 143
is considerably less than the time in the same cycle in Figure 142 (because of the terminate operation). In
cycle 6, the platform flash controller module retries the read to address y that was interrupted by the
negation of bkn_done in cycle 3. Note that throughout cycles 2-9, the AHB bus pipeline is stalled with a
read to addressy in the AHB data phase and aread to address y+4 in the address phase. Depending on the
state of the least-significant-bit of the BKn_RWW(C control field, the hardware may also signal an
termination notification interrupt (if BKn_RWWC = 100). The stall notification interrupt is shown asthe
optional assertion of MCM’s MIR[FBnAI] (flash bank n termination interrupt).
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18.3 Code Flash Memory (C90LC)

18.3.1 Overview

The primary function of the Flash Module isto serve as electrically programmable and erasable
Non-Volatile Memory.
NV Memory may be used for instruction and/or data storage.

The Module isaNon-Volatile solid-state silicon memory device consisting of blocks (called also sectors)
of single transistor storage elements, an electrical means for selectively adding (programming) and
removing (erasing) charge from these elements, and a means of selectively sensing (reading) the charge
stored in these el ements.

The Flash Module is arranged as two functional units: the Flash Core and the Memory Interface.

The Flash Core is composed of arrayed Non-Volatile storage elements, sense amplifiers, row decoders,
column decoders and charge pumps. The arrayed storage elements in the Flash Core are sub-divided into
physically separate units referred to as blocks (or sectors).

The Memory Interface contains the registers and logic which control the operation of the Flash Core. The
Memory Interfaceis a so the interface between the Flash Module and a Bus Interface Unit (BIU) and may
contain the ECC logic and redundancy logic.

A BIU connects the Flash Module to a system bus, and contains all system level customization required
for the SoC application. The Flash Moduleis generic and requires a BlU to configure it for different SoC
applications. A BIU isnot included as a part of the Flash Module.

18.3.2 Features

» Good Access Time

* High Read parallelism (128 bits)

» Error Correction Code (SEC-DED) to enhance Data Retention

* Double Word Program (64 bits)

* Sector Erase

* Single Bank: Read-While-Modify not available

» Erase Suspend available (Program Suspend not available)

» Software programmable Program/Erase Protection to avoid unwanted writings
» Censored Mode against piracy

* Usable as main Code Memory of the device: Shadow Sector available

18.3.3 Block Diagram

The Flash Macrocell contains one Matrix Module, composed by a Single Bank: Bank 0, normally used for
Code storage. No Read-While-Modify operations are possible.

The Modify operations are managed by an embedded Flash Program/Erase Controller (FPEC). Commands
to the FPEC are given through a User Registers Interface.
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The read data bus is 128 bits wide, while the Flash registers are on a separate bus 32 bits wide.
The High Voltages needed for Program/Erase operations are internally generated.

HV generator
Flash
g—| Program/Erase
Controller
Flash Bank 0
Flash
Registers
Matrix Registers
Interface Interface

Figure 144. Flash Macrocell Structure

18.3.4 Functional Description

18.3.4.1 Macrocell Structure

The Flash Macrocell is designed for use in embedded M CU/SoC applications which require high density
Non-Volatile Memories with high speed read access. The Flash Module is addressable by Word (32 bits)
or Double Word (64 bits) for program, and page (128 bits) for read. Reads done to the Flash alwaysreturn
128 bits, although read page buffering may be done in the platform BIU.

Each read of the Flash Module retrieves a page, or 4 consecutive words (128 bits) of information. The
address for each word retrieved within a page differ from the other addresses in the page only by address
bits (3:2). The Flash page read architecture easily supports both cache and burst mode at the BIU level for
high speed read application.

The Flash Modul e supports fault tolerance through Error Correction Code (ECC) and/or error detection.
The ECC implemented within the Flash Module will correct single bit failures and detect double bit
failures.

The Flash Module uses an embedded hardware a gorithm implemented in the Memory Interface to
program and erase the Flash Core. Control logic that works with the software block enables, and software
lock mechanisms, isincluded in the embedded hardware algorithm to guard against accidental
program/erase. The hardware agorithm performs the steps necessary to ensure that the storage elements
are programmed and erased with sufficient margin to guarantee data integrity and reliability.

MPC5604E Reference Manual, Rev. 5

18-312 Freescale Semiconductor



Flash Memory

A programmed bit in the Flash Module reads as logic level 0 (or low). An erased bit in the Flash Module
reads aslogic level 1 (or high). Program and erase of the Flash Module requires multiple system clock
cyclesto complete. The erase sequence may be suspended. The program and erase sequences may be
aborted.

18.3.5 Code flash sectorization

The Flash Module supports total memory sizes ranging from 32 KB to 512 KB of User Memory, plus
16 KB of Test Memory (a portion of which is One-Time Programmable by the User). Optionally an extra
sector of 8 or 16 KB can be available as Shadow space.

» Therearethree User Address Spaces: Low, Mid and High Address Space.

* Low Address Space must always be present and be up to 256 KB in size.

* Mid Address Space can be present and be up to 256 KB in size.

» High Address Space is normally always empty, but it can be present in case there are holesin the
address space. High Address Space may extend up to 1.5 MB in the address mapping.

In any case the total size of the Flash Module will be not greater than 512 KB and the maximum number
of blocks cannot exceed 16, included Test and eventually Shadow Sector.

There are five sizes of blocks available to the User in the Flash Core: 128 KB, 64 KB, 32 KB, 16 KB, 8
KB. These blocks can be mapped anywhere in the Low, Mid and High address spaces, provided that the
total Flash Memory sizeis not greater than 512 KB.

The Flash Module is composed by a single Bank (Bank 0): Read-While-Modify is not supported.

Bank O of the 544 KB Flash macrocell is divided in 10 sectors. Bank O contains also a reserved sector
named TestFlash in which some One Time Programmable User data are stored. Besides Bank 0 contains
also a Shadow Sector in which User erasable configuration values can be stored.

Table 145. 544 KB Code flash module sectorization

Bank Sector Addresses Size Address space
BO BOFO 0x0000_0000-0x0000_3FFF 16 KB Low Address Space
BO BOF1 0x0000_4000-0x0000_7FFF 16 KB Low Address Space
BO BOF2 0x0000_8000-0x0000_FFFF 32 KB Low Address Space
BO BOF3 0x0001_0000-0x0001_7FFF 32 KB Low Address Space
BO BOF4 0x0001_8000-0x0001_BFFF 16 KB Low Address Space
BO BOF5 0x0001_C000-0x0001_FFFF 16 KB Low Address Space
BO BOF6 0x0002_0000-0x0002_FFFF 64 KB Low Address Space
BO BOF7 0x0003_0000-0x0003_FFFF 64 KB Low Address Space
BO BOF8 0x0004_0000—-0x0005_FFFF 128 KB Mid Address Space
BO BOF9 0x0006_0000-0x0007_FFFF 128 KB Mid Address Space
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Table 145. 544 KB Code flash module sectorization

Bank Sector Addresses Size Address space
BO Reserved 0x0008_0000-0x001F_FFFF 1536 KB High Address Space
BO BOSH 0x0020_0000-0x0020_3FFF 16 KB Shadow Address Space
BO BOTF 0x0040_0000-0x0040_3FFF 16 KB Test Address Space

The Flash Module is divided into blocks also to implement independent Erase/Program protection. A
software mechanism is provided to independently lock/unlock each block in low, mid and high address
space against program and erase.

18.3.5.1 Test Flash Block

The TestFlash block exists outside the normal address space and is programmed, erased and read
independently of the other blocks. The independent TestFlash block is included also to support systems
which require Non-Volatile Memory for security and/or to store system initialization information.

A section of the TestFlash is reserved to store the Non Volatile informations related to Redundancy,
Configuration and Protection.

Due to this specia usage, the TestFlash sector is not affected by the Column Redundancy. The ECC, on
the contrary, is applied also to TestFlash.

The usage of reserved TestFlash sector is detailed in the following table.

Table 146. TestFlash Structure

Name Description Addresses Size
User OTP Area 0x400000 to Ox401FFF | 8192 byte
Reserved 0x402000 to Ox403CFF | 7424 byte
User Reserved 0x403D00 to Ox403DE7 | 232 byte

NVLML NV Low/Mid address space block Locking reg 0x403DES8 to Ox403DEF | 8 byte

NVHBL Non Volatile High address space Block Locking reg | 0x403DFO to Ox403DF7 | 8 byte

NVSLL NV Secondary Low/mid add space block Lock reg | 0x403DF8 to Ox403DFF | 8 byte

User Reserved 0x403EQ0 to OX403EFF | 256 byte
Reserved 0x403F00 to 0x403FFF | 256 byte

The Test Flash block can be enabled by the BIU.

When the Test space is enabled, all the operations are mapped to the Test block.
User Mode program of the test block are enabled only when MCR.PEASishigh, also if the Shadow block
isavailable.

The Test Flash block may be locked/unlocked against program by using the LML.TSLK and SLL.STSLK
registers. Erase of Test Flash block is always locked in user mode.
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Program of the TestFlash block has similar restriction asthe array in terms of how ECC iscalculated. Only
one program is allowed per 64 bit ECC segment, unless ECC evaluation is disabled on TestFlash block
(SoC dependent).

The TestFlash block contains specified data that are needed for Flash Macrocell or SoC features.

Thefirst 8KB of TestFlash block may be used for user defined functions (possibly to store boot code, other
configuration words or factory process codes). L ocations of the TestFl ash block marked asreserved cannot
be programmed by the User application.

18.3.5.2 Shadow block
A Shadow block is present in the 544 KB Flash Macrocell. The Shadow block can be enabled by the BIU.

When the Shadow space is enabled, all the operations are mapped to the Shadow block.
User Mode program and erase of the shadow block are enabled only when MCR.PEAS is high.

The Shadow block may be locked/unlocked against program or erase by using the LML.TSLK and
SLL.STSLK registers.

Program of the Shadow block has similar restriction asthe array in terms of how ECC is calculated. Only
one program is allowed per 64 bit ECC segment between erases, unless ECC evaluation is disabled on
Shadow block (SoC dependent).

Erase of the Shadow block is done similarly as an array erase.

The Shadow block contains specified data that are needed for SoC features.

Thefirst 8KB of Shadow block may be used for user defined functions (possibly to store boot code, other
configuration words or factory process codes).

The usage of Shadow sector is detailed in the following table:

Table 147. Shadow Sector Structure

Addresses Name Description Size
0x200000 to 0x203DCF User Area 15824 byte
0x203DD0 to 0x203DD7 Reserved 8 byte

0x203DD8 to 0x203DDF | NVPWDO0-1 | Non Volatile private censorship PassWorD 0-1 reg 8 byte
0x203DEO to Ox203DE7 | NVSCI0-1 Non Volatile System Censorship Information 0-1 8 byte

0x203DES8 to 0x203DFF Reserved 24 byte
0x203E00 to 0x203EOF | NVBIU2-3 Non Volatile Bus Interface Unit 2-3 regs 16 byte
0x203E10 to 0x203E17 Reserved 8 byte
0x203E18 — 0x203E1F | NVUSRO Non Volatile USeR Options register 8 byte
0x203E20 — 0x203FFF Reserved 480 byte

MPC5604E Reference Manual, Rev. 5

Freescale Semiconductor 18-315



Flash Memory

18.3.5.3 User Mode Operation

In User Mode the Flash Module may be read and written (register writes and interlock writes),
programmed or erased.

The default state of the Flash Moduleis read. The main, shadow and test address space can be read only
intheread state. The Flash registersare alwaysavailablefor read, also when the Moduleisin disable mode
(except few documented registers).

The Flash Module enters the read state on reset. The Module isin the read state under two sets of
conditions:

* Theread state is active when the Module is enabled (User Mode Read)

* Theread state is active when MCR.ERS and MCR.ESUS are high and MCR.PGM islow (Erase
Suspend).

NOTE
No Read-While-Modify is available.

Flash Core reads return 128 bits (1 Page = 2 Double Words).
Registers reads return 32 bits (1 Word).

Flash Core reads are done through the Bus Interface Unit.

In many cases the BIU will do “read page buffering” to allow sequential reads to be done with higher
performance. This could provide Data Coherency issue that must be handled with software. Data
Coherency may be an issue after a program or an erase operation, as well as Shadow or Test block
operations.

Registers reads to unmapped register address space will return al 0's.
Registers writes to unmapped register address space will have no effect.

Array reads attempted to invalid locations will result in indeterminate data. Invalid locations occur when
addressing is done to blocks that do not exist in non 2" array sizes.

Interlock writes attempted to invalid locations, will result in an interlock occurring, but attempts to
program these blocks will not occur since they are forced to be locked. Erase will occur to selected and
unlocked blocks even if the interlock writeisto an invalid location.

Simultaneous Read cycle on the Flash Matrix and Read/Write cycles on the Registers are possible. On the
contrary Registers Read/Write accesses simultaneous to a Flash Matrix interlock write are forbidden.

Chip Select, Write Enable, Addresses and Data Input of Registers are not internally latched and must be
kept stable by the CPU for all the read/write access that lasts 2 clock cycles.

18.3.5.4 Reset
A reset isthe highest priority operation for the Flash Module and terminates all other operations.

The Flash Module uses reset to initialize register and status bitsto their default reset values.

If the Flash Module is executing a Program or Erase operation (MCR.PGM =1 or MCR.ERS=1) and a
reset isissued, the operation will be suddenly terminated and the module will disablethe high voltagelogic
without damage to the high voltage circuits. Reset terminates all operations and forces the Flash Module
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into User Mode ready to receive accesses.
Reset and power-off must not be used as a systematic way to terminate a Program or Erase operation.

After reset is negated, read register access may be done, although it should be noted that registers that
require updating from shadow information, or other inputs, may not read updated values until
MCR.DONE transitions. MCR.DONE may be polled to determine if the Flash Module has transitioned
out of reset. Notice that the registers cannot be written until MCR.DONE is high.

18.3.5.5 Disable Mode (Power-Down)

The Disable (or Power-Down) Mode allows to turn-off all Flash DC current sources, so that all power
dissipation is due only to leakage in this mode.

In Disable Mode no reads from or write to the Modul e are possible.

The User may not read some registers (UMISR0-4, UT1-2 and part of UTO) until the Disable Modeis
exited . On the contrary write accessis |locked on all the registersin Disable Mode.

When enabled the Flash Module returnsto its pre-disable state in all cases unlessin the process of
executing an erase high voltage operation at the time of disable.

If the Flash Modul e is disabled during an erase operation, MCR.ESUS bit isset to 1. The User may resume
the erase operation at thetime the Moduleis enabled by clearing MCR.ESUSbit. MCR.EHV must be high
to resume the erase operation.

If the Flash Module is disabled during a program operation, the operation will be in any case completed
and the Disable Mode will be entered only after the programming end.

If the Flash Macrocell is put in Power-Down Mode and the Vector Table remain mapped in the Flash
Address space, the User must take care than the Flash Macrocell will strongly increase the interrupt
response time by adding several Wait States.

It is forbidden to enter in Sleep Mode when the Disable Mode is active.

18.3.5.6 Sleep Mode (Low Power Mode)

The Sleep Mode turns-off most of the DC current sources within the Flash Module.
Wake-up time from sleep is faster than wake-up time from disable mode.

In Sleep Mode no reads from or write to the Module are possible.

The User may not read someregisters (UMISRO0-4, UT1-2 and part of UTO) until the Sleep Modeisexited
. On the contrary write accessis locked on all the registersin Sleep Mode.

When exiting from sleep mode the Flash Module returns to its pre-sleep state in all cases unlessin the
process of executing an erase high voltage operation at the time of sleep entering.

If the Flash Moduleis put in sleep during an erase operation, MCR.ESUS bit is set to 1. The User may
resume the erase operation at the time the Module is exited from sleep by clearing MCR.ESUS bhit.
MCR.EHV must be high to resume the erase operation.

If the Flash Moduleis put in sleep during aprogram operation, the operation will bein any case completed
and the Sleep Mode will be entered only after the programming end.

It is forbidden to enter in Disable Mode when the Sleep Mode is active.
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18.3.6

The Flash User registersrepresents the communication interface between the host CPU and the FPEC. me

Registers Description

register bits (command bits) are read/write for the CPU and read-only for the FPEC.
Some other register bits (status bits) are read/write for the FPEC and read-only for the CPU.

Table 148. Code flash module registers

Address Offset Register Name Reset Value
0x0000 Module Configuration Register (MCR) 0x02700600
0x0004 Low/Mid address space block Locking reg (LML) 0X00XX00XX
0x0008 High address space Block Locking reg (HBL) 0x00000000
0x000C Secondary Low/mid address space block Lock reg (SLL) 0x00XX00XX
0x0010 Low/Mid address space block Select reg (LMS) 0x00000000
0x0014 High address space Block Select reg (HBS) 0x00000000
0x0018 ADress Register (ADR) 0x00000000
0x001C Bus Interface Unit reg 0 (BIUO)* OXXXXXXXXX
0x0020 Bus Interface Unit reg 1 (BIU1)® OXXXXXXXXX
0x0024 Bus Interface Unit reg 2 (BIU2)? OXXXXXXXXX
0x002C Reserved —
0x003C User Test reg 0 (UTO) 0x00000001
0x0040 User Testreg 1 (UT1) 0x00000000
0x0044 User Testreg 2 (UT2) 0x00000000
0x0048 User Multiple Input Signature Reg 0 (UMISRO) 0x00000000
0x004C User Multiple Input Signature Reg 1 (UMISR1) 0x00000000
0x0050 User Multiple Input Signature Reg 2 (UMISR2) 0x00000000
0x0054 User Multiple Input Signature Reg 3 (UMISR3) 0x00000000
0x0058 User Multiple Input Signature Reg 4 (UMISR4) 0x00000000

1 Bus Interface Unit register 0 and 1 (BIUO and BIU1) are same as Section 18.2.4.2.1, “Platform Flash
Configuration Register 0 (PFCRO0)” and Section 18.2.4.2.2, “Platform Flash Configuration Register 1
(PFCR1)".

2 Bus Interface Unit register 2 (BIU2) is same as Section 18.2.4.2.3, “Platform Flash Access Protection

Register (PFAPR)”

In the following some Non Volatile Registers are described. Please notice that such entities are not
Flip-Flops, but locations of TestFlash or Shadow sectors with a special meaning.

During the Flash Initialization phase, the FPEC reads these Non Volatile Registers and update their rel ated
Volatile Registers. When the FPEC detects ECC double errorsin these special locations, it behavesin the
following way:
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* Incase of afailing system locations (configurations, device options, redundancy, EmbAlgo
firmware), the initialization phase isinterrupted and a Fatal Error isflagged .

* Incaseof failing user locations (protections, censorship, BIU, ...), the Volatile Registers arefilled

with al *1's and the Flash initialization ends setting low the PEG bit of MCR.

In this section, the following abbreviations are used.

Table 149. Abbreviations

Case Abbrev. Description
read/write rw The software can read and write to these bits.
read/clear rc The software can read and clear to these bits.
read-only r The software can only read these bits.
write-only w The software should only write to these bits.

18.3.6.1

The Module Configuration Register enables and monitors all the modify operations of each flash module.

Module Configuration Register (MCR)

Identical MCRs are provided in the code flash and the data flash blocks.

Address: Base + 0x0000

Access: User read/write

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R| EDC 0 |SIZE2|SIZE1|SIZEO| O |LAS2|LAS1|LASO| O 0 0 | MAS
W| rlc
Reset O 0 0 0 0 0 1 0 0 1 1 1 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R|EER |[RWE| O 0 |PEAS|DONE|PEG| O 0 0 0
PGM |PSUS| ERS |ESUS| EHV
W] rlc | rlc
Reset O 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0
Figure 145. Module Configuration Register (MCR)
Table 150. MCR field descriptions
Field Description
EDC ECC Data Correction

EDC provides information on previous reads. If a ECC Single Error detection and correction occurs,
the EDC bit is set to 1. This bit must then be cleared, or a reset must occur before this bit will return
to a O state. This bit may not be set to 1 by the user.

In the event of a ECC Double Error detection, this bit is not set.

If EDC is not set, or remains 0, this indicates that all previous reads (from the last reset, or clearing
of EDC) were not corrected through ECC.

Since this bit is an error flag, it must be cleared to 0 by writing 1 to the register location. A write of O
will have no effect.

