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General precautions on the use of Toshiba MCUs

This Page explains general precautions on the use of Toshiba MCUs.

Note that if there is a difference between the general precautions and the description in the body of the docu-
ment, the description in the body of document has higher priority.

1. The MCUs’ operation at power-on

At power-on, internal state of the MCUs is unstable. Therefore, state of the pins is undefined until re-
set operation is completed.

When a reset is performed by an external reset pin, pins of the MCUs that use the reset pin are unde-
fined until reset operation by the external pin is completed.

Also, when a reset is performed by the internal power-on reset, pins of the MCUs that use the internal
power-on reset are undefined until power supply voltage reaches the voltage at which power-on reset is val-
id.

2. Unused pins
Unused input/output ports of the MCUs are prohibited to use. The pins are high-impedance.

Generally, if MCUs operate while the high-impedance pins left open, electrostatic damage or latch-up
may occur in the internal LSI due to induced voltage influenced from external noise.

Toshiba recommend that each unused pin should be connected to the power supply pins or GND pins
via resistors.

3. Clock oscillation stability

A reset state must be released after the clock oscillation becomes stable. If the clock is changed to anoth-
er clock while the program is in progress, wait until the clock is stable.
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Introduction: Notes on the description of SFR (Special Function Register) under this specification

An SFR (Special Function Register) is a control register for peripheral circuits (IP).

The SFR addresses of IPs are described in the chapter on memory map, and the details of SFR are given in the
chapter of each IP.

Definition of SFR used in this specification is in accordance with the following rules.

a. SFR table of each IP as an example
SFR tables in each chapter of IP provides register names, addresses and brief descriptions.

All registers have a 32-bit unique address and the addresses of the registers are defined as follows,
with some exceptions: "Base address + (Unique) address"

Base Address = 0x0000_0000

Register name Address(Base+)

Control register SAMCR 0x0004
0x000C

Note) SAMCR register address is 32 bits wide from the address 0x0000_0004 (Base Address
(0x00000000) + unique address (0x0004)).

Note) The register shown above is an example for explanation purpose and not for demonstra-
tion purpose. This register does not exist in this microcontroller.
b. SFR (register)
+ Each register basically consists of a 32-bit register (some exceptions).

The description of each register provides bits, bit symbols, types, initial values after reset and func-
tions.

1.2.2 SAMCR(Control register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol - - - - - - MODE
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol MODE TDATA
After reset 0 0 0 1 0 0 0 0

Bit Bit Symbol Type Function
31-10 - R "0" can be read.
9-7 MODE[2:0] R/W Operation mode settings
000 : Sample mode 0
001 : Sample mode 1
010 : Sample mode 2
011 : Sample mode 3
The settings other than those above: Reserved
6-0 TDATA[6:0] w Transmitted data
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Note) The Type is divided into three as shown below.

R/ W READ WRITE
R READ
w WRITE

c. Data description
Meanings of symbols used in the SFR description are as shown below.
x: channel numbers/ports
n,m: bit numbers
d. Register descriptions

Registers are described as shown below.
Register name <Bit Symbol>

Example: SAMCR<MODE>="000" or SAMCR<MODE[2:0]>="000"

<MODE[2:0]> indicates bit 2 to bit 0 in bit symbol mode (3bit width).
Register name [Bit]

Example: SAMCR[9:7]="000"
It indicates bit 9 to bit 7 of the register SAMCR (32 bit width).




Revision History

Date

Revision

Comment

2016/6/27

1

First Release







Table of Contents

General precautions on the use of Toshiba MCUs

TMPM066FWUG TMPMO067FWQG TMPM068FWXBG

L1 FEATULES.......ooeoiiiiiiiiiiiiieicet ettt ettt ettt sttt ettt et e bt bt e bt e s be e saeesaeesaneeaneeas 1
1.2 BIoCK DIAGIam..........cocooiiiiiiiiiiiiiiiiieee ettt
1.3 Pin Layout (TOP VIEW).......cocooiiiiiiiiiiiiiicet ettt ettt ettt st e

1.4 Pin names and Functions

1.4.1  Pin names and Functions for each peripheral function, control pin and power supply pin
1.4.1.1  Peripheral functions
1.4.1.2  Debug function
1.4.1.3  Control function
1.4.1.4  Power supply pins
1.4.2  Pin names and Function of TMPMOG6/067/068.............cccccocviiiiiiiiiiiiiiiiiieiecccesese e 10
1.42.1  The detail for pin names and function list
1.42.2  PORT / Debug pin
1.423  USB & Control pin
1.42.4  Power Supply pin

2. Product Information

2.1 Information of Each Peripheral Function....................ccccccooiiiiiiniiiiniie e 16
211 DMA CONIOIEr (DMAC). ..o eeseeeeeeesssesssssssssssssssssssss s 16
2.1.1.1  DMA Request table
2.1.2  16-bit Timer/Event Counter (TMRB).......ccoueuiirirtiiieiiiriete ettt ettt ettt sttt st b et et seeenene 16

2.1.3  16-bit Timer A (TMR16A).........c.c...... .17

2.1.4  High Resolution 16-bit Timer (TIMRD).......c.cciriiueiiiririeirieieiiiriet ettt ettt b ettt b ettt s et seebenens 18
2.1.4.1  Clock setting for TMRD

2.1.5  Serial Channel (SIO/UART)....ccuoueuiririeirietet ettt ettt ettt ettt ettt e bt st ebe st et e st st e b e st s ete st st ebenesebeneebeseneanene

2,10 T2C BUS (J2C) ittt ettt ekttt h ettt b et h stk s et b h et ke n et b st be sttt e bttt e st enene

2.1.7  Toshiba Serial Peripheral Interface (TSPI).. .

2.1.8  Analog/Digital CONVEIEr (ADC)......cuiriiueiiieieiiirieieiete ettt sttt ettt ettt et st b et s e st stebe et st ebe e et esene et ebeneatebeseneebenennanne

2.1.9  USB DEVICE (USBD).. ittt sttt ettt ettt b et b ettt es et e st e b e bt st ebe st ebene et ese e ebes et ebe st besentstenestebenenne
2.1.9.1  Reference Circuit

2,110 DEDUZ INTEITACE. .. .cueveieieteiietete ettt ettt b ettt bbbt b e s e b et e b e s ea et e b et be st e et e st st e b e st st ene et ebeneanene 20

3. Processor Core

3.1 Information on the ProCeSSOY COTE.............ocoiiiiiiiiriieiiiieeeieeeiteeeiteeeteeeeeeeeenbeeesibeesaeeeenees 21
3.2 Configurable OPLionS.............cccoooiiiiiiiieiii ettt e et esbte e et eseneeeeaes 21
3.3 Exceptions/ INterTUPLIONS............cccooiiiiiiiiiiiiieeiie ettt ettt et e st e s b e e 22
3.3.1 Number of Interrupt Inputs..... .
332 SYSTHCK ittt et b et b ekttt s b ettt s e bbbttt naene

3.3.3  SYSRESETREQ.....ociiiiiiiiiiiiiii s
334 LOCKUP ...t

34 EVEINES....c..ooiiiiiiiiiic e e e e
3.5 Power Management




4.

Memory Map

4.1 MEIMOTY IDAP.....coouiiiiiiieeitee ettt ettt e ettt e et e e sttt e sabeeebteesbtee sttt esabeeesabeeesabeeenbteeensbeesbaeesbeeenane 25

4.2 BUS MALTIX ...ttt e et e et e e e et e e e et e e e e e taeeeeeitaeeeeeatraeeeeans 27
.21 SHIUCKUTE. ...ttt ettt ettt b et e bkt e s s et s st s s e st e s sttt se e s s et e bt s s e sanen 28
42.1.1  Single chip mode, Single boot mode
4.2.2 CONNECHION tADIE........ouiiiiciiiiieiiieceet ettt sttt a et 29
4221 Code area / SRAM area
4222  Peripheral area
4.2.3  Address lists Of peripheral fUNCHIONS. ......c..eiviiiieieeeieite ettt ettt ettt et besbe st et e e st eseebestenseneeneans 31

S.

Reset Operation

5.1 CoId RESEL........coeiiiiiiiiiiie ettt sttt ettt ettt e b eas 34
S5.1.1 Cold ReSEt DY RESET PIN..ucieiiiiieiieiiirieiiniete ettt ettt ettt b ettt sttt es et b et e st e et e st st ebeneebebensebenebenens 34
5.1.2  Cold Reset With POWET-0N-TESEE CITCUIL .....euvviuirieteuirietiirieteietet sttt ettt sttt ettt s st et et s et b ebe e b s enestebeneabenens 35

5.2 WA RESEL.......oooiiiiiiiiiiieieeee e s e s e s e s e e e eeseeeaeeeeaseseeeeeseeseseseeeeeeeeeeeeeeeeeeeeaeeees 35
B3 AFEEY TESEL.......eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 35

6.

Clock/Mode control

il

0.1 FEALUIES........ceeevveeiiieieeeeeee ettt e e et e e e e e e e e e aae e e e e e eeeeettaeaeeeeeeeeeararaaaaeeeans
6.2 Registers.....
6.2.1  Register List.....ccoovvreriecireneieesenenns

6.2.2 CGPROTECT (Write Protect register)..
6.2.3 CGOSCCR (Oscillation control register).

6.2.4  CGSYSCR (SyStem CONLIOL TEZISTET)..eueuveueeuiriiieeietirteiesietertetestetesteeeseetesteseenessesteseesesseseseesesseseseesensenseneesesenseneesensenes
6.2.5 CGSTBYCR (Standby CONLIOL TEZISLET).......cuveuieriereriirieieieeeeeetestestesteteteneeteetestestesseteseeseesessessesensenseneeseesessensenseseneenes
6.2.6 CGPLLOSEL(PLL Selection Register of fsys)...
6.2.7 CGWUPHCR(Warm-up 1e@ister Of HOSC)....c.eouiriiieieiietiriesieietesie sttt sttt et s b ss et eneeseenesseneenes
6.2.8  CGFSYSENA (fsys Clock On/Off TEZISTET A)...cueiieuieiiiiieiiiiiieiieteieiee ettt ettt st se et eneenesseneenes
6.2.9 CGFSYSENB (fsys Clock on/off register B)..

6.2.10 CGSPCLKEN (ADC Clock on/off register)............
6.2.11 CGEXTENDOO (Optional function SEttng rEGISLET).........ereruerueruerieeeeriirrerieriesieseeeeteseesessessesesseseeseesessessessensessensenes 49

0.3 CIOCK CONLIOL.......cceeiiiiiiiiiiiiece ettt ettt e sate e s et e sbae e sabeesneeeeaneas 50

6.3.1  Clock Type.....cccvrreruneen .50
6.3.2 Initial Values after Reset.. .50
6.3.3  Clock system Diagram................ .51

6.3.4  Clock Multiplication CIrcUit (PLL).......ceeerieieieirieteieieietiet sttt ettt et et sessessesesseseeseesessessensenseneeseesensesseneenes 52
6.3.4.1  Operation start
6.3.4.2  Changed the multiplication
6.3.43  The sequence of PLL setting
6.3.44  The sequence of PLL setting (Changed multiplying value)

6.3.5  SYSIEIM CLOCK ...ttt ettt et e sttt e st es e et e s e st e st es et e st e st e s e s e s e e s e s et en et e b et ent et et enteneesesenes
6.3.6  Clock Supply Setting Function...
6.3.7  CLOCK SEUIIEZ. ...e.veueeeietetirieiietieteie ettt ettt et e e st ettt et e st et e et e st esees e et e sensenees et enseneese et ensensese et ensensesees e s enseneasessenseneenessensenes

6.4 Modes and Mode Transitions................ccccieriiiiiiiiiniiiiiie ettt e e e 57
6.4.1  Operation mode Transitions.
6.4.2  Transition t0 STOPT MOME.......c.cciriiiririiinieiiiieietctete ettt ettt ettt st et b sttt sa bt ae e e b nenens

6.5  OPperation MOUE..............coooiiiiiiiiiiiiiiee ettt e et e sttt e st esbae e satee et eeaeas
6.5.1  NORMAL IMOGE......cciiriiiiiiiiiricteintetcirete ettt ettt et ettt ettt a et s e bttt eaesa b et etesese b st s esenesesnenens

6.6 Low Power Consumption MOdeS...............cooouiiiiiiiiniiiniieeiieeieesiee et ettt e iee e 59
6.6.1  IDLE mode......cccooeveueinecinnrcineiiiriencenen .59
6.6.2  STOP1 mode.......ccoovuemimieriieninnns ...60
6.6.3  Low power Consumption MOA@ SEHHNG...........ccvruiriirieieiriiieietete sttt sttt ssesseaeseesessesseseesessessenaesessessenseseesessensenes 61
6.6.4  Operational Status in EACh MOGE..........cciiiiiiiieieieietisesee ettt ettt et s st sa e s et et e st ene et eesesseneenes 62
6.6.5 Releasing the Low Power Consumption MOGE..........covueieiririiniiieieieiesesietei ettt sttt ettt eeneeseesesseneenes 63



6.6.0  WAITIISUP..c..c.iiiiiieiieeitete ettt ettt ettt b e sa ettt e a e e et e st ea et et st eatea e s e st euteb et et e st eut et et et enteue s e s et eneenenne 65
6.6.7  Clock Operations in Mode TTANSIHION. .....c.ceueueriruiirieiriiteirtet ettt ettt ettt ettt ettt sttt b et b et ettt ebe st saebeneas 66
6.6.7.1  Transition of operation modes: NORMAL — STOP1 — NORMAL

7. Exceptions

Tl OVRIVIEW. ...ttt ettt ettt bt e e bt e bt e e bt e e s bt e sabeesabeeeabeeeabeeebaeenabeenareas 67
T 11 EXCEPLON TYPES..c.eviuiiiiiiiieiiieieicietet ettt sttt a et b e et s e bttt st b et a e 67
7.1.2 Handling FIOWCRATT..........c.coiiiiiiiiiiiii ettt st sttt ae e 68

7.1.2.1  Exception Request and Detection

7.1.2.2  Exception Handling and Branch to the Interrupt Service Routine (Pre-emption)
7.12.3  Executing an ISR

7.1.2.4  Exception exit

7.2 ReSet EXCEPLIONS.......ccc.cooiiiiiiiiiiiiiiicieetee ettt ettt sttt st sene e e sane e 73
7.3 Non-Maskable Interrupts (NIMII)...........cooiiiiiiiiiiiiiie ettt et e 74
Ted  SYSTHCK ..ottt bt sttt et bttt et be s

TS5 IMEEITUPLS.......ooiiiiiiiiiieet ettt ettt ettt et e et ettt et e bt et e bt e meesaeesaeesaneeaneeaneens

7.5.1  Interrupt Sources.............
7.5.1.1  Interrupt Route
7.5.1.2  Generation
7.5.1.3  Transmission
7.5.1.4  Precautions when using external interrupt pins
7.5.1.5  List of Interrupt Sources
7.5.1.6  Active level
7.5.1.7  Precautions on Clearing Low-power Consumption Mode
7.5.1.8  Interrupt management numbers
7.5.2  INterTUPt HANAIINEG. . .c.eoniiiieiiieeee ettt ettt st e a e st st e et e st es e et e b et e st es e e b e sse e e st eseenessetenteneeneatenne 82
7.5.2.1  Flowchart
7.5.22  Preparation
7.5.2.3  Detection (INTIF)
7.5.2.4  Detection (CPU)
7.52.5  CPU processing
7.5.2.6  Interrupt Service Routine (ISR)

7.6 Exception/Interrupt-Related Registers...............c.ccocueviiiiniininiininiiieeeteeeeseeseee e 88
7.6.1  Register List
7.6.2  NVIC registers

7.6.2.1  SysTick Control and Status Register
7.6.2.2  SysTick Reload Value Register
7.6.2.3  SysTick Correct Value Register
7.6.2.4  SysTick Calibration Value Register
7.6.2.5  Interrupt Set-Enable Register 1
7.6.2.6  Interrupt Clear-Enable Register 1
7.6.2.7  Interrupt Set-Pending Register 1
7.6.2.8  Interrupt Clear-Pending Register 1
7.6.2.9  Interrupt Priority Register
7.6.2.10  Application Interrupt and reset Control Register
7.6.2.11  System Handler Priority Register
7.6.2.12  System Handler Control and State Register
7.6.3  INTIF (INterrupt CONtrOL) TEGISTETS. .....cueuerieueuiieieiiirieteiitetet ettt ettt a et s e st s e eaeneneas 100
7.6.3.1  INTCTL (interrupt control registers, for release from NMI, low-power consumption mode)
7.6.3.2  RSTFLG (Reset flag register)
7.6.3.3  INTFLAG (Interrupt monitor flag register)

8.

pDMA Controller (nDMAC)

2 0 1) % () SRR 113
811 FUNCHON LASt...viiviieiiitiiiiiti ettt ettt ettt ettt et e ete e e e teete et e ete et eeteeaseeseeaseaseessesseeseeasenteessensesseeasenseessensesssersenseeaseneas 113

8.2 BIOCK DHAGIAINL.........cccuiiiiiiiiiieiie ettt s e st e e et e e taeessae e saeensseesnsaesnneennnes 114

8.3 REGISTIS. ......ooiiiiiiiieeiie ettt ettt e ettt e et e e s b e e e st e e esbeeetaeeantaeenbaeebeeesaeeannaeennraeans

8.3.1 Register List
8.3.2 DMAxStatus (DMAC Status Register).
8.3.3 DMAxCfg (DMAC Configuration Register)
8.3.4 DMAXxCtrlBasePtr (Channel Control Data Base-pointer Register)
8.3.5 DMAXxAItCtrIBasePtr (Channel Alternate Control Data Base-pointer REiSter).........ccoovvueirueirieinieerinieiriciisiecene 118

il



8.3.6 DMAxChnlSwRequest (Channel Software Request REZISLET).......c.coueueirirueiriiiiiniiieiriricerieetree ettt

8.3.7 DMAxChnlUseburstSet (Channel useburst Set REZISLET).......ccovueiriiueririiiiniiiiinieiiric sttt
8.3.8 DMAxChnlUseburstClr (Channel useburst Clear REZISLEr).......cccoueueuiririeuiriniiiiiniiieiirie ettt
8.3.9 DMAxChnlReqMaskSet (Channel Request Mask Set Register)...