0 Reads are occurring normally.

1 An ECC Single Error occurred and was corrected during a previous read.

Reserved (Read Only)
A write to these bits has no effect. A read of these bits always outputs 0.
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Table 150. MCR field descriptions (continued)

Field Description

SIZE[2:0] |Array space SIZE 2-0
The value of SIZE field depends on the size of the flash module:

000 128KB
001 256 KB
010 512KB

011 Reserved (1024 KB)

100 Reserved (1536 KB)

101 Reserved (2048 KB)

110 64 KB (the value for the device in the data flash module)

111 Reserved

Note: The value for this bitfield is different between the code and data flash modules.

Reserved (Read Only)
A write to these bits has no effect. A read of these bits always outputs 0.

LAS[2:0] Low Address Space 2-0

The value of the LAS field corresponds to the configuration of the Low Address Space:
000 Reserved

001 Reserved

011 Reserved

100 Reserved

101 Reserved

110 4 x 16 KB (the value for the device in the data flash module)

Note: The value for this bitfield is different between the code and data flash modules.

Reserved (Read Only)
A write to these bits has no effect. A read of these bits always outputs 0.

MAS Mid Address Space

The value of the MAS field corresponds to the configuration of the Mid Address Space:
0 2x128 KB

1 Reserved

EER ECC Event Error

EER provides information on previous reads. When an ECC Double Error detection occurs, the EER
bit is set to 1.

This bit must then be cleared, or a reset must occur before this bit will return to a 0 state. This bit may
not be set to 1 by the user.

In the event of a ECC Single Error detection and correction, this bit will not be set.

If EER is not set, or remains 0, this indicates that all previous reads (from the last reset, or clearing
of EER) were correct.

Since this bit is an error flag, it must be cleared to 0 by writing 1 to the register location. A write of O
will have no effect.

0 Reads are occurring normally.

1 An ECC Double Error occurred during a previous read.
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Table 150. MCR field descriptions (continued)

Field Description

RWE Read-while-Write event Error

RWE provides information on previous reads when a Modify operation is on going. If a RWW Error

occurs, the RWE bit is set to 1. Read-While-Write Error means that a read access to the flash module

has occurred while the FPEC was performing a program or Erase operation or an Array Integrity

Check.

This bit must then be cleared, or a reset must occur before this bit will return to a O state. This bit may

not be set to 1 by the user.

If RWE is not set, or remains 0, this indicates that all previous RWW reads (from the last reset, or

clearing of RWE) were correct.

Since this bit is an error flag, it must be cleared to 0 by writing 1 to the register location. A write of O

will have no effect.

0 Reads are occurring normally.

1 A RWW Error occurred during a previous read.

Note: If stall/terminate-while-write is used, the software should ignore the setting of the RWE flag and
should clear this flag after each erase operation. If stall/terminate-while-write is not used,
software can handle the RWE error normally.

Reserved (Read Only)
A write to these bits has no effect. A read of these bits always outputs 0.

PEAS Program/Erase Access Space

PEAS indicates which space is valid for program and Erase operations: main array space or
shadow/test space.

PEAS = 0 indicates that the main address space is active for all flash module program and erase
operations.

PEAS =1 indicates that the test or shadow address space is active for program and erase.

The value in PEAS is captured and held with the first interlock write done for Modify operations. The
value of PEAS is retained between sampling events (that is, subsequent first interlock writes).

0 Shadow/Test address space is disabled for program/erase and main address space enabled.

1 Shadow/Test address space is enabled for program/erase and main address space disabled.

DONE Modify Operation Done

DONE indicates if the flash module is performing a high voltage operation.

DONE is set to 1 on termination of the flash module reset.

DONE is cleared to 0 just after a 0-to-1 transition of EHV, which initiates a high voltage operation, or
after resuming a suspended operation.

DONE is set to 1 at the end of program and erase high voltage sequences.

DONE is set to 1 (within tppagT OF tEagT, €QUal to P/E Abort Latency) after a 1-to-0 transition of EHV,
which terminates a high voltage program/erase operation.

DONE is set to 1 (within tggys, time equal to Erase Suspend Latency) after a 0-to-1 transition of
ESUS, which suspends an erase operation.

0 Flash is executing a high voltage operation.

1 Flash is not executing a high voltage operation.
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Table 150. MCR field descriptions (continued)

Field Description

PEG Program/Erase Good

The PEG bit indicates the completion status of the last flash program or erase sequence for which

high voltage operations were initiated. The value of PEG is updated automatically during the program

and erase high voltage operations.

Aborting a program/erase high voltage operation causes PEG to be cleared to 0, indicating the

sequence failed.

PEG is set to 1 when the flash module is reset, unless a flash initialization error has been detected.

The value of PEG is valid only when PGM = 1 and/or ERS = 1 and after DONE transitions from 0 to

1 due to a termination or the completion of a program/erase operation. PEG is valid until PGM/ERS

makes a 1-to0-0 transition or EHV makes a 0-to-1 transition.

The value in PEG is not valid after a 0-to-1 transition of DONE caused by ESUS being set to logic 1.

If program or erase are attempted on blocks that are locked, the response is PEG = 1, indicating that

the operation was successful, and the content of the block were properly protected from the program

or erase operation.

If a program operation tries to program at 1 bits that are at 0, the program operation is correctly

executed on the new bits to be programmed at 0, but PEG is cleared, indicating that the requested

operation has failed.

In Array Integrity Check or Margin Mode, PEG is set to 1 when the operation is completed, regardless

the occurrence of any error. The presence of errors can be detected only comparing checksum value

stored in UMIRS[0:1].

0 Program or erase operation failed; or program, erase, Array Integrity Check, or Margin Mode was
terminated.

1 Program or erase operation successful; or Array Integrity Check or Margin Mode completed
successfully.

Reserved (Read Only)
A write to these bits has no effect. A read of these bits always outputs 0.

PGM Program

PGM sets up the flash module for a program operation.

A 0-to-1 transition of PGM initiates a program sequence.

A 1-to-0 transition of PGM ends the program sequence.

PGM can be set only under User mode Read (ERS is low and UTO[AIE] is low). PGM can be cleared
by the user only when EHV is low and DONE is high. PGM is cleared on reset.

0 Flash is not executing a program sequence.

1 Flash is executing a program sequence.

PSUS Program Suspend
Writing to this bit has no effect, but the written data can be read back.

ERS Erase

ERS sets up the flash module for an Erase operation.

A 0-to-1 transition of ERS initiates an Erase sequence.

A 1-to-0 transition of ERS ends the Erase sequence.

ERS can be set only under User mode Read (PGM is low and UTO[AIE] is low). ERS can be cleared
by the user only when ESUS and EHV are low and DONE is high. ERS is cleared on reset.

0 Flash is not executing an Erase sequence.

1 Flash is executing an Erase sequence.
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Table 150. MCR field descriptions (continued)

Field Description
ESUS Erase Suspend
ESUS indicates that the flash module is in Erase Suspend or in the process of entering a Suspend
state. The flash module is in Erase Suspend when ESUS =1 and DONE = 1.
ESUS can be set high only when ERS =1 and EHV =1, and PGM = 0.
A 0-to-1 transition of ESUS starts the sequence that sets DONE and places the flash in erase
suspend. The flash module enters Suspend within tggg of this transition.
ESUS can be cleared only when DONE =1 and EHV = 1, and PGM = 0.
A 1-to-0 transition of ESUS with EHV = 1 starts the sequence that clears DONE and returns the
Module to Erase.
The flash module cannot exit Erase Suspend and clear DONE while EHV is low.
ESUS is cleared on reset.
0 Erase sequence is not suspended.
1 Erase sequence is suspended.
EHV Enable High Voltage

The EHV bit enables the flash module for a high voltage program/Erase operation. EHV is cleared
on reset.

EHV must be set after an interlock write to start a program/Erase sequence. EHV may be set under
one of the following conditions:

» Erase (ERS = 1, ESUS = 0, UTO[AIE] = 0)

* Program (ERS =0, ESUS = 0, PGM = 1, UTO[AIE] = 0)

In normal operation, a 1-to-0 transition of EHV with DONE high and ESUS low terminates the current
program/Erase high voltage operation.

When an operation is terminated, there is a 1-to-0 transition of EHV with DONE low and the eventual
Suspend bit low. A termination causes the value of PEG to be cleared, indicating a failing
program/Erase; address locations being operated on by the terminated operation contain
indeterminate data after a termination. A suspended operation cannot be terminated. Terminating a
high voltage operation leaves the flash module addresses in an indeterminate data state. This may
be recovered by executing an Erase on the affected blocks.

EHV may be written during Suspend. EHV must be high to exit Suspend. EHV may not be written
after ESUS is set and before DONE transitions high. EHV may not be cleared after ESUS is cleared
and before DONE transitions low.

0 Flash is not enabled to perform an high voltage operation.

1 Flash is enabled to perform an high voltage operation.

A number of MCR bits are protected against write when another bit, or set of bits, isin a specific state.
These write locks are covered on a bit by bit basisin the preceding description, but those locks do not
consider the effects of trying to write two or more bits simultaneously.

The flash module does not alow the user to write bits simultaneously which would put the device into an
illegal state. Thisisimplemented through a priority mechanism among the bits. Table 151 shows the bit
changing priorities.

Table 151. MCR bits set/clear priority levels

Priority level MCR bits
1 ERS
2 PGM
3 EHV
4 ESUS
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If the user attempts to write two or more MCR bits simultaneously, only the bit with the lowest priority
level iswritten.

18.3.6.2

The Low/Mid Address Space Block Locking register provides a means to protect blocks from being
modified. These bits, along with bitsin the SLL register, determineif the block islocked from program or
erase. An“OR” of LML and SLL determinethefinal lock status. Identical LML registers are provided in
the code flash and the data flash blocks.

In the code flash module, the LML register has arelated Non-Volatile Low/Mid Address Space Block
Locking register (NVLML) located in TestFlash that contains the default reset value for LML. The
NVLML register isread during the reset phase of the flash module and loaded into the LML. The reset

Low/Mid Address Space Block Locking register (LML)

value is OX00X X_XXXX, initially determined by the NVLML value from test sector.

Address: Base + 0x0004

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R| LME 0 0 0 0 0 0 0 0 0 0
TSLK MLK1|MLKO
W
Reset O 0 0 0 0 0 0 0 0 0 0 X 0 0 X X
6 17 18 19 | 20 21 22 23 | 24 25 26 27 | 28 29 30 31
R| O 0 0 0 0 0 0 0 LLK | LLK | LLK | LLK | LLK | LLK | LLK | LLK
Wi 7 6 5 4 3 2 1 0
Reset O 0 0 0 0 0 0 0 X X X X X X X X
Figure 146. Low/Mid Address Space Block Locking register (LML)
18.3.6.3 Non-Volatile Low/Mid Address Space Block Locking register (NVLML)
Address: Base + 0x40_3DES8 Delivery value:
OXFFFFFFFF
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
RILME| O 0 0 0 0 0 0 0 0 0 0 0
TSLK MLK1|MLKO
W
Reset O 0 0 0 0 0 0 0 0 0 0 X 0 0 X X
% 17 18 19 | 20 21 22 23 | 24 25 26 27 | 28 29 30 31
Rl 0 0 0 0 0 0 0 O | LLK | LLK | LLK | LLK | LLK | LLK | LLK | LLK
Wi 7 6 5 4 3 2 1 0
Reset O 0 0 0 0 0 0 0 X X X X X X X X

Access: User read/write

Figure 147. Non-Volatile Low/Mid Address Space Block Locking register (NVLML)

TheNVLML register isa64-bit register, the 32 most significant bits of which (bits 63:32) are*don’t care’
bits that are eventually used to manage ECC codes. Identical NVLML registers are provided in the code
flash and the data flash blocks.
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Table 152. LML /NVLML field descriptions

Field Description

LME? Low/Mid Address Space Block Enable

This bit enables the Lock registers (TSLK and LLK[15:0]) to be set or cleared by registers writes.
This bit is a status bit only. The method to set this bit is to write a password, and if the password
matches, the LME bit is set to reflect the status of enabled, and is enabled until a reset operation
occurs. For LME the password 0xA1A11111 must be written to the LML register.

0 Low Address Locks are disabled: TSLK and LLK[15:0] cannot be written.

1 Low Address Locks are enabled: TSLK and LLK[15:0] can be written.

TSLK Test/Shadow Address Space Block Lock

This bit locks the block of Test and Shadow Address Space from program and Erase (Erase is any
case forbidden for Test block).

A value of 1 in the TSLK register signifies that the Test/Shadow block is locked for program and
Erase. A value of 0 in the TSLK register signifies that the Test/Shadow block is available to receive
program and Erase pulses.

The TSLK register is not writable once an interlock write is completed until MCR[DONE] is set at
the completion of the requested operation. Likewise, the TSLK register is not writable if a high
voltage operation is suspended.

Upon reset, information from the TestFlash block is loaded into the TSLK register. The TSLK bit
may be written as a register. Reset will cause the bit to go back to its TestFlash block value. The
default value of the TSLK bit (assuming erased fuses) would be locked.

TSLK is not writable unless LME is high.

0 Test/Shadow Address Space Block is unlocked and can be modified (if also SLL[STSLK] = 0).
1 Test/Shadow Address Space Block is locked and cannot be modified.

MLK]1:0] Mid Address Space Block Lock 1-0

These bits lock the blocks of Mid Address Space from program and Erase.

MLK]1:0] are related to sectors BOF[7:6], respectively.

A value of 1 in a bit of the MLK bitfield signifies that the corresponding block is locked for program
and Erase. A value of 0 in a bit of the MLK bitfield signifies that the corresponding block is available
to receive program and Erase pulses.

The MLK bitfield is not writable once an interlock write is completed until MCR[DONE] is set at the
completion of the requested operation. Likewise, the MLK bitfield is not writable if a high voltage
operation is suspended. Upon reset, information from the TestFlash block is loaded into the MLK
bitfields. The MLK bits may be written as a register. Reset causes the bits to revert to their
TestFlash block value. The default value of the MLK bits (assuming erased fuses) would be locked.
In the event that blocks are not present (due to configuration or total memory size), the MLK bits
default to locked, and are not writable. The reset value will always be 1 (independent of the
TestFlash block), and register writes will have no effect.

MLK is not writable unless LME is high.

0 Mid Address Space Block is unlocked and can be modified (if also SLL[SMLK] = 0).

1 Mid Address Space Block is locked and cannot be modified.
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Table 152. LML /NVLML field descriptions (continued)

Field Description

LLK[7:0] LLK7-0: Low address space block LocK 7-0 (Read/Write)

These bits are used to lock the blocks of Low Address Space from Program and Erase.

LLK7-0 are related to sectors BOF7-0, respectively.

A value of 1 in a bit of the LLK register signifies that the corresponding block is locked for Program
and Erase.

Avalue of 0 in a bit of the LLK register signifies that the corresponding block is available to receive
Program and Erase pulses.

The LLK register is not writable once an interlock write is completed until MCR.DONE is set at the
completion of the requested operation. Likewise, the LLK register is not writable if a high voltage
operation is suspended.

Upon reset, information from the TestFlash block is loaded into the LLK registers. The LLK bits may
be written as a register. Reset will cause the bits to go back to their TestFlash block value. The
default value of the LLK bits (assuming erased fuses) would be locked.

In the event that blocks are not present (due to configuration or total memory size), the LLK bits
will default to locked, and will not be writable. The reset value will always be 1 (independent of the
TestFlash block), and register writes will have no effect.

LLK is not writable unless LME is high.

0: Low Address Space Block is unlocked and can be modified (if also SLL.SLK=0).

1: Low Address Space Block is locked and cannot be modified.

1 This field is present only in LML

18.3.6.4 High address space Block Locking register (HBL)

The High Address Space Block Locking (HBL) register provides a means to protect blocks from being
modified.

The HBL register has arelated Non Volatile High Address Space Block Locking register located in
TestFlash that contains the default reset value for HBL: the NVHBL register isread during the reset phase
of the Flash Module and loaded into the HBL .

The NVHBL register isa 64 bit register, the 32 most significative bits of which (bits 63-32) aredon’t care
and eventually used to manage ECC codes.

Address: Base + 0x0008 Access: User read-only

w
N
o
o
~
o
©

0 1 2 10 1 12 13 14 15
R/HBE| O 0 0 0 0 0 0 0 0 0 0 0 0 0 0

w
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Rl O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

w
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 148. High address space Block Locking register (HBL)
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18.3.6.5 Non Volatile High address space Block Locking register (NVHBL)
Address: Base + 0x403DFO Delivery value:
OXFFFFFFFF
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R| HBE 0 0 0 0 0 0 0 0
w
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
w
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 149. Non Volatile High address space Block Locking register (NVHBL)
Table 153. HBL/NVHBL field descriptions
Field Description
HBE High address space Block Enable (Read Only)

This bit is used to enable the Lock registers (HLK) to be set or cleared by registers writes.

This bit is a status bit only. The method to set this bit is to write a password, and if the password
matches, the HBE bit will be set to reflect the status of enabled, and is enabled until a reset
operation occurs. For HBE the password 0xB2B22222 must be written to the HBL register.

0: High Address Locks are disabled: none cannot be written.

1: High Address Locks are enabled: none can be written.

18.3.6.6 Secondary Low/Mid Address Space Block Locking register (SLL)

The Secondary Low/Mid Address Space Block Locking register provides an alternative means to protect
blocks from being modified. These bits, along with bitsin the LML register, determine if the block is

locked from program or Erase. An “OR” of LML and SLL determine the final lock status. Identical SLL
registers are provided in the code flash and the data flash blocks.

In the code flash module, the SLL register has arelated Non-Volatile Secondary Low/Mid Address Space
Block Locking register (NVSLL) located in TestFlash that contains the default reset value for SLL. The
reset value is OXOOXX_XXXX, initially determined by NVSLL.

The NVSLL register is read during the reset phase of the flash module and loaded into the SLL.
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Address: Base + 0x000C

Reset

18.3.6.7

Access: User read/write

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
SLE 0 0 0 0 0 0 0 0 |sts| © 0 |sSMK|sSMK

LK 1 0

0 0 0 0 0 0 0 0 0 0 0 X 0 0 X X

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
0 0 0 0 0 0 0 0 | SLK | SLK | SLK | SLK | SLK | SLK | SLK | SLK

7 6 5 4 3 2 1 0

0 0 0 0 0 0 0 0 X X X X X X X X

Figure 150. Secondary Low/mid address space block Locking reg (SLL)

Non-Volatile Secondary Low/Mid Address Space Block Locking register

(NVSLL)

The NV SLL register isa64-bit register, the 32 most significant bits of which (bits 63:32) are “don’t care”
bits that are eventually used to manage ECC codes. Identical NV SLL registers are provided in the code
flash and the data flash blocks.

Address: Base + 0x40_3DF8

Delivery value:

OXFFFFFFFF
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R|SLE| O 0 0 0 0 0 0 0 0 0 |sTs| O 0 |SMK |SMK
W LK 1 0
Reset O 0 0 0 0 0 0 0 0 0 0 X 0 0 X X
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Rl 0 0 0 0 0 0 0 0 | SLK | SLK | SLK | SLK | SLK | SLK | SLK | SLK
W 7 6 5 4 3 2 1 0
Reset O 0 0 0 0 0 0 0 X X X X X X X X
Figure 151. Non-Volatile Secondary Low/Mid Address Space Block Locking register (NVSLL)
Table 154. SLL and NVSLL field descriptions
Field Description
SLE? Secondary Low/Mid Address Space Block Enable

This bit enables the Lock registers (STSLK and SLK[15:0]) to be set or cleared by registers writes.
This bit is a status bit only. The method to set this bit is to write a password, and if the password
matches, the SLE bit is set to reflect the status of enabled, and is enabled until a reset operation

occurs. For SLE the password 0xC3C3_3333 must be written to the SLL register.

0 Secondary Low/Mid Address Locks are disabled: STSLK and SLK[15:0] cannot be written.

1 Secondary Low/Mid Address Locks are enabled: STSLK and SLK[15:0] can be written.

MPC5604E Reference Manual, Rev. 5

18-328

Freescale Semiconductor



Flash Memory

Table 154. SLL and NVSLL field descriptions (continued)

Field Description

STSLK Secondary Test/Shadow address space block LocK

This bit is used as an alternate means to lock the block of Test and Shadow Address Space from
program and Erase (Erase is any case forbidden for Test block).

A value of 1 in the STSLK bitfield signifies that the Test/Shadow block is locked for program and
Erase.