8.3.10 DMAxChnlReqMaskClr (Channel Request Mask Clear ReZISLEr).........cocvueuerirueiririerininieinirieinieiceseeeeneereeseeeennene 123
8.3.11 DMAxChnlEnableSet (Channel Enable Set REGISIEI)........c.covueuiiririeiiririeiiirieieicietcicreriei ettt 124
8.3.12 DMAxChnlEnableClr (Channel Enable Clear Register)....... 125
8.3.13 DMAXChnlPriAltSet (Channel Primary-alternate Set Register)..... 126
8.3.14 DMAXChnlPriAltClr (Channel Primary-alternate Clear Register).. 127
8.3.15 DMAXChnlPrioritySet (Channel Priority Set REISET)........ccovriiuiririeirieiininieirieicnieietete ettt 128
8.3.16  DMAXChnlPriorityClr (Channel Priority Clear REISEr)..........ccerurueuiririeuirinieiiirieieenieieie ettt seesnene 129
8.3.17  DMAXEITCIr (Bus Error Clear REGISET).......ccovueueiririeiiririeiiinieiiitneeteittreet ettt ettt et sttt sttt s senene 130

L 0 ) 1T 11 (1) | OSSR 131

8.4.1  Channel Control Data MemOTY Map.........ccceueirieueririeiiririeiinieieerietet sttt ettt sttt b est bbbt seebe e bes et esesesaebesensene 131
8.4.2  Channel Control Data STIUCTUIE..........c.ertrietiiriiieirietetrieteert ettt sttt etes sttt et bt se et s et ebe st b st e saeb et ebesesestebeneesebentnnene 132

8.4.2.1  Final Address of the Transfer Source Data
8.4.2.2  Final Address of the Transfer Destination Address
8.4.2.3  Control Data Setting
843 OPETAtiON MOGES.....c.evuiniieiiietceetei ettt ettt ettt ettt et b ettt et b et b ettt eb e st bbbt ettt b et ettt be st nene 134
8.4.3.1  Invalid Setting
8.4.3.2  Basic Mode
8.4.3.3  Automatic Request Mode
8.4.3.4  Ping-pong Mode
8.4.3.5 Memory Scatter/Gather Mode
8.4.3.6  Peripheral Scatter/Gather Mode

e I T o 1) (1 (1) (LR 141
8.5.1  SIO/UART, TMRB, ADC Ar& USE........rveereereerreeeresessseesessseeeseessesessssssesessessesssssessssssessssessssssssssssassessssessssssssssseneen 141

9. Input/Output port

0.1 REGISTI'S........eieieieeieee ettt ettt ettt e sttt e b e st e et e bt e et e et e e bt e e nte e beeneeeaeas 143
L O R T4 ] ] PSSO SOOI 144
9.1.2  Port function and SETING LISt.........ccceuiuiiiriiuiiiiieiiieieeeieee ettt ettt st 146

9.1.2.1 PORT A
9.1.22 PORTB
9.1.23 PORTC
9.1.24  PORT D
9.12.5 PORTE
9.12.6 PORTF
9.1.2.7 PORT G
9.1.2.8 PORTH
9.1.29 PORT]J
9.1.3  Block Diagrams OF POTTS.........c.cooiiiuiiiiiiiiicieieieeir ettt ettt ettt 153

9.1.3.1  Port Type
9132  Type FT1
9133  Type FT4
9.1.34  Type FTS
9.1.3.5  Type FT6

10. 16-bit Timer / Event Counters (TMRB)

TO1 OUIDNE. ...ttt ettt sb e st et e sbe e shtesateebeenbeesaeesareeane
10.2  BIoCK DHAGIam........cooiiiiiiiiiiiiiiiie ettt st sttt st s st s
B L T 2 4 1 USSR
10.3.1  Register List.......cc.o.....
10.3.2  TBxEN (Enable Register)..
10.3.3  TBXRUN (RUN RE@ISET).....cerueuiuirieuinirietiirteteeeteteststetesttetese sttt ses e tebes et esesestebesentsbesetebesenesbebe s ebeseneaseseneetesennanane
10.3.4  TBXCR (CONLIOl REGISTET)..c..veuiuieueuiieiinieteieietet sttt ettt ettt ettt b ettt et sttt bt s e b e s et ebes e st e b et besentetenestebenenene
10.3.5 TBxMOD (Mode Register)
10.3.6  TBXFFCR (FLip-F1Op CONtrol REGISET)...c..cucuerueuiuirieiirieteieieiirieietetei ettt sttt ettt ettt ettt et eb e besenene 168
10.3.7  TBXST (Statts REGISTET).....cveuirieuiuirietiieteiiteteietet ettt ettt ettt et b e bbb bt b st ekt s et ebes e st e b et eb et steseseebenenene 169

10.3.8  TBxIM (Interrupt Mask Register)....
10.3.9  TBxUC (Up-counter Capture Register)..
10.3.10  TBXRGO (TImer REZISTET 0)....cveueuirietiuirieiiirietirieieiiteieit ettt ettt ettt es sttt sttt e s aeb st bes e st e b et bes et etenestebeneanene 172

v



10.3.11  TBXRGI (Timer REZISTEI 1)..c.ecueuiriiiiiiriiiiiieiiieicirieie ettt sttt ettt ettt ettt ettt be e nenene 172
10.3.12  TBXCPO (Capture TEZISLET 0).....ccueueirieuiririeiirieiirieieiinteteteeetesteteses et et etese s st stebesaebesesteb et ebe st etesestebesesaebeseasesenteseneanes 173
10.3.13  TBXCP1 (Capture REGISIET 1)....c.crieueuiriiiiiirieiiiinietiirteietetet ettt sttt et ettt ettt ettt ettt b et ese st ebeenes 173
10.3.14 TBXDMA(DMA request €nable TEISIET)........c.erirueueririiirieieieieiinieteteteietetesesteseseebesentesese ettt s et seesesaebeesseseseesenenes 174
10.4 Description of OPeration..................ccccoeviiiiiiiiiiiie it e st e e enaee e 175
TOA.T  PIESCALET....c.uiuiiiiiiiiii ettt 175
10.4.2  UP-COUNLET (UC ).ttt ettt ettt ettt sttt ettt b ettt et bt st bbb et st e bt et e bt st ebes et saebenenes 175

10.4.2.1  Source clock

10.4.2.2  Counter start / stop
10.4.2.3  Counter Clear
10.4.2.4  Up-Counter Overflow

10.4.3  Timer Registers (TBXRGO, TBXRGL)....cc.cerimiiiiririeiiniieiiic ettt ettt ettt ettt

10.4.4  CaPLUIE COMTIOL..c.euiiiiiiiiiciiietetet ettt ettt ettt bbbt b bt b et b bttt b e st e bbb et et bt e e b be st ebenenes

10.4.5  Capture Registers (TBXCPO, TBXCP1).....ccciriiiririiirieiinieieiiei ettt ettt ettt sttt b ettt

10.4.6  Up-Counter Capture Register (TBxUC)

10.4.7  Comparators (CPO, CP1)....ccooiiiiiiiiieieieneeees ettt ettt ettt ettt sttt sttt sae et st naeneenes

10.4.8  Timer FLip-FIop (TBXFFO).....ccoetiuiiiiiiiiiiiiet ettt ettt ettt sttt sttt sttt

10.4.9  Capture Interrupt INTTBxCAPO, INTTBxCAP1). 177

10.4.10  DMA REqUESL....c.ecurririiieiiniirieicieienieneeeeeneneeeeiene 177
10.5 Description of Operation for each mode...................ccocoeviiiiiiiiiiine e 178

10.5.1  Interval TIMer MOME.......cooooiiiiiiiiiiiiiiiiiiiiiiii et 178

10.5.2 Event Counter MOME. ..ottt 178

10.5.3  Programmable Pulse Generation (PPG) Output MOde.........c.ceviriiirinieiininieiininieiiinieertiei ettt 179

10.5.4  Programmable Pulse Generation (PPG) External Trigger Output Mode........cc.eueoivieuerinieiirinieininieicinieerenieeeneeienenen 181
10.6 Applications Using Capture Function...................ccoccviiiiiiriiiiiniiecie e 183

10.6.1  Frequency MEASUIEIIIENL. ... ....co.eveuteuerieuieiieteteitrie st eitet et eat et et eeteaesee ettt s st eb et es e ebesae e ebeebe s et ese et este st sueseeneebennenseneenen 183

10.6.2  Pulse Width MEASUICIMENL. .........cooviiiiiiiiiiiiiiiiiieirieeee ettt 185

11. 16-Bit Timer A (TMRI16A)

11.1 Outline................

11.2 Block Diagram

T1.3  REGISTET'S. ..ottt ettt ettt e et e bt e sae e e abe e beesateebeesbeesnbeebeesaeesnneans
T1.3.1 REEISEET LISttt ettt e et h et a et b et et sea e e

11.3.1.1  T16AXEN (Enable Register)
11.3.1.2  T16AxXRUN (RUN Register)
11.3.1.3  T16AxCR (Control Register)
11.3.14  T16AxRG (Timer Register)

11.3.1.5  T16AxCP (Capture Register)

11.4  Operation DeSCriPtion. ..............cccoiiiiiiiiiiiiiiiiieiee ettt 192
11.4.1  Timer Operation................. 192
1142 T16AxOUT Control 192
11.43  Read Capture........ 192
11.4.4  AULOMATIC STOP....cuiiiuiuiiiiiiirieietie ettt ettt ettt ettt ettt s et st s et e bt s st s s b et s s et s e b et s st se e b et en st saebenenen 192

12. High Resolution 16-bit Timer (TMRD ver.C)

T2.1 OUIINE. ...ttt et et e bttt e be e s bt et e e b e s be e et ebees 195
2 2 O01) 1111111 (1) | OSSR 196

12.2.1

Timer Unit

12.2.1.1  Block Diagram of Timer Unit

12.3 Registers......

12.3.1

Register List

12.3.1.1  Register List (TMRD)
12.4  Operation DeSCription................cccviiiiiiiiiiiiiie et e e e tee et e e sneeeeenes 215

12.4.1
12.4.2

Prescaler Clock..................
Timer Unit (TMRO, TIMRI)......coiiiiiuiietetiiiteteieteteetet ettt ese ettt et ss et se st esess s esesessesessssesesessesessssesesessesesesnsan 215

12.42.1  Counter (UCn)
12.4.2.2  Comparator (CPnm)
12.4.2.3  Output Channel (CHn0, CHn1)



12.5 Each Operation Mode DeSCription.................ccooviiiiiiiiiiiiiiie et 220
12.5.1  16-bit Programmable Rectangular Pulse Output (PPG).......cccueiviriiiniiiiiinieiiiniciciiei ettt 221
12.5.1.1 PPG mode
12.5.1.2  Interlock PPG Mode
12.5.1.3  Setting Range of Compare Register
12.5.2  Each Operation Mode and INEITUPLS. .........c.covrieueiriiieiininieiiirieiciet ettt ettt bbbttt sttt e et eesaene 241

13. Serial Channel with 4bytes FIFO (SIO/UART)

) IR B 0 o o) OSSRt
13.2  Configuration.............c.ccccoocevveenenennne.
13.3 Registers Description..........................
13.3.1  Registers List.......ccocueuenee
13.3.2 SCXEN (ENADIE REZISLET)......ecuiieuieiieteiieiiitesieiieteete ettt sttt ettt et et e st s s et e st e be s e st es e et e s s es e ss et eneeseaseneeneesenseneenens
13.3.3  SCXBUF (BUTTEr REZISLET).......ceiieuiiiiiieiiieicieieee ettt et
13.3.4 SCxCR (Control Register)...............

13.3.5 SCxMODO (Mode Control Register 0)..
13.3.6 SCxMODI! (Mode Control Register 1)..
13.3.7  SCXMOD2 (Mode Control REGISTEI 2).......cvruirieuieiirieieiieiesieieiestetete sttt ettt sttt seest et esbesseness e seneesesseeeneasensens
13.3.8  SCxBRCR (Baud Rate Generator Control REEISTEI)........ceruerieiruirieiriirieieiirieriee ettt eee et eneesennens
13.3.9 SCxBRADD (Baud Rate Generator Control Register 2)...
13.3.10  SCXFCNF (FIFO Configuration REGISLET)..........ceueiriiiiuirinieiiirieieiirieieeeeeei sttt
13.3.11 SCxRFC (Receive FIFO Configuration REZISET)........c.erverieuiriirierieieiieieieieieeteste sttt ste et ene b saeseeneesesne s
13.3.12  SCXTFC (Transmit FIFO Configuration Register) ..
13.3.13  SCxRST (Receive FIFO Status Register)....
13.3.14  SCXTST (Transmit FIFO Status Register)..
13.3.15 SCXDMA (DMA request enable TEZISTET).........ceeurueuiriiuirieieiiirieiereeieieetetee st te sttt s eese s se e sae e esnene

13.4 Operation in Each Mode...............ccccooiiiiiiiiiiiiiiiieee et

13.5 Data FOIMAL...........cocovviiiiiiiiiiieeee e et e e e e e et e e e e e e e eeetaaraeeeeeeeeeasaresaaaeas
13.5.1 Data Format List...
13.5.2 Parity COMLIOL..c.oiiuiiiiiiiiicice ettt b ettt s bbbt e bbb a et e b nene

13.5.2.1 Transmission
13.5.2.2  Reception

13.5.3  STOP Bit LEeN@HN...c.eouiuiiiieiiieieiiiieieieteiet ettt ettt s et s et e s b e s es e s eses e sesasensesenessesenensesesesesesensesesensesesensanane 265
13.6 ClOCK CONLIOL...........oooeviiiieiiiieeee e et e et eeeae e e e et e e e e eanee s 266

13.60.1  PLESCALET ..ottt ettt ettt ettt s e st s s e e s e b b et Rt ekt e n e Rt eh et e Rt e Rt es et e st bt s et en et et et ene et et eneene s 266

13.6.2  Serial ClOCK GENETation CIICUIL.......cueciiriiiieiiietietesteetesteestesteseetesteetesseessesseeseessesssessesseessessesssensasseessesssessenseessessesses 266

13.6.2.1  Baud Rate Generator
13.6.2.2  Clock Selection Circuit
13.6.3  Transmit/Receive Buffer and FIFO...........cccooiiiiiiiiiiiiiiiceceecrcere ettt 270
13.6.3.1  Configuration
13.6.3.2  Transmit/Receive Buffer
13.6.3.3  Initialize Transmit Buffer
13.6.34  FIFO

137 StAtUS FIAG........oiiiiiiiiiiiiiii ettt st et 272
13.8 Error Flag.... 2272
13.8.1 OERR Flag.... 272

1382 PERR Flag.. 273

13.8.3  FERR FIAZ. ..o iitiieieiiieictiieteieee ettt ettt ettt ettt e s e s s et e st s e s es e s et e st et esenees et ensesesensesesenseseseneesesensesesennasane 273
139  RECEIVE. ..ottt e e e e e et e e e e e s e e e e e et e e e e s e e eaararreeeeeas 274

13.9.1 Receive Counter....... 274

13.9.2 ReCEIVE COMITOL UNIL.....cuiiiiiiiiiiiiicicieieicee ettt st s et s b e ns 274
13.9.2.1  I/O interface mode
13.9.2.2  UART Mode
13.9.3  RECEIVE OPCTALION. ......ueuiiiinitiiiteieiietete ettt sttt ettt a st s b e e b s et e s et s s b e e s s et sae s e e b s easesenesaesenenne 274
13.9.3.1  Receive Buffer
13.9.3.2  Receive FIFO Operation
13.9.3.3  1/O interface mode with clock output mode
13.9.3.4  Read Received Data
13.9.3.,5  Wake-up Function
13.9.3.6  Overrun Error

1310 TraNSIL........oooooiiiiiiiiiii e 278
13.10.1  TTANSINIE COUNET......ueeuieieitieiteeteeetesteeteeteeteetesteeseessesseessesseessessesseessasseessesseassessesssessesseessensesssessenseessessesssessaseensesenseas 278

vi



13.10.2  Transmit CONMIOL......cooiiiiiiiiii ettt 278
13.10.2.1  In I/O Interface Mode
13.10.2.2  In UART Mode
13.10.3  TransSmit OPEIAtiON.........c.eerieueuirirueuirieteiirteteset ettt tet ettt bbb et be st e e beb et et be st teb et st ebes et ebest st ebes et et esestebeseatetebenesen 279
13.10.3.1  Operation of Transmit Buffer
13.10.3.2  Transmit FIFO Operation
13.10.3.3  Transmit in I/O interface Mode with Clock Output Mode
13.10.3.4  Level of SCXTXD pin after the last bit is output in I/O interface mode
13.10.3.5  Under-run error
13.10.3.6  Data Hold Time In the I/O interface mode with clock input mode

13.11 Handshake function..................ccoiiiiiiiiii e e e 283
13.12 Interrupt/Error Generation Timing.................ccccoviviiiiiiiiiiieeiieeie e 284
13.12.1  RECEIVE INEEITUDPLS. ....euitteiiieteiirtetet ettt ettt ettt ettt bttt ettt b et sttt b et st bttt ebe st e b st et ebenenen 284

13.12.1.1  Single Buffer / Double Buffer
13.12.1.2  FIFO

13,122 TIanSMIt INEEITUPES.....c.eevetieirteieietetet ettt ettt sttt s et ettt ebes b eb et eb et bebeat et es e st eb et st eb e st eb et et s et et ese st ebeseabebetebenenen 285
13.12.2.1  Singe Buffer / Double Buffer
13.12.22  FIFO

130123 EITOT GENETALION. ...c.vuiuiieiiniteieietet ettt ettt ettt eb ettt bbbt b et b bt b st b e bt st b et b b e st s e e b et et eb et st b et et e b et st ebenenen 286
13.12.3.1  UART Mode
13.12.3.2  T/O Interface Mode

1313 DA REQUESL........eeeiieiiieiieeiieeeiee ettt ete et ste e et e e s bee et e esteesnseeessseesnseesnseeesnseennses 287

13.14  SOFEWATE RESEL...........oooiiiiiieeeeee et e e e e e e e e e e e e staaeeeeeeeeeeaans 288

13.15 Operation in Each IMOde................coociiiiiiiiiiieeieeciee ettt e et eeseee e 289
13.15.1  Mode 0 (I/O INLEITACE MOME).....ecueeriieierietieieiteieiett ettt ettt ettt e st e e e etessesesae e ese et e besseseeseeseesessensessesessessensenseneesan 289

13.15.1.1  Transmit
13.15.1.2  Receive
13.15.1.3  Transmit and Receive (Full-duplex)

13.15.2  Mode 1 (7-bit UART MOGE).......coeuiiiiiiiiiiiiiiiiiiiiiiiiiiieiei ettt 300
13.15.3  Mode 2 (8-bit UART mode).. .300
13.154  Mode 3 (9-bit UART MOGE).......coouiiiiiiiiiiiiiiiiiiiiiiiiiiiieciet ettt 301
13.15.4.1  Wakeup function
13.15.42  Protocol
14. 12C Bus Interface
TA.1 FRATUIES....c..ueiiiiiiitie ettt ettt ettt e bt e st e e bt e e bt e e s bt e s bt e e sabeesabeesbeeesabeesanee 303
14.2  ConfIGUIAtION..........cc.ooiiiiiiiiiiiiiie ettt sttt st s 304
14.2.1  J2C BUS MOGC.....oiiiiiiiiiiiciiccc s 305
14.2.1.1 12C Bus Mode Data Format
143 REGISTOL .......c..oiiniiiiiiiieie ettt et ettt sttt et e ae e s s en 307
14.3.1  Registers for each channel.... 307
14.3.2  12CxCRI1(Control register 1).......ccoccoevvrueeinnnnee. 308
14.3.3 12CxDBR (Serial bus interface data buffer register).. 309
14.3.4  I2CXAR (I2Cbus 15t address TEZISTET).......cerueueuirirueuirieieieietiirieteee ettt tes et s e e e esaes e ae e e s e saebeneenen 310
14.3.5  I2CXCR2(CONLIOL TEZISTET 2).....uiiiiiiieieiiiieiiieteieete ettt ettt s a et s et s b e eaeseseene s e saebeenen 311
143.6  I2CxSR (Status Register) .
14.3.7  12CxPRS(Prescaler Clock SEHHNZ TEZISTET).......cueuirieuiuirieiiiirieiiieieieieieierte ettt et 313
14.3.8  I2CxIE(Interrupt ENable TEGISTET).......ccueueuiriruiirieieieieiirieieieteittetet sttt ettt st 314
14.3.9 12CxST(2C Interrupt status register)........... 315
14.3.10 I2CxOP(Expansion Function Setting register)...... 316
14.3.11 I2CxPM(Monitor for the I2C Bus Line register).. 317
14.3.12  I2CxXAR2(I2C 2nd Slave AdAIess TEZISLET).......cccueuiruruiirieuirieieiirieteieteieteteieseese st st se e s s sae e see e s e enenenes 317
14.3.13  I2CSWUPCRI(I2C wakeup control T@ZISTEI1).......c.ccuriiuiiriiiiiiiiciieicinece ettt 318
14.3.14 I2CSWUPCR2(I2C wakeup control register2).. 318
14.3.15 I2CSWUPCR3(I2C wakeup control register3).. ettt ettt ens 319