A value of 0 in the STSLK register signifies that the Test/Shadow block is available to receive
program and Erase pulses.

The STSLK register is not writable once an interlock write is completed until MCR[DONE] is set at
the completion of the requested operation. Likewise, the STSLK register is not writable if a high
voltage operation is suspended.

Upon reset, information from the TestFlash block is loaded into the STSLK register. The STSLK bit
may be written as a register. Reset will cause the bit to go back to its TestFlash block value. The
default value of the STSLK bit (assuming erased fuses) would be locked.

STSLK is not writable unless SLE is high.

0 Test/Shadow Address Space Block is unlocked and can be modified (if also LML[TSLK] = 0).

1 Test/Shadow Address Space Block is locked and cannot be modified.

SMKJ1:0] Secondary Mid Address Space Block Lock 1-0

These bits are used as an alternate means to lock the blocks of Mid Address Space from program
and Erase.

SMK][1:0] are related to sectors BOF[7:6], respectively.

A value of 1 in a hit of the SMK register signifies that the corresponding block is locked for program
and Erase.

A value of 0 in a bit of the SMK register signifies that the corresponding block is available to receive
program and Erase pulses.

The SMK register is not writable once an interlock write is completed until MCR[DONE] is set at the
completion of the requested operation. Likewise, the SMK register is not writable if a high voltage
operation is suspended.

Upon reset, information from the TestFlash block is loaded into the SMK registers. The SMK bits
may be written as a register. Reset will cause the bits to go back to their TestFlash block value. The
default value of the SMK bits (assuming erased fuses) would be locked.

In the event that blocks are not present (due to configuration or total memory size), the SMK bits
will default to locked, and will not be writable. The reset value will always be 1 (independent of the
TestFlash block), and register writes have no effect. SMK is not writable unless SLE is high.

0 Mid Address Space Block is unlocked and can be modified (if also LML[MLK] = 0).

1 Mid Address Space Block is locked and cannot be modified.
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Table 154. SLL and NVSLL field descriptions (continued)

Field Description

SLK[7:0] SLK7-0: Secondary Low address space block locK 7-0 (Read/Write)

These bits are used as an alternate means to lock the blocks of Low Address Space from Program
and Erase.

SLK7-0 are related to sectors BOF7-0, respectively.

Avalue of 1 in a bit of the SLK register signifies that the corresponding block is locked for Program
and Erase.

A value of 0 in a bit of the SLK register signifies that the corresponding block is available to receive
Program and Erase pulses.

The SLK register is not writable once an interlock write is completed until MCR.DONE is set at the
completion of the requested operation. Likewise, the SLK register is not writable if a high voltage
operation is suspended.

Upon reset, information from the TestFlash block is loaded into the SLK registers. The SLK bits may
be written as a register. Reset will cause the bits to go back to their TestFlash block value. The
default value of the SLK bits (assuming erased fuses) would be locked.

In the event that blocks are not present (due to configuration or total memory size), the SLK bits will
default to locked, and will not be writable. The reset value will always be 1 (independent of the
TestFlash block), and register writes will have no effect.

SLK is not writable unless SLE is high.

0: Low Address Space Block is unlocked and can be modified (if also LML.LLK=0).

1: Low Address Space Block is locked and cannot be modified.

1 This field is present only in SLL

18.3.6.8 Low/Mid Address Space Block Select register (LMS)

The Low/Mid Address Space Block Select register provides a means to select blocks to be operated on
during erase. Identical LM Sregisters are provided in the code flash and the data flash blocks.

Address: Base + 0x0010 Access: User read/write

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

R 0 0 0 0 0 0 0 0 0 0 0 0 | MSL | MSL
W 1 0
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

R| O 0 0 0 0 0 0 O |LSL|LSL|LSL|LSL|LSL|LSL]|LSL]|LSL
W 7 6 5 4 3 2 1 0
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 152. Low/Mid Address Space Block Select register (LMS)
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Table 155. LMS field descriptions

Field Description

MSL[1:0] Mid Address Space Block Select 1-0

A value of 1 in the select register signifies that the block is selected for erase.

A value of 0 in the select register signifies that the block is not selected for erase. The reset value
for the select register is 0, or unselected.

MSL[1:0] are related to sectors BOF[7:6], respectively.

The blocks must be selected (or unselected) before doing an erase interlock write as part of the
Erase sequence. The select register is not writable once an interlock write is completed or if a high
voltage operation is suspended.

In the event that blocks are not present (due to configuration or total memory size), the
corresponding MSL bits default to unselected, and are not writable. The reset value will always be
0, and register writes have no effect.

0 Mid Address Space Block is unselected for Erase.

1 Mid Address Space Block is selected for Erase.

LSL[7:0] LSL7-0: Low address space block SeLect 7-0 (Read/Write)

A value of 1 in the select register signifies that the block is selected for erase.

A value of 0 in the select register signifies that the block is not selected for erase. The reset value
for the select register is 0, or unselected.

LSL7-0 are related to sectors BOF7-0, respectively.

The blocks must be selected (or unselected) before doing an erase interlock write as part of the
Erase sequence. The select register is not writable once an interlock write is completed or if a high
voltage operation is suspended.

In the event that blocks are not present (due to configuration or total memory size), the
corresponding LSL bits will default to unselected, and will not be writable. The reset value will
always be 0, and register writes will have no effect.

0: Low Address Space Block is unselected for Erase.

1: Low Address Space Block is selected for Erase.

18.3.6.9 High address space Block Select register (HBS)

The High Address Space Block Select register provides ameans to select blocks to be operated on during
erase.

Address: Base + 0x0014 Access: User read-only

0 1 2 10 1 12 13 14 15
R O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

w
N
o
o
~
o
©

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 153. High address space Block Select register (HBS)
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18.3.6.10 Address Register (ADR)

The Address Register providesthefirst failing addressin the event modulefailures (ECC, RWW, or FPEC)
or the first address at which a ECC single error correction occurs.

Address: Base + 0x0018 Access: User read-only

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

R AD | AD | AD | AD | AD
SAD |TAD | O 0 0 0 0 0 0 0 0 20 19 18 17 16

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R| AD | AD | AD | AD | AD | AD | AD | AD | AD | AD | AD | AD | AD 0 0 0
15 14 13 12 11 10 9 8 7 6 5 4 3

Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 154. Address Register (ADR)

Table 156. ADR field descriptions

Field Description
SAD SAD: Shadow ADdress (Read Only)

When this bit is high, the address indicated by AD20-3 belongs to the Shadow Sector.
TAD TAD: Test ADdress (Read Only)

When this bit is high, the address indicated by AD20-3 belongs to the Test Sector.

AD[20:3] Address 20-3

ADR provides the first failing address in the event of ECC error (MCR[EER] set) or the first failing
address in the event of RWW error (MCR[RWE] set), or the address of a failure that may have
occurred in a FPEC operation (MCR[PEG] cleared). ADR also provides the first address at which a
ECC single error correction occurs (MCR[EDC] set).

The ECC double error detection takes the highest priority, followed by the RWW error, the FPEC
error, and the ECC single error correction. When accessed ADR will provide the address related to
the first event occurred with the highest priority. The priorities between these four possible events
is summarized in Table 157.

This address is always a double word address that selects 64 bits.

In case of a simultaneous ECC double error detection on both double words of the same page, bit
AD3 will output 0. The same is valid for a simultaneous ECC single error correction on both double
words of the same page.

In User mode, ADR is read only.

Table 157. ADR content: priority list

Priority level Error flag ADR content
1 MCR[EER] =1 Address of first ECC Double Error
2 MCR[RWE] =1 Address of first RWW Error
3 MCR[PEG] =0 Address of first FPEC Error
4 MCR[EDC] =1 Address of first ECC Single Error Correction
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18.3.6.11 Bus Interface Unit O register (BIUO)

Address offset: 0x0001C Reset value: OXXXXX_XXXX

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

BIO31 | BIO30 | BIO29 | BIO28 | BIO27 | BI0O26 | BI0O25 | BI024 | BI023 | BI022 | BIO21 | BI020 | BIO19 | BIO18 | BIO17 | BIO16

rw/X rw/X rw/X rw/X rw/X rw/X rw/X rw/X rw/X rw/X rw/X rw/X rw/X rw/X rw/X rw/X

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

BIO15 | BIO14 | BIO13 | BIO12 | BIO11 | BIO10O | BIOO9 | BIOO8 | BIOO7 | BIOO6 | BIOOS | BIOO4 | BIOO3 | BIOO2 | BIOO1 | BIOOO

rw/X rw/X rw/X rw/X rw/X w/X rw/X rw/X rw/X rw/X rw/X rw/X rw/X rw/X rw/X rw/X

Figure 155. Bus Interface Unit O register (BIUO)

The Bus Interface Unit 0 Register provides a means for BIU specific information or BIU configuration
information to be stored. Please refer to Section 18.2.4.2.1, “Platform Flash Configuration Register O
(PFCRO0)” for more information about register description.

Table 158. BIUO field descriptions

Field Description

BIO |BIO[31:00]: Bus Interface unit 0 31-00 (Read/Write)
The writability of the bits in this register can be locked.

18.3.6.12 Bus Interface Unit 1 register (BIU1)

Address offset: 0x00020 Reset value: OxXXXX_XXXX

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

BI131 | BI130 | BI129 | BI128 | BI127 | BI126 | BI125 | BI124 | BI123 | BI122 | Bl121 | BI120 | BI119 | BI118 | BI117 | BI116

rw/X rw/X rw/X rw/X rw/X w/X rw/X rw/X rw/X rw/X rw/X rw/X rw/X rw/X rw/X rw/X

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

BI115 | BI114 | BI113 | BI112 | BI111 | BI110 | BI109 | BI108 | BI107 | BI106 | BI105 | BI104 | BI103 | BI102 | BI101 | BI100

rw/X rw/X rw/X rw/X rw/X rw/X rw/X rw/X rw/X rw/X rw/X rw/X rw/X rw/X rw/X rw/X

Figure 156. Bus Interface Unit 1 register (BIU1)

The Bus Interface Unit 1 Register provides ameans for BIU specific information or BIU configuration
information to be stored. Please refer to Section 18.2.4.2.2, “ Platform Flash Configuration Register 1
(PFCR1)” for more information about register description.

Table 159. BIU1 field descriptions

Field Description

BI1 |BI1[31:00]: Bus Interface unit 1 31-00 (Read/Write)
The writability of the bits in this register can be locked.
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18.3.6.13 Bus Interface Unit 2 register (BIU2)
Address offset: 0x00024
Reset value: OXX XXX XXX X

Please refer to Section 18.2.4.2.3, “Platform Flash Access Protection Register (PFAPR)” to see register
description.

18.3.6.13.1 Non-volatile Bus Interface Unit 2 register (NVBIU2)

Address offset: 0X003E00* Delivery value: OXXXXX_XXXX

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

BI231 | BI230 | BI229 | BI228 | BI227 | BI226 | BI225 | BI224 | BI223 | BI222 | Bl221 | BI220 | BI219 | BI218 | BI217 | BI216

rw/X rw/X rw/X rw/X rw/X rw/X rw/X rw/X rw/X rw/X rw/X rw/X rw/X rw/X rw/X rw/X

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

BI215 | BI214 | BI213 | BI212 | BI211 | BI210 | BI209 | BI208 | BI207 | BI206 | BI205 | BI204 | BI203 | BI202 | BI201 | BI200

rw/X rw/X rw/X w/X rw/X w/X rw/X rw/X rw/X rw/X rw/X rw/X rw/X rw/X rw/X rw/X

Figure 157. Bus Interface Unit 2 register (BIU2)
1 See device memory map table for base address information of shadow flash.

The Bus Interface Unit 2 Register provides a means for BIU specific information or BIU configuration
information to be stored. Please refer to Section 18.2.4.2.3, “Platform Flash Access Protection Register
(PFAPR)”for more information about register description.

The BIU2 register has arelated Non-volatile Bus Interface Unit 2 register located in the Shadow Sector
that contains the default reset value for BIU2. During the reset phase of the Flash module, the NVBIU2
register content is read and loaded into the BIU2.

The NVBIUZ2 register is a 64-bit register, of which the 32 most significant bits 63:32 are ‘don’t care’ and
eventually used to manage ECC codes.

Table 160. BIU2 field descriptions

Field Description

B12[31:00]: Bus Interface unit 2 31-00 (Read/Write)
The BI2[31:00] generic registers are reset based on the information stored in NVBIUZ2.
The writability of the bits in this register can be locked.
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18.3.6.14 Non Volatile Bus Interface Unit 3 register (NVBIU3)

Address offset: 0X003E081 Delivery value: OXXXXX_XXXX

0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15

BI331 | BI330 | BI329 | BI328 | BI327 | BI326 | BI325 | BI324 | BI323 | BI322 | BI321 | BI320 | BI319 | BI318 | BI317 | BI316

rw/X rw/X w/X rw/X rw/X rw/X rw/X rw/X rw/X rw/X rw/X rw/X rw/X rw/X rw/X rw/X

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

BI315 | BI314 | BI313 | BI312 | BI311 | BI310 | BI309 | BI308 | BI307 | BI306 | BI305 | BI304 | BI303 | BI302 | BI301 | BI300

rw/X rw/X rw/X rw/X rw/X rw/X rw/X rw/X rw/X rw/X rw/X rw/X rw/X rw/X rw/X rw/X

1 see device memory map table for base address information of shadow flash.
The Bus Interface Unit 3 Register provides ameans for BIU specific information or BIU configuration
information to be stored.

The BIU3 register has arelated Non-Volatile Bus Interface Unit 3 register located in the Shadow Sector
that contains the default reset value for BIU3. the NVBIUS register is read during the reset phase of the
Flash Module and |oaded into the BIU3,

The NVBIU3 register is a 64-hit register, the 32 most significative bits of which (bits 63:32) are
‘don’t care’ and eventually used to manage ECC codes.

Table 161. BIU3 field descriptions

Field Description

B1331-00: Bus Interface unit 3 31-00 (Read/Write)

The BI331-00 generic registers are reset based on the information stored in NVBIUS.
The writability of the bits in this register can be locked.

The use of this bus is SoC specific.

18.3.6.15 User Test O register (UTO)

The User Test feature gives the user of the flash module the ability to perform test features on the flash.
The User Test O register alows controlling the way in which the flash content check is done.

The UTO[MRE], UTO[MRV], UTO[AIS], UTO[EIE], and DSI[7:0] bits are not accessible whenever
MCR[DONE] or UTO[AID] are low. Reads return indeterminate data. Writes have no effect.
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Address: Base + 0x003C Access: User read/write
0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
R
W UTE SEC DSI7 | DSI6 | DSI5 | DSI4 | DSI3 | DSI2 | DSI1 | DSIO
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R| O 0 0 0 0 0 0 0 0 AID
X |MRE|MRV | EIE | AIS | AIE
w
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
Figure 158. User Test 0 register (UTO)
Table 162. UTO field descriptions
Field Description
UTE User Test Enable
This status bit indicates when User Test is enabled. All bits in UT0-2 and UMISR0—4 are locked
when this bit is 0.
This bit is not writeable to a 1, but may be cleared. The reset value is 0.
The method to set this bit is to provide a password, and if the password matches, the UTE bit is set
to reflect the status of enabled, and is enabled until it is cleared by a register write.
For UTE the password OXF9F9_9999 must be written to the UTO register.
Reserved (Read Only)
A write to these bits has no effect. A read of these bits always outputs 0.
DSI7-0 Data Syndrome Input 7-0
These bits represent the input of Syndrome bits of ECC logic used in the ECC Logic Check. The
DSI7-0 bits correspond to the 8 syndrome bits on a double word.
These bits are not accessible whenever MCR[DONE] or UTO[AID] are low. Reads return
indeterminate data, and writes have no effect.
0 The syndrome bit is forced at O.
1 The syndrome bit is forced at 1.
Reserved (Read Only)
A write to these bits has no effect. A read of these bits always outputs 0.
Reserved (Read/Write)
This bit can be written and its value can be read back, but there is no function associated.
This bit is not accessible whenever MCR[DONE] or UTO[AID] are low. Reads return indeterminate
data, and writes have no effect.
MRE Margin Read Enable

MRE enables margin reads to be done. This bit, combined with MRV, enables regular user mode
reads to be replaced by margin reads.

Margin reads are only active during Array Integrity Checks; Normal user reads are not affected by
MRE.

This bit is not accessible whenever MCR[DONE] or UTO[AID] are low. Reads return indeterminate
data, and writes have no effect.

0 Margin reads are disabled. All reads are User mode reads.

1 Margin reads are enabled.
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Table 162. UTO field descriptions (continued)

Field Description

MRV Margin Read Value

If MRE is high, MRV selects the margin level that is being checked. Margin can be checked to an
erased level (MRV = 1) or to a programmed level (MRV = 0).

This bit is not accessible whenever MCR[DONE] or UTO[AID] are low. Reads return indeterminate
data, and writes have no effect.

0 Zero’s (programmed) margin reads are requested (if MRE = 1).

1 One’s (erased) margin reads are requested (if MRE = 1).

EIE ECC data Input Enable

EIE enables the ECC Logic Check operation to be done.

This bit is not accessible whenever MCR[DONE] or UTO[AID] are low. Reads return indeterminate
data, and writes have no effect.

0 ECC Logic Check is disabled.

1 ECC Logic Check is enabled.

AIS Array Integrity Sequence

AIS determines the address sequence to be used during array integrity checks or Margin Mode.
The default sequence (AIS = 0) is meant to replicate sequences normal user code follows, and
thoroughly checks the read propagation paths. This sequence is proprietary.

The alternative sequence (AIS = 1) is just logically sequential.

It should be noted that the time to run a sequential sequence is significantly shorter than the time
to run the proprietary sequence.

This bit is not accessible whenever MCR[DONE] or UTO[AID] are low. Reads return indeterminate
data, and writes have no effect. In Margin Mode only the linear sequence (AIS = 1) is allowed, while
the proprietary sequence (AIS = 0) is forbidden.

0 Array Integrity sequence is a proprietary sequence.

1 Array Integrity or Margin Mode sequence is sequential.

AIE Array Integrity Enable

AIE set to 1 starts the Array Integrity Check done on all selected and unlocked blocks.

The pattern is selected by AIS, and the MISR (UMISR0-4) can be checked after the operation is
complete, to determine if a correct signature is obtained.

AIE can be set only if MCR[ERS], MCR[PGM], and MCR[EHV] are all low.

0 Array Integrity Checks are disabled.

1 Array Integrity Checks are enabled.

AID Array Integrity Done

AID is cleared upon an Array Integrity Check being enabled (to signify the operation is on-going).
Once completed, AID is set to indicate that the Array Integrity Check is complete. At this time, the
MISR (UMISR0-4) can be checked.

0 Array Integrity Check is on-going.

1 Array Integrity Check is done.

18.3.6.16 User Test 1 register (UT1)

The User Test 1 register allowsto enable the checks on the ECC logic related to the 32 L SB of the Double
Word.

The User Test 1 register is not accessible whenever MCR[DONE] or UTO[AID] are low. Reads return
indeterminate data. Writes have no effect.
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Address: Base + 0x0040

Access: User read/write

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R| DAI | DAI | DAI | DAI | DAI | DAI | DAI | DAI | DAI | DAI | DAI | DAI | DAI | DAI | DAI | DAI
w| 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R| DAI | DAI | DAI | DAI | DAI | DAI | DAI | DAI | DAI | DAI | DAI | DAI | DAI | DAI | DAI | DAI
w!| 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 159. User Test 1 register (UT1)
Table 163. UT1 field descriptions
Field Description
DAI[31:0] Data Array Input 31-0

These bits represent the input of the even word of ECC logic used in the ECC Logic Check. The
DAI[31:0] bits correspond to the 32 array bits representing Word 0 within the double word.

0 The array bit is forced at 0.
1 The array bit is forced at 1.

18.3.6.17 User Test 2 register (UT2)

The User Test 2 register allowsto enable the checks on the ECC logic related to the 32 M SB of the Double

Word.

The User Test 2 register is not accessible whenever MCR[DONE] or UTO[AID] are low. Reads return
indeterminate data. Writes have no effect.