14.3.16  I2CSWUPSL(I2C Status TEZISTET)...c.veueereruireirreieienieiieteseeseesteeeeeseesessesseseeseeeneas ettt 319
144 FUNCHON..........oooiiiiiiiiiii et e e e e e ettt e e et e e e e te e e e eetaeeeeeeareeeeenreas 320

14.4.1  Selection for a Slave Address Match Detection or General Call Detection ...
14.4.2  Setting the Number of Bits per Transfer and the Acknowledgement Mode...
14.4.3  SeITAl CLOCK. ...ttt ettt sttt b et ettt st a et et 322
14.43.1  Clock source
14432 Clock Synchronization
14.4.4  Configuring the I2C as @ Master OF @ SIAVE........ccceiririiiiiiiiiiiceeee ettt 325
14.4.5  Configuring the 12C as a TranSmitter O @ RECEIVET......c.cc.euiiriiuiiiiieiiiiiceeiec ettt 326

vii



14.4.6  Generating Start and StOP CONAIIONS..........c.erieueririeririeiiirteiet ettt ettt ettt sttt ettt e et eebeseebenean 326
14.4.7  Interrupt Service Request and ReELEASE........c..c.evirieiriiiiiiiiiniicic ettt ettt s 327
14.4.8 T2 BUS MOGEC....c.eeuiieiiiiieiietieiet ettt ettt et ete et et et et e et esse st ese st esseseeseesesseseeseesesseseeseasesses e et e sensenees e senseneeseesensenseseasen
1449  Software Reset

14.4.10  Arbitration Lost DeteCtion MOMILOT. ......c..ciriirieieieriitinteietetteteetesieeeseetestesteaesaeseesessesseseeseesessessenseseesessessensessesessessn 329
14.4.11  Slave Address Match DeteCtion IMOMILOT........c..eiiuiierieririeierieteieterestestetestesteseeteseeesessesaesessesseseesessessessssesseseesessenees 330
14.4.12  General-call Detection Monitor............ 331
14.4.13  Last Received Bit MONItOT.........ccocvrvevieieiirieieieieeieieieeeenene 332
14.4.14  Setting of Slave Addressing and Address Recognition Mode... 332
14.4.15  INOISE CANCEILATION. ......eveuierietiieieteetetet ettt ettt et eseete st eseesesseseeseesesseseesaesesseseesensessesessansesaesessenseseesensenseseasen 333
14.4.16  Repeated START DEIECTION. ...co.euiiriiuiirietiiirieteeetet ettt ettt ettt sttt b ettt et ettt b b et ettt s b bt ebesenean 333
14.4.17  DMA request OULPUL COMIIOL....c.coueuiriiuiirieiiieieireie ettt ettt et b ettt ettt b et b et b et besesa bt 333

14.5 Control in the I2C Bus IMOdE..............cocoviiiiiieiiieeiieeie ettt steeeeeeeeee e eneeesnseesneeas 334

14.5.1  Data Transfer Procedure in the I2C BUS MOUE..........ccocueiririirieieiieieieieeeieee ettt ese s s seeseenes 334

14.5.1.1  Device Initialization

14.5.1.2  Generating the Start Condition and a Slave Address
14.5.1.3  Transferring a Data Word

14.5.1.4  Generating the Stop Condition

14.5.1.5  Procedure of Repeated START

14.5.1.6  DMA Transfer using DMA

14.6 12C Address Match Wake Up Function................cccoooovviiiiiiiieniieiiie e 343
T4.6.1  CONTIGUIALION. ...ttt ettt ettt ettt b et ekt b et b et et eb st b st et b e et e b et et e bttt eb et et bt e a b b et et ebenean 343
14.6.2  DeSCription Of OPETAtION.....c.coveueuiririiuirieteiirieteetetet ettt ettt ettt et eat sttt et st et ebes et et eae st ebes et e b et st ebe e beb et saebeeabeb et etenenean 343

14.6.2.1  Clock Stretch Function

14.6.2.2  Operation flow of the Address Match Wakeup Function
14.6.2.3  Timing

14.6.2.4  Operation and setting flow (example)

15. Toshiba Serial Peripheral Interface (TSPI)

viii

T5.1 0 OUIDNE. ..ottt ettt e sh e et e bt e sbeeeateebeesaeeenteebeesaeesnnean
15.2 BIOCK DHAGIAIMI........cooiiiiiiiiiiiie ettt ettt e ettt e et e eateeneeens
15.3  REGISTEI'S.......oeieeieie ettt ettt ettt et e bt e et e ete e s bt e eabeebeeeabeeateebeesnteenbeesaeeeneean
D531 REEISTET LISt....iuiiiiiciiieicieieee ettt b et s a et a et e b sttt n et n e
15.3.2  TSPIXCRO (TSPI Control REGISIET 0).......c.ceriiuiirieiirieiiieieiiietiieteie sttt se s
15.3.3  TSPIXCR1 (TSPI Control Register 1). .
15.3.4  TSPIXCR2 (TSPI Control REGISIET 2)......ccucuiriiuiieieiirieiiieieiieieiiteteie sttt e et sae e seene e
15.3.5  TSPIXCR3 (TSPI Control REGISIET 3)......ccucuiriiuiirieiirieiiieieiiietiieteie sttt s s e
15.3.6  TSPIxBR (TSPI Baud Rate Register)...............
15.3.7  TSPIXFMTRO (TSPI Format Control Register 0)...
15.3.8  TSPIXFMTRI (TSPI Format Control Register 1)...
15.3.9  TSPIXDR (TSPI Data REZISIET).......cucuirieuiuiiieuiirieiiieieieteteeseeteee ettt ettt st se e s 362
15.3.10  TSPIXSR (TSPI Status REGISLET).....c.cueueriiieiiiieiiieieiciiietcieeeetce ettt ettt 363
15.3.11  TSPIXERR (TSPI E1ror F1ag REGISET)......c.cueoiriiuiuiiiiiiieiciiiricicieieeeietee sttt ettt 366
15.4  Operation DesSCription...............ccccooiiiiiiiiiiiiiiiiiiteeeee ettt 367
1541 Datd FOIMAL.......cooiiiiiiiiiiiiiccc st 367

15.4.1.1  Data Format without Parity
15.4.1.2  Data Format with a Parity Bit

15.4.2

TIANSTET FOTMAL.......etiiiiiieei ettt ettt ettt st b e be s s et e st b e s s e e e st eb e e b e esemeenees e s s e eeeneeseenesaenseneenesnennen 377

15.4.2.1  Polarity of TSPIXCS Signal and Generation Timing
15.4.2.2  Polarity of Clock
15423  TSPIXTXD Output during Idle

1543

BUTTET SEIUCTULE. ...ttt ettt b et e s ekt e s e st e st e bt s s e e e st eb e b e e s et e st ebesse e eneen e st saenseneenesnennen 381

15.43.1  Data Length and FIFO Operation

1544

INEETTUPE REQUEST. ...ttt sttt b et a et s e bt ea e saenenean 384

15.4.4.1  Transmit Completion Interrupt/Receive Completion Interrupt
15.4.42  Transmit FIFO Interrupt/Receive FIFO Interrupt
15.4.43  Error Interruption

15.4.5
15.4.6

DIMA REQUEST. ...ttt ettt ettt b et et b et b et a et s bt e s st s b e e eaeneneen 387
TEANSTET IMOM@. ...ttt ettt ettt sttt ettt e st e s e bt e s e s e st es e bt sb e s eneen e ene e s et et enteneeb e beneeneeneenenaenen 388

15.4.6.1  Single Transfer
15.4.6.2  Burst Transfer

15.4.7

STO/SPI MIOME. ...t 388

154.7.1 SPI mode
15.4.7.2  SIO mode

15.4.8

IMASEET / SLAVE.....eititeeieiietert ettt ettt ettt ettt a e st e a et e st e et e st s e st eb e e bt es e st es e bt s en e e st eb e b et ent ettt et eneeneete st e st eneenen 388



15.4.8.1  Operation as Slave in SPI mode
15.4.8.2  Operation as Master in SPI mode
15.4.8.3  Operation as Slave in SIO mode
15.4.8.4  Operation as Master in SIO mode

D T N o 1) 11 o) PN 390

15.5.1 Reset.............. ..390
15.5.2  Initial Setting of TSP ..390
15.5.3  Start/Stop Transfer.. ..390
15.6 Communication Mode......... ..392
15.6.1  Full Duplex Communication MOME.........c.coueueiriiuiriiieiiniiiiinieieirie sttt ettt ettt ettt s b ettt be e eenene 392

15.6.2  Transmit Mode
15.6.3  Receive Mode

16.

USB Device Controller (USBD)

161 OULINE. ..ottt ettt st ettt sbe et bt 397
16.2  SyStem STIUCKULE. .........ocuoiiiiiiiiiiiieietetetete ettt sttt et ettt s be et ne e b eaes 398
16.2.1  AHB BUS Bridge (UDC2AB).....oocccocceeeeeeosessmmeeseesssssssssesssssssssssaseessesssessssessses s sssossssessseessssssssssssssssssoncesess s 399

16.2.1.1  Functions and Features
16.2.1.2  Configuration
16.2.1.3  Clock Domain
16.2.2  Toshiba USB-Spec2.0 Device Controller (UDC2)
16.2.2.1  Features and Functions
16.2.2.2  Specifications of Flags
16.2.2.3  Commands to EP

16.3 How to connect With the USB DUS..........uuuiiieieeeeeeeeeeeeeeeeeeeeeeeeeeeeeee et e e 411
16.4  REGISTET'S. .......oouiieiiiieeie ettt ettt ettt e b e st e et e bt e s at e et e e bt e s nteenteenneeaes 412
16.4.1  UDGC2AB REISLET.....c.eeuietietirieieiieterieieeete ettt tese et st e testesesae e eseeb e s e s eseeseseneenees e seneeneeseaseneeseesenseneeseasenseneeseasenseneas 412

16.4.1.1  UDC2AB Register list
16.4.1.2  UDFSINTSTS (Interrupt Status Register)
16.4.1.3  UDFSINTENB(Interrupt Enable Register)
16.4.1.4  UDFSMWTOUT(Master Write Timeout Register)
16.4.1.5  UDFSC2STSET(UDC?2 Setting Register)
16.4.1.6  UDFSMSTSET(DMAC Setting Register)
16.4.1.7 UDFSDMACRDREQ(DMAC Read Request Register)
16.4.1.8  UDFSDMACRDVL(DMAC Read Value Register)
16.4.1.9  UDFSUDC2RDREQ(UDC2 Read Request Register)
16.4.1.10 UDFSUDC2RDVL(UDC2 Read Value Register)
16.4.1.11  UDFSARBTSET(Arbiter Setting Register)
16.4.1.12  UDFSMWSADR(Master Write Start Address Register)
16.4.1.13  UDFSMWEADR(Master Write End Address Register)
16.4.1.14  UDFSMWCADR(Master Write Current Address Register)
16.4.1.15  UDFSMWAHBADR(Master Write AHB Address Register)
16.4.1.16 ~ UDFSMRSADR(Master Read Start Address Register)
16.4.1.17  UDFSMREADR(Master Read End Address Register)
16.4.1.18  UDFSMRCADR(Master Read Current Address Register)
16.4.1.19 UDFSMRAHBADR(Master Read AHB Address Register)
16.4.1.20  UDFSPWCTL(Power Detect Control Register)
16.4.1.21  UDFSMSTSTS(Master Status Register)
16.4.1.22  UDFSTOUTCNT(Timeout Count Register)

16.4.2 UDC?2 Register....
16.42.1  UDC2 Registers
16.42.2  How to access the UDC2 register
16.4.2.3  UDFS2ADR(Address-State register)
16424  UDFS2FRM(Frame register)
16.4.2.,5  UDFS2CMD(Command register)
16.4.2.6  UDFS2BRQ(bRequest-bmRequest Type register)
16.4.2.7  UDFS2WVL(wValue register)
16.4.2.8  UDFS2WIDX(wIndex register)
16.4.29  UDFS2WLGTH(wLength register)
16.42.10  UDFS2INT(INT register)
16.4.2.11 UDFS2INTEP(INT_EP register)
16.42.12  UDFS2INTEPMSK(INT_EP_MASK register)
16.4.2.13  UDFS2INTRXO(INT_RX_DATAO register)
16.4.2.14  UDFS2INTNAK(INT NAK register)
16.42.15  UDFS2INTNAKMSK(INT_NAK_MASK register)
16.4.2.16 ~ UDFS2EPOMSZ(EP0_MaxPacketSize register)
16.4.2.17  UDFS2EPOSTS(EPO_Status register)
16.4.2.18  UDFS2EPODSZ(EPO_Datasize register)

X



16.4.2.19  UDFS2EPOFIFO(EPO_FIFO register)
16.4.220  UDFS2EPXxMSZ(EPx_MaxPacketSizeRegister)
16.4.2.21  UDFS2EPxSTS(EPx_Status register)

16.4.2.22  UDFS2EPxDSZ(EPx_Datasize register)
16.4.2.23  UDFS2EPXFIFO(EPx_FIFO register)

16.5 Description of UDC2AB 0Peration.................ccoovvuirriiieeiiienieenieeeieeeeee et siee e esnee e 465
16.5.1  RESEL.corvrrerreeeeeeereeeree e 465
16.5.2  INLEITUPE SIZNALS. c...euitiiiiitiiiricteiete ettt ettt et b ettt b et st eb e bbb e b et ettt b bt se e bt be st t et esesaebenea 466

16.5.2.1  INTUSB Interrupt Signal
16.5.2.2  INTUSBWKUP Interrupt
16.5.3  OPETation SEQUEIICE. ...c.cvviurtetiritetiatrteteteteteet st eteseetetesestebes e teses et ebeseteses et et esea b et eb et ebe st tebeb et et ese b ebeb et etese st asebentetenenea 468
16.5.4  Master Transfer OPEIAtiON.........c.ceoirieuiririeiriiiiirietertetet ettt ettt eb st b et s bttt ebesa e b e et eb et et e st st se st saebe st b st s ebenesaebenea 470
16.5.4.1  Master Read transfer
16.5.4.2  Master Write transfer
16.5.5  USB Power Management CONIOL.........c.coeueuiirieueinirieininicieinieteenteteses sttt sttt bttt et st et ss bt ae bt ssebeessenene 474
16.5.5.1  Connection Diagram of Power Management Control Signal
16.5.5.2  Sequence of USB Bus Power (VBUS) Connection/Disconnection
TO0.5.60  USB RESEL...cuuitiiiiicierteteieetee ettt ettt ettt et b et ae et b bt et eb et aesa et be bt en ettt eae e
16.5.7  Suspend / Resume
16.5.7.1  Shift to the suspended state
16.5.7.2  Resuming from suspended state (resuming from the USB host)
16.5.7.3  Resuming from the suspend state (disconnect)
16.5.7.4  Remote wakeup from the suspended state

16.6 USB Device ReSPONSE............ccooviiiiiiiiiiiieiiieeiieeee ettt seesaee st e st e eseesneeennns 483
16.7 Flow of Control in Transfer of EPS...............coooiiiiiiiiie e 485
671 BP0 eeeeeeeeeeeseeseeeseseseeeseesseeseessseeaeeseeseesssseeee st et eseseesseesseeeeesestesesseeseesseteeeseeeeeesseeeeessseeees s esesenseessneeesees 485

16.7.1.1  Control-RD transfer

16.7.1.2  Control-WR transfer (without DATA-Stage)
16.7.1.3  Control-WR transfer (with DATA-Stage)
16.7.1.4  Example of using the INT_STATUS NAK flag
16.7.1.5  Processing when standard request

16.7.2  EPs other than EPO.........

16.8  Suspend/Resume State................cocoviiiiiiiiiiiieiie ettt e st e et e st e eneeesnseeeens 500
16.8.1  Shift to the SUSPENAEA STALE.......ccerveueuirieiiiirieieiiet ettt ettt sttt et b et b e ne et et 500
16.8.2  Resuming from SUSPENAEA STALE.......c.courveueirieuiirieieiiiiteieietet ettt ettt sttt st bbbttt be et be ettt 500

16.8.2.1  Resuming by an output from the host
16.8.2.2  Resuming by way remote wakeup from UDC2

16.9 USB-Spec2.0 Device Controller AppendiX..............ccccccvvvviiiririieeniieeriee e 501
16.9.1  Appendix A System POWer ManagemeNnL...........cc.e.erirueueririeiininiiiriiieienieteeestetes e tetese st tes sttt seebe e ses et s besessebeeeseseneas 501

16.9.1.1  Connect / Disconnect Operations
16.9.1.2  Reset Operation

16.9.1.3  Suspend Operation

16.9.1.4  Resume Operation

16.9.2  Appendix B About Setting an Odd Number of Bytes as MaxPacketSize...........cccoevreinrcninicinccnnccnecenecene 507
16.9.2.1  Setting an odd number in the UDFS2EPXxMSZ
16.9.3  Appendix C ISOChIONOUS TTANSIALOT. .....c.cotiueuiriiiirieieiiteieiertet ettt ettt ettt sttt b ettt s 510

16.9.3.1  Accessing an EP using Isochronous transfer
16.9.3.2  Restrictions on command usage to EP when using Isochronous transfer

10-bit Analog/Digital Converter (ADC)

171 OUIDNE. ..ottt ettt ettt e s h e et e bt e saeeeateebeesabeemteeseesaeesnneas 511

17.2 CONFIGUIALION. ...........ooiiiiiiiiiiie ettt ettt ettt e sttt e e bt e bt e saeesateeaeeeneeenneas 511

17.3  REGISTEI'S.......eeietiiie ettt et a e et e bt e st e ete e s bt e eabeebeesateeateebeesaeeenbeesseesnnean 513
17.3.1  Register list.....ccoccevecennccninecne 513
17.3.2  ADCLK (Conversion Clock Setting Register) 514
17.3.3 ADMODO (Mode Control ReGISLEr 0) ......cccueueuiiriiuiiiiiieiiieieicinieteesietetee ettt sttt 515
17.3.4  ADMODI (Mode Control REGISLET 1)......c.c.ioiriiuirinieiiiricicieieiiireceeeete ettt e 516
17.3.5 ADMOD?2 (Mode Control REGISLET 2) ......cccoueueuiiriiiiiiiieiiieieieiteteesee ettt ettt st 517
17.3.6 ADMOD3 (Mode Control REGISLET 3)......c.c.ioiriiuiririiiiiriciciieieiricetetetets ettt 519

17.3.7  ADMOD4 (Mode Control Register 4) .
17.3.8  ADMODS (Mode Control Register 5)..
17.3.9  ADMOD6 (Mode Control Register 0)...... .
17.3.10 ADREGn (Conversion Result Register n: 1 = 0 10 11)....cccoiiiiiiiiiiiiiiiiecieeeeeeeeeee e 523
17.3.11  ADREGSP (AD Conversion Result ReIStEr SP).......c.cccioiriiiiiiniiiriiiiieiriceeeeeseeee e 524
17.3.12  ADCMPO (AD Conversion Result Comparison REgISter 0).........ccccvueuirieuiuiririeinieieiririeenieieeneeeeseeeeeseeieeseeseeeas 525