Address: Base + 0x0044

Access: User read/write

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

R| DAI | DAI | DAI | DAI | DAI | DAI | DAI | DAI | DAI | DAI | DAI | DAI | DAI | DAI | DAI | DA

w/| 63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 48
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

R| DAI | DAI | DAI | DAI | DAI | DAI | DAI | DAI | DAI | DAI | DAI | DAI | DAI | DAI | DAI | DA

w| 47 46 45 44 | 43 42 41 40 39 38 37 36 35 34 33 32
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Flash Memory

Field

Description

DAI[63:32]

Data Array Input [63:32]
These bits represent the input of the odd word of ECC logic used in the ECC Logic Check. The

DAI[63:32] bits correspond to the 32 array bits representing Word 1 within the double word.
0 The array bit is forced at 0.
1 The array bit is forced at 1.

18.3.6.18 User Multiple Input Signature Register 0 (UMISRO)

The Multiple Input Signature Register 0 (UMISRO) provides a mean to evaluate the array integrity.
UMISRO represents the bits 31:0 of the whole 144-bit word (2 double words including ECC).

UMISROisnot accessiblewhenever MCR[DONE] or UTO[AID] arelow. Readsreturn indeterminate data.
Writes have no effect.

Address: Base + 0x0048

0

1

2

3

4

5

6

7

8

9

10

11

Access: User read/write

12

13

14

15

RIMS|MS|MS|MS|MS | MS|MS|MS|MS|MS|MS|MS | MS| MS| MS | MS
w| 031 | 030 | 029 | 028 | 027 | 026 | 025 | 024 | 023 | 022 | 021 | 020 | 019 | 018 | 017 | 016
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
RIMS|MS|MS|MS|MS | MS|MS |MS |MS|MS |MS | MS | MS | MS | MS | MS
w/| 015 | 014 | 013 | 012 | 011 | 010 | 009 | 008 | 007 | 006 | 005 | 004 | 003 | 002 | 001 | OO0
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 161. User Multiple Input Signature Register 0 (UMISRO)
Table 165. UMSIRO field descriptions
Field Description
MS[031:000] | Multiple input Signature 031-000

These bits represent the MISR value obtained by accumulating the bits 31:0 of all the pages read

from the flash memory.
The MS can be seeded to any value by writing the UMISRO register.

18.3.6.19 User Multiple Input Signature Register 1 (UMISR1)

The Multiple Input Signature Register 1 (UMISR1) provides a means to evaluate the array integrity.
UMISR1 represents bits 63:32 of the whole 144-bit word (2 double words including ECC).

UMISR1 isnot accessiblewhenever MCR[DONE] or UTO[AID] arelow. Readsreturn indeterminate data.
Writes have no effect.
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Address: Base + 0x004C

Access: User read/write

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
RIMS | MS | MS|MS|MS |MS | MS | MS|MS|MS|MS|MS|MS|MS|MS| MS
w| 063 | 062 | 061 | 060 | 059 | 058 | 057 | 056 | 055 | 054 | 053 | 052 | 051 | 050 | 049 | 048
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
RIMS | MS | MS|MS|MS |MS|MS | MS|MS|MS|MS|MS|MS|MS|MS| MS
w| 047 | 046 | 045 | 044 | 043 | 042 | 041 | 040 | 039 | 038 | 037 | 036 | 035 | 034 | 033 | 032
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 162. User Multiple Input Signature Register 1 (UMISR1)
Table 166. UMISR1 field descriptions
Field Description
MS[063:032] | Multiple input Signature 063—-032

These bits represent the MISR value obtained accumulating the bits 63:32 of all the pages read
from the flash memory.
The MS can be seeded to any value by writing the UMISR1 register.

18.3.6.20 User Multiple Input Signature Register 2 (UMISR2)

The Multiple Input Signature Register (UMISR2) providesamean to evaluate the array integrity. UMISR2
represents the bits 95-64 of the whole 144-bit word (2 double words including ECC).

UMISR2 isnot accessible whenever MCR[DONE] or UTO[AID] arelow. Readsreturn indeterminate data.
Writes have no effect.

Address: Base + 0x0050 Access: User read/write

0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
RIMS|MS|MS|MS|MS | MS|MS|MS|MS|MS|MS|MS | MS | MS | MS| MS
w| 095 | 094 | 093 | 092 | 091 | 090 | 089 | 088 | 087 | 086 | 085 | 084 | 083 | 082 | 081 | 080
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
RIMS|MS|MS|MS|MS | MS|MS |MS|MS|MS|MS|MS | MS| MS| MS| MS
w| 079 | 078 | 077 | 076 | 075 | 074 | 073 | 072 | 071 | 070 | 069 | 068 | 067 | 066 | 065 | 064
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 163. User Multiple Input Signature Register 2 (UMISR2)
Table 167. UMISR2 field descriptions
Field Description
MS[095:064] | Multiple input Signature 095-064

These bits represent the MISR value obtained by accumulating the bits 95:64 of all the pages read
from the flash memory.
The MS can be seeded to any value by writing the UMISR2 register.
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18.3.6.21 User Multiple Input Signature Register 3 (UMISR3)

The Multiple Input Signature Register 3 (UMISR3) provides a means to evaluate the array integrity.
UMISR3 represents bits 127:96 of the whole 144-bit word (2 double words including ECC).

UMISR3 isnot accessiblewhenever MCR[DONE] or UTO[AID] arelow. Readsreturn indeterminate data.
Writes have no effect.

Address: Base + 0x0054 Access: User read/write

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
RIMS|MS|MS|MS|MS | MS|MS|MS|MS|MS|MS|MS | MS| MS| MS| MS

w| 127 | 126 | 125 | 124 | 123 | 122 | 121 | 120 | 119 | 118 | 117 | 116 | 115 | 114 | 113 | 112
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
RIMS|MS|MS|MS|MS | MS|MS|MS|MS|MS|MS|MS | MS | MS | MS| MS
w| 111 | 110 | 109 | 108 | 107 | 106 | 105 | 104 | 103 | 102 | 101 | 100 | 099 | 098 | 097 | 096
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 164. User Multiple Input Signature Register 3 (UMISR3)
Table 168. UMISR3 field descriptions
Field Description

MS[127:096] | Multiple Input Signature 127—096
These bits represent the MISR value obtained accumulating bits 127:96 of all the pages read from
the flash memory.

The MS can be seeded to any value by writing the UMISR3 register.

18.3.6.22 User Multiple Input Signature Register 4 (UMISR4)

The Multiple Input Signature Register 4 (UMISR4) provides a means to evaluate the array integrity. The
UMISR4 represents the ECC bits of the whole 144-bit word (2 double words including ECC). Bits 8:15
are ECC hitsfor the odd double word and bits 24:31 are the ECC bits for the even double word. Bits 4:5
and 20:21 of UMISR4 are the double and single ECC error detection for odd and even double words,
respectively.

UMISR4 isnot accessible whenever MCR[DONE] or UTO[AID] arelow. Readsreturn indeterminate data.
Writes have no effect.
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Address: Base + 0x0058

0

1

2

3

4

5

6

7

8

9

10

11

Access: User read/write

12

13

14

15

RIMS | MS | MS|MS | MS |MS | MS | MS|MS|MS|MS|MS|MS|MS|MS| MS
w| 159 | 158 | 157 | 156 | 155 | 154 | 153 | 152 | 151 | 150 | 149 | 148 | 147 | 146 | 145 | 144
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
RIMS | MS | MS|MS|MS |MS | MS | MS|MS|MS|MS|MS|MS|MS|MS| MS
w| 143 | 142 | 141 | 140 | 139 | 138 | 137 | 136 | 135 | 134 | 133 | 132 | 131 | 130 | 129 | 128
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 165. User Multiple Input Signature Register 4 (UMISR4)
Table 169. UMISRA4 field descriptions
Field Description
MS[159:128] | Multiple Input Signature 159:128

These bits represent the MISR value obtained accumulating:
« MS[135:128]—8 ECC bhits for the even double word
* MS138—sSingle ECC error detection for even double word

* MS139—Double ECC error detection for even double word

MS[151:144]—8 ECC bits for the odd double word

* MS154—Single ECC error detection for odd double word

« MS155—Double ECC error detection for odd double word

The MS can be seeded to any value by writing the UMISR4 register.

18.3.6.23 Non-Volatile Private Censorship Password 0 register (NVPWDO)

The Non-Volatile Private Censorship Password O register (NVPWDO) contains the 32 LSB of the
password used to validate the Censorship information contained in NV SCIO-1 registers.

NOTE

This register is not implemented on the data flash block.

Address: 0x20_3DD8

R
w
Reset

R
w
Reset

0

1

2

3

4

5

6

7

8

9

10

11

Access: User read/write

12

13

14

15

PWD | PWD | PWD | PWD | PWD | PWD | PWD | PWD | PWD | PWD | PWD | PWD | PWD | PWD | PWD | PWD
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

PWD | PWD | PWD | PWD | PWD | PWD | PWD | PWD | PWD | PWD | PWD | PWD | PWD | PWD | PWD | PWD
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Figure 166. Non-Volatile private Censorship Password 0 register (NVPWDO)
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Table 170. NVPWDO field descriptions

Field Description

Password 31-0
The PWD[31:0] bits represent the 32 LSB of the private censorship password.

PWD[31:0]

18.3.6.24 Non-Volatile Private Censorship Password 1 register (NVPWD1)

The Non-Volatile Private Censorship Password 1 Register (NVPWD1) contains the 32 MSB of the
password used to validate the Censorship information contained in NV SCIO-1 registers.

Address: 0x20_3DDC

NOTE

Thisregister is not implemented on the data flash block.

Access: User read/write

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R|PwWD |PWD |PWD | PWD | PWD | PWD | PWD | PWD | PWD | PWD | PWD | PWD | PWD | PWD | PWD | PWD
w| 63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 48
Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R|PwWD |PWD |PWD | PWD | PWD | PWD | PWD | PWD | PWD | PWD | PWD | PWD | PWD | PWD | PWD | PWD
w| 47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32
Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Figure 167. Non-Volatile Private Censorship Password 1 register (NVPWD1)
Table 171. NVPWDL1 field descriptions
Field Description

PWD63-32: PassWorD 63-32
The PWD63-32 registers represent the 32 MSB of the Private Censorship Password.

18.3.6.25 Non-Volatile System Censoring Information 0 register (NVSCIO)

The Non-Volatile System Censoring Information O register (NV SCI0) storesthe 32 L SB of the Censorship
Control Word of the device.

NV SCIO0 is anon-volatile register located in Shadow sector. It isread during the reset phase of the flash
module and the protection mechanisms are activated consequently.

The parts are delivered uncensored to the user. Delivery value: Ox55AA_55AA.

NOTE
Thisregister is not implemented on the data flash block.
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Address: 0x20_3DEO

Access: User read/write

0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
Risc|sc|sc|sCc|sC|sC|SC|[SC|SC|SC|SC|SC|SC]|sC]|sC]|sC
w| 15 | 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0
Reset 0 1 0 1 0 1 0 1 1 0 1 0 1 0 1 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
RIcw|CW|CW | CW | CW|CW | CW|CW | CW| CW|CW|CW|CW|CW]|CW]|CWwW
w| 15 | 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0
Reset 0 1 0 1 0 1 0 1 1 0 1 0 1 0 1 0
Figure 168. Non-Volatile System Censoring Information 0 register (NVSCIO)
Table 172. NVSCIO field descriptions
Field Description
SC[15:0] Serial Censorship control word 15-0
These bits represent the 16 LSB of the Serial Censorship Control Word (SCCW).
If SC[15:0] = 0x55AA and NVSCI1 = NVSCIO, the Public Access is disabled.
If SC[15:0] # 0x55AA or NVSCI1 # NVSCIO, the Public Access is enabled.
CWI[15:0] Censorship control Word 15-0
These bits represent the 16 LSB of the Censorship Control Word (CCW).
If CW[15:0] = 0x55AA and NVSCI1 = NVSCIO, the Censored mode is disabled.
If CW[15:0] # Ox55AA or NVSCI1 # NVSCIO, the Censored mode is enabled.

18.3.6.26 Non-Volatile System Censoring Information 1 register (NVSCI1)
The Non-Volatile System Censoring Information 1 register (NV SCI1) stores the 32 MSB of the

Censorship Control Word of the device.
NV SCI1isanon-volatile register located in Shadow sector. It isread during the reset phase of the flash

module and the protection mechanisms are activated consequently.

The parts are delivered uncensored to the user. Delivery value: OX55AA_55AA.

NOTE
This register is not implemented on the data flash block.

Address: 0x20_3DE4

0

1

2

3

4

5

6

7

8

9

10

11

Access: User read/write

12

13

14

15

Risc|sc|sc|sCc|scC|sC|sC|sSC|SC|SC|SC|SC|sSC|sSC]|sC]|sC
w| 31 30 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16
Reset 0 1 0 1 0 1 0 1 1 0 1 0 1 0 1 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
RIcw|CwW|CW | CW | CW|CW|CW|CW| CW| CW|CW|CW|CW|CW]|CW]|Cw
w| 31 30 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16
Reset O 1 0 1 0 1 0 1 1 0 1 0 1 0 1 0

Figure 169. Non-Volatile System Censoring Information 1 register (NVSCI1)
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Table 173. NVSCI1 field descriptions

Field Description

SC[32:16] | Serial Censorship control word 32-16
These bits represent the 16 MSB of the Serial Censorship Control Word (SCCW).
If SC[32:16] = Ox55AA and NVSCI1 = NVSCIO, the Public Access is disabled.

If SC[32:16] # Ox55AA or NVSCI1l# NVSCIO, the Public Access is enabled.

CWI[32:16] | Censorship control Word 32-16
These bits represent the 16 MSB of the Censorship Control Word (CCW).
CWI[32:16] = 0x55AA and NVSCI1 = NVSCIO, the Censored mode is disabled.

CWI[32:16]# Ox55AA or NVSCI1# NVSCIO, the Censored mode is enabled.

18.3.6.27 Non-Volatile User Options register (NVUSRO)

The Non-Volatile User Options Register (NVUSRO) contains configuration information for the user
application.

NVUSRO is a 64-bit register, the 32 most significant bits of which (bits 63:32) are “don’t care” bits that
are eventually used to manage ECC codes.

NOTE
Thisregister is not implemented on the data flash block.

Address: 0x20_3E18 Access: User read/write

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R
| U031 | U030 U029 U028 U027| U026 | UO25| U024 U023 | U022 U021 | UO20| UO19| UO18| UO17| U016
Reset x X X X X X X X X X X X X X X X
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R 0 |oscCl| s
W LLAT | ")
UO15|UO14|UO13|UO12|UO11 |UO10| UO9 | UOS | UO7 | UOG | UOS | UO4 | UO3 OR_| 06
MAR |~ 29
GIN |-
Reset X X X X X X X X X X X X X X X X

Figure 170. Non-Volatile User Options register (NVUSRO)

The Non-Volatile User Options Register (NVUSRO) contains configuration information for the user
application.

NVUSRO is a 64-bit register, the 32 most significant bits of which (bits 63:32) are “don’t care” bits that
are eventually used to manage ECC codes.

Table 174. NVUSRO field descriptions

Field Description

uo User Options 31-3

The UO[31:3] bits are reset based on the information stored in NVUSRO.
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Table 174. NVUSRO field descriptions (continued)

Field Description

OSCILLATOR_ | Oscillator Margin
MARGIN 0 Low consumption configuration (4 MHz/8 MHz).
1 High margin configuration (4/16 MHz).
Default manufacturing value before flash initialization is '1'

WATCHDOG_E | Watchdog Enable
N 0 Disable after reset.
1 Enable after reset.
Default manufacturing value before flash initialization is '1'

18.3.7 Programming Considerations

NOTE

Likeall flash memory, before an arbitrary value can be written to amemory
location in flash on these devices, the block containing that address must be
erased (all valuesset to“1"). The electrical characteristics of flash memory
allow write operationsto only transition individual bitsfrom*“1” to“0”, and
to perform erase operations only at the block-level.

18.3.7.1 Modify Operations

All the modify operations of the flash modules are managed through the flash array control registers. All
blocks of each flash array module belong to the same partition (bank), therefore when a modify operation
is active on some blocks no read access is possible on any other block within the same array module.

During aflash modify operation any attempt to read any flash location within the same module will output
invalid data and bit RWE of MCR will be automatically set. This means that the flash module is not
fetchable when a modify operation is active within the same array module: the modify operation
commands must be executed from another array.

If during a modify operation areset occurs, the operation is suddenly interrupted and the array is reset to
Read Mode. The dataintegrity of the flash section where the modify operation has been aborted is not
guaranteed: the interrupted flash modify operation must be repeated.

In general each modify operation is started through a sequence of 3 steps:

1. Thefirstinstruction isused to select the desired operation by setting its corresponding selection bit
in MCR (PGM or ERS) or UTO (MRE or EIE).

2. Thesecond step isthe definition of the operands: the Address and the Datafor programming or the
blocks for erase or factory margin read.

3. Thethird instruction is used to start the modify operation, by setting EHV in MCR or AIE in
theUTO register.

Once selected, but not yet started, one operation can be canceled by resetting the operation selection bit.
A summary of the available flash modify operations are shown in Table 175.
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Table 175. Flash Modify Operations

Operation Select bit Operands Start bit
Double Word Program MCR.PGM Address and Data by Interlock Writes | MCR.EHV
Block Erase MCR.ERS LMS, HBS MCR.EHV
Array Integrity Check? None LMS, HBS UTO.AIE
Factory Margin Read 1 UTO0.MRE UTO0.MRV + LMS, HBS UTO.AIE
ECC Logic Check 1 UTO.EIE UTO0.DSI, UT1, UT2 UTO.AIE

1 This operation is executed from User Test Mode. See Section 18.3.7.1.4, “User Test Mode”,for details.

In general each modify operation is completed through a sequence of 4 steps.
1. Wait for operation completion: wait for bit MCR.DONE (or UTO.AID) to go high.
2. Check operation result: check bit MCR.PEG (or compare UMISR0-4 with expected value).
3. Switch-Off flash controller by resetting MCR.EHV (or UTO.AIE).
4. Desdlect current operation by clearing MCR.PGM/ERS (or UTO.MRE/EIE).

If amodify operation ison-going in an array then it isforbidden to start any other modify operation in the
other arrays on the device.

In the following sections all modify operations are described and some examples of the sequences needed
to activate them are presented.

18.3.7.1.1 Double Word Program

A flash program sequence operates on any double word within the flash. Up to 2 words within the double
word may be altered in a single program operation. During a program operation, ECC bits are
programmed. ECC ishandled on a64 bit boundary. Thus, if only 1 word in any given 64 bit ECC segment
is programmed, the adjoining word (in that segment) should not be programmed since ECC calculation
has already completed for that 64 bit segment. Attempts to program the adjoining word will result in an
operation failure. It is recommended that all programming operations be of 64 bits. The programming
operation should completely fill selected ECC segments within the double word.

Programming changes the value stored in an array bit from logic 1 to logic 0 only. Programming cannot
change astored logic O to alogic 1.

Addresses in locked/disabled blocks cannot be programmed.
You can program the valuesin any or al of 2 words, of a double word, with a single program sequence.
Double word-bound words have addresses which differ only in address bit 2.

The Program operation consists of the following sequence of events:
1. Change the valuein the MCR.PGM bit from O to 1.
2. Ensure the block that contains the address to be programmed is unlocked.
— Wirite the first address to be programmed with the program data.
— Theflash module latches address bits (22:3) at thistime.
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— The flash module latches data written as well.

— Thiswriteisreferred to as a program data interlock write. An interlock write may be aslarge
as 64 bits, and as small as 32 bits (depending on the CPU bus).

3. If more than one word is to be programmed, write the additional address in the double word with
data to be programmed. Thisis referred to as a program data write.

The flash modules ignore address bits (22:3) for program data writes,
The eventual unwritten data word default to OXFFFFFFFF.

4. Writealogic 1tothe MCR.EHV bhit to start the internal program sequence or skip to step 9 to
terminate.

Wait until the MCR.DONE bit goes high.

Confirm MCR.PEG=1.

Write alogic 0 to the MCR.EHV hit.

If more addresses are to be programmed, return to step 2.

9. Writealogic 0 to the MCR.PGM hit to terminate the program operation.

A program may be initiated with the 0 to 1 transition of the MCR.PGM bit or by clearing the MCR.EHV
bit at the end of a previous program.

o N o O

Thefirst write after aprogram isinitiated determines the page address to be programmed. Thisfirst write
isreferred to asan interlock write. The interlock write determinesif the shadow or normal array space will
be programmed by causing MCR.PEAS to be set/cleared.