17.3.13  ADCMPI (AD Conversion Result Comparison REZISTEr 1).......cccovueuirimieiririeiininiiiniieiineennie et 525

17.4 Description of OPerations..................cccoevciiiiiiiiniieerie et et eeeesteeebeeesaeeseneeeenns 526
17.4.1  Analog Reference Voltage .
17.4.2  AD CONVETSION MOME.......c.euiriiuiiieiiieteiieteieirtet sttt ettt ettt sttt b et b et b ettt et s e b et bbb e st st e b st s teb et ebesesenene

17.4.2.1  Normal AD conversion
17.4.2.2  Top-priority AD conversion

17.4.3  AD MONILOT FUNCHON. c....euteiiiiiteiieieitesieeeteeteteste et et ettt et ete st e st et e e s et eseeseese st eseeseesesseseesesessessesessenaeseasesseneesensanseneas 527
17.4.4  Selecting the INPUt ChANDEL........coocuiiiiiiiiriiiiiei ettt ettt ettt b et be e aeneae 528
17.4.5  AD CONVETSION DELAILS. ....c.iiviteieiietietiiiesieietiee ettt ettt et ettt st et e seeaeesessesseseese et eesessessesaeseesessensesseseesessensenseneas 528

17.4.5.1  Starting AD Conversion

17452  AD Conversion

17.4.53  Top-priority AD conversion during normal AD conversion

17.4.5.4  Stopping Repeat Conversion Mode

17.4.5.5  Reactivating normal AD conversion

17.4.5.6  Conversion completion

17.4.5.7  Interrupt generation timings and AD conversion result storage register
17.4.5.8  DMA Request

17459  Cautions

18. Low Voltage detection circuit (LVD)

18.1  ConfIGUIAION...........ooiiiiiiiiiiiieiie ettt et ettt et e te e beesbeesaeesaeeenes 535

18.2  REGISTEI'S. ... ..ooeiiiiiiiet ettt ettt ettt b e s et e et e bt e s at e e bt e bt e sneeenteenneeaes 536
I8.2.1  REGISLET LIST. ..ttt ettt e et e ettt s et a e neneae 536
18.2.2  LVDCRO (LVD detection cOntrol TEZISTEr 0).........c.cerirueuerirueuiririereiinieieiereeieieseieseeeseseseseesesesaesesesseseseseesesesessesesesnenens 537
18.2.3  LVDCRI (LVD detection CONtrol TEZISTET 1)....cc.iiuirieiriiiiieiirienieietesie ettt ettt ettt ese e se e se b e seeneeseebeneeneas 538

18.3  OPEIAtiON.........ceiiiiiiiiiiiiiieieeet ettt ettt ettt st et sttt e 539
18.3.1  Selecting detection voltage and enabling voltage detection OPETatioN.............cceueuerueuerurieirueirieeneeieerieeseeeeseevenenene 539
18.3.2  Reset by Detecting @ SUPPLY VOIEAZE........c.ooiiiiiiuirieiciiieieiirecteecce ettt s

18.3.3  Interrupt by Detecting a supply voltage.
18.3.4  Detecting Status.......cccecvveereeeeerereeieieenerieeeene

19. Watchdog Timer (WDT)

D I O] 11111111 (1) | DS
R . 3 1 RS
19201 REGISTET LASt..vuiuiteiiuiteteiitetet ettt ettt ettt b et b ettt stk es et b b ea et e b e st et e bt e e b e b e st b et es et e b sttt ebenetenene

19.2.2  WDMOD (Watchdog Timer Mode Register) .
19.2.3  WDCR (Watchdog Timer Control Register)...

19.2.4  WDFLG (Watchdog FIag REZISTET)......ucueuirirueiiriiteiiieieiirtetet ettt ettt ettt bttt b et bbb b eenenene
19.3  Description of OPeration.................c.cccoeeeciiiiiiiiiiie et eae e e seaeesens

19.3.1  Basic Operation............ccccee.....

19.3.2  Operation Mode and Status...........cccoeveererereenne

19.3.3  Operation when malfunction (runaway) is deteCted..........couvueueirirreiririeirieiee ettt 544

19.3.3.1  INTWDT interrupt generation
19.3.3.2  Internal Reset Generation

19.4 Control of the watchdog timer....................coooiiiiiiiiiiiieee e 545
TO.4. 1 REGISTET BCCESS.cueuvueuiuteteuitateteaertetesttetetetetetes et etese st besea e et ebes et esebea e et eses et e b es et besea e b ebesta s et e b ene et ebes et et eseeebesentstebenenenene
19.4.2  Disable control.
19.4.3  ENADIE CONIOL.....ouimiiiiiiiiiiiiii ettt bbbt bbbt raeis
19.4.4  Watchdog timer Clearing COMIIOL.........c.ioiriiueiririiiiieieieiete ettt ettt ettt st bbbttt ettt seebenene 545
19.4.5  Detection time Of WatChAOZ tIMET........c.eiueuiiiiiiiieiiiiei ettt ettt ettt ettt sttt ettt seeeaene 546

20. Flash Memory Operation

2001 FRALUIES. .......ooiiiiiiiiieiieiieteete ettt ettt ettt st sttt s e st et st ettt et et e n e neeneeneen 547
20.1.1  Memory Size and Configuration. 547
20.1.2  Function.........c.ccceevceenveuccneenee. .548
20.1.3  OPEIAtION MOGE......couiieiieiietiieiietiete ettt ettt ettt et e s e e st et e ss e e et e sesse st ene et e seneeseesenseneenessensesseseeseseneeseasenseneesesenseneas 548

xi



Xii

20.2 Detail of Flash Memory

20.3 How to Reprogram Flash using Single Boot Mode

20.1.3.1  Mode Description
20.1.3.2  Mode Determination
20.1.4  Memory Map
20.1.5  Protect/Security Function
20.1.5.1  Protect Function
20.1.5.2  Protect Bit Mask Function
20.1.5.3  Security Function
20,106 REEISIET....euetiiiiieteetet ettt ettt ettt ettt b e bbbt st b st h e st b st h et st b et b et e e bbbt ettt bbb ns 553
20.1.6.1  Register List
20.1.6.2  FCSR (Flash status register)
20.1.6.3  FCSECBIT (Security bit register)
20.1.6.4  FCPSRA (Flash protect status register)
20.1.6.5 FCPMRA (Flash protect mask register)

20.2.1  FUNCHIOM. ..ttt ettt ettt ettt ettt ettt eb et b ettt e bt st eb et eb ot st bt b et et bt s e bbb b et st e b et beb e e etenes
20.2.2  Operation Mode of Flash Memory
20.2.3  Hardware Reset
20.2.4 How to Execute Command
20.2.5 Command Description
20.2.5.1  Automatic Page Program
20.2.5.2  Automatic Chip Erase
20.2.5.3  Automatic Block Erase
20.2.5.4  Automatic Protect Bit Program
20.2.5.5  Auto Protect Bit Erase
20.2.5.6  ID-Read
20.2.5.7 Read Command and Read/reset Command (Software Reset)
20.2.6  COMMANA SEQUEIICE.....c....cuiieiiiieterieteieatetetertete et ettt st be e bbbt est st ebes e st et et et es et et eb et e b e st et esea e st ebeseebes et et eaesaebenessesensetenes 561
20.2.6.1  Command Sequence List
20.2.6.2  Address Bit Configuration in the Bus Cycle
20.2.6.3  Block Address (BA)
20.2.6.4  How to Specify Protect Bit (PBA)
20.2.6.5 ID-Read Code (1A, ID)
20.2.6.6  Example of Command Sequence
20.2.7  FLOWCRATIT ... ettt ettt ettt b et ettt b et b et b et et b et b ettt b e s e bbbt et b et b bttt ns 565
20.2.7.1  Automatic Program
20.2.7.2  Automatic Erase

20.3.1 MO SELUNG....c.eiviiiiietiiiriet ettt ettt ettt ettt b ettt ettt et se bbbttt ettt ettt b bttt b ettt enen
20.3.2 Interface Specification
20.3.3  Restrictions on Internal Memories
20.3.4  Operation COMIMANG........ccoeueuiirieieirtiteicrt ettt ettt ettt ettt sttt b et b st st e b s ea e s e e b et st e bes et et e st seebebeaesaebestatebebeeetenen
20.3.4.1  RAM Transfer
20.3.4.2  Flash Memory Chip Erase and Protect Bit Erase
20.3.5 Common Operation regardless of COMMEANA...........ceoireiriiirinieinieienceet ettt ettt 569
20.3.5.1  Serial Operation Mode Determination
20.3.5.2  Acknowledge Response Data
20.3.5.3  Password Determination
20.3.5.4  CHECK SUM Calculation
20.3.6  Transfer Format at RAM Transfer
20.3.7  Transfer Format of Flash memory Chip Erase and Protect Bit Erase
20.3.8  Boot Program Whole Flowchart
20.3.9  Reprogramming Procedure of Flash using reprogramming algorithm in the on-chip BOOT ROM.........c.ccccueueneee. 582
20.3.9.1 Step-1
20.3.9.2  Step-2
20.3.9.3  Step-3
20.3.9.4  Step-4
20.3.9.5  Step-5
20.3.9.6  Step-6

20.4 Programming in the User Boot Mode..................coocvieiiiiniiiniiicieeeee et 585

20.4.1  (1-A) Procedure that a Programming Routine Stored in Flash memory..........ccccoveiriinincineinincncnececeee 585
20.4.1.1 Step-1
20.4.1.2  Step-2
20.4.1.3  Step-3
20.4.1.4  Step-4
20.4.1.5  Step-5
20.4.1.6  Step-6
20.4.2  (1-B) Procedure that a Programming Routine is transferred from External HOSt ..........cccoeoviniineinincincincene. 589
20.4.2.1 Step-1
20422 Step-2
20423  Step-3
20.4.2.4  Step-4
20.4.2.5  Step-5



20.4.2.6  Step-6

21. Debug Interface
21.1  Specification OVeIVIEW.............ccooiiiiiiiiiiiiiiieeieeetee sttt ettt
212 SWUIDP..oe ettt et bttt ettt st bttt
21.3 Peripheral Functions in Halt Mode
21.4 Connection with a Debug TooL............cc.ccoccoiiiiiiiiniiiiee e
21.4.1  About connection With deDUZ L0OL........c.eeuiiiiiiiieiitirieeeter ettt sttt st b e sae st beebe s eneenes
21.42  Important points of using debug interface pins used as general-purpose POTILS...........ccccerwrueuereerereeruereermemeresereeeennn 594
22. Port Section Equivalent Circuit Schematic
221 PORT PINL.ccniiiiiiiii ettt ettt e s bt s ae e st sat e s ate e bt e bt e beenbeenbees
22.2 Analog pin............ccooveverieennnnnns
22.3 Control pin
P2y O (1T Q) 1) 1 PO PSUPSPS
23. Electrical Characteristics

23.1 Absolute Maximum Ratings..............cccccooiiiiiiiiiiiiiiiii ettt
23.2 DC Electrical Characteristics (1/2)
23.3 DC Electrical Characteristics (2/2)
23.4 10-bit AD Converter electrical Characteristics

23.5 AC Electrical CharacteriStiCS. ............uuuuuumumeeiieeeieeeeeieeeeeeeeeeeeeeeeeeeeeeeeee ettt aaaaaaaananes
23.5.1  Serial channel (SIO/UART).....ccueoieieirteieieieeterte ettt sttt et st et e st e s e st ssestesaesesse st esesteseesessensenseneesensensenteneesensenseneenen

23.5.1.1  AC measurement Condition
23.5.1.2  AC Electrical Characteristics (I/O Interface Mode)
23.5.2  J2C ANLETTACE (I2C).uuiuieuieiietiieieiieteete sttt ettt ettt ettt et et e s et e e st ss et e st e st ese et et ensentene et e besseseeseeseesessenseneeneeneesensenseneesen 606
23.52.1  AC measurement Condition
23.5.2.2  AC Electrical Characteristics

23.5.3  Toshiba serial peripheral interface (TSPI)........cecireieirireieieeeiee ettt s b e sb e se e s eneens 608
23.53.1  AC Measurement Condition

23.54 USB Timing (Full-speed).........cccocu.... ...609

23.5.5 16-bit Timer / Event counter (TMRB)........ccooiitiriiieieirieteteieee ettt ettt s et sbe s e aenaeneeneenes 610

23.5.5.1  Event Counter
23.5.5.2  Capture

23.5.6  High Resolution 16-bit Timer (TMRD Ver.C) PPG OULPUL......cecueriririeieirierieieieieiee ettt sneneas 611
23.5.6.1  AC Measurement Condition
23.5.7  EXEEINAL INEITUPL.....veuieiiitiieiietisiesie ettt ettt ettt e st ettt b et e st et et es e es e et e seseeseeseneeseeb et eneeseesenseneeseesenseneesesseneesen 612

23.5.7.1  AC Measurement Condition
23.5.7.2  AC Electrical Characteristics
23.5.8  DebUZ COMMUINICATION. ......euveuietirteiesietieteiesteeeetesteseeseesestesessessesaeseesessesseseesesenseseesensenseneesensenseneesesensesessesseneesessesseneases 613
23.5.8.1  AC Measurement Condition
23.5.8.2  SWD interface

23.5.9  On-Chip OSCIlIAtOr CRATACLETISLIC. ..veuveueetiterietieiieteieeieet ettt sttt et ese st et eseesess e seseesesaesseseeseesessenseneesessenseneesensesseneeses 614

23.5.10  EXEINAl OSCILALOT. .. .c.eeuiitiieiietietesieieiieterte ettt ettt et ese et e e st e st et essenseneeseesesseseese st enseseesessenseneesessenseneesensenseneasen

23.5.11  External Clock Input. .

23.5.12  F1aSh CRATACLETISTIC. ...uiviteuieueeiietistesieiet et sttt ettt e e st et etesse e st e st esess et ensentese et e s esseneeseesessensenseneeneeneesensenseneesn

23.5.13  NOISE FIlter CRATACIETISTIC. ....eeverveieiietieteieietieteteiete ettt sttt st ettt e s et e s tesessessene et e senseneesesseneeseesenseneesessesseneesen 615
23.6 Recommended Oscillation CirCuit.................ccocviiiiiiiiiiiiiiiiiiee e 616

23.6.1  CeramiC OSCILIALOT. .......cuieuiitiieeietietertetet ettt ettt se et et s e st et e b es e e st es e s eseeseesesseneeseeseesenseneesessenseneesensenseneenen 616

23.6.2  Crystal OsCillator..........cceeveeverieieirereieens ...616

23.6.3  Precautions for designing printed circuit board.... ...616
23.7 Handling PreCaution..............coooiiiiiiiiiiiiiiiiie ettt s 617

23.7.1  Voltage level of POWET SUPPLY @t POWET-0M......cueeieiiriirieieieieieeteetestestete et sttt e e seeseesessessessesseneeseesessessensenseneeneesn 617

23.7.2  Voltage drop dUriNg OPEIAtiONS.........cceeerueierirterierieteieieterteteseeteteseesesseseesessesseseeseseseesessesseseesesseneesensenseneesessensesessenes 617

xiii



23.7.3  Power supply variation rate in operation range

23.7.4  Operating Voltage 0N STATTUP ....cccoveueriruiirieiiirieiiietetetet ettt ettt et sttt sttt et ettt et bt st b et eb et st bt saebe e seseaeenenes

24. Package Dimensions

Xiv



TMPM066FWUG TMPM067FWQG TMPMO068FWXBG

1.1

TMPMOG66FWUG
TMPMO67FWQG
TMPMO68FWXBG

The TMPMO066/067/068 is a 32-bit RISC microprocessor series with an ARM®Cortex®-MO microprocessor core.

Features of the TMPMO066/067/068 are as follows.

Features

1. ARM®Cortex®-M0 microprocessor core
a. Improved code efficiency has been realized through the use of Thumb®-2 instruction.
b. Both high performance and low power consumption have been achieved.

[High performance]
- A 32-bit multiplication (32 x 32=32 bit) can be executed with one clock.
[Low power consumptions]
- Optimized design using a low power consumption library
- Standby function that stops the operation of the micro controller core
c. High-speed interrupt response suitable for real-time control
- An interruptible long instruction.

- Stack push automatically handled by hardware.
2. Endian: Little endian

3. On Chip program memory and data memory
On chip Flash ROM: 128 Kbyte
On chip RAM: 16 Kbyte

4. DMA controller (DMAC): 28 channels / 1 units

Transfer mode: Built-in memory, peripheral function and external memory.

5. Clock generator (CG)
External Clock input /external oscillation (§MHz to 16MHz)
on Chip PLL (12x ,Max)
Clock gear function: The high-speed clock can be divided into 1/1, 1/2, 1/4, 1/8, 1/16.

6. Standby mode
IDLE, STOP1

7. Interrupt source: The order of priority can be set to 4 levels.
Internal: 24factors
External: 6 factors
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1.1 Features TMPM066FWUG TMPM067FWQG TMPMO068FWXBG

8. Input/output ports (PORT):

TMPMO66FWUG TMPMO67FWQG TMPMO68FWXBG

Input/Output pin 48 32 40

Input pin

Output pin

9. 16-bit timer (TMRB): 8 channels
16-bit interval timer mode
16-bit event counter mode
16-bit PPG output (4 Phase Synchronous mode)
Input capture function

10. 16-bit timer (TMR16A): 2 channels

11. 16-bit timer with high resolution PPG output (TMRD):1unit
4-channel synchronous PPG output
Duty can be settable in the units of 96MHz (10.4ns).

12. Watchdog timer (WDT): 1 channel
Watchdog timer (WDT) generates a reset or a non-maskable interrupt (NMI).

13. General-purpose serial interface (SIO/UART): 2 channels
Either UART mode or synchronous mode can be selected
Transmit FIFO: 4-stage 8-bit width, receive FIFO: 4-stage 8-bit width

14. 12C bus interface (I2C): 2 channels
Communication rate 100kbps / 400kbps / 1000kbps(Ch1 only)
Wake-up function by Slave Address match (Chl only)

15. Serial Peripheral interface (TSPI) : 1 channel
Supports 2 types of communications such as SPI mode and SIO mode
Data length is settable 8 through 32 bits in the units of 1 bit.

16. USB 2.0 device : 1 channel
Compliance Universal Serial Bus Specification Rev.2.0.
Supports 5 end points
Supports 4 transfer modes (Control/Interrupt /Bulk/ Isochronous).
Supports full communication speed (12Mbps) (dose not support Low Speed).

17. 10-bit AD converter (ADC):1 unit (8 channels)
Fixed channel/scan mode
Single/repeat mode
support Repeat conversion

AD monitoring
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TMPM066FWUG TMPM067FWQG TMPMO068FWXBG

18. LVD/POR function: 1 unit

19. Maximum operating frequency: 24MHz

20. Debug Interface
SWD is supported.

21. Operating voltage range: 1.8 to 3.6V

22. Temperature range
—40°C to 85°C (except during Flash W/E)
0°C to 70°C (during Flash W/E)

23. Package
Product Name Package Type
TMPMO066FWUG LQFP64 (10mm x 10mm, 0.5mm pitch)
TMPMO067FWQG QFN48 ( 7mm x 7mm, 0.5mm pitch)
TMPMO068FQXBG VFBGA56 ( 5mm x 5mm, 0.5mm pitch)

Page 3
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1.2 Block Diagram TMPM066FWUG TMPM067FWQG TMPMO068FWXBG

1.2 Block Diagram

Cortex-MO
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Figure 1-1 Block Diagram
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1.3 Pin Layout (Top view)

Figure 1-2,Figure 1-3 and Figure 1-4 shows the pin layout of TMPO66FWUG,TMPMO67FWQG and
TMPMO68FWXBG as following.

'—
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X O X Ooo NQN>DDODOoaoxrxaoaoaoa
/v M AN T~ O O ON © O ON— O O \
© © © © O DWW WO WLDO L S
RESET| 1 @ 48 | PG1
MODE | 2 47 | PGO
PB3| 3 46 | RvDD3
PB2 | 4 45 | PE2
PB1| 5 44 | PE1
PBO| 6 43 | PEO
AVSS| 7 42 | PH3
AVDD3| 8 41 | PH2
PAO| 9 40 | PH1
PA1]10 39| PHO
PA2] 11 38| PD5
PA3| 12 37 | PD4
PA4]113 36 | PD3
PA5| 14 35| PD2
PA6| 15 34 | PD1
PA7] 16 33| PDO
N O O® O~ N O I WONSNODODO ~ N
ST R AN AN NANNNNN®O OO
SRR R N
fdaaoaoaoaocaaoaocaoaacaoanapn g
5 o

Figure 1-2 Pin Layout (LQFP64 TOP VIEW)
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1.3 Pin Layout (Top view)
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Figure 1-3 QFN48 TOP VIEW
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1 2 3 4 5 6 7 8 9
DVSS | X2 X1 DVDD3 | USBDP | USBDM | DVSS |REGOUT | PE3
RESET x | DVSS | MODE | DVDD3 | PJ1 PJO PE5 PE4 PG1
PBO PB1 | AvSS RVDD3 | PGO
PAO | AvDD3 PE1 PE2
PA2 PA1 PEO PH1
PA3 PA4 PD5 PHO
PA5 PA6 PD4 PD3
PA7 PCc4 | PC2 PF5 PF4 PF2 | DVSS | PD2 PD1
PC5 PC3 | PCi1 PCO PF3 PF1 PFO | DVDD3 | PDO

Figure 1-4 BGA56 TOP VIEW
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1.4 Pin names and Functions

1.4.1  Pin names and Functions for each peripheral function, control pin and power sup-
ply pin

1.4.1.1  Peripheral functions

Table 1-1 The number of pins and Pin names

Input
Peripheral function Pin name or Function
Output
. External interrupt input pin x
External interrupt INTx Input . . . o . .
External interrupt input pin x has a noise filter (Filter width 30ns typ.)
TBxIN Input Input capture input pin
16bit timer (TMRB)
TBxOUT Output output pin
16 bit timer (TMR16A) T16AXOUT Output output pin
16bit timer (TMRD) TDAXOUTx Output Output
SCXTXD Output Data output pin
Serial channel (SIO/UART) SCxRXD Input Data input pin
SCxSCLK 110 Clock input/ output pin
TSPICS 1/0 CS pin (CSO: output, CSIN: input)
TSPITXD Output Data output pin
Serial channel (TSPI)
TSPIRXD Input Data input pin
TSPICLK 110 Clock input/ output pin
12CxSDA 1/0 Data input / output pin
12C bus interface (I2C)
12CxSCL 110 Clock input/ output pin
Analog digital converter AINX Input Analog input pin
USBDP 110 Data input/ output pin
USB interface (USBD)
USBDM 110 Data input/ output pin

1.4.1.2 Debug function

Table 1-2 Pin name and functions

Input
Pin name or Function
Output
SWDIO 110 Serial wire data input and output pin
SWCLK Input Serial wire clock input pin
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1.4.1.3 Control function

Table 1-3 Pin name and functions

Input
Pin name or Function
Output
X1 Input Connected to a high-speed oscillator.
X2 Output Connected to a high-speed oscillator.
MODE pin
MODE Input .
MODE pin must be connected to GND.
RESET Input Reset input pin
BOOT mode control pin
BOOT mode control pin is sampled at the rising edge of reset signal in-
put pin.
BOOT Input TMPMOQ(S‘{OS?/"(JGS changes Single Boot Mode when BOOT mode con-
trol pin is "Low".
TMPMO066/067/068 changes Single Chip Mode when BOOT mode con-
trol pin is "High".
Refer to "Flash memory" section for a detail.

1.4.1.4 Power supply pins

Table 1-4 Pin name and functions

Power supply Function
pin name
REGOUT Pin connected with the capacitor(1uF) for the regulator.
RVDD3 Power supply pin for the regulator.
DvDD3 Power supply pin for the digital circuit.
DVSS GND pin for the digital circuit.
AVDD3 Power supply pin for the analog circuit.
AVSS GND pin for the analog circuit.

REGOUT 1
1uF
DVSS
GND

Figure 1-5 Capacitor connection of Regulator

(Must be placed on the shortest distance.)
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1.4.2 Pin names and Function of TMPM066/067/068

1.4.2.1  The detail for pin names and function list

The mean of the symbol in the table is shown below.

1. Function A

The function which is specified without setting of function register is shown in this cell.

2. Function B

The function which is specified with setting of function register is shown in this cell. The num-
ber in this cell is corresponded with the number of function register.

3. Pin specification

The mean of the symbol in the table is shown below.
SMT/CMOS: Type of input gate

SMT: Schmitt input
CMOS: CMOS input

OD: Programmable open drain output support
Yes: supported
N/A: not supported

PU/PD: Programmable Pull-Up / Pull-Down
PU: Programmable Pull-Up supported
PD: Programmable Pull-Down supported

10mA: 10mA current drive port
Yes: supported
N/A: not supported
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1.4.2.2 PORT / Debug pin

Table 1-5 Pin names and functions <Sorted by PORT>

PinNo. Function B Port Specification
QFP | @QFN | BGA | PORT Function A SMT/
64 48 57 1 2 3 4 5 PU/PD oD CMOS 10mA
PORTA
9 5 D1 PAO | AINO PU/PD Yes SMT N/A
10 6 E2 PA1 [ AIN1 PU/PD Yes SMT N/A
11 7 E1 PA2 | AIN2 PU/PD Yes SMT N/A
12 8 F1 PA3 | AIN3 PU/PD Yes SMT N/A
13 9 F2 PA4 | AIN4 PU/PD Yes SMT N/A
14 10 G1 PA5 | AIN5 PU/PD Yes SMT N/A
15 11 G2 PA6 | AIN6 PU/PD Yes SMT N/A
16 12 H1 PA7 | AIN7 TB1IN PU/PD Yes SMT N/A
PinNo. Function B Port Specification
QGZP C:ZN B:?A PORT Function A ] ) 3 4 5 PU/PD oD CS'\|>|/|c‘|)'/S 10mA
PORTB
6 - C1 | PBO PU/PD Yes SMT N/A
5 - C2 | PB1 PU/PD Yes SMT N/A
4 - - PB2 PU/PD Yes SMT N/A
3 - - PB3 PU/PD Yes SMT N/A
PinNo. Function B Port Specification
QGZP C:FBN BsG7A PORT Function A ] ) 3 4 5 PU/PD oD CS|\'>|/gé 10mA
PORTC
22 18 J4 | PCO 12C0 PU/PD Yes SMT N/A
SCL
21 17 J3 | PC1 12C0 PU/PD Yes SMT N/A
SDA
20 16 H3 | PC2 SCOTXD PU/PD Yes SMT Yes
19 15 J2 | PC3 SCORXD PU/PD Yes SMT Yes
18 14 H2 | PC4 SCOSCK PU/PD Yes SMT N/A
17 13 J1 PC5 VBUS/ INT4 | TBOIN PU/PD Yes SMT N/A

Note:PC5 : 5V input tolerant
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PinNo. Function B Port Specification
QFP | QFN | BGA | PORT Function A SMT/
1 2 3 4 5 PU/PD oD 10mA
64 48 57 CMOSs
PORTD
T16A0 TDAO
33 25 Jo PDO PU/PD Yes SMT N/A
ouT OouTo
TBO TDAO
34 26 H9 PD1 PU/PD Yes SMT N/A
ouT OUT1
TB1 TDA1
35 27 H8 PD2 PU/PD Yes SMT N/A
ouT ouTo
TB2 TDA1
36 28 G9 PD3 PU/PD Yes SMT N/A
ouT ouT1
37 29 G8 PD4 TB3IN PU/PD Yes SMT N/A
38 30 F8 PD5 INTO PU/PD Yes SMT N/A
PinNo. Function B Port Specification
QFP | QFN | BGA | PORT Function A SMT/
1 2 3 4 5 PU/PD oD 10mA
64 48 57 CMOS
PORTE
43 31 E8 PEO SC1SCK PU/PD Yes SMT N/A
44 32 D8 PE1 SC1RXD [ TB2IN PU/PD Yes SMT N/A
45 33 D9 PE2 SC1TXD PU/PD Yes SMT N/A
49 37 A9 PE3 BOOT PU/PD Yes SMT N/A
50 38 B8 PE4 SWCLK PU/PD Yes SMT N/A
51 39 B7 PE5 SWDIO PU/PD Yes SMT N/A
PinNo. Function B Port Specification
QFP | QFN | BGA | PORT Function A SMT/
1 2 3 4 5 PU/PD oD 10mA
64 48 57 CMOS
PORTF
TSPI TSPI
30 22 J7 PFO INT5 PU/PD Yes SMT Yes
CSO CSIN
TSPI
29 21 J6 PF1 INT2 PU/PD Yes SMT Yes
TXD
TSPI
28 20 Hé PF2 PU/PD Yes SMT Yes
RXD
TSPI
27 19 J5 PF3 PU/PD Yes SMT Yes
CLK
26 - H5 PF4 TB30OUT PU/PD Yes SMT N/A
25 - H4 PF5 TB4OUT PU/PD Yes SMT N/A
24 - - PF6 PU/PD Yes SMT N/A
23 - - PF7 PU/PD Yes SMT N/A
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PinNo. Function B Port Specification
QFP | QFN | BGA | PORT Function A SMT/
1 2 3 4 5 PU/PD oD 10mA
64 48 57 CMOS
PORTG
12C1
47 35 C9 PGO PU/PD Yes SMT N/A
SCL
12C1
48 36 B9 PG1 PU/PD Yes SMT N/A
SDA
PinNo. Function B Port Specification
QFP | QFN | BGA | PORT Function A SMT/
1 2 3 4 5 PU/PD oD 10mA
64 48 57 CMOS
PORTH
39 - F9 PHO TB4IN PU/PD Yes SMT N/A
40 - E9 PH1 TBSIN PU/PD Yes SMT N/A
41 - - PH2 TB6IN PU/PD Yes SMT N/A
42 - - PH3 TB7IN PU/PD Yes SMT N/A
PinNo. Function B Port Specification
QFP | QFN | BGA | PORT Function A SMT/
1 2 3 4 5 PU/PD oD 10mA
64 48 57 CMOS
PORTJ
53 - B6 PJO TB50UT PU/PD Yes SMT N/A
54 - B5 PJ1 TB6OUT PU/PD Yes SMT N/A
59 - - PJ2 PU/PD Yes SMT N/A
60 - - PJ3 PU/PD Yes SMT N/A
1.4.2.3 USB & Control pin
Table 1-6 The number of pin and pin names
Pin No. Contlrol function
Pin name
QFP64 QFN48 XBG57
62 46 A3 X1
64 48 A2 X2
1 1 B1 RESET
2 2 B3 MODE
49 37 A9 BOOT
57 43 A5 USBDP
56 42 A6 USBDM
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1.4.2.4 Power Supply pin

Table 1-7 The number of pin and pin names

Pin No. P"Ffiv:rnjr‘::'y
QFP64 QFN48 XBG57
52 40 A8 REGOUT
46 34 Cc8 RVDD3
31,58,61 23,44,45 A4,B4,J8 DVDD3
32,55,63 24,41,47 A1,A7,B2,H7 DVSS
8 4 D2 AVDD3
7 3 C3 AVSS
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2. Product Information

This chapter describes peripheral function-related channels or number of units, information of pins and product
specific function information. Use this chapter in conjunction with Chapter Peripheral Function.

- "2.1.1 DMA Controller (DMAC)"

- "2.1.2 16-bit Timer/Event Counter (TMRB)"

- "2.1.3 16-bit Timer A (TMRI16A)"

- "2.1.4 High Resolution 16-bit Timer (TMRD)"

- "2.1.5 Serial Channel (SIO/UART)"

- "2.1.6 I2C Bus (120)"

- "2.1.7 Toshiba Serial Peripheral Interface (TSPI)"
- "2.1.8 Analog/Digital Converter (ADC)"

- "2.1.9 USB Device (USBD)"

- "2.1.10 Debug Interface"
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2.1 Information of Each Peripheral Function

2.1.1 DMA Controller (DMAC)

TMPMO066/067/068 incorporates 1 units of built-in DMA controller.

2111 DMA Request table

DMA Request table are shows as follows.

Table 2-1 DMA Request table

Corresponding peripheral

DMA DMA

ch No. Burst Single ch No. Burst Single
0 SIO/UARTO reception - 16 TMRB ch6 Comparator match -
1 SIO/UARTO transmission - 17 TMRB ch7 Comparator match -
2 SIO/UART1 reception - 18 TMRB chO Capture input0 -
3 SIO/UART1 transmission - 19 TMRB ch1 Capture input0 -
4 12C chO reception - 20 TMRB ch2 Capture input0 -
5 12C chO transmission - 21 TMRB ch3 Capture input0 -
6 12C ch1 reception - 22 TMRB ch4 Capture input0 -
7 12C ch1 transmission - 23 TMRB ch5 Capture input0 -
8 TSPI reception - 24 TMRB ch6 Capture input0 -
9 TSPI transmission - 25 TMRB ch7 Capture input0 -
10 TMRB ch0 Comparator match - 26 - -
11 TMRB ch1 Comparator match - 27 - -
12 TMRB ch2 Comparator match - 28 - -
13 TMRB ch3 Comparator match - 29 - -
14 TMRB ch4 Comparator match _ 30 i—ilci)%hest priority AD conversion comple- _
15 TMRB ch5 Comparator match - 31 Normal AD conversion completion -

2.1.2 16-bit Timer/Event Counter (TMRB)

TMPMO066/067/068 incorporates 8 channels of TMRB.

Table 2-2 Pin specifications

Channel TBxOUT TBxIN
TMRBO PD1 PC5
TMRB1 PD2 PA7
TMRB2 PD3 PE1
TMRB3 PF4 PD4
TMRB4 PF5 PHO
TMRB5 PJO PH1
TMRB6 PJ1 PH2
TMRB7 - PH3
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Table 2-3 Synchronous start specifications

Master channel

Slave channel

TMRBO

TMRB1, TMRB2, TMRB3

TMRB4

TMRB5, TMRB6, TMRB7

Table 2-4 Capture trigger specifications

Trigger input channel

Trigger output

TMRBO
TMRB1
TMRB2

TB6OUT

TMRB3
TMRB4
TMRB5

TB70UT

2.1.3 16-bit Timer A (TMR16A)

TMPMO066/067/068 incorporates 2 channels of TMR16A.

Table 2-5 Pin specifications

Channel

T16A00UT

T16A0

PDO

Page 17
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Information of Each Peripheral Function

TMPM066FWUG TMPM067FWQG TMPMO068FWXBG

2.1.4 High Resolution 16-bit Timer (TMRD)

TMPMO066/067/068 has one block of high resolution 16-bit timer.

2141

Table 2-6 Pin specifications

channel TMRD
TDAOUTO PDO
TDAOUT1 PD1
TDAOUT2 PD2
TDAOUT3 PD3

Clock setting for TMRD

This device can be used the TMRD, when the PLL is enable and also the CGFSYSENA<IPENA18>,

CGEXTENDOO<DCLKEN> are enabled.

Table 2-7 Support Clock of TMRD

fosc (MHz) Number of PLL multpli TMRDCLK (MHz)
8 12 96 (Max)
10 8 80
12 8 96 (Max)
16 6 96 (Max)
16 > not used not used

2.1.5 Serial Channel (SIO/UART)

TMPMO066/067/068 incorporates 2 channels of SIO.

Table 2-8 Pin specifications

Channel SCxTXD SCxRXD SCxSCLK
SCO0 PC2 PC3 PC4
SC1 PE2 PE1 PEO

Table 2-9 Transfer clock specifications

Clock input channel

Clock output

SCOo

TBOOUT

SC1

TB1OUT

Note: TMPMO066/067/068 does not have the Handshake function (SCxCTS pin).

2016/6/27
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21.6

12C Bus (12C)

TMPMO066/067/068 incorporates 2 channels of 12C.

Table 2-10 Pin specifications

Wakeup function is supported.

Channel 12CxSDA 12CxSCL
12C0 PC1 PCO
12C1 PG1 PGO

Wakeup function is not supported.

2.1.7 Toshiba Serial Peripheral Interface (TSPI)

TMPMO066/067/068 incorporates 1 channel of SPI.

Table 2-11 Pin specifications

TSPI Pin Port
TSPICS0 (CSO/CSIN) PFO
TSPITXD PF1
TSPIRXD PF2
TSPICLK PF3

Analog/Digital Converter (ADC)

TMPMO066/067/068 incorporates 1 unit of ADC.

Table 2-12 Pin specifications

Analog input

AINO to 7

Ports

PAO to 7

Note: TMPM066/067/068 analog input pins are 8 channels of AINO to AIN7.

Table 2-13 Internal start-up trigger selection

Type

Internal trigger

Normal AD conversion start-up trigger

A Compare register 0 match of TMRB ch0

Highest priority AD conversion start-up trigger

A Compare register 0 match of TMRB ch1
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2.1.9 USB Device (USBD)

TMPMO066/067/068 supports 5 endpoints (EPs).

2.1.9.1 Reference Circuit

The example circuit is shown below when USB device circuit is used in TMPM066/067/068.

VDD
Sw <— GPIO
------- VBUS . Rey VBUS
—e— |- DP(D+) . T III —}—| UsBDP
R
o I N | DM(D-)__. —|usBDM
_______ GND__.
RPD || - R]_

Note 1: On TMPMO066/067/068, DP must be pulled up. The dumping resistor should must be connected with DP
and DM, too.

Note 2: Recommended value of resistors: Rpu= 1.5KQ, Rs= 33Q

Note 3: DP and DM are pulled-up by R1 if the Flow-through Current reducing (Optional). Recommended value of resist-
or: R1= equal or more than 500KQ.

Note 4: Rpu have on/off control by GPIO when Rpu and R1 are connected with TMPMO066/067/068. Rpu must be dis-
connected when USB device circuit is not used.(Optional)

Note 5: For releasing USB suspend mode, it should be by the VBUS pin.(recommended)
Note 6: We recommend the processing of Note 3 when USB is unused.

2.1.10 Debug Interface

TMPMO066/067/068 supports serial wire debug ports.

Table 2-14 Pin specifications

I/F SWDIO SWCLK

Serial wire PE5 PE4
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3. Processor Core

The TXO00 series has a high-performance 32-bit processor core (the ARM Cortex-MO processor core). For infor-
mation on the operations of this processor core, please refer to the "Cortex-M0 Technical Reference Manual" is-
sued by ARM Limited. This chapter describes the functions unique to the TXO00 series that are not explained in

that document.

3.1 Information on the processor core

The following table shows the revision of the processor core in the TMPMO066/067/068.

Refer to the detailed information about the CPU core and architecture, refer to the ARM manual "Cortex-M ser-

ies processors" in the following URL:

http://infocenter.arm.com/help/index.jsp

Product Name

Core Revision

TMPMO066/067/068

rOp0-03

3.2 Configurable Options

The Cortex-MO core has optional blocks. The following tables shows the configurable options in the

TMPMO066/067/068.