Aninterlock write must be performed before setting MCR.EHV. An application may terminate a program
sequence by clearing MCR.PGM prior to setting MCR.EHV.

While MCR.DONE islow and MCR.EHYV is high, an application may clear EHV, resulting in a program
abort.

A program abort forces the Module to step 8 of the program sequence.

An aborted program will result in MCR.PEG being set low, indicating afailed operation. MCR.DONE
must be checked to know when the aborting command has completed.

The data space being operated on before the abort will contain indeterminate data. This may be recovered
by repeating the same program instruction with the same data or executing an erase of the affected blocks.

Example 18-1. Double Word Program of data Ox55AA55AA at address 0XOOAAAS8 and data OXxAA55AA55 at
address OXO0AAAC.

MCR = 0x00000010; /* Set PGM in MCR: Select PGM Operation */
(0x00AAA8) = O0x55AA55AA; /* Latch Address and 32 LSB data */
(0x00AAAC) = OxAAS55AA55; /* Latch 32 MSB data */

MCR = 0x00000011; /* Set EHV in MCR: Operation Start */

do /* Loop to wait for DONE=1 */

{ tmp = MCR; /* Read MCR */

} while ( !(tmp & 0x00000400) );

status = MCR & 0x00000200; /* Check PEG flag */

MCR = 0x00000010; /* Reset EHV in MCR: Operation End */

MCR = 0x00000000; /* Reset PGM in MCR: Deselect Operation */
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18.3.7.1.2 Block Erase
Erase changesthe value stored in al bits of the selected block(s) to logic 1. An erase sequence operates on
any combination of blocksin the low, mid or high address space, or the shadow block (if available).

» Theerase sequence is fully automated within the flash. an application only needs to select the
blocks to be erased and initiate the erase sequence.

» Locked/disabled blocks cannot be erased.

« If multiple blocks are selected for erase during an erase sequence, no specific operation order must
be assumed.

The Erase operation consists of the following sequence of events:

1. Changethevaueinthe MCR.ERS bit from O to 1.

2. Select the block(s) to be erased by writing 1's to the appropriate register(s) in LMSR or HSR
registers.
If the shadow block is to be erased, this step may be skipped, and LM SR and HSR are ignored.
Note that Lock and Select are independent. If ablock is selected and locked, no erase will occur.

3. Writeto any addressin flash. Thisisreferred to as an erase interlock write.

Writealogic 1 to the MCR.EHV bit to start the internal erase sequence or skip to step 9 to
terminate.

Wait until the MCR.DONE bit goes high.

Confirm MCR.PEG=1.

Write alogic 0 to the MCR.EHV hit.

If more blocks are to be erased, return to step 2.

9. Writealogic 0 to the MCR.ERS bit to terminate the erase operation.

>

o N o O

Additional considerations:

» After setting MCR.ERS, one write, referred to as an interlock write, must be performed before
MCR.EHV can be set to 1.

» Datawords written during erase sequence interlock writes are ignored.

* An application may terminate the erase sequence by clearing ERS before setting EHV.

* An erase operation may be aborted by clearing MCR.EHV assuming MCR.DONE islow,
e MCR.EHV ishighand MCR.ESUS is low.

* An erase abort forces the Module to step 8 of the erase sequence.

* An aborted erase will result in MCR.PEG being set low, indicating a failed operation.

»  MCR.DONE must be checked to know when the aborting command has compl eted.

» Theblock(s) being operated on before the abort contain indeterminate data. Thismay be recovered
by executing an erase on the affected blocks.

* An application may not abort an erase sequence while in erase suspend.

The following exampl e selects two blocks using the L SEL [2-1] bits of the LM SR register to select blocks
2aand 1b (see Table 137 for the flash space memory map and Section 18.3.6.2, “Low/Mid Address Space
Block Locking register (LML)”, ) and performs an erase.
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Example 18-2. Erase of Blocks 2a and 1b

MCR = 0x00000004; /* Set ERS in MCR: Select ERS Operation */

LMSR = 0x00000006; /* Set LSEL2-1 in LMSR: Select blocks to erase */
(0x000000) = OXFFFFFFFF; /* Latch a Flash Address with any data */
MCR = 0x00000005; /* Set EHV in MCR: Operation Start */

do /* Loop to wait for DONE=1 */

{ tmp = MCR; /* Read MCR */

} while ( !(tmp & 0x00000400) );

status = MCR & 0x00000200; /* Check PEG flag */

MCR = 0x00000004; /* Reset EHV in MCR: Operation End */

MCR = 0x00000000; /* Reset ERS in MCR: Deselect Operation */

18.3.7.1.3 Erase Suspend/Resume

The erase sequence may be suspended to allow read accessto the flash array. It is not possible to program
or to erase during an erase suspend. During erase suspend, all reads to blocks targeted for erase return
indeterminate data.

An erase suspend isinitiated by changing the value of the MCR.ESUS bit from 0 to 1. MCR.ESUS can be
set to 1 at any time when MCR.ERS and MCR.EHV are high and MCR.PGM islow. A 0to 1 transition
of MCR.ESUS causes the array modul e to start the sequence which placesit in erase suspend.

An application must wait until MCR.DONE=1 before the erase operation is suspended and further actions
are attempted. MCR.DONE will go high after MCR.ESUS is set to 1.

Once suspended, the array may be read. Reads while M CR.ESUS=1 from the block(s) being erased return
indeterminate data.

Example 18-3. Block Erase Suspend.

MCR = 0x00000007; /* Set ESUS in MCR: Erase Suspend */
do /* Loop to wait for DONE=1 */

{ tmp = MCR; /* Read MCR */

} while ( !(tmp & 0x00000400) );

Note that there is no need to clear MCR.EHV and MCR.ERS in order to perform reads during erase
suspend. The erase sequence is resumed by writing alogic 0 to MCR.ESUS.

MCR.EHV must be set to 1 before MCR.ESUS can be cleared to resume the operation.
The array module continues the erase sequence from one of a set of predefined points. This may
extend the time required for the erase operation.

Example 18-4. Block Erase Resume.

MCR = 0x00000005; /* Reset ESUS in MCR: Erase Resume */

18.3.7.1.4 User Test Mode

User Test Mode is amode that customers can put the flash array module in to do specific tests to check
integrity.
Three kinds of test can be performed:
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» Array Integrity Self Check
» Factory Margin Mode Read
* ECC Logic Check

The User Test Mode is equivalent to a modify operation: read accesses attempted during User Test Mode
generate a Read-While-Write Error (RWE of MCR set).

User Test operations are not allowed on the Test and Shadow blocks.

Array Integrity Self Check

Array Integrity is checked using a pre-defined address sequence (proprietary), and is executed on selected
and unlocked blocks. Once the operation is completed, the results of the reads can be checked by reading
the MISR value (stored in UMISR0-4), to determine if an incorrect read, or ECC detection was noted.

Theinternal MISR calculator is a 32 bit register.

The 128-bit data, the 16 ECC data and the single and double ECC errors of the two double words are
therefore captured by the MISR through 5 different read accesses at the same location.

The whole check is done through 5 complete scans of the memory address space:

The first passwill scan only bits 31-0 of each page.

The second pass will scan only bits 63-32 of each page.

The third pass will scan only bits 95-64 of each page.

The fourth pass will scan only bits 127-96 of each page.

The fifth pass will scan only the ECC bits (8 + 8) and the single and double ECC errors (2 + 2) of
both double words of each page.

The 128 data bit and the 16 ECC data are sampled before the eventual ECC correction, while the single
and double error flags are sampled after the ECC evaluation.

o wbNPE

Only data from existing and unlocked locations are captured by the MISR.
The MISR can be seeded to any value by writing the UMISRO0-4 registers.

The Array Integrity Self Check consists of the following sequence of events:
1. Set UTEinUTO by writing the related password in UTO.
2. Select the block(s) to be checked by writing 1's to the appropriate register(s) in LMSR or HSR
registers.
Note that Lock and Select are independent. If ablock is selected and locked, no Array Integrity
Check will occur.
Set UTO.AIS bit for a sequential addressing only.
Write alogic 1 to the UTO.AIE bit to start the Array Integrity Check.
Wait until the UTO.AID bit goes high.
Compare UMISRO0-4 content with the expected result.
Write alogic O to the UTO.AIE bit.

N o o s~ w
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8. If more blocks are to be checked, return to step 2.

It isrecommended to leave UTO.AIS at 0 and use the proprietary address sequence that checks the read
path more fully, although this sequence takes more time. While UTO.AID islow and UTO.AIE ishigh, an
application may clear AIE, resulting in aArray Integrity Check abort. UTO.AID must be checked to know
when the aborting command has compl eted.

The following exampl e selects two blocks using the L SEL [2-1] bits of the LM SR register to select blocks
2aand 1b and performs an array integrity check of those blocks.

Example 18-5. Array Integrity Check of Blocks 2a and 1b

UTO0 = OxF9F99999; /* Set UTE in UTO: Enable User Test */
LMSR = 0x00000006; /* Set LSEL2-1 in LMSR: Select blocks */
UTO = 0x80000002; /* Set AIE in UTO0: Operation Start */

do /* Loop to wait for AID=1 */

{ tmp = UTO; /* Read UTO */

} while ( !(tmp & 0x00000001) );

data0 = UMISRO; /* Read UMISRO content*/
datal = UMISR1; /* Read UMISR1 content*/
data2 = UMISR2; /* Read UMISR2 content*/
data3 = UMISR3; /* Read UMISR3 content*/
data4 = UMISR4; /* Read UMISR4 content*/

UTO0 = 0x00000000; /* Reset UTE and AIE in UTO: Operation End */

Factory Margin Read

NOTE

Factory margin read is adiagnostic to check proper programming, for
example by 3rd party programming service providers. It isnot supported in
customer applications because the voltages used for margin reads can
reduce the life expectancy of the flash array.

The factory margin read procedure (either Margin O or Margin 1) can be run on unlocked blocks to
unbal ance the sense amplifiers with respect to standard read conditions so that all read accesses reduce the
marginvs‘0’ (UTO.MRV =‘0')orvs‘l (UTO.MRV =*1"). Locked sectors are ignored by MISR
calculation and ECC flagging.

Theresults of thefactory margin reads can be checked by comparing the checksum valuein the UMISRO0-4
registers.

Since factory margin reads are done at voltages that are higher than the normal read voltages, lifetime
expectancy of the flash may be impacted. Doing factory margin reads repeatedly resultsin degradation of
the flash array and shortensthe lifetime expected with normal read levels. For these reasonsthis capability
isreserved for factory use only and is not supported in user applications. Charge | osses detected viamargin
reads are not considered failures of the device and no Failure Analysis will be opened on them.

The Margin Read Setup operation consists of the following sequence of events:
1. Set UTEin UTO by writing the related password in UTO.

2. Select the block(s) to be checked by writing 1's to the appropriate register(s) in LMS or HBS
registers.
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Note that Lock and Select are independent. If ablock is selected and locked, no Margin Read will

occur.

© 0o N gk w

Set eventually UTO.AIS bit for a sequential addressing only.
Change the value in the UTO.MRE bit from O to 1.

Select the Margin level: UTO.MRV=0 for 0's margin, UTO.MRV=1 for 1's margin.

Write alogic 1 to the UTO.AIE bit to start the Margin Read Setup or skip to step 6 to terminate.
Wait until the UTO.AID bit goes high.

Compare UMISRO0-4 content with the expected result.

Write alogic 0 to the UTO.AIE, UTO.MRE and UTO.MRV bhits.

10. If more blocks are to be checked, return to step 2.

It isrecommended to leave UTO.AIS at 1 and use the linear address sequence, which takes less time.

During the execution of the Margin Read operation it is forbidden to modify the content of Block Select
(LMS, HBS) and Lock (LML, SLL, HBL) registers, otherwise the MISR value can vary in an
unpredictable way.

The read accesses will be done with the addition of a proper number of Wait States to guarantee the
correctness of the result.

While UTO.AID islow and UTO.AIE is high, the user may clear AIE, resulting in aArray Integrity Check

abort.

UTO.AID must be checked to know when the aborting command has completed.

Example 18-6. Margin Read Check versus 1's .

UMISRO
UMISR1
UMISR2
UMISR3
UMISR4
UTO
LMS
UTO
UTO
UTO
UTO
do /*
{ tmp

data0
datal
data2

0x00000000;
0x00000000;
0x00000000;
0x00000000;

= 0x00000000;
0xF9F99999;
0x00000006;
0x80000004 ;
0x80000024;
0x80000034;
0x80000036;

Loop to wait for AID=1 */

= UTO0; /* Read UTO */

} while ( !(tmp & 0x00000001) )
Read UMISRO
Read UMISR1
Read UMISR2
Read UMISR3
Read UMISR4

/* Reset AIE

UMISRO;
UMISRL;
UMISR2;
UMISR3;
UMISR4 ;
0x80000034;
0x00000000;

/*
/*
/*
/*
/*

/*
/*
/*
/*
/*
/*

/* Reset UTE, MRE, MRV, AIS in UTO0: Deselect Op.

/*
/*
/*
/*
/*
Set
Set
Set
Set
Set
Set

Reset UMISRO content */
Reset UMISR1 content */
Reset UMISR2 content */
Reset UMISR3 content */
Reset UMISR4 content */

UTE in
LSL2-1
AIS in
MRE in
MRV in
AIE in

UTO: Enable User Test */

in LMS: Select Sectors */

UT0: Select Operation */

UTO0: Select Operation */

UT0: Select Margin versus 1l's */
UTO: Operation Start */

content*/
content*/
content*/
content*/
content*/
in UTO0: Operation End */
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ECC Logic Check

ECC Logic Check verifiestheintegrity of the ECC correction and detection logic. The operation provides
user control over the 64 data bit + 8 parity bit inputs. Results of the ECC logic can be checked by reading
the MISR value.

The ECC Logic Check operation consists of the following sequence of events:

Set UTE in UTO by writing the related password in UTO.

Writein UT1.DAI31-0 and UT2.DAI63-32 the double word input value.

Writein UT0.DSI7-0 the Syndrome Input value.

Select the ECC Logic Check: write alogic 1 to the UTO.EIE bit.

Write alogic 1 to the UTO.AIE bit to start the ECC Logic Check.

Wait until the UTO.AID bit goes high.

Compare UMISRO0-4 content with the expected result.

8. Writealogic O to the UTO.AIE bit.

Notice that when UTO.AID islow UMISRO0-4, UT1-2 and bits MRE, MRV, EIE, AlSand DSI7-0 of UTO
are not accessible: reading returns indeterminate data and writing has no effect.

N o s~ WP

Example 18-7. ECC Logic Check

UTO0 = OxF9F99999; /* Set UTE in UTO: Enable User Test */

UT1 = 0x55555555; /* Set DAI31-0 in UT1l: Even Word Input Data */
UT2 = OxXAAAAAAAA; /* Set DAI63-32 in UT2: 0dd Word Input Data */
UTO0 = 0xX80FF0000; /* Set DSI7-0 in UTO0: Syndrome Input Data */
UTO0 = 0x80FF0008; /* Set EIE in UTO: Select ECC Logic Check */
UTO0 = O0x80FF000A; /* Set AIE in UTO: Operation Start */

do /* Loop to wait for AID=1 */
{ tmp = UTO; /* Read UTO */
} while ( !(tmp & 0x00000001) );

data0 = UMISRO; /* Read UMISRO content (expected 0x55555555) */
datal = UMISR1; /* Read UMISR1 content (expected OxAAAAAAAA) */
data2 = UMISR2; /* Read UMISR2 content (expected 0x55555555) */
data3 = UMISR3; /* Read UMISR3 content (expected OxAAAAAAAA) */
data4 = UMISR4; /* Read UMISR4 content (expected 0x00FFOOFF) */

UTO = 0x00000000; /* Reset UTE, AIE and EIE in UTO: Operation End */

18.3.7.2 Error correction code

The Flash module provides a method to improve the reliability of the data stored in Flash: the usage of an
Error Correction Code. The word sizeisfixed at 64 bits.

Eight ECC bits, programmed to guarantee a Single Error Correction and a Double Error Detection
(SEC-DED), are associated to each 64-bit Double Word.

ECC circuitry provides correction of single bit faults and is used to achieve automotive reliability targets.
Some units will experience single bit corrections throughout the life of the product with no impact to
product reliability.
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18.3.7.2.1 ECC algorithms

The Flash module supports one ECC Algorithm: “All *1's No Error”. A modified Hamming code is used
that ensures the all erased state (that is, OXFFFF.....FFFF) datais avalid state, and will not cause an ECC
error. This allows the user to perform a blank check after a sector erase operation.

18.3.7.3 EEprom emulation

18.3.7.4 Eprom Emulation

The choosen ECC al gorithm allows some bit mani pul ations so that a Double Word can be rewritten several
times without needing an erase of the sector. This allowsto use a Double Word to store flags useful for the
Eeprom Emulation. As an example the choosen ECC algorithm allows to start from an All *1's Double
Word value and rewrite whichever of itsfour 16-bitsHalf-Wordsto an All * 0’s content by keeping the same
ECC value.

The following table shows a set of Double Words sharing the same ECC value:
Table 176. Bits Manipulation: Double Words with the same ECC value

Double Word ECC All ‘1's No Error
OXFFFF_FFFF_FFFF_FFFF OXFF
OxFFFF_FFFF_FFFF_0000 OXFF
OxFFFF_FFFF_0000_FFFF OXFF
OxFFFF_0000_FFFF_FFFF OxXFF
0x0000_FFFF_FFFF_FFFF OXFF
OxFFFF_FFFF_0000_0000 OxFF
OxFFFF_0000_FFFF_0000 OxFF
0x0000_FFFF_FFFF_0000 OxFF
OxFFFF_0000_0000_FFFF OxFF
0x0000_FFFF_0000_FFFF OxFF
0x0000_0000_FFFF_FFFF OxFF
OxFFFF_0000_0000_0000 OxFF
0x0000_FFFF_0000_0000 OxFF

0x0000_0000_0000_0000 OxFF

When some Flash sectors are used to perform an Eeprom Emulation, it is reccomended for safety reasons
to reserve at least 3 sectorsto this purpose.
18.3.7.4.1  All ‘1’s No Error

The All *1’s No Error Algorithm detects as valid any Double Word read on a just erased sector (all the 72
bitsare ‘1’s).

This option allows to perform a Blank Check after a Sector Erase operation.
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18.3.7.5 Protection strategy

Two kindsof protection areavailable: M odify Protection to avoid unwanted program/erase in Flash sectors
and Censored Mode to avoid piracy.

18.3.7.5.1 Modify protection

The Flash Modify Protection informationisstored in non-volatile Flash cellslocated in the TestFlash. This
information isread once during the Flash initialization phase following the exiting from Reset and is stored
in volatile registers that act as actuators.

The reset state of all the volatile modify protection registersisthe protected state.

All the non-volatile modify protection registers can be programmed through a normal Double Word
Program operation at the related locations in TestFlash.

The non-volatile modify protection registers cannot be erased.

* Thenon-volatile Modify Protection Registers are physically located in TestFlash their bits can be
programmed to ‘0’ only once and they can no more berestoredto‘1’.

» TheVolatile Modify Protection Registers are Read/Write registers which bits can be written at ‘0’
or ‘1’ by the user application.

A software mechanism is provided to independently lock/unlock each Low, Mid and High Address Space
Block against program and erase.

Software locking is done through the LML (Low/Mid Address Space Block Lock Register) or HBL (High
Address Space Block Lock Register) registers.

An alternate means to enable software locking for blocks of Low Address Space only is through the SLL
(Secondary Low/Mid Address Space Block Lock Register).

All theseregisters have anon-volatile image stored in TestFlash (NVLML, NVHBL, NVSLL), so that the
locking information is kept on reset.

On delivery the TestFlash non-volatileimageisat all ‘1's, meaning all sectors are locked.
By programming the non-volatile locations in TestFl ash the sel ected sectors can be unlocked.

Being the TestFlash One Time Programmable (that is, not erasable), once unlocked the sectors cannot be
locked again.

Of course, on the contrary, al the volatile registers can be written at 0 or 1 at any time, therefore the user
application can lock and unlock sectors when desired.

18.3.7.5.2 Censored Mode

The Censored Mode information is stored in non-volatile Flash cells located in the Shadow Sector. This
information isread once during the Flash initialization phase following the exiting from Reset and is stored
in volatile registers that act as actuators.
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The reset state of all the Volatile Censored Mode Registers is the protected state.