Configurable Options

Implementation

Interrupts 32
Data endiannes Little-endian
SysTick timer Present
Number of watchpoint comparators 2
Number of breakpoint comparators 4
Halting debug support Present
Fast

Multiplier

Note: The fast multiplier provides a 32-bit x 32-bit multiply that yields the least-significant 32-bits.

Page 21

2016/6/27



3. Processor Core
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3.3 Exceptions/ Interruptions

Exceptions and interruptions are described in the following section.

3.3.1  Number of Interrupt Inputs
The number of interrupt inputs can optionally be defined in the Cortex-MO core.

TMPMO066/067/068 has 32 interrupt inputs.

3.3.2 SysTick
TMPMO066/067/068 has a SysTick timer which can generate SysTick exception.

For the detail of SysTick exception, refer to the section of "SysTick" in the exception and the register of Sy-
sTick in the NVIC register

3.3.3 SYSRESETREQ

The Cortex-MO core outputs SYSRESETREQ signal when <SYSRESETREQ> bit of Application Inter-
rupt and Reset Control Register are set.

TMPMO066/067/068 provides the same operation when SYSRESETREQ signal are output.

3.34 LOCKUP

When irreparable exception generates, the Cortex-MO core outputs LOCKUP signal to show a serious er-
ror included in software.

TMPMO066/067/068 does not use this signal. To return from LOCKUP status, it is necessary to use non-mask-
able interrputs (NMI) or reset.

3.4 Events

The Cortex-MO core has event output signals and event input signals. An event output signal is output by SEV in-
struction execution. If an event is input, the core returns from low-power consumption mode caused by WFE instruc-
tion.

TMPMO066/067/068 does not use event output signals and event input signals. Please do not use SEV instruc-
tion and WFE instruction.

3.5 Power Management

The Cortex-MO core provides power management system which uses SLEEPING signal and SLEEPDEEP sig-
nal. SLEEPDEEP signals are output when <SLEEPDEEP> bit of System Control Register is set.

These signals are output in the following circumstances:
-Wait-For-Interrupt (WFI) instruction execution

-Wait-For-Event (WFE) instruction execution
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-the timing when interrupt-service-routine (ISR) exit in case that <SLEEPONEXIT> bit of System Control Reg-
ister is set.

TMPMO066/067/068 does not use SLEEPDEEP signal so that <SLEEPDEEP> bit must not be set. And also
event signal is not used so that please do not use WFE instruction.

For detail of power management, refer to the Chapter "Clock/Mode control."
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4. Memory Map

4.1 Memory map
The memory maps for the TMPMO066/067/068 are based on the ARM Cortex-MO processor core memory map.

The internal ROM is mapped to the code of the Cortex-MO0 core memory, the internal RAM is mapped to the
SRAM region and the special function register (SFR) is mapped to the peripheral region respectively.

SRAM region and the special function register (SFR) is mapped to the peripheral region respectively.
The special function register (SFR) indicates I/O ports and control registers for the peripheral function.

TMPMO066/067/068 has bit-band feature equivalent to Cortex-M0 and the SRAM and SFR regions of
TMPMO066/067/068 are all included into the bit-band region.(note: There is one exception area.)

The CPU register region is the processor core's internal register region.
For more information on each region, see the "Cortex-M0 Technical Reference Manual".
Note that access to regions indicated as "Fault" causes a hard fault. Do not access the vendor-specific region

and the reserved region.

Figure 4-1 shows the memory map of the TMPM066/067/068.
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OXFFFF_FFFF

0xE010_0000
OxEOOF_FFFF

0xE000_0000
OXDFFF_FFFF

0x4400_0000
Ox43FF_FFFF

0x4200_0000
Ox41FF_FFFF

0x400F _FFFF
0x4000_0000

0x2000_4000
0x2000_3FFF

0x2000_0000
OX1FFF_FFFF

0x0002_0000
0x0001_FFFF

0x0000_0000

Single chip mode

Vendor-Specific

CPU Register Region

Fault

Bit band alias

SFR

Fault

Bit band alias

Main RAM
(16K)

Fault

Internal ROM (128K)

0x3F81_FFFF
0x3F80_0000
OX3FTF_FFFF

0x2000_4000
0x2000_3FFF

0x2000_0000
OX1FFF_FFFF

0x0000_1000
0x0000_OFFF

0x0000_0000

Vendor-Specific

CPU Register Region

Fault

Bit band alias

SFR

Fault

Internal ROM
(Mirror) (128K)

Fault

Bit band alias

Main RAM
(16K)

Fault

Boot ROM (4K)

Single boot mode

Bit band alias

Bit band region

Bit band alias

Bit band region

Figure 4-1 TMPMO066/067/068 Memory Map

OXA3FF_FFFF

0x4200_0000

OX4O00F_FFFF
0x4000_0000

Ox23FF_FFFF

0x2200_0000

0x200F_FFFF
0x2000_0000
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4.2 Bus Matrix

The TMPMO066/067/068 contains three bus masters such as a CPU core, DMA controller and USB device.

Bus masters connect to slave ports (S0,S1,S2) of Bus Matrix. In the bus matrix, master ports (MO to M9) con-
nect to the peripheral functions via connections described as (o) in the following figure.

While multiple slaves are connected on the same bus master line in the Bus Matrix, if multiple slave accesses
are generated at the same time, a priority is given to access from a master with the smallest slave number.
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4.2 Bus Matrix TMPM066FWUG TMPM067FWQG TMPM068FWXBG

421 Structure

4.2.1.1  Single chip mode, Single boot mode

|D$\C| |US¢BD| t o ALL @ SingleBoot
Vo |«Quumpp|  Flash 128KB
I M1 | — RAM 8KB
V2 |G RAM 8KB
@ M3 | —]p ROM Boot
o O M4 | Gl APB Bus TMRD,DMAC(SFR)
o o M5 4—>| APB Bus2 TMR16A,TSPI,12C
© © M6 |y IO Bus /0, TMRB
SC,CG,LVD,
@ I M7 |l 0 Bus2 WDT,ADC, INTIFSD
| v AHB sub USBD(reg)
$ M9 ' ' AO Bus :QC'I:'ISFAO,AOREG,

Figure 4-2 TMPMO066/067/068
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4.2.2 Connection table

4221 Code area/ SRAM area

(1)  Single chip mode

DMAC USBD Core
Start Address
SO S1 S2
0x0000_0000 Flash ROM MO o o o
0x0002_0000 Fault - Fault Fault Fault
0x2000_0000 Main RAMO M1 o o o
0x2000_2000 Main RAM1 M2 o o o
0x2400_0000 Fault - Fault Fault Fault
(2) Single boot mode
DMAC USBD Core
Start Address
SO S1 S2
BOOT ROM
0x0000_0000 . M3 Fault Fault o
- (mirror)
0x0000_1000 Fault - Fault Fault Fault
0x2000_0000 Main RAMO M1 o o o
0x2000_2000 Main RAM1 M2 o o o
0x2400_0000 Fault - Fault Fault Fault
0x3F80_0000 Flash ROM (mirror) MO o Fault o
0x3F82_0000 Fault - Fault Fault Fault
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4.2.2.2 Peripheral area

DMAC USBD Core
Start Address
SO S1 S2
0x4000_0000 Fault - Fault Fault Fault
0x4000_8000 USBD M8 - - o
0x4000_9000 Fault - Fault Fault Fault
0x4003_8000 AOSFR(INTIFAO, M9 - - o
- AOREG, 12CS) (note1)
0x4003_8C00 Reserved - - - -
0x4004_C000 DMAC (uDMA) M4 - - o
0x4005_8000 TMRD M4 o - o
0x4008_D000 TMR16A M5 o - o
0x4009_8000 TSPI M5 o - o
0x4009_9000 Reserved - - - -
0x400A_0000 12C M4 o o o
0x400A_1000 Fault - Fault Fault Fault
0x400C_0000 PORT M6 - - o
0x400C_0800 Reserved - - - -
0x400C_4000 TMRB(ch0-7) M6 o - o
0x400C_4800 Fault - Fault Fault Fault
0x400E_1000 SIO/UART(ch0-1) M7 o - o
0x400E_1500 Reserved - - - -
0x400F_2000 WDT M7 - - o
0x400F_2100 Reserved - - - -
0x400F_3000 CG M7 - - o
0x400F_3600 Reserved - - - -
0x400F_4000 LVD M7 - - o
0x400F_4E00 INTIFSD M7 o - o
0x400F_5000 Reserved - - - -
0x400F_C000 ADC M7 - - o
0x400F_C100 Reserved - - - -
0x41FF_FF00 SFR(FLASH) M7 - - o
0x4400_0000 Fault - Fault Fault Fault

Note 1: Byte access only is allowed. Bit-band access is impossible.
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4.2.3 Address lists of peripheral functions

Do not access to addresses in the peripheral area except control registers. For details of control registers, re-

fer to Chapter of each peripheral functions.

Peripheral Function

Base Address

USBD - 0x4000_8000
AOSFR INTIFAO 0x4003_8000
AOREG 0x4003_8400
12CS 0x4003_8800
DMA Controller (DMAC) - 0x4004_C000
16-bit Timer (TMRD) - 0x4005_8000
ch0 0x4008_D000
16-bit Timer (TMR16A)

ch1 0x4008_E000
TSPI 0x4009_8000
ch0 0x400A_0000

12C Serial bus interface (12C)
ch1 0x400A_1000
Port A 0x400C_0000
Port B 0x400C_0100
Port C 0x400C_0200
Port D 0x400C_0300
Input / Output port (PORT) Port E 0x400C_0400
Port F 0x400C_0500
Port G 0x400C_0600
Port H 0x400C_0700
Port J 0x400C_0800
ch0 0x400C_4000
ch1 0x400C_4100
ch2 0x400C_4200
ch3 0x400C_4300
16-bit Timer /Event Counters (TMRB) o 0x400C. 4400
ch5 0x400C_4500
ch6 0x400C_4600
ch7 0x400C_4700
ch0 0x400E_1000

Serial Channel (SIO/UART)

ch1 0x400E_1100

Watchdog Timer (WDT)

0x400F_2000

Clock/ Mode control (CG)

0x400F_3000

Low Voltage Detection Circuit (LVD)

0x400F_4000

INTIFSD 0x400F_4E00
Analog / Digital Converter (ADC) 0x400F_C000
SFR(FLASH) 0x41FF_FF00
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5. Reset Operation

The following are sources of reset operation.

Power On Reset

Reset Pin(RESET)

Low voltage detection circuit(LVD)

Watch-dog timer(WDT)

Application interrupt by CPU and signal from the reset register bit<SYSRESETREQ>

To recognize a source of reset, check RSTFLG register described in chapter of "Exception".
A reset by low voltage detection circuit is refer to the "Low voltage detection circuit".
A reset by WDT is refer to the chapter on the "Watch-dog timer".

A reset by <SYSRESETREQ> is referred to "Cortex-M0 Technical Reference Manual".

Note:Once reset operation is done, internal RAM data is not assured.
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5.1 Cold Reset TMPM066FWUG TMPM067FWQG TMPMO068FWXBG

5.1 Cold Reset

5.1.1 Cold Reset by RESET pin

When turning-on power, RESET pin must be kept "Low".

When turning-on power, it is necessary to take a stable time of built-in regulator into consideration. In this
product, the internal regulator requires at least approximately 1.0ms to be stable. At cold reset, RESET pin
must be kept "Low" for a duration of time sufficiently long enough for the internal regulator to be stable.

Approximately 0.8ms after RESET pin becomes "High ",internal reset will be released.

Power voltage '1 """"""""" oo R ——
recommendationrange ¥ _____ i o
Y, | ! !

i;pproximately 1.0ms / !

RESET | ! !
internal high-speed i i !
oscillator i ! :
i >

approximately 0.8ms —

1
1
1
internal reset signal /o

Figure 5-1 Cold reset Operation Sequence
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5.1.2 Cold Reset with power-on-reset circuit
In case of using power-on-reset circuit, there is a restriction on rising time of power line.

The power pin should start a power supply to reach the recommendation operation voltage range
within 1.0ms.

Approximately 1.8ms after the power voltage becomes the recommendation operation voltage range, inter-
nal reset will be released.

Operation voltage 1
range e (e

................................. Rising time of power line
POR release
voltage range

oV

Power-on detection
signal

: i
Internal high-speed i i
oscillator j ;

approximately 1.8ms /:/
internal reset signal !

. CPU fetch start

Figure 5-2 Cold reset with power-on-circuit

5.2 Warm Reset

To do reset TMPMO066/067/068, the following conditions are required; power supply voltage is in the operation-
al range ; RESET pin is kept "Low" at least for 12 internal high-speed clocks. Approximately 0.8ms after RESET
pin becomes "High", internal reset will be released.

In case of WDT reset or <SYSRESETREQ>reset, internal reset will be released approximately 30 internal
high-speed clocks after reset.

5.3 After reset

Most of the control register of the internal core and the peripheral function control register(SFR) are initialized
by Warm reset.

System debug component registers(FPB, DWT, and ITM)of the internal core, and FCSECBIT in the Flash rela-
ted register are only initialized by cold reset.

When reset is released, MCU starts operation by a clock of internal high-speed oscillator. External clock and
PLL multiple should be set if necessary.

Page 35 2016/6/27



5. Reset Operation

5.3 After reset TMPM066FWUG TMPM067FWQG TMPMO068FWXBG
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6. Clock/Mode control

This chapter describes how to control clock operating modes and mode transitions.

6.1 Features

The clock/mode control enables to select clock gear, prescaler clock and warm-up of the PLL clock multiplica-
tion circuit and oscillator.

In addition to NORMAL mode, the TMPMO066/067/068 can operate low power mode to reduce power consump-

tion according to its usage conditions.

The clock/mode control block has the following functions:

Controls the system clock
Controls the prescaler clock
Controls the PLL multiplication circuit
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6.2 Registers

6.2.1 Register List

The following table shows the Clock/Mode control related registers and addresses.

Clock/Mode control BaseAddress=0x400F_3000
Register name Address (Base+)
Write Protect register CGPROTECT 0x0000
Oscillation control register CGOSCCR 0x0004
System clock control register CGSYSCR 0x0008
Standby control register CGSTBYCR 0x000C
PLL selection register of fsys CGPLLOSEL 0x0020
Warm-up register of HOSC CGWUPHCR 0x0030
fsys clock on/off register A CGFSYSENA 0x0050
fsys clock on/off register B CGFSYSENB 0x0054
ADC clock on/off register CGSPCLKEN 0x005C
Optional function setting register CGEXTENDOO 0x0060
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6.2.2 CGPROTECT (Write Protect register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol PROTECT
After reset 1 1 0 0 0 0 0 1

Bit Bit Symbol Type Function
31-8 - R Read as "0".
7-0 PROTECT[7:0] | RIW CG Register Write protection control (except this register)
0xC1: Register write enable
Except 0xC1:Register write disable
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6.2.3 CGOSCCR (Oscillation control register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 1

15 14 13 12 11 10 9 8
bit symbol - - - - - - OSCF OSCSEL
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol - - - - - EOSCEN IOSCEN
After reset 0 0 0 0 0 0 0 1

Bit Bit Symbol Type Function
31-10 - R Read as "0".
9 OSCF R Status of Selected High-speed oscillator.

O:internal high-speed oscillator (IHOSC)
1:external high-speed oscillator (EHOSC)

8 OSCSEL R/W Select of fosc High-speed oscillator (Note1)
0: internal high-speed oscillator (IHOSC)
1: external high-speed oscillator (EHOSC)

7-3 - R Read as "0".
241 EOSCEN[1:0] R/W Select external OSC source (EHOSC) (note2)
00: no use

01: external oscillator (EHOSC)
10: external clock input
11: Reserved

0 IOSCEN R/W Internal High-Speed oscillator (IHOSC)
0: Stop
1: Oscillation

Note 1: When the setting is modified, confirm whether the written value is reflected to the CGOSCCR<OSCF> bit before
starting the next operation.

Note 2: Set to "01" only when using External High-speed clcok.(oscillator).
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6.2.4 CGSYSCR (System control register)

31 30 29 28 27 26 25 24
bit symbol - - - - PRCKST
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol - - - - - GEARST
After reset 0 0 0 0 0 0 0 1
15 14 13 12 11 10 9 8
bit symbol - - - - PRCK
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol - - - - - GEAR
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31-28 - R Read as "0".
27-24 PRCKST[3:0] R Status of Prescaler clock( ¢T0)
0000: fc 0100:fc/16 1000:fc/256
0001: fc/2 0101:fc/32 1001:fc/512
0010: fc/4 0110: fc/64 1010-1111:Reserved
0011: fc/8 0111:fc/128
23-19 - Read as "0".
18-16 GEARST[2:0] Status of gear selection of system clock.(fsys)
000: fc 100: fc/16
001: fc/2 101 - 111: Reserved
010: fc/4
011: fc/8
15-12 - R Read as "0".
11-8 PRCKJ3:0] R/W Prescaler clock( ¢TO)
0000: fc 0100: fc/16 1000: fc/256
0001: fc/2 0101: fc/32 1001: fc/512
0010: fc/4 0110: fc/64 1010- 1111: Reserved
0011: fc/8 0111: fc/128
Specifies the prescaler clock to peripheral circuit.
7-3 - R Read as "0".
2-0 GEAR[2:0] R/W System clock (fsys) gear.
000: fc 100: fc/16
001: fc/2 101 - 111: Reserved
010: fc/4
011: fc/8
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6.2.5 CGSTBYCR (Standby control register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol - - - - - - STBY
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-2 - R Read as "0".
1-0 STBY[1:0] R/W Low power consumption mode control.
00: IDLE
01: STOP1

10: Reserved
11: Reserved

Note: Access to the Reserved is prohibited.
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6.2.6 CGPLLOSEL(PLL Selection Register of fsys)

31 | 30 | 29 | 28 | 27 26 25 24
bit symbol PLLOSET
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol PLLOSET
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol PLLOSET
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol - - - - - PLLOST PLLOSEL PLLOON
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31-8 PLLOSET[23:0] | R'W PLL multiplying value.
7-3 - R Read as "0".
2 PLLOST R Status of selected clock in PLL
0: fosc
1: fPLL
1 PLLOSEL R/W Use of fsys clock
0: fosc
1: fPLL
0 PLLOON R/W PLL (multiplying circuit) operation
0: Stop
1: Oscillation
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6.2.7 CGWUPHCR(Warm-up register of HOSC)

31 | 30 | 29 | 28 | 27 26 25 24
bit symbol WUPT
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol WUPTT - - - -
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol - - - - - - - WUCLK
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol - - - - - - WUEF WUON
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31-20 WUPTI[11:0] R/W Warm-up counter setup value.
Setup the 16-bit timer for warm-up timer of upper 12-bits counter value.(note3)
19-9 - R Read as "0".
8 WUCLK R/W Select High-Speed warm-up counter clock (note2)
0: Internal OSC (IHOSC)
1: External OC (EHOSC)
7-2 - R Read as "0".
1 WUEF R Status of warm-up timer(note1)
0: WUP finish
1: WUP active
0 WUON w Operation of warm-up timer
0: don'’t care
1: Warm-up timer start

Note 1: Do not modify the registers during the warm-up (WUEF=1'b1).Modify registers only when WUEF=1'b0.

Note 2: Use the internal oscillator to warm up when the MCU returns from STOP1. Do not use the external oscillator in
this process.

Note 3: Warm-up time equation are shown below.