All the non-volatile Censored M ode regi sters can be programmed through anormal Double Word Program
operation at the related locations in the Shadow Sector.
The non-volatile Censored Mode registers can be erased by erasing the Shadow Sector.

* Thenon-volatile Censored Mode Registers are physically located in the Shadow Sector their bits
can be programmed to ‘0’ and eventually restored to ‘1’ by erasing the Shadow Sector.

* The Volatile Censored Mode Registers are registers not accessible by the user application.

The Flash module provides two levels of protection against piracy:
o |If bits CW15:0 of NV SCIO0 are programmed at OX55AA and NV SC1 = NV SCI0 the Censored
Mode is disabled, while al the other possible values enable the Censored Mode.

* If bits SC15:0 of NV SCIO0 are programmed at Ox55AA and NV SC1 = NV SCI0 the Public Access
isdisabled, while all the other possible values enable the Public Access.

The parts are delivered to the user with Censored Mode and Public Access disabled.

18.4 Data Flash Memory

18.4.1 Block Overview

The primary function of the Flash Module isto serve as electrically programmable and erasable
Non-Volatile Memory.

NV Memory may be used for instruction and/or data storage.

The Module isaNon-Volatile solid-state silicon memory device consisting of blocks (called also sectors)
of single transistor storage elements, an electrical means for selectively adding (programming) and
removing (erasing) charge from these elements, and a means of selectively sensing (reading) the charge
stored in these elements.

The Flash Module is arranged as two functional units: the Flash Core and the Memory Interface.

The Flash Core is composed of arrayed Non-Volatile storage elements, sense amplifiers, row decoders,
column decoders and charge pumps. The arrayed storage elements in the Flash Core are sub-divided into
physically separate units referred to as blocks (or sectors).

Flash core is organized including ECC correction code. ECC circuitry provides correction of single bit
faults and is used to achieve automotive reliability targets. Some units will experience single bit
corrections throughout the life of the product with no impact to product reliability.

The Memory Interface contains the registers and logic which control the operation of the Flash Core. The
Memory Interfaceis a so the interface between the Flash Module and a Bus Interface Unit (BIU) and may
contain the ECC logic and redundancy logic.

A BIU connects the Flash Module to a system bus, and contains all system level customization required
for the SoC application. The Flash Moduleis generic and requires a BlU to configure it for different SoC
applications. A BIU isnot included as a part of the Flash Module.
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18.4.2 Features

* 120 nsAccess Time

» 32 bits Read/Write parallelism

» 7 bits Error Correction Code (SEC-DED) to enhance Data Retention

» Sector Erase

* Single Bank: Read-While-Modify not available

» Erase Suspend available (Program Suspend not available)

» Software programmable Program/Erase Protection to avoid unwanted writings
» Shadow Sector not available

* Optimized Data Flash isadlave | P that requires clocks and reference current coming from Master
LC DataFlash

18.4.3 Block Diagram

The Flash Macrocell contains one Matrix Module, composed by aSingle Bank: Bank 0, normally used for
Code storage. No Read-While-Modify operations are possible.

TheModify operations are managed by an embedded Flash Program/Erase Controller (FPEC). Commands
to the FPEC are given through aUser Registersinterface. Theread databusis 32 bitswide, whilethe Flash
registers are on a separate bus 32 bits wide. The High Voltages needed for Program/Erase operations are
internally generated.

HV generator
Flash
¢—| Program/Erase
Flash Bank O Controller
64KB
+ 8KB TestFlash Flash
Registers
Matrix Registers
Interface Interface

Figure 171. Flash Macrocell Structure

MPC5604E Reference Manual, Rev. 5

18-358 Freescale Semiconductor



Flash Memory

18.4.4 Functional Description

18.4.4.1 Macrocell Structure

The Flash Macrocell is designed for use in embedded M CU/SoC applications which require Data
Non-Volatile Memories for EE emulation.
The Flash Module is addressable by Word (32 bits) for program and for read.

The Flash Module supports fault tolerance through Error Correction Code (ECC) and/or error detection.
The ECC implemented within the Flash Module will correct single bit failures and detect double bit
failures.

The Flash Module uses an embedded hardware algorithm implemented in the Memory Interface to
program and erase the Flash Core.

Control logic that works with the software block enables, and software lock mechanisms, isincluded in
the embedded hardware algorithm to guard against accidental program/erase.

The hardware algorithm perform the steps necessary to ensure that the storage elements are programmed
and erased with sufficient margin to guarantee data integrity and reliability.

A programmed bit in the Flash Module reads as logic level O (or low).

An erased hit in the Flash Module reads as logic level 1 (or high).

Program and erase of the Flash Module requires multiple system clock cyclesto complete.

The erase sequence may be suspended.

The program and erase sequences may be aborted.

Being aslave IP, Data Flash requires Code Flash to be active (means not under reset or in Disable Mode
or in Sleep Mode) in order to be active.

18.4.4.2 Data flash sectorization
The Flash Module supports memory sizes of 72 KB of User Memory, plus 8KB of Test Memory.
There are two User Address Spaces. Low and Mid Address Space.

Thereisonly one size of blocks available to the User in the Flash Core: 16KB. 8KB isreseved for Test
Flash

The Flash Module is composed by a single Bank (Bank 0): Read-While-Modify is not supported.

Bank O of the 72 KB Flash macrocell isdivided in 4 sectors. Bank O contains also areserved sector named
TestFlash in which some One Time Programmable User data are stored.

Table 177. Data Flash Module Sectorization

Bank Sector Addresses Size Address Space
BO BOFO 0x000000 to OXO003FFF 16KB Low Address Space
BO BOF1 0x004000 to OXO07FFF 16KB Low Address Space
BO BOF2 0x008000 to OXO0BFFF 16KB Low Address Space
BO BOF3 0x00C000 to OXO0FFFF 16KB Low Address Space
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Table 177. Data Flash Module Sectorization

Bank Sector Addresses Size Address Space
BO Reserved 0x010000 to OX03FFFF 192KB Low Address Space
BO Reserved 0x040000 to OX07FFFF 256KB Mid Address Space
BO BOTF 0x402000 to Ox403FFF 8KB Test Address Space
BO Reserved 0x404000 to OX7FFFFF 4080KB Test Address Space

The Flash Module is divided into blocks also to implement independent Erase/Program protection. A
software mechanism is provided to independently lock/unlock each block in low, mid address space
against program and erase.

18.4.4.3 Test Flash Block

The TestFlash block exists outside the normal address space and is programmed, erased and read
independently of the other blocks. The independent TestFl ash block is reserved to store the Non Volatile
informations related to Redundancy, Configuration and Protection.

Due to this specia usage, the TestFlash sector is not affected by the Column Redundancy. The ECC, on
the contrary, is applied also to TestFlash.

The usage of reserved TestFl ash sector is detailed in the following table.
Table 178. TestFlash structure

Name Description Addresses Size
User Reserved 0x403D00 to Ox403DE7 | 232 byte

NVLML NV Low/Mid address space block Locking reg 0x403DES8 to Ox403DEF | 8 byte

Reserved 0x403DFO0 to 0x403DF7 | 8 byte

NVSLL NV Secondary Low/mid add space block Lock reg 0x403DF8 to 0x403DFF | 8 hyte
User Reserved 0x403E00 to 0x403EFF | 256 byte
Reserved 0x403F00 to 0x403FB7 | 184 byte

The Test Flash block can be enabled by the BIU. When the Test space is enabled, the program operations
to the Test block are allowed from 0x403D00 to 0x403EFF (User/Lock areais One Time Programmable).
User Mode program of the test block are enabled only when MCR.PEAS is high. The TestFlash block
contains specified data that are needed for Flash Macrocell or the device features.

In User Mode the Flash Module may be read and written (register writes and interlock writes),
programmed or erased. The default state of the Flash Moduleisread. The main and test address space can
be read only in the read state.

The Flash registers are always available for read, also when the Module is in disable mode (except few
documented registers). The Flash Module enters the read state on reset. The Moduleisin the read state
under two sets of conditions:

* Theread state is active when the Module is enabled (User Mode Read)
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* Theread state is active when MCR.ERS and MCR.ESUS are high and MCR.PGM is low (Erase
Suspend).

Notice that no Read-While-Modify isavailable. Flash Core reads return 32 bits. Registers reads return 32
bits (1 Word). Flash Core reads are done through the Bus Interface Unit.

Registers reads to unmapped register address space will return all 0’s. Registers writes to unmapped
register address space will have no effect. Array reads attempted to invalid locations will result in
indeterminate data. Invalid locations occur when addressing is done to blocks that do not exist in non 2n
array sizes.

Interlock writes attempted to invalid locations, will result in an interlock occurring, but attempts to
program these blocks will not occur since they are forced to be locked. Erase will occur to selected and
unlocked blocks even if the interlock writeisto an invalid location.

Simultaneous Read cycle on the Flash Matrix and Read/Write cycles on the Registers are possible. On the
contrary Registers Read/Write accesses simultaneous to a Flash Matrix interlock write are forbidden.

18.4.4.4 Reset
A reset isthe highest priority operation for the Flash module and terminates all other operations.

The Flash Module uses reset to initialize register and status bits to their default reset values. If the Flash
Moduleisexecuting aProgram or Erase operation (MCR.PGM =1 or MCR.ERS = 1) and areset isissued,
the operation will be suddently terminated and the module will disable the high voltage logic without
damage to the high voltage circuits. Reset terminates all operations and forces the Flash Module into User
mode ready to receive accesses. Reset and power-off must not be used as a systematic way to terminate a
Program or Erase operation.

After reset is negated, read register access may be done, although it should be noted that registers that
require updating from TEST block or KRAM information, or other inputs, may not be read until
MCR.DONE transitions. MCR.DONE may be polled to determineif the Flash modul e hastransitioned out
of reset. Notice that the registers cannot be written until MCR.DONE is high.

18.4.4.5 Power-down mode

The power-down mode allows to turn off all Flash DC current sources, so that all power dissipation isdue
only to leakage in this mode.

Reads from or writes to the module are not possible in power-down mode.

The user may not read some registers (UMISR0-1, UT1-1 and part of UTO) until the power-down mode
is exited. On the contrary write accessis locked on all the registers in Disable Mode.

When enabled the Flash Module returnsto its pre-disable state in all cases unlessin the process of
executing an erase high voltage operation at the time of disable.

If the Flash Moduleis disabled during an erase operation, MCR.ESUSbit isset to 1. Thismeansthat Flash
macrocel | isfirst put into suspend state (after tg;gp). The User may resume the erase operation at the time
the Moduleisenabled by clearing MCR.ESUS bit. MCR.EHV must be high to resume the erase operation.
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If the Flash Module is disabled during a program operation, the Disable Mode will be entered only after
the programming ends.

18.4.4.6 Slave Mode

Being aslave, Data Flash requires Code Flash to be active (means not under reset or in Disable Mode or
in Sleep Mode) in order to be active.

It is forbidden to put code flashO in Disable Mode or in Sleep mode or under reset when the dataflash is
active.

18.4.5 Register description

The Flash user registers mapping is shown in the Table 179.
Table 179. Data Flash Registers

Address offset Register name

0x0000 Module Configuration Register (MCR)

0x0004 Low/Mid Address Space Block Locking register (LML)

0x0008 Reserved

0x000C Secondary Low/Mid Address Space Block Locking register (SLL)

0x0010 Low/Mid Address Space Block Select register (LMS)

0x0014 Reserved

0x0018 Address Register (ADR)

0x001C-0x0038 | Reserved

0x003C User Test 0 register (UTO)

0x0040 User Test 1 register (UT1)

0x0044 Reserved

0x0048 User Multiple Input Signature Register 0 (UMISRO)

0x004C User Multiple Input Signature Register 1 (UMISR1)

0x0050-0x0058 | Reserved

L ocations 0x0044, 0x0050, 0x0054 and 0x0058 are Write/Read from user point of view but no functionaly
is associated. Registers are not accessible whenever MCR.DONE or UTO.AID are low: reading returns
indeterminate data while writing has no effect.

In the following some non-volatile registers are described. Please notice that such entities are not
Flip-Flops, but locations of TestFlash sector with a special meaning.

During the Flash initialization phase, the FPEC reads these non-volatile registers and update the
corresponding voléatile registers. When the FPEC detects ECC double errors in these special locations, it
behaves in the following way:
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» Incase of afailing system locations (configurations, redundancy, EmbAlgo firmware), the
initialization phase is interrupted and a Fatal Error isflagged.

* Incaseof failing user locations (protections, ...), the volatile registers are filled with al *1’'s and
the Flash initialization ends setting low the PEG bit of MCR.

Table 180 lists bit access type abbreviations used in this section.
Table 180. Abbreviations

Abbreviation Case Description
rw read/write The software can read and write to these bits.
rc read/clear The software can read and clear to these bits.
r read-only The software can only read these bits.
w write-only The software should only write to these bits.

18.4.5.1

The Module Configuration Register enables and monitors all the modify operations of each flash module.
Identical MCRs are provided in the data flash blocks.

Module Configuration Register (MCR)

Address: Base + 0x0000 Access: User read/write

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R EDC| O 0 0 0 |SIZE2|SIZE1|SIZEO| O |LAS2|LAS1|LASO| O MQS M'lAS MQS
W| rilc
Reset 0 0 0 0 0 1 1 0 0 1 1 0 0 1 1 1
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R|EER |RWE| O 0 |PEAS|DONE|PEG| O 0 0 0
PGM [PSUS| ERS |ESUS| EHV
W| rlc | rlc
Reset 0 0 0 0 0 X 1 0 0 0 0 0 0 0 0 0
Figure 172. Module Configuration Register (MCR)
Table 181. MCR field descriptions
Field Description
EDC EDC: Ecc Data Correction (Read/Clear)

EDC provides information on previous reads. If a ECC Single Error detection and correction
occurred, the EDC bit will be set to 1. This bit must then be cleared, or a reset must occur before this
bit will return to a 0 state. This bit may not be set to 1 by the User.

In the event of a ECC Double Error detection, this bit will not be set.

If EDC is not set, or remains 0, this indicates that all previous reads (from the last reset, or clearing
of EDC) were not corrected through ECC.

Since this bit is an error flag, it must be cleared to 0 by writing 1 to the register location. A write of 0
will have no effect.

The function of this bit is SoC dependent and it can be configured to be disabled.

0: Reads are occurring normally.

1: An ECC Single Error occurred and was corrected during a previous read.
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Table 181. MCR field descriptions (continued)

Field Description

SIZE[2:0] |Array space SIZE 2-0
The value of SIZE field depends on the size of the flash module:
110 64 KB

LAS[2:0] |Low Address Space 2—-0
The value of the LAS field corresponds to the configuration of the Low Address Space:
110 4 x16 KB

MAS[2:0] | Mid Address Space
The value of the MAS field corresponds to the configuration of the Mid Address Space:

EER EER: ECC event Error (Read/Clear)

EER provides information on previous reads. If an ECC Double Error detection occurred, the EER hit
is setto ‘1.

This bit must then be cleared, or a reset must occur before this bit will return to a 0 state. This bit may
not be set to ‘1’ by the user.

In the event of an ECC Single Error detection and correction, this bit will not be set.

If EER is not set, or remains 0, this indicates that all previous reads (from the last reset, or clearing
of EER) were correct.

Since this bit is an error flag, it must be cleared to ‘0’ by writing 1 to the register location. A write of O
will have no effect.

0: Reads are occurring normally.

1: An ECC Double Error occurred during a previous read.

RWE RWE: Read-while-Write event Error (Read/Clear)

RWE provides information on previous reads when a Modify operation is on going. If a RWW Error
occurs, the RWE bit will be set to 1. Read-While-Write Error means that a read access to the Flash
Matrix has occurred while the FPEC was performing a Program or Erase operation or an Array
Integrity Check.

This bit must then be cleared, or a reset must occur before this bit will return to a 0 state. This bit may
not be set to 1 by the User.

If RWE is not set, or remains 0, this indicates that all previous RWW reads (from the last reset, or
clearing of RWE) were correct.

Since this bit is an error flag, it must be cleared to 0 by writing 1 to the register location. A write of O
will have no effect.

0: Reads are occurring normally.

1: A RWW Error occurred during a previous read.

PEAS PEAS: Program/Erase Access Space (Read Only)

PEAS is used to indicate which space is valid for program and erase operations: main array space
or test space.

PEAS = 0 indicates that the main address space is active for all Flash module program and erase
operations.

PEAS =1 indicates that the test address space is active for program and erase.

The value in PEAS is captured and held with the first interlock write done for Modify operations. The
value of PEAS is retained between sampling events (that is, subsequent first interlock writes).

0: Test address space is disabled for program/erase and main address space enabled.

1: Test address space is enabled for program/erase and main address space disabled.
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Table 181. MCR field descriptions (continued)

Field

Description

DONE

DONE: modify operation DONE (Read Only)

DONE indicates if the Flash Module is performing a high voltage operation.

DONE is set to 1 on termination of the Flash Module reset.

DONE is cleared to O just after a 0 to 1 transition of EHV, which initiates a high voltage operation, or
after

resuming a suspended operation.

DONE is set to 1 at the end of program and erase high voltage sequences.

DONE is set to 1 (within tPABT or tEABT, equal to P/E Abort Latency) after a 1 to O transition of EHV,
which aborts a high voltage Program/Erase operation.

DONE is set to 1 (within tesus, time equals to Erase Suspend Latency) after a 0 to 1 transition of
ESUS,

which suspends an erase operation.

0: Flash is executing a high voltage operation.

1: Flash is not executing a high voltage operation.

PEG

PEG: Program/Erase Good (Read Only)

The PEG bit indicates the completion status of the last Flash Program, Erase, AIC or MM sequence
for which high voltage operations were initiated. The value of PEG is updated automatically during
the Program, Erase, AIC or MM high voltage operations.

Aborting a Program/Erase/AIC/MM high voltage operation will cause PEG to be cleared to ‘0’,
indicating the sequence failed.

PEG is setto ‘1’ when the Flash Module is reset, unless a Flash initialization error has been detected.

The value of PEG is valid only when PGM=1 and/or ERS=1 and after DONE transitions from ‘0’ to ‘1’
due to an abort or the completion of a Program/Erase/AIC/MM operation. PEG is valid until
PGM/ERS makes a ‘1’ to ‘0’ transition or EHV makes a ‘0’ to ‘1’ transition.

The value in PEG is not valid after a ‘0’ to ‘1’ transition of DONE caused by ESUS being set to logic ‘1.

If Program or Erase are attempted on blocks that are locked, the response will be PEG=1, indicating
that the operation was successful, and the content of the block were properly protected from the
Program or Erase operation.

If a Program operation tries to program at ‘1’ bits that are at ‘0’, the program operation is correctly
executed on the new bits to be programmed at ‘0’, but PEG is cleared, indicating that the requested
operation has failed.

In AIC or MM PEG is set to ‘1’ when the operation is completed, regardless the occurrence of any
error.

The presence of errors can be detected only comparing checksum value stored in UMIRSO-1.

0: Program or Erase, operation failed or aborted.

1: Program or Erase operation successful.

0: AIC or MM aborted.

1: AIC or MM operation successfully concluded, with or without checksum errors.

PGM

PGM: ProGraM (Read/Write)

PGM is used to set up the Flash module for a Program operation.

A 0 to 1 transition of PGM initiates a Program sequence.

A 1 to 0 transition of PGM ends the Program sequence.

PGM can be set only under User Mode Read (ERS is low and UTO.AIE is low).
PGM can be cleared by the user only when EHV is low and DONE is high.
PGM is cleared on reset.

0: Flash is not executing a Program sequence.

1: Flash is executing a Program sequence.

PSUS

PSUS: Program SUSpend (Read/Write)
Write this bit has no effect, but the written data can be read back.
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Table 181. MCR field descriptions (continued)

Field Description

ERS ERS: ERaSe (Read/Write)

ERS is used to set up the Flash module for an erase operation.

A 0 to 1 transition of ERS initiates an erase sequence.

A 1 to O transition of ERS ends the erase sequence.

ERS can be set only under User Mode Read (PGM is low and UTO.AIE is low).

ERS can be cleared by the user only when ESUS and EHV are low and DONE is high.
ERS is cleared on reset.

0: Flash is not executing an erase sequence.

1: Flash is executing an erase sequence.