Warm-up time = (KWUPT[15:0]> + 0x10 ) x Clock cycle

(*** WUPT[3:0]=0x0 is fixed.)

(example)

* When using IOSC 10MHz,<WUP[15:0]> = 0x2700

Warm-up time = (0x2700 + 0x10) x (1/10 MHz)

= (0x2710 x 100ns

= 10000 x 100ns

=1.0 ms

+ When using EOSC 16MHz,<WUPT[15:0]> = 0x3E70.

Warm-up time = (0x3E70 + 0x10) x (1/16 MHz)

= 0x3E80 x 62.5 ns

= 16000 x 62.5ns

=1.0 ms
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6.2.8 CGFSYSENA (fsys Clock on/off register A)

31

30 29 28

26

25

24

bit symbol

After reset

0

0

0

18

17

16

bit symbol

IPENA18

IPENA17

IPENA16

After reset

0

0

1

15

14 13 12

10

9

8

bit symbol

IPENA15

IPENA14 IPENA13 IPENA12

IPENA11

IPENA10

IPENA09

IPENA08

After reset

0

0 0 0

0

0

0

0

7

6 5 4

2

1

0

bit symbol

IPENAO7

After reset

0

Bit

Bit Symbol

Type

Function

31-19 -

RIW

Write as "0".

18 IPENA18

R/IW

Clock control for TMRD
0: Clock stop
1: Clock supply

17 IPENA17

R/W

Clock control for USBD
0: Clock stop
1: Clock supply

16 IPENA16

R/W

Clock control for ADC
0: Clock stop
1: Clock supply

15 IPENA15

R/W

Clock control for DMAC
0: Clock stop
1: Clock supply

14 IPENA14

RIW

Clock control for TSPI
0: Clock stop
1: Clock supply

13 IPENA13

R/W

Clock control for SIO chO
0: Clock stop
1: Clock supply

12 IPENA12

R/IW

Clock control for 12C chO
0: Clock stop
1: Clock supply

11 IPENA11

R/W

Clock control for TMR16A
0: Clock stop
1: Clock supply

10 IPENA10

R/IW

Clock control for TMRB(ch4 - 6)
0: Clock stop
1: Clock supply

9 IPENA09

RIW

Clock control for TMRB (chO - 3)
0: Clock stop
1: Clock supply

8 IPENA0O8

RIW

Clock control for PORT J
0: Clock stop
1: Clock supply

7 IPENAQO7

R/IW

Clock control for PORT H.
0: Clock stop
1: Clock supply

6-0 -

R/W

Write as "0".
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Note:Even if the initial value of a register is set to "0" (clock stops), every clock is supplied to the registers
above mentioned during the reset operation.
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6.2.9 CGFSYSENB (fsys Clock on/off register B)

31 30 29 28 27 26 25 24
bit symbol IPENB31 IPENB30 IPENB29 IPENB28 - - - -
After reset 1 1 1 1 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31 IPENB31 RIW Clock control for 12C ch1
0: Clock stop
1: Clock supply
30 IPENB30 R/W Clock control for WDT
0: Clock stop
1: Clock supply
29 IPENB29 R/IW Clock control for SIO ch1
0: Clock stop
1: Clock supply
28 IPENB28 R/W Clock control for TMRB ch7
0: Clock stop
1: Clock supply
27-0 - R/IW Write as "0".
Note:Even if the initial value of a register is set to "0" (clock stops), every clock is supplied to the registers
above mentioned during the reset operation.
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6.2.10 CGSPCLKEN (ADC Clock on/off register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - ADCKEN
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-17 - R Read as "0".
16 ADCKEN R/W Clock (fc) control for ADC
0: Clock stop
1: Clock supply
15-1 - R Read as "0".
0 - R/W Write as "0".
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6.2.11 CGEXTENDOO (Optional function setting register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol - - DCLKEN EHCLKSEL - - USBSEL USBENA
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-6 - R/IW Write as "0".
5 DCLKEN RIW fPLL Clock control for TMRD
0: Clock stop
1: Clock supply
4 EHCLKSEL R/W EHCLK selection (for fc/fsys=24MHx(Max))
0: 1/1 Clock(8 to 24 MHz)
1: 1/2 Clock(48MHz)
3-2 - R/W Write as "0".
1 USBSEL R/IW USB Clock selection
0: PLL multiplying (48MHz)
1: X1 input clock (external input 48MHz)
0 USBENA R/W USB clock control
0: USB Clock stop
1: USB Clock supply
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6.3 Clock control

6.3.1 Clock Type

Each clock is defined as follows.

fosc : Clock from the internal oscillator, or input from X1&X2 pin.
fLL : Clock multiplied by PLL.

fc : Clock specified by CGOSCCR<OSCSEL> (high-speed clock)
fsys : Clock specified by CGSYSCR<GEAR[2:0]>.(system clock)
@TO : Clock specified by CGSYSCR<PRCK]3:0]> (prescaler clock)

6.3.2 Initial Values after Reset

Reset operation initializes the clock configuration as follows.

External high-speed oscillator : stop

Internal high-speed oscillator : oscillating

PLL (phased locked loop circuit) : stop

Gear clock : fc (no frequency dividing)
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6.3.3 Clock system Diagram
The clock system diagram shows as follows.

The input clocks to selector shown with an arrow are set as default after reset.

CGWUPHCR<WUON>
CGWUPHCR<WUPT[11:0]> COEXTENDOO<DCLKEN>
Stops after reset TMRD
(96MHz)(Max)
Warming-up timer
CGEXTENDOO<USBENA><USBSEL>
Stops after reset USBD
CGWUPHCR<WUCLK> —>»| (48MHz)
A CGSPCLKEN<ADCKEEN> -
AD conversion clock
<ADCLK>
CGOSCCR<IOSCEN> >
Starts oscillation after reset CGEXTENDOO
IHOSC <EHCLKSEL:
S —— CGpLLQsEL> @ TO [ [Peripheral 1/O prescaler input]
nternal High-Spee:
oscillator(IHOSC) <PLLOON> TMRB, SIO/UART,
EHCLKIN PLL fc
> frLL
——1 112 [ 1/4] 8 f6]1ia2eafasfuess|isrz] cadyscr
EHOSC — P <PRCK]3:0]>
X1 External High-Speed [AHB-Bus 1/0]
O oscillator (EHOSC fsys CPU, RAM, BOOT ROM,
X2 ¢ ) CGPLLOSEL ﬂ v DMAC
CGOSCOREOSCEN CGOSCCR <PLLOSEL> — A CGFSYSENA[31:0]
< > > .
Stops oscillation after reset <OSCSEL> CGFSYSENB[31 0] {?_EA?_\;?;; lfrOS)F’l 12C DMA(SFR)
CGSYSCR USBD
<GEAR[2:0]> [10-Bus 1/0]
WDT, CG, ADC, TMRB,
SIO/UART,INTIFSD,
PORT
_|1/54 [ [SysTick external reference clock]
- 7| cPU(STCLK)
1 PMU
[ [AO-Bus 1/0]
12CS,AOREG,INTIFAO

Figure 6-1 Clock Block Diagram

Note:the multiplying clock by PLL can not be made with the on-chip oscillator (IHOSC).
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6.3.4 Clock Multiplication Circuit (PLL)

This circuit outputs the fpy . clock (96MHz max) that is multiplied by 12/8/6 of the high-speed oscillator out-
put clock (fosc: 8MHz to 16MHz).

As a result, the input frequency to oscillator can be low frequency, and the internal clock be made high-
speed.

6.3.4.1  Operation start
The PLL is disabled after reset.

To enable the PLL, firstly, specify "0" to CGPLLOSEL<PLLOONT> before the multiplying value of
CGPLLOSEL<PLLOSET> is set.

Secondly, after the initialization time of approximately 100us has elapsed, specify "1" to <PLLOON>
to start the operation of the PLL. Finally, after the lockup time of 100us has elapsed, specify "1" to
GPLLOSEL<PLLOSEL> to use fPLL clock of which fosc is multiplied by 6,8, or 12.

Note that the certain time is necessary, including using the warm-up function, until the PLL operation be-
comes stable.

Setting value of <PLLOSET > are as following.

fosC Multiplying <PLLOSET>
8MHz 12 0xC60B00
10MHz 8 0xC60700
12MHz 8 0xC60700
16MHz 6 0xC60500

6.3.4.2 Changed the multiplication

The CGPLLOSEL<PLLOSEL> is first made "0" when the multiplying value is changed. Then, read
CGPLLOSEL<PLLOST>="0" to confirm whether the multiplication clock setting is changed to be "un-
used". After that, specify "0" to CGPLLOSEL<PLLOON> to stop the PLL.

After that the multiplying CGPLLOSEL<PLLOSET> value is change, the CGPLLOSEL<PLLOON> is
set to "1" after approximately.

After the lockup time of approximately 100us has elapsed, specify "1" to CGPLLOSEL<PLLOSEL>.
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6.3.4.3 The sequence of PLL setting

Initial state after releasing reset
CGPLLOSEL<PLLOSEL> = "0" (PLL no use)
CGPLLOSEL<PLLOON> = "0" (PLL stop)

U

PLL multiplying value setting
CGPLLOSEL<PLLOSET> = multiplying value

U

takes approximately 100us for initialization.

PLL operation

CGPLLOSEL<PLLOON> = "1" (PLL starts)

U

takes approximately 100us for lock-up time

PLL setting

CGPLLOSEL<PLLOSEL> = "1" (PLL used)

%

Possible to use the multiplied system clock

Initializing time

lock-up time
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6.3.4.4 The sequence of PLL setting (Changed multiplying value)

Initial state after releasing reset
CGPLLOSEL<PLLOON> = "0" (PLL no use)
Read CGPLLOSEL<PLLOST> = "0" (confirm PLL no use)

Stop PLL

CGPLLOSEL<PLLOON>="0" (PLL stops)

U

PLL multiplying value setting
CGPLLOSEL<PLLOSET> = multiplying value

U

takes approximately 100us for initialization.

PLL operation

CGPLLOSEL<PLLOON> = "1" (PLL starts)

U

takes approximately 100us for lock-up time

PLL setting

CGPLLOSEL<PLLOSEL> ="1" (PLL used)

%

Possible to use the multiplied system clock

Initializing time

lock-up time
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6.3.5 System clock

The internal high-speed oscillation clock and the external high-speed oscillation clocks which are an oscilla-
tor connecting or an inputting clock can be used as a source clock of the system clock.

When using internal high-speed oscillator (IHOSC), do not use it as system clock which high accuracy assur-
ance is required. And without PLL too.

External High-speed clock (oscillator /clock input) can be used with PLL multiplying.

The system clock can be divided by CGSYSCR<GEAR>. Although the setting can be changed while oper-
ating, the actual switching takes place after a slight delay.

Table 6-1 shows the example of the operation frequency by the setting of PLL and the clock gear.

Table 6-1 System clock frequency when PLL is used

Max.
External K
External Internal operation
) clock ] PLL TMRD CGEXTENDOO
oscillator . Oscillator L frequency | USBCLK .
input multiplying Clock setting
(MHz) (MHz) (fc)
(MHz)
(MHz)
8 8 - 12 24 48 96
10 10 - 8 20 - 80 USB can not use
10 - 10 - - USB,TMRD can not use
EHCLKSEL=0
12 12 - 8 24 48 96
16 16 - 6 24 48 96
24 - - 24 - - USB,TMRD can not use
48 - - 24 48 - EHCLKSEL=1 TMRD can not use

When CGSYSCR<GEAR>="000", fsys= fc/1.

6.3.6 Clock Supply Setting Function

This MCU has the clock supply function that performs on-off control of clock supply to unused peripheral
functions; therefore the consumption current can be reduced. After reset, the clock is not supplied to peripher-
al functions with few exceptions.

To supply the clock to the peripheral functions, specify "1" to the corresponding bits of CGFSYSENA and
CGFSYSENB. For details of the registers, refer to the descriptions of each register.
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6.3.7 Clock setting

The system clock can be selected by CGOSCCR. After the clock is selected, the PLL setting is done if nec-
essary with CGPLLOSEL. And the clock gear is set with CGSYSCR.

The clock setup sequence is shown as follow.

Clock setup sequence

Initial state after reset
CGOSCCR<IOSCEN> = "1"

(Starts internal high-speed oscillator)
CGOSCCR<OSCSEL> ="0"

(Selects internal high-speed oscillator)
CGPLLOSEL<PLLOON> = "0" (PLL stops)
CGPLLOSEL<PLLOSEL> = "0" (fosc used)
CGSYSCR<GEAR> = "000" (not used gear)

I_I
U U L
Case of using internal high-speed oscillator Case of using External high-speed oscillator Case of using External clock input
it is possible to use is as it is. CGWUPHCR<WUCLK> = "1" CGOSCCR<EHOSCEN> = "10"
(Select external high-speed oscillator for (Selects an external clock input)
warm-up) CGOSCCR<OSCSEL> = "1

CGOSCCR<EHOSCEN> = "01" (Selects external high-speed oscillator)
(Selects & Starts external high-speed oscilla- Confirm that CGOSCCR<OSCF> is "1".

tor
) CGOSCCR<IOSCEN> ="0"
Q (Stops internal high-speed oscillator)
Warm-up operations

U

CGOSCCR<OSCSEL> = "1"

(Selects external high-speed oscillator)
Confirm that CGOSCCR<OSCF> is "1".
CGOSCCR<IOSCEN> ="0"

(Stops Internal high-speed oscillator)

U U U

PLL setup
Clock gear setting &
Clock gear setting

Note:When an internal high-speed oscillator is used as fsys, the usage of PLL function is prohibited.
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6.4 Modes and Mode Transitions

This device has the NORMAL mode and the low power consumption mode (IDLE, STOP1) of Operation mode.

Depend on the mode transitions of each mode, this one can reduce power consumption.

6.4.1

Operation mode Transitions

Note 1:

Note 2:

STOP1 Mode
(Halsts the circuit
lexcept some peripheral
circuit)

Reset has been performed.
Starts internal high-speed
oscillator(IHOSC)

Interrupt (Note2)

A
| NORMAL mode

<
<

Instruction (Note1)
sleep on exit \

Instruction Interrupt
sleep on exit v

IDLE mode
(Stops CPU)
(selectable peripheral
circuit operation)

Figure 6-2 Mode Transition Diagram

The warm-up is needed when returning form the STOP1 mode. The warm-up time is needed to set in NORMAL

mode.

it branches to interrupt service routine of interrupt factor when returning from the STOP1 mode.
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6.4.2 Transition to STOP1 mode

When transfer to STOP1 mode, it should be done the following processing.

1 Set WDMOD<WDTE>="0" Disable WDT.
2 Set WDCR<WDCR>="0xB1" Disable WDT. (Disable code writing.)
3 Wait for FLASH status until Ready, after that following sequence.
4 Read CGWUPHCR<WUEF> Wait for end of Warming-up for HOSC
Set CGWUHPCR<WUCLK>="0" Set Warm-up clock to IOSC
° Set CGWUPHCR<WUPT>= xxx Set Warming-up time for IHOSC return from STOP1 mode.
6 Set CGSTBYCR<STBY>="01" Select STOP1 mode.
7 Set CGPLLOSEL<PLLOSEL>="0" Set PLL of fsys to fOSC (= PLL no USE).
8 Read CGPLLOSEL<PLLOST> Wait for PLL status of fsys until off state(fosc="0").
9 Set CGPLLOSEL<PLLOON>="0" Stop PLL of fsys
10 Set CGOSCCR<IOSCEN>="1" Enable I0SC
11 Set CGOSCCR<OSCSEL>="0" Set fosc to I0OSC
12 Read CGOSCCR<OSCF> Wait for fosc status until (IOSC)(="0").
13 Set CGOSCCR<EOSCEN>="00" Set EHOSC off
14 Read CGOSCCR<EOSCEN> Check the register status of above 13(="0")
15 WFI execution Shift to STOP1 mode
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6.5 Operation mode

6.5.1 NORMAL mode
This mode is to operate the CPU core and the peripheral hardware by using the high-speed clock.

It is shifted to the NORMAL mode after reset.

6.6 Low Power Consumption Modes

This device has two low power consumption modes: IDLE and STOP1. To shift to the low power consumption
mode, specify the mode in the system control register CGSTBYCR<STBY[1:0]> and execute the WFI (Wait For In-
terrupt) instruction.

In this case, execute reset or generate the interrupt to release the mode. Releasing by the interrupt requires set-
tings in advance. See the chapter "Exceptions" for details.

Note 1: This device does not offer any event for releasing the low power consumption mode. Transition to the low pow-
er consumption mode by executing the WFE (Wait For Event) instruction is prohibited.

Note 2: This device does not support the low power consumption mode configured with the SLEEPDEEP bit in the Cor-
tex-MO core. Setting the <SLEEPDEEP> bit of the system control register is prohibited.

The features of IDLE, STOP1 mode are described as follows.

6.6.1 IDLE mode
Only the CPU is stopped in this mode.
Each peripheral function is enabled or disabled by the registers setting or peripheral or Clock Supply Set-

ting Function.

Note:Pay attention that the counter of watch dog timer function can not be cleared by CPU while in IDLE
mode.
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6.6.2 STOP1 mode

Except the specific 12C block (Wake-up function block only) and the LVD, All the internal circuits includ-
ing the internal oscillator are brought to a stop in STOP1 mode.

When releasing the STOP1 mode, an internal oscillator begins to operate and the operation mode changes
to Normal mode.

The STOP1 mode enables to select the pin status by setting the port register.Table 6-2 shows the pin sta-
tus in the STOP1 mode.

Table 6-2 Pin States in the STOP1 mode

Function Pin name 110 STOP1
Control pin | RESET_X,MODE Input o
X1 Input x
Oscillator
X2 Output x
SWCLK
(Debug I/F setting, case of Input Depends on PxIE[m]
PxFRn<PxmFn>="1")
SWDIO Input Depends on PxIE[m]
(Debug I/F setting, case of outout Enable when data is valid.
wqn utpu
PxFRn<PxmFn>="1") P Disabled when data is invalid
Port
INTO to 5
(Interrupt setting, case of
Input o
PxFRn<PxmFn>="1" and
PxIE<PxmIE>="1")
Input Depends on PxIE[m]
If using other than listed above
Output Depends on PxCR[m]

o : Valid input or output.
x : Invalid input or output
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6.6.3 Low power Consumption Mode Setting

The low power consumption mode is specified by the setting of the standby control register
CGSTBYCR<STBY[1:0]>.

Table 6-3 shows the mode setting in the <STBY[1:0]>.

Table 6-3 Low power consumption mode setting

CGSTBYCR
Mode
<STBY[1:0]>
IDLE 00
STOP1 01

Note: Do not set any value other than those shown above in <STBY[1:0]>.

Page 61 2016/6/27



6. Clock/Mode control

6.6 Low Power Consumption Modes

TMPMO066FWUG TMPM067FWQG TMPMO068FWXBG

6.6.4 Operational Status in Each Mode

Table 6-4 show the operational status in each mode.

Table 6-4 Operational Status in Each Mode

NORMAL NORMAL IDLE IDLE
Block Internal high- | external high- | Internal high- | external high- STOP1
speed oscillator | speed oscillator | speed oscillator | speed oscillator (Note 1)
(IHOSC) (EHOSC) (IHOSC) (EHOSC)

Processor core o o - - -
DMAC o o o [¢] -
10 port o o o [o) -
ADC [¢) o o [¢] —
SIO/UART o o o o -
12C o o o o -(Note2)
TSPI [¢) o o [¢] -
uUsBD o o o o -(Note3)
TMRB o o o o -
TMR16A o o o o -
TMRD [¢) o o o -
WDT o o o(Note4) o(Note4) -
LVD [¢) o o o o
CG o o o o -
External high-speed oscilla-
tor (EHOSC) ° ° ° ° -
{gte(rlrll{a(l)gig?-speed oscilla- o o(Note 5) o o(Note 5) -
RAM o o o o -

o : Operation is available when in the target mode.