ESUS ESUS: Erase SUSpend (Read/Write)

ESUS is used to indicate that the Flash module is in Erase Suspend or in the process of entering a
Suspend state. The Flash module is in Erase Suspend when ESUS =1 and DONE = 1.

ESUS can be set high only when ERS and EHV are high and PGM is low.

A 0 to 1 transition of ESUS starts the sequence which sets DONE and places the Flash in Erase
Suspend. The Flash module enters Suspend within tggg of this transition.

ESUS can be cleared only when DONE and EHV are high and PGM is low.

A 1 to 0 transition of ESUS with EHV = 1 starts the sequence which clears DONE and returns the
module to Erase.

The Flash module cannot exit Erase Suspend and clear DONE while EHV is low.

ESUS is cleared on reset.

0: Erase sequence is not suspended.

1: Erase sequence is suspended.

EHV EHV: Enable High Voltage (Read/Write)

The EHV bit enables the Flash Module for a high voltage Program/Erase operation.

EHV is cleared on reset.

EHV must be set after an interlock write to start a Program/Erase sequence. EHV may be set under
one

of the following conditions:

Erase (ERS=1, ESUS=0, UTO0.AIE=0)

Program (ERS=0, ESUS=0, PGM=1, UT0.AIE=0)

In normal operation, a 1 to 0 transition of EHV with DONE high and ESUS low terminates the current
Program/Erase high voltage operation.

When an operation is aborted, there is a 1 to 0 transition of EHV with DONE low and the eventual
Suspend bit low. An abort causes the value of PEG to be cleared, indicating a failing
Program/Erase;address locations being operated on by the aborted operation contain indeterminate
data after an abort.

A suspended operation cannot be aborted.

Aborting a high voltage operation will leave the Flash Module addresses in an undeterminate data
state.

This may be recovered by executing an Erase on the affected blocks.

EHV may be written during Suspend. EHV must be high to exit Suspend. EHV may not be written
after ESUS is set and before DONE transitions high. EHV may not be cleared after ESUS is cleared
and before DONE transitions low.

0: Flash is not enabled to perform an high voltage operation.

1: Flash is enabled to perform an high voltage operation.

A number of MCR bits are protected against write when another bit, or set of bits, isin a specific state.
These write locks are covered on a bit by bit basisin the preceding description, but those locks do not
consider the effects of trying to write two or more bits simultaneously.
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The flash module does not alow the user to write bits simultaneously which would put the device into an
illegal state. Thisisimplemented through a priority mechanism among the bits. Table 151 shows the bit
changing priorities.

Table 182. MCR bits set/clear priority levels

Priority level MCR bits
1 ERS
2 PGM
3 EHV
4 ESUS

If the user attempts to write two or more MCR bits simultaneously, only the bit with the lowest priority
level iswritten.

18.4.5.2 Low/Mid Address Space Block Locking register (LML)

The Low/Mid Address Space Block Locking register provides a means to protect blocks from being
modified. These bits, along with bitsin the SLL register, determineif the block islocked from program or
erase. An“OR” of LML and SLL determinethefinal lock status. Identical LML registers are provided in
the code flash and the data flash blocks.

The LML register has arelated Non Volatile Low/Mid Address Space Block Locking register located in
TestFlash that containsthe default reset value for LML: the NV LML register isread during the reset phase
of the Flash Module and loaded into the LML.

Address: Base + 0x0004 Access: User read/write
0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
RILME| O 0 0 0 0 0 0 0 0 0 0 0 0 0
W TSLK

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Rl O 0 0 0 0 0 0 0 0 0 0 0 LLK | LLK | LLK | LLK

Reset 0 0 0 0 0 0 0 0 0 0 0 0 X X X X
Figure 173. Low/Mid Address Space Block Locking register (LML)
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18.4.5.3

Address: Base + 0x40_3DES8

R
w
Reset

R
w
Reset

Non-Volatile Low/Mid Address Space Block Locking register (NVLML)

Delivery value:

OXFFFFFFFF
0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
LME| O 0 0 0 0 0 0 0 0 0 0 0 0 0
TSLK

0 0 0 0 0 0 0 0 0 0 0 X 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

0 0 0 0 0 0 0 0 0 0 0 0 LLK | LLK | LLK | LLK
3 2 1 0
0 0 0 0 0 0 0 0 0 0 0 0 X X X X

Figure 174. Non-Volatile Low/Mid Address Space Block Locking register (NVLML)

TheNVLML register isa64-bit register, the 32 most significant bits of which (bits 63:32) are*don’t care’
bits that are eventually used to manage ECC codes. Identical NVLML registers are provided in the code

flash and the data flash blocks.
Table 183. LML /NVLML field descriptions
Field Description
LME? LME: Low/Mid address space block Enable (Read Only)

This bit is used to enable the Lock registers (TSLK and LLK3-0) to be set or cleared by registers
writes.

This bit is a status bit only. The method to set this bit is to write a password, and if the password
matches, the LME bit will be set to reflect the status of enabled, and is enabled until a reset
operation occurs. For LME the password 0xA1A11111 must be written to the LML register.

0: Low Address Locks are disabled: TSLK and LLK3-0 cannot be written.

1: Low Address Locks are enabled: TSLK and LLK3-0 can be written.

TSLK

TSLK: Test address space block LocK (Read/Write)

This bit is used to lock the block of Test Address Space from Program and Erase (Erase is any
case forbidden for Test block).

A value of 1 in the TSLK register signifies that the Test block is locked for Program and Erase.
A value of 0 in the TSLK register signifies that the Test block is available to receive Program and
Erase pulses.

The TSLK register is not writable once an interlock write is completed until MCR.DONE is set at
the completion of the requested operation. Likewise, the TSLK register is not writable if a high
voltage operation is suspended or if a margin mode is on going.

Upon reset, information from the TestFlash block is loaded into the TSLK register. The TSLK bit
may be written as a register. Reset will cause the bit to go back to its TestFlash block value. The
default value of the TSLK bit (assuming erased fuses) would be locked.

TSLK is not writable unless LME is high.

0: Test Address Space Block is unlocked and can be modified (if also SLL.STSLK=0).

1: Test Address Space Block is locked and cannot be modified.
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Table 183. LML /NVLML field descriptions (continued)

Field Description

LLK[3:0] LLK3-0: Low address space block LocK 3-0 (Read/Write)

These bits are used to lock the blocks of Low Address Space from Program and Erase.

LLK3-0 are related to sectors BOF3-0, respectively.

Avalue of 1 in a bit of the LLK register signifies that the corresponding block is locked for Program
and Erase.

Avalue of 0 in a bit of the LLK register signifies that the corresponding block is available to receive
Program and Erase pulses.

The LLK register is not writable once an interlock write is completed until MCR.DONE is set at the
completion of the requested operation. Likewise, the LLK register is not writable if a high voltage
operation is suspended or if a margin mode is on going.

Upon reset, information from the TestFlash block is loaded into the LLK registers. The LLK bits may
be written as a register. Reset will cause the bits to go back to their TestFlash block value. The
default value of the LLK bits (assuming erased fuses) would be locked.

In the event that blocks are not present (due to configuration or total memory size), the LLK bits
will default to locked, and will not be writable. The reset value will always be 1 (independent of
the TestFlash block), and register writes will have no effect.

In the 72 KB Flash Macrocell the writability of bits LLK3-0 is controlled by bits CS3-0 of FVSCR.

LLK is not writable unless LME is high.

0: Low Address Space Block is unlocked and can be modified (if also SLL.SLK=0).

1: Low Address Space Block is locked and cannot be modified.

1 This field is present only in LML

18.4.5.4 Secondary Low/Mid Address Space Block Locking register (SLL)

The Secondary Low/Mid Address Space Block Locking register provides an aternative means to protect
blocks from being modified. These bits, along with bitsin the LML register, determine if the block is
locked from program or Erase. An “OR” of LML and SLL determine the final lock status. Identical SLL
registers are provided in the code flash and the data flash blocks.

The SLL register has arelated Non Volatile Secondary Low/Mid Address Space Block Locking register
located in TestFlash that contains the default reset value for SLL: the NV SLL register isread during the
reset phase of the Flash Module and loaded into the SLL.

Address: Base + 0x000C

Access: User read/write

0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
R| SLE 0 0 0 0 0 0 0 0 |sTs| O 0 0 0
W LK
Reset 0 0 0 0 0 0 0 0 0 0 0 X 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Rl O 0 0 0 0 0 0 0 0 0 0 0 | SLK | SLK | SLK | SLK
W 3 2 1 0
Reset O 0 0 0 0 0 0 0 0 0 0 0 X X X X
Figure 175. Secondary Low/mid address space block Locking reg (SLL)
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18.4.5.5 Non-Volatile Secondary Low/Mid Address Space Block Locking register
(NVSLL)

The NVSLL register isa64-hit register, the 32 most significant bits of which (bits 63:32) are“don’t care”
bits that are eventually used to manage ECC codes. Identical NV SLL registers are provided in the code
flash and the data flash blocks.

Address: Base + 0x40_3DF8 Delivery value:
OXFFFFFFFF
0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
R|SLE| O 0 0 0 0 0 0 0 0 0 |sTs| O 0 0 0
W LK

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R| O 0 0 0 0 0 0 0 0 0 0 0 SLK | SLK | SLK | SLK
w 3 2 1 0

Reset O 0 0 0 0 0 0 0 0 0 0 0 X X X X

Figure 176. Non-Volatile Secondary Low/Mid Address Space Block Locking register (NVSLL)

Table 184. SLL and NVSLL field descriptions

Field Description
SLE? Secondary Low/Mid Address Space Block Enable
This bit is used to enable the Lock registers (STSLK and SLK3-0) to be set or cleared by registers
writes.

This bit is a status bit only. The method to set this bit is to write a password, and if the password
matches, the SLE bit will be set to reflect the status of enabled, and is enabled until a reset
operation occurs. For SLE the password 0xC3C33333 must be written to the SLL register.

0: Secondary Low/Mid Address Locks are disabled: STSLK and SLK3-0 cannot be written.

1: Secondary Low/Mid Address Locks are enabled: STSLKand SLK3-0 can be written.

STSLK Secondary Test/Shadow address space block LocK

This bit is used as an alternate means to lock the block of Test Address Space from Program and
Erase (Erase is any case forbidden for Test block).

A value of 1 in the STSLK register signifies that the Test block is locked for Program and Erase.

A value of 0 in the STSLK register signifies that the Test block is available to receive Program and
Erase pulses.

The STSLK register is not writable once an interlock write is completed until MCR.DONE is set at
the completion of the requested operation. Likewise, the STSLK register is not writable if a high
voltage operation is suspended or if a margin mode is on going.

Upon reset, information from the TestFlash block is loaded into the STSLK register. The STSLK bit
may be written as a register. Reset will cause the bit to go back to its TestFlash block value. The
default value of the STSLK bit (assuming erased fuses) would be locked.

STSLK is not writable unless SLE is high.

0: Test Address Space Block is unlocked and can be modified (if also LML.TSLK=0).

1: Test Address Space Block is locked and cannot be modified.
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Table 184. SLL and NVSLL field descriptions (continued)

Field Description

SLK[3:0] Secondary Low Address Space Block Lock 3-0

These bits are used as an alternate means to lock the blocks of Low Address Space from Program
and Erase.

SLKS3-0 are related to sectors BOF3-0, respectively.

Avalue of 1 in a bit of the SLK register signifies that the corresponding block is locked for Program
and Erase.

A value of 0 in a bit of the SLK register signifies that the corresponding block is available to receive
Program and Erase pulses.

The SLK register is not writable once an interlock write is completed until MCR.DONE is set at the
completion of the requested operation. Likewise, the SLK register is not writable if a high voltage
operation is suspended or if a margin mode is on going.

Upon reset, information from the TestFlash block is loaded into the SLK registers. The SLK bits may
be written as a register. Reset will cause the bits to go back to their TestFlash block value. The
default value of the SLK bits (assuming erased fuses) would be locked.

In the event that blocks are not present (due to configuration or total memory size), the SLK bits will
default to locked, and will not be writable. The reset value will always be 1 (independent of the
TestFlash block), and register writes will have no effect.

SLK is not writable unless SLE is high.

0: Low Address Space Block is unlocked and can be modified (if also LML.LLK=0).

1: Low Address Space Block is locked and cannot be modified.

1 This field is present only in SLL

18.4.5.6 Low/Mid Address Space Block Select register (LMS)

The Low/Mid Address Space Block Select register provides a means to select blocks to be operated on
during erase. Identical LM S registers are provided in the code flash and the data flash blocks.

Address: Base + 0x0010

Access: User read/write

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R 0 0 0 0 0 0 0 0 0 0 0 0 0 0
w

Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

R| O 0 0 0 0 0 0 0 0 0 0 0 LSL | LSL | LSL | LSL
w 3 2 1 0
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 177. Low/Mid Address Space Block Select register (LMS)
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Table 185. LMS field descriptions

Field

Description

LSL[3:0]

Low Address Space Block Select 3—-0

LSL3-0: Low address space block SeLect 3-0 (Read/Write)

A value of 1 in the select register signifies that the block is selected for erase.

A value of 0 in the select register signifies that the block is not selected for erase. The reset value
for the select register is 0, or unselected.

LSL3-0 are related to sectors BOF3-0, respectively.

The blocks must be selected (or unselected) before doing an erase interlock write as part of the
Erase sequence. The select register is not writable once an interlock write is completed or if a
high voltage operation is suspended or if a margin mode is on going.

In the event that blocks are not present (due to configuration or total memory size), the
corresponding LSL bits will default to unselected, and will not be writable. The reset value will
always be 0, and register writes will have no effect.

0: Low Address Space Block is unselected for Erase.

1: Low Address Space Block is selected for Erase.

18.4.5.7 Address Register (ADR)

The Address Register providesthefirst failing addressin the event modul e failures (ECC, RWW or FPEC)

or the first address at which a ECC single error correction occurs.

Address: Base + 0x0018

Access: User read-only

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R AD | AD | AD | AD | AD | AD | AD
0 0 0 0 0 0 0 0 0 22 21 20 19 18 17 16
W
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R| AD | AD | AD | AD | AD | AD | AD | AD | AD | AD | AD | AD | AD | AD 0 0
15 14 13 12 11 10 9 8 7 6 5 4 3 2
W
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 178. Address Register (ADR)
Table 186. ADR field descriptions
Field

Description

Reserved (Read Only)
A write to these bits has no effect. A read of these bits always outputs 0.

MPC5604E Reference Manual, Rev. 5

18-372

Freescale Semiconductor




Flash Memory

Table 186. ADR field descriptions (continued)

Field

Description

AD[22:2]

Address 20-3

AD22-2: ADdress 22-2 (Read Only)

The Address Register provides the first failing address in the event of ECC error (MCR.EER set) or
the first failing address in the event of RWW error (MCR.RWE set), or the address of a failure that
may have occurred in a FPEC operation (MCR.PEG cleared). The Address Register provides also
the first address at which a ECC single error correction occurs (MCR.EDC set), if the SoC is
configured to show this feature.

The ECC double error detection takes the highest priority, followed by the RWW error, the FPEC
error and the ECC single error correction. When accessed ADR will provide the address related to
the first event occurred with the highest priority. The priorities between these 4 possible events is
summarized in the following table.

In User Mode the Address Register is read only.

Table 187. ADR content: priority list

Priority level

Error flag ADR content

1 MCR[EER] =1 Address of first ECC Double Error

MCR[RWE] =1 Address of first RWW Error

Address of first FPEC Error

2
3 MCR[PEG] = 0
4

MCR[EDC] =1 Address of first ECC Single Error Correction

18.4.5.8

User Test O register (UTO)
The User Test feature gives the user of the flash module the ability to perform test features on the flash.

The User Test O register alows controlling the way in which the flash content check is done.

The UTO[MRE], UTO[MRV], UTO[AIS], UTO[EIE], and DSI[6:0] bits are not accessible whenever
MCR[DONE] or UTO[AID] are low. Reads return indeterminate data. Writes have no effect.

Address: Base + 0x003C

Access: User read/write

0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
R 0 0 0 0 0 0
W UTE SEC DSI6 | DSI5 | DSI4 | DSI3 | DSI2 | DSI1 | DSIO
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Rl O 0 0 0 0 0 0 0 0 AID
W X |MRE|MRV | EIE | AIS | AIE
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

Figure 179. User Test O register (UTO)
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Table 188. UTO field descriptions

Field Description

UTE UTE: User Test Enable (Read/Clear)

This status bit gives indication when User Test is enabled. All bits in UT0-1 and UMISRO-1 are
locked when this bit is 0.

This bit is not writeable to a 1, but may be cleared. The reset value is 0.

The method to set this bit is to provide a password, and if the password matches, the UTE bit is set
to reflect the status of enabled, and is enabled until it is cleared by a register write.

For UTE the password 0XxF9F99999 must be written to the UTO register.

1:8 Reserved (Read Only)
A write to these bits has no effect. A read of these bits always outputs 0.

DSI6-0 DSI6-0: Data Syndrome Input 6-0 (Read/Write)

These bits represents the input of Syndrome bits of ECC logic used in the ECC Logic Check. The
DSI6-0 correspond to the 7 syndrome bits on a single word.

These bits are not accessible whenever MCR.DONE or UTO.AID are low: reading returns
indeterminate data while writing has no effect.

0: The syndrome bit is forced at O.

1: The syndrome bit is forced at 1.

16:24 Reserved (Read Only)
A write to these bits has no effect. A read of these bits always outputs 0.

25 Reserved (Read/Write)

This bit can be written and its value can be read back, but there is no function associated.

This bit is not accessible whenever MCR[DONE] or UTO[AID] are low. Reads return indeterminate
data, and writes have no effect.

MRE Margin Read Enable

MRE enables margin reads to be done. This bit, combined with MRV, enables regular user mode
reads to be replaced by margin reads.

Margin reads are only active during Array Integrity Checks; Normal user reads are not affected by
MRE.

This bit is not accessible whenever MCR[DONE] or UTO[AID] are low. Reads return indeterminate
data, and writes have no effect.

0 Margin reads are disabled. All reads are User mode reads.

1 Margin reads are enabled.

MRV Margin Read Value

If MRE is high, MRV selects the margin level that is being checked. Margin can be checked to an
erased level (MRV = 1) or to a programmed level (MRV = 0).

This bit is not accessible whenever MCR[DONE] or UTO[AID] are low. Reads return indeterminate
data, and writes have no effect.

0 Zero’s (programmed) margin reads are requested (if MRE = 1).

1 One’s (erased) margin reads are requested (if MRE = 1).

EIE ECC data Input Enable

EIE enables the ECC Logic Check operation to be done.

This bit is not accessible whenever MCR[DONE] or UTO[AID] are low. Reads return indeterminate
data, and writes have no effect.

0 ECC Logic Check is disabled.

1 ECC Logic Check is enabled.
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Table 188. UTO field descriptions (continued)

Field

Description

AIS

Array Integrity Sequence

AIS determines the address sequence to be used during array integrity checks or Margin Mode.
The default sequence (AIS = 0) is meant to replicate sequences normal user code follows, and
thoroughly checks the read propagation paths. This sequence is proprietary.

The alternative sequence (AIS = 1) is just logically sequential.

It should be noted that the time to run a sequential sequence is significantly shorter than the time
to run the proprietary sequence.

This bit is not accessible whenever MCR[DONE] or UTO[AID] are low. Reads return indeterminate
data, and writes have no effect. In Margin Mode only the linear sequence (AIS = 1) is allowed, while
the proprietary sequence (AIS = 0) is forbidden.

0 Array Integrity sequence is a proprietary sequence.

1 Array Integrity or Margin Mode sequence is sequential.

AIE

Array Integrity Enable

AIE set to 1 starts the Array Integrity Check done on all selected and unlocked blocks.

The pattern is selected by AIS, and the MISR (UMISR0—4) can be checked after the operation is
complete, to determine if a correct signature is obtained.

AIE can be set only if MCR[ERS], MCR[PGM], and MCR[EHV] are all low.

0 Array Integrity Checks are disabled.

1 Array Integrity Checks are enabled.

AID

Array Integrity Done

AID is cleared upon an Array Integrity Check being enabled (to signify the operation is on-going).
Once completed, AID is set to indicate that the Array Integrity Check is complete. At this time, the
MISR (UMISR0-4) can be checked.

0 Array Integrity Check is on-going.

1 Array Integrity Check is done.

18.4.5.9

User Test 1 register (UT1)

The User Test 1 register allowsto enable the checks on the ECC logic related to the 32 L SB of the Double

Word.

The User Test 1 register is not accessible whenever MCR[DONE] or UTO[AID] are low. Reads return
indeterminate data. Writes have no effect.

Address: Base + 0x0040

Access: User read/write

0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
R| DAI | DAI | DAI | DAI | DAI | DAI | DAI | DAI | DAI | DAI | DAl | DAI | DAI | DAI | DAI | DAI
wl 3 |30 | 29 |28 |27 | 26 | 25 | 24| 23 | 22 | 21|20 | 19 | 18 | 17 | 16
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R| DAI | DAI | DAI | DAI | DAI | DAI | DAI | DAI | DAI | DAI | DAI | DAI | DAI | DAI | DAI | DAI
w|l 15 | 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 180. User Test 1 register (UT1)
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Table 189. UT1 field descriptions

Field Description

DAI[31:0] Data Array Input 31-0

These bits represent the input of the even word of ECC logic used in the ECC Logic Check. The
DAI[31:0] bits correspond to the 32 array bits representing Word 0 within the double word.

0 The array bit is forced at 0.

1 The array bit is forced at 1.

18.4.5.10 User Multiple Input Signature Register 0 (UMISRO)

The Multiple Input Signature Register 0 (UMISRO) provides a mean to evaluate the array integrity.
UMISRO represents the bits 31:0 of the whole 144-hit word (2 double words including ECC).

UMISROisnot accessible whenever MCR[DONE] or UTO[AID] arelow. Readsreturn indeterminate data.
Writes have no effect.

Address: Base + 0x0048 Access: User read/write

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
RIMS|MS|MS|MS|MS | MS|MS|MS|MS|MS|MS|MS | MS | MS | MS| MS
w| 031 | 030 | 029 | 028 | 027 | 026 | 025 | 024 | 023 | 022 | 021 | 020 | 019 | 018 | 017 | 016
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
RIMS|MS|MS|MS|MS | MS|MS|MS|MS|MS|MS|MS | MS | MS | MS| MS
w| 015 | 014 | 013 | 012 | 011 | 010 | OO9 | 008 | OO7 | 006 | OO5 | 004 | 003 | 002 | 001 | OOO
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 181. User Multiple Input Signature Register 0 (UMISRO)
Table 190. UMSIRO field descriptions
Field Description
MS[031:000] | Multiple input Signature 031-000

These bits represent the MISR value obtained by accumulating the bits 31:0 of all the pages read
from the flash memory.
The MS can be seeded to any value by writing the UMISRO register.

18.4.5.11 User Multiple Input Signature Register 1 (UMISR1)

The Multiple Input Signature Register 1 (UMISR1) provides a means to evaluate the array integrity.
UMISR1 represents bits 63:32 of the whole 144-bit word (2 double words including ECC).

UMISR1 isnot accessiblewhenever MCR[DONE] or UTO[AID] arelow. Readsreturn indeterminate data.
Writes have no effect.
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Flash Memory

Access: User read/write

12

13

14

15

RIMS | MS | MS|MS|MS |MS | MS | MS|MS|MS|MS|MS|MS|MS|MS| MS
w| 063 | 062 | 061 | 060 | 059 | 058 | 057 | 056 | 055 | 054 | 053 | 052 | 051 | 050 | 049 | 048
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
RIMS | MS | MS|MS|MS |MS|MS | MS|MS|MS|MS|MS|MS|MS|MS| MS
w| 047 | 046 | 045 | 044 | 043 | 042 | 041 | 040 | 039 | 038 | 037 | 036 | 035 | 034 | 033 | 032
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 182. User Multiple Input Signature Register 1 (UMISR1)
Table 191. UMISR1 field descriptions
Field Description
MS[063:032] | Multiple input Signature 063—-032

These bits represent the MISR value obtained accumulating the bits 63:32 of all the pages read

from the flash memory.
The MS can be seeded to any value by writing the UMISR1 register.

18.4.6

18.4.6.1

Modify operation

Programming considerations

All the Modify Operations of the Flash Module are managed through the Flash User Registers Interface.
All the sectors of the Flash M odule belong to the same partition (Bank), therefore when aModify operation
is active on some sectors no read access is possible on any other sector (Read-While-Modify is not

supported).

During a Flash Modify Operation any attempt to read any Flash location will output invalid data and bit
RWE of MCR will be automatically set. Thismeansthat the Flash Module is not fetchable when aModify
Operation is active: the Modify Operation commands must be executed from another Memory (internal
Ram or external Memory). If during a Modify Operation areset occurs, the operation is suddenly
terminated and the Macrocell is reset to Read Mode. The dataintegrity of the Flash section where the
Modify Operation has been terminated or aborted is not guaranteed: the interrupted Flash Modify
Operation must be repeated. In general each Modify Operation is started through a sequence of 3 steps:

1. Thefirstinstructionisused to select the desired operation by setting its corresponding selection bit
in MCR (PGM or ERS) or UTO (MRE or EIE).

2. Thesecond step isthe definition of the operands: the Address and the Datafor programming or the

Sectors for erase or margin read.

3. Thethirdinstructionisused to start the Modify Operation, by setting EHV inMCR or AIEin UTO.
Once selected, but not yet started, one operation can be canceled by resetting the operation
selection bit.
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A summary of the available Flash modify operationsis shown in the Table 192.
Table 192. Flash modify operations

Operation Select bit Operands Start bit
Double word program MCR.PGM Address and data by interlock writes MCR.EHV
Sector erase MCR.ERS LMS MCR.EHV
Array integrity check None LMS UTO.AIE
Margin read UTO0.MRE UTO0.MRV + LMS UTO.AIE
ECC logic check UTO.EIE UTO0.DSI, UT1, UT2 UTO.AIE

Oncebit MCR.EHV (or UTO.AIE) is set, al the operands can no more be modified until bit MCR.DONE
(or UTO.AID) is high.
In general each modify operation is completed through a sequence of four steps:

1. Wait for operation completion: wait for bit MCR.DONE (or UTO.AID) to go high.

2. Check operation result: check bit MCR.PEG (or compare UMISRO-1 with expected value).

3. Switch off FPEC by resetting MCR.EHV (or UTO.AIE).

4. Desdlect current operation by clearing MCR.PGM/ERS (or UTO.MRE/EIE).

In the following all the possible modify operations are described and some examples of the sequences
needed to activate them are presented.

18.4.6.2 Word program
A Flash program sequence operates on any word within the Flash core.

Whenever flash bits are programmed, ECC bits also get programmed, unless the selected address belongs
to a sector in which the ECC has been disabled in order to allow bit manipulation. ECC is handled on a
32-bit boundary.

Programming changes the value stored in an array bit from logic 1 to logic 0 only. Programming cannot
change astored logic 0 to alogic 1. Addresses in locked/disabled blocks cannot be programmed.

The user may program the values in any words within a single program sequence.

The Program operation consists of the following sequence of events:
1. Changethevalueinthe MCR.PGM bit from O to 1.
2. Ensure the block that contains the address to be programmed is unlocked.
a) Writethefirst address to be programmed with the program data.
b) The Flash module latches address bits (22:2) at thistime.
c) The Flash module latches data written as well.
d) Thiswriteisreferred to as a program datainterlock write. Aninterlock is at 32 bits.

3. Writealogic 1 to the MCR[EHV] bit to start the internal program sequence or skip to step 8 to
terminate. .
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Wait until the MCR[DONE] bit goes high.

Confirm MCR[PEG]=1.

Write alogic 0 to the MCR[EHV] bit.

If more addresses are to be programmed, return to step 2.

8. Writealogic 0 to the MCR[PGM] bit to terminate the program operation.

Program may be initiated with the O to 1 transition of the MCR[PGM] bit or by clearing the MCR[EHV]
bit at the end of aprevious program. Thefirst write after aprogram isinitiated determinesthe page address
to be programmed. Thisfirst writeisreferred to asan interlock write. Theinterlock write determinesif the
test or normal array space will be programmed by causing MCR[PEAS] to be set/cleared. An interlock
write must be performed before setting MCR[EHV]. The user may terminate a program sequence by
clearing MCR[PGM] prior to setting MCR[EHV]. After the interlock write, additional writes only affect
the datato be programmed in theword. If multiple writes are done to the samelocation the datafor the last
writeis used in programming.

While MCR[DONE] islow and MCR[EHV] ishigh, the user may clear EHV, resulting in a program abort.
A Program abort forces the module to step 7 of the program sequence. An aborted program will result in
MCR[PEG] being set low, indicating afailed operation. MCR[DONE] must be checked to know when the
aborting command has completed. The data space being operated on before the abort will contain
indeterminate data. Thismay berecovered by repeating the same program instruction or executing an erase
of the affected blocks.

Example 1. Word program of data 0x55AA55AA at address OXO0AAAS8

N o g s

MCR = 0x00000010; /* Set PGM in MCR: Select Operation */
(0x00AAAS) = O0X55AA55AA; /* Latch Address and 32 LSB data */

MCR = 0x00000011; /* Set EHV in MCR: Operation Start */

do /* Loop to wait for DONE=1 */

{ tmp = MCR; /* Read MCR */

} while ( !(tmp & 0x00000400) );

status = MCR & 0x00000200; /* Check PEG flag */

MCR = 0x00000010; /* Reset EHV in MCR: Operation End */
MCR = 0x00000000; /* Reset PGM in MCR: Deselect Operation */

18.4.6.3 Sector erase

Erase changesthe value stored in all bits of the selected block(s) to logic 1. An erase sequence operates on
any combination of blocks (sectors). The test block cannot be erased.

The erase sequence is fully automated within the Flash. The user only needs to select the blocks to be
erased and initiate the erase sequence. L ocked/disabled blocks cannot be erased. If multiple blocks are
selected for erase during an erase sequence, no specific operation order must be assumed.
The erase operation consists of the following sequence of events:

1. Changethevaueinthe MCR.ERS bit from O to 1.

2. Select the block(s) to be erased by writing ‘ 1's to the appropriate register(s).
Note that Lock and Select are independent. If ablock is selected and locked, no erase will occur.

3. Writeto any addressin Flash. Thisisreferred to as an erase interlock write.
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4. Writealogic 1tothe MCR.EHV bhit to start the internal erase sequence or skip to step 9 to
terminate.

Wait until the MCR.DONE bit goes high.

Confirm MCR.PEG=L1.

Write alogic 0 to the MCR.EHV hit.

If more blocks are to be erased, return to step 2.

9. Writealogic 0 to the MCR.ERS bit to terminate the erase operation.

After setting MCR.ERS, one write, referred to as an interlock write, must be performed before MCR.EHV
can be set to 1. Data words written during erase sequence interlock writes are ignored. The User may
terminate the erase sequence by clearing ERS before setting EHV.

An erase operation may be aborted by clearing MCR.EHV assuming MCR.DONE islow, MCR.EHV is
high and MCR.ESUS is low. An erase abort forces the Module to step 8 of the erase sequence.

An aborted erase will result in MCR.PEG being set low, indicating a failed operation. MCR.DONE must
be checked to know when the aborting command has completed. The block(s) being operated on before
the abort contain indeterminate data. This may be recovered by executing an erase on the affected blocks.
The User may not abort an erase sequence while in erase suspend.

o N o O

Example 2. Erase of sectors BOF1 and BOF2

MCR = 0x00000004; /* Set ERS in MCR: Select Operation */

LMS = 0x00000006; /* Set LSL2-1 in LMS: Select Sectors to erase */
(0x000000) = OxFFFFFFFF; /* Latch a Flash Address with any data */

MCR = 0x00000005; /* Set EHV in MCR: Operation Start */

do /* Loop to wait for DONE=1 */

{ tmp = MCR; /* Read MCR */

} while ( ! (tmp & 0x00000400) );

status = MCR & 0x00000200; /* Check PEG flag */

MCR = 0x00000004; /* Reset EHV in MCR: Operation End */

MCR = 0x00000000; /* Reset ERS in MCR: Deselect Operation */

18.4.6.3.1 Erase suspend/resume

The erase sequence may be suspended to allow read accessto the Flash Core. It isnot possibleto program
or to erase during an erase suspend. During erase suspend, all reads to blocks targeted for erase return
indeterminate data.An erase supend can be initiated by changing the value of the MCR.ESUS bit from O
to 1. MCR.ESUS can be set to 1 at any time when MCR.ERS and MCR.EHV are high and MCR.PGM is
low. A 0to 1 transition of MCR.ESUS causes the Module to start the sequence which placesit in erase
suspend.

The User must wait until MCR.DONE=1 before the Module is suspended and further actions are
attempted. MCR.DONE will go high no more than tESUS after MCR.ESUS is set to 1. Once suspended,
the array may be read. Flash Core reads while MCR.ESUS=1 from the block(s) being erased return
indeterminate data.

Example 3. Sector erase suspend

MCR = 0x00000007; /* Set ESUS in MCR: Erase Suspend */
do /* Loop to wait for DONE=1 */

MPC5604E Reference Manual, Rev. 5

18-380 Freescale Semiconductor



Flash Memory

{ tmp = MCR; /* Read MCR */

} while ( !(tmp & 0x00000400) );

Notice that there is no need to clear MCR.EHV and MCR.ERS in order to perform reads during erase
suspend. The erase sequenceisresumed by writing alogic 0to MCR.ESUS. MCR.EHV must besetto 1’
before MCR.ESUS can be cleared to resume the operation. The modul e continues the erase sequence from
one of a set of predefined points. This may extend the time required for the erase operation.

Example 4. Sector erase resume

MCR = 0x00000005; /* Reset ESUS in MCR: Erase Resume */

18.4.6.4 User Test Mode
User Test Mode is a procedure to check the integrity of the Flash Module.

Three kinds of test can be performed:
* Array Integrity Self Check
* Margin Read
* ECC Logic Check

The User Test Mode is equivalent to aModify operation: read accesses attempted by the user during User
Test Mode generates a Read-While-Write Error (RWE of MCR set).

It isnot allowed to perform User Test operations on the Test and Shadow blocks.

18.4.6.4.1 Array integrity self check

Array Integrity is checked using a pre-defined address sequence (proprietary), and this operation is
executed on selected and unlocked blocks. Once the operation is compl eted, the results of the reads can be
checked by reading the MISR value (stored in UMISRO-1), to determine if an incorrect read, or ECC
detection was noted.

Theinternal MISR calculator isa 32 hit register. The 32 bit data, the 7 ECC dataand the single and double
ECC errors of the Word are therefore captured by the MISR through 2 different read accesses at the same
location. The whole check is done through 2 compl ete scans of the memory address space:

1. The 1st passwill scan only bits 31-0 of each word.
2. The2nd passwill scan only the ECC bits (7) and the single and double ECC errors (1 + 1) of each
word.

The 32 data bit and the 7 ECC data are sampled before the eventual ECC correction, while the single and
double error flags are sampled after the ECC evaluation. Only data from existing and unlocked locations
are captured by the MISR. The MISR can be seeded to any value by writing the UMISRO-1 registers.

Once command is started, Array Integrity check isrun by FPEC using system clock and the number of
walit states identified by address and data wait states.

The Array Integrity Self Check consists of the following sequence of events:
1. Set UTEinUTO by writing the related password in UTO.
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2. Select the block(s) to be checked by writing 1's to the appropriate register(s) in LMS. Note that
Lock and Select are independent. If ablock is selected and locked, no Array Integrity Check will
occur.

Set eventually UTO.AIS bit for a sequential addressing only.
Clear (or insert seed) UMISRO-1
Writealogic 1 to the UTO.AIE bit to start the Array Integrity Check.
Wait until the UTO.AID bit goes high.
Compare UMISRO-1 content with the expected result.
Write alogic 0 to the UTO.AIE bit.
If more blocks are to be checked, return to step 2.
10 clear UTOwriting UTO.UTEto ‘0
It isrecomended to leave UTO0.AIS at 0 and use the proprietary address sequence that checksthe read path

more fully, although this sequence takes more time. While UTO.AID islow and UTO.AIE ishigh, the User
may clear AIE, resulting in aArray Integrity Check abort.
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UTO.AID must be checked to know when the aborting command has completed.
Example 5. Array integrity check of sectors BOF1 and BOF2

UTo = 0xXF9F99999; /* Set UTE in UTO: Enable User Test */
LMS = 0x00000006; /* Set LSL2-1 in LMS: Select Sectors */
UTo = 0x80000002; /* Set AIE in UTO: Operation Start */
do /* Loop to wait for AID=1 */
D
{ tmp = UTO; /* Read UTO0 */
} while ( !(tmp & 0x00000001) );
datao = UMISRO; /* Read UMISRO content*/
datal = UMISR1; /* Read UMISR1 content*/
UTo = 0x00000000; /* Reset UTE and AIE in UTO: Operation End */

18.4.6.4.2 Margin read

Margin read procedure (either Margin 0 or Margin 1), can be run on unlocked blocksin order to unbalance
the Sense Amplifiers, respect to standard read conditions, so that al the read accesses reduce the margin
vs‘0 (UTO.MRV =‘0') orvs‘'1 (UTO.MRV =*1"). Locked sectors areignored by MISR calculation and
ECC flagging.

The results of the margin reads can be checked comparing checksum value in UMISRO-1. Since Margin
reads are done at voltages that differ than the normal read voltage, lifetime expectancy of the Flash
macrocell isimpacted by the execution of Margin reads.

Doing Margin reads repetitively resultsin degradation of the Flash Array, and shorten expected lifetime
experienced at normal read levels. It is recommended the Margin reads be done on alimited basis (less
than 10 times before the next chip erase).
The Margin Read Setup operation consists of the following sequence of events:

1. Set UTEinUTO by writing the related password in UTO.

2. Select the block(s) to be checked by writing 1's to the appropriate register(s) in LMS. Note that
Lock and Select are independent. If ablock is selected and locked, no Margin Readwill occur.
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Set eventually UT0.AIS bit for a sequential addressing only.
Change the value in the UTO.MRE bit from O to 1.
Select the Margin level: UTO.MRV=0 for 0's margin, UTO.MRV=1 for 1's margin.
Write alogic 1 to the UTO.AIE bit to start the Margin Read Setup or skip to step 6 to terminate.
Wait until the UTO.AID bit goes high.
Compare UMISRO-1 content with the expected result.
9. Writealogic 0to the UTO.AIE UTO.MRE and UTO.MRYV bits.
It is recomended to leave UTO.AIS at 1 and use the linear address sequence and takes less time. While

UTO.AID islow and UTO.AIE is high, the User may clear AIE, resulting in aMargin Mode abort.
UTO.AID must be checked to know when the aborting command has completed.
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Example 6. Margin read setup versus ‘1’s

UTo = 0xXF9F99999; /* Set UTE in UTO: Enable User Test */

UTo = 0x80000020; /* Set MRE in UTO: Select Operation */

UTO = 0x80000030; /* Set MRV in UTO: Select Margin versus 1's */
UTo = 0x80000032; /* Set AIE in UTO: Operation Start */

do /* Loop to wait for AID=1 */

{ tmp = UTO; /* Read UTO */

} while ( !(tmp & 0x00000001) );

datao = UMISRO; /* Read UMISRO content*/

datal = UMISR1; /* Read UMISR1 content*/

uTo = 0x00000000; /* Reset UTE, AIE, MRE, MRV in UTO: Deselect

Operation */

18.4.6.4.3 ECC logic check

ECC logic can be checked by forcing the input of ECC logic: the 32 bits of data and the 7 bits of ECC
syndrome can be individually forced and they will drive simultaneously at the same value the ECC logic
of the word.

The results of the ECC Logic Check can be verified by reading the MISR value. The ECC Logic Check
operation consists of the following sequence of events:

Set UTE in UTO by writing the related password in UTO.

Writein UT1.DAI31-0 Word Input value.

Writein UT0.DSI6-0 the Syndrome Input value.

Select the ECC Logic Check: write alogic 1 to the UTO.EIE bit.

Write alogic 1 to the UTO.AIE bit to start the ECC Logic Check.

Wait until the UTO.AID bit goes high.

Compare UMISRO-1 content with the expected result.

8. Writealogic 0 to the UTO.AIE bit.

Noticethat when UTO.AID islow UMISRO-1, UT1 and bitsMRE, MRV, EIE, AISand DSI6-0 of UTO are
not accessible: reading returns undeterminate data and write has no effect.
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Example 7. ECC logic check

UTo = 0xXF9F99999; /* Set UTE in UTO: Enable User Test */

MPC