- : The clock to module stops automatically when transiting to the target mode.

Note 1:
Note 2:
Note 3:
Note 4:
Note 5:

Before entering STOP1 mode, it should be stopping peripheral functions of "-". and them move to that mode.
I12C wake-up function only is available.
Wake-up function only is available.

Pay attention that the counter of watch dog timer function can not be cleared by CPU while in IDLE mode.
After the reset operation is released or STOP1 mode is released, the clock is supplied from the internal oscillator.
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6.6.5 Releasing the Low Power Consumption Mode

The low power consumption mode can be released by an interrupt request, Non-Maskable Interrupt (NMI)
or reset. The release source that can be used is determined by the low power consumption mode selected.

Details are shown in Table 6-5.

Table 6-5 Release Source in Each Mode

Low power consumption mode IDLE STOP1
INTO,INT1,INT2,INT3,INT4,INT5 o o
INTRXO,INTTXO,INTRX1,INTTX1 o x
INTSPIRX,INTSPIYX,INTSPIERR o x
INTI2CO, INTI2C1 o x
INTDMA o x
INT16A0, INT16A1 o x

Interrupt

INTTBO to 7 o x

INTI2CS o o

release INTTMRD o x
source INTUSBD o x
INTUSBWKUP o o

INTAD,INTADHP o x

SysTick interrupt o) x
Non-Maskable Interrupt (INTWDT) o x
Non-Maskable Interrupt (INTLVD) o o

RESET (WDT) o x

RESET (LVD) o o

RESET (RESET_X pin) o o

o : Starts the interrupt handling after the mode is released.(The reset initializes the LSI)
x : Unavailable

Note 1: For shifting to the low power consumption mode, set the CPU to prohibit all the interrupts other than the release
source. If not, releasing may be executed by an unspecified interrupt.

Note 2: When releasing by interrupting level mode from IDLE, STOP1 mode, hold the level until the interrupt handling
starts. If the level is changed before that, the correct interrupt handling cannot be started.

+ Release by interrupt request

To release the low power consumption mode by an interrupt, the CPU must be set in advance to de-
tect the interrupt. In addition to the setting in the CPU, the INTIF must be set to detect the inter-
rupt to be used to release the STOP1 modes.

Release by Non-Maskable Interrupt (NMI)
There are two kinds of NMI sources: WDT interrupt (INTWDT), LVD interrupt (INTLVD).
INTWDT can only be used in the IDLE mode.

+  Release by reset
Any low power consumption mode can be released by reset from the RESET pin,

After that, the mode switches to the NORMAL mode and all the registers are initialized as is the
case with normal reset.

When STOP1 mode is released by reset operation, automatic warm-up is not performed; thus the
reset signal must be kept valid until oscillation operation becomes stable.
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Release by SysTick interrupt
SysTick interrupt can only be used in the IDLE mode.

Refer to "Interrupts" in the chapter of "Exceptions" for details.

2016/6/27 Page 64



TMPM066FWUG TMPM067FWQG TMPMO068FWXBG

6.6.6 Warm-up

Mode transition may require the warm-up so that the internal oscillator provides stable oscillation.

In the mode transition from STOP1 to the NORMAL, the warm-up counter and the internal oscillator are ac-

tivated automatically. And then the system clock output is started after the elapse of warm-up time.

It is necessary to set a warm-up time in the CGWUPHCR<WUPT/[11:0]> before executing the instruction

to enter the STOP1 mode.

Table 6-6 shows whether the warm-up setting of each mode transition is required or not.

Table 6-6 Warm-up setting in mode transition

Mode transition

Warm-up setting

NORMAL — IDLE

Not required

NORMAL — STOP1

Not required

IDLE — NORMAL

Not required

STOP1 — NORMAL

Auto-warm-up
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6.6.7 Clock Operations in Mode Transition

The clock operations in mode transition are described as follows.

6.6.7.1  Transition of operation modes: NORMAL — STOP1 — NORMAL
When returning to the NORMAL mode from the STOP1 mode, the warm-up is activated automatically.
Before the MCU enters STOP1 mode, specify a warm-up time to WUPHCR<WUPT[11:0]>.

When releasing by reset is executed, automatic warm-up is not performed. Input a reset until the oscilla-
tor becomes stable.

WFI instruction/

sleep on exit Release event occurs.
. " ! « H
Mode NORMAL X 4 i STOP1 o X NORMAL
' )] T )} '
fosc | | | | | | (( I |_| |_| |—| |—| |—| |—| |—
H )) H H
: : ( :
Warm-up H ( T ;
T )7 ' '
fsys , i
(System clock) (c ' (0 I | | | | |
' )) ! )) !
System clock stops. Internal high-speed clock starts oscillating. Warm-up completes.
Warm-up starts. System clock starts.
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71

Exceptions

This chapter describes features, types and handling of exceptions.

Exceptions have close relation to the CPU core. Refer to "ARM documentation set for the ARM Cortex-M ser-
ies of processors" if needed.

Overview
An exception causes the CPU to stop the currently executing process and handle another process.

There are two types of exceptions: those that are generated when some error condition occurs or when an instruc-
tion to generate an exception is executed; and those that are generated by hardware, such as an interrupt request sig-
nal from an external pin or peripheral function.

All exceptions are handled by the Nested Vectored Interrupt Controller (NVIC) in the CPU according to the re-
spective priority levels. When an exception occurs, the CPU stores the current state to the stack and branches to
the corresponding interrupt service routine (ISR). Upon completion of the ISR, the information stored to the stack
is automatically restored.

7.1.1 Exception Types

The following types of exceptions exist in the Cortex-M0

For detailed descriptions on each exception, refer to "ARM documentation set for the ARM Cortex-M ser-
ies of processors".

Reset

Non-Maskable Interrupt (NMI)
Hard Fault

SVCall (Supervisor Call)
PendSV

SysTick

External Interrupt
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7.1.2 Handling Flowchart

The following shows how an exception/interrupt is handled. In the following descriptions,lzl indicates
hardware handling. ‘:I Indicates software handling.

Each step described later in this chapter.

Processing Description See

|| Detection by ||

The INTIF/CPU detects the exception request. Section 7.1.2.1
INTIF/CPU
" Handling by CPU " The CPU handles the exception request.

Section 7.1.2.2

-

" Branch to ISR " The CPU branches to the corresponding interrupt service routine (ISR).

-

| Execution of ISR | Necessary processing is executed. Section 7.1.2.3

-

" Return from exception " The CPU branches to another ISR or returns to the previous program. | Section 7.1.2.4 |
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7.1.2.1  Exception Request and Detection

(1)

()

Table 7-1 Exception Types and Priority

Exception occurrence

Exception sources include instruction execution by the CPU, memory accesses, and interrupt re-
quests from external interrupt pins or peripheral functions.

An exception occurs when the CPU executes an instruction that causes an exception or when an er-
ror condition occurs during instruction execution.

An exception also occurs by an instruction fetch from the Execute Never (XN) region or an ac-

cess violation to the Fault region.

An interrupt request is generated from an external interrupt pin or peripheral function. For inter-
rupts that are used for releasing a standby mode, relevant settings must be made in the INTIF. For de-
tails, refer to"7.5 Interrupts".

Exception detection

If multiple exceptions occur simultaneously, the CPU takes the exception with the highest priority.

Table 7-1shows the priority of exceptions. "Configurable" means that you can assign a priority lev-
el to that exception. Memory Management, Bus Fault and Usage Fault exceptions can be enabled or

disabled.

If a disabled exception occurs, it is handled as Hard Fault.

No. Exception type Priority Description
1 Reset -3 (highest) POR, Reset pin, WDT, LVD, SYSRESETREQ
2 Non-Maskable Interrupt | -2 WDT, LVD
3 Hard Fault -1 Zlaetéltot?iti;:adr}gsltjleelztivate because a higher-priority fault is being han-
4 to 10 | Reserved -
11 SVCall Configurable System service call with SVC instruction
12 to 13 | Reserved -
14 PendSV Configurable Pending system service request
15 SysTick Configurable Notification from system timer
From 16 | External interrupt Configurable External interrupt pin or peripheral function (Note2)

Note: External interrupts have different sources and numbers in each MCU. For details,"7.5.1.5
List of Interrupt Sources".
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(3) Priority setting

The external interrupt priority is set to the interrupt priority register and other exceptions are set
to <PRI_n> bit in the system handler priority register.

The configuration of <PRI n> is two bit, so the priority can be configured in the range from 0 to
3. The highest priority is "0". If multiple elements with the same priority exist, the smaller the num-
ber, the higher the priority becomes.

7.1.2.2 Exception Handling and Branch to the Interrupt Service Routine (Pre-emption)

When an exception occurs, the CPU suspends the currently executing process and branches to the inter-
rupt service routine. This is called "pre-emption".

(1) Stacking

When the CPU detects an exception, it pushes the contents of the following eight registers to the
stack in the following order.

1. Program Counter (xPSR)

2. Program Status register (PC)
3. r3tor0

4. rl2

5. Link register (LR)

The SP is decremented by eight words by the completion of the stack push. The following shows
the state of the stack after the register contents have been pushed.

Old SP — <previous>
xPSR
PC
LR
r2
r3
r2
r1
SP — r0

(2) Fetching an ISR
The CPU enables instruction to fetch the interrupt processing with data store to the register.
Prepare a vector table containing the top addresses of ISRs for each exception.

The vector table should also contain the initial value of the main stack.
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(3) Late-arriving

If the CPU detects a higher priority exception before executing the ISR for a previous exception,
the CPU handles the higher priority exception first. This is called "late-arriving".

A late-arriving exception causes the CPU to fetch a new vector address for branching to the corre-
sponding ISR, but the CPU does not newly push the register contents to the stack.

(4) vector table
The vector table is configured as shown below.

It should always be set the first four words (stack top address, reset ISR address, NMI ISR ad-
dress, and Hard Fault ISR address).

Set ISR addresses for other exceptions if necessary.

Offset Exception Contents Setting
0x00 Reset Initial value of the main stack Required
0x04 Reset ISR address Required
0x08 Non-Maskable Interrupt | ISR address Required
0x0C Hard Fault ISR address Required
0x10 to 0x28 Reserved - -
0x2C SVCall ISR address Optional
0x30 to 0x34 Reserved - -
0x38 PendSV ISR address Optional
0x3C SysTick ISR address Optional
0x40 External Interrupt ISR address Optional

7.1.2.3 Executing an ISR

An ISR performs necessary processing for the corresponding exception. ISRs must be prepared by the
user.

An ISR may need to include code for clearing the interrupt request so that the same interrupt will not oc-
cur again upon return to normal program execution.

For details about interrupt handling, see"7.5 Interrupts".

If a higher priority exception occurs during ISR execution for the current exception, the CPU abandons
the currently executing ISR and services the newly detected exception.

7.1.2.4 Exception exit

(1)  Execution after returning from an ISR

When returning from an ISR, the CPU takes one of the following actions.

Tail-chaining

If a pending exception exists and there are no stacked exceptions or the pending excep-
tion has higher priority than all stacked exceptions, the CPU returns to the ISR of the pend-
ing exception.

In this case, the CPU skips the pop of eight registers and push of eight registers when ex-
iting one ISR and entering another. This is called "tail-chaining.
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Returning to the last stacked ISR
If there are no pending exceptions or if the highest priority stacked exception is of high-
er priority than the highest priority pending exception, the CPU returns to the last stacked
ISR.
Returning to the previous program
If there are no pending or stacked exceptions, the CPU returns to the previous program.
Exception exit sequence
When returning from an ISR, the CPU performs the following operations.
Pop registers
Pops the eight registers (PC, xPSR, r0 to 13, r12 and LR) from the stack and adjust the
SP.
Load current active interrupt number
Loads the current active interrupt number from the stacked xPSR. The CPU uses this to
track which interrupt to return to.
Select SP
If returning to an exception (Handler Mode), SP is SP_main. If returning to Thread
Mode, SP can be SP_main or SP_process.
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7.2 Reset Exceptions

Reset exceptions are generated from the following sources.

Use the Reset Flag Register to identify the source of a reset.

External reset pin (RESET X)
A reset exception occurs when an external reset pin changes from "Low" to "High".

(RSTFLG shows the power-on reset or Reset x pin)
Reset exception by POR

The POR has a reset generating feature. For details, see the chapter on the POR.
Reset exception by WDT

The watchdog timer (WDT) has a reset generating feature. For details, see the chapter on the WDT.
Reset exception by <SYSRESETREQ>

A reset can be generated by setting the <SYSRESETREQ> bit in the NVIC's Application Interrupt
and Reset Control Register.
Reset exception by LVD

The low voltage detection circuit (LVD) has a reset generating feature. For details, see the chapter on
the LVD.
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7.3 Non-Maskable Interrupts (NMI)

Non-maskable interrupts are generated from the following sources.

Refer to the INTFLAGO Flag of INTIF (Interrupt IF) Register to identify the source of a non-maskable interrupt.

Non-maskable interrupt by WDT

The watchdog timer (WDT) has a non-maskable interrupt generating feature. For details, see the chap-
ter on the WDT.

Non-maskable interrupt by LVD

The low voltage detection circuit (LVD) has a reset generating feature. For details, see the chapter on
the LVD.

7.4 SysTick

SysTick provides interrupt features using the CPU's system timer.

When you set a value in the SysTick Reload Value Register and enable the SysTick features in the SysTick Con-
trol and Status Register, the counter loads with the value set in the Reload Value Register and begins counting
down. When the counter reaches "0", a SysTick exception occurs. You may be pending exceptions and use a flag
to know when the timer reaches "0".
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7.5 Interrupts

This chapter describes routes, sources and required settings of interrupts.

The CPU is notified of interrupt requests by the interrupt signal from each interrupt source. It sets priority on in-
terrupts and handles an interrupt request with the highest priority.

Interrupt requests for clearing a standby mode are notified to the CPU via INTIF. Therefore, the settings of IN-
TIF is required.

7.5.1 Interrupt Sources

7.5.1.1 Interrupt Route
Figure 7-1 shows an interrupt request route.

The interrupts issued by the peripheral function (A) that is not used to release standby are directly in-
put to the CPU.(Routel)

The peripheral function interrupts (B)/(Route 2) used to release standby and interrupts from the exter-
nal interrupt pin (Route 3) are input to the low-power consumption mode release logic of INTIF and are in-
put to the CPU through the logic for releasing standby (Route 4 and 5).

The STOPXINTxxx<INTxxxEN> register determines to use interrupt requests (route 2 and route 3) for
clearing low-power consumption mode (route 4 and 5).

When these interrupt requests are used to clear the low-power consumption mode, the CPU receives a
"High" level interrupt request. (Route 2 to Route 4; Route 3 to Route 5).

The IDLEINTxxx is also as same as the STOPXINTxxx.

Interrupt [NT[F
Peripheral Request (Route1) Route1
Function(A) g
STOPXINT_xxx
<INTXEN>
Interrupt ¢ CPU
Peripheral Request (Route2) ‘ ™ Route4
Function(B) > i -
Releasing >
low Power
consumption
mode logic
:E):temalt P Interrupt ‘
nierrup Request (Route3) b
. ] o > > Route5
Pin INTXX[ r ‘ High level is output by
t Route4 &5 of interrupt
STOPXINT xxx | request.
STOPXINT_xxx <INTxxxEN>
<INTxxxMODE[2:0]>

Figure 7-1 Interrupt Route

Interrupt request route 1
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Interrupt request of peripheral functionAF

Interrupt request route 2 (Interrupt for clearing low power consumption mode)
Interrupt request of peripheral functionAF

Interrupt request route 3 (Interrupt for clearing low power consumption mode)
Interrupt request of External Interrupt PinAF

The interrupt path through the low-power consumption mode release logic can also be used in NOR-
MAL mode. Its setting is not different according to a mode.
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7.5.1.2 Generation

An interrupt request is generated from an external pin or peripheral function assigned as an interrupt
source or by setting the NVIC's Interrupt Set-Pending Register.

From external pin

Set the port control register so that the external pin can perform as an interrupt function pin.
From peripheral function

Set the peripheral function to make it possible to output interrupt requests.

See the chapter of each peripheral function for details.

By setting Interrupt Set-Pending Register (forced pending)

An interrupt request can be generated by setting the relevant bit of the Interrupt Set-Pend-
ing Register.

7.5.1.3 Transmission

An interrupt signal from an external pin or peripheral function is directly sent to the CPU unless it is
used to exit a standby mode.

Interrupt requests from interrupt sources that can be used for clearing a standby mode are transmitted
to the CPU via the INTIF. For these interrupt sources, appropriate settings must be made in the INTIF in ad-
vance.

When these interrupt requests are used for clearing the low-power consumption mode, the CPU re-
ceives a "High" level interrupt request. The interrupt requests, which cannot be used for clearing low-pow-
er consumption mode, are directly transmitted to the CPU.

For the external interrupt, be aware the Precautions of Next chapter.

7.5.1.4 Precautions when using external interrupt pins
If you use external interrupts, be aware the followings not to generate unexpected interrupts.

If input disabled (PXIE<PxmIE>="(0"), inputs from external interrupt pins are "High". Also, if external in-
terrupts are not used as a trigger to release standby (route 1 of "Figure 7-1 Interrupt Route"), input sig-
nals from the external interrupt pins are directly sent to the CPU. Since the CPU recognizes "High" input

as an interrupt, interrupts occur if corresponding interrupts are enabled by the CPU as inputs are being dis-
abled.

To use the external interrupt without setting it as a standby trigger, set the interrupt pin input as "Low"
and enable it. Then, enable interrupts on the CPU.
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7.5.1.5 List of Interrupt Sources

Table 7-2 shows the list of interrupt sources.

Table 7-2 List of Interrupt Sources

No Offset Interrupt Source ﬁzzs?ec::: Ilc?v\cepl)ct)(\jv:- INTIF .
Address consumption mode control register
0 0x40 INTO External interrupt pin 0
1 0x44 INT1 External interrupt pin 1
2 0x48 INT2 External interrupt pin 2 1| edge, L/H level,
INTCTL
3 0x4C INT3 External interrupt pin 3 Both edge
4 0x50 INT4 External interrupt pin 4
5 0x54 INT5S External interrupt pin 5
6 0x58 INTRX0 UART reception
7 0x5C INTTXO0 UART transmission
8 0x60 INTRX1 UART reception
9 0x64 INTTX1 UART transmission
10 0x68 INTSPIRX SPI reception
11 0x6C INTSPITX SPI transmission
12 0x70 INTSPIERR SPI Error interrupt t
13 0x74 INTI2CO 12C ChO Interrupt
14 0x78 INTI2C1 12C Ch1 Interrupt
15 0x7C INTTDMA DMAC interrupt
16 0x80 INT16A0 16-bit TMRAO match detection
17 0x84 INT16A1 16-bit TMRA1 match detection
18 0x88 INTTMRBO 16-bit TMRB (channel0)
19 0x8C INTTMRB1 16-bit TMRB (channel1)
20 0x90 INTTMRB2 16-bit TMRB (channel2)
21 0x94 INTTMRB3 16-bit TMRB (channel3)
22 0x98 INTTMRB4 16-bit TMRB (channel4)
23 0x9C INTTMRB5 16-bit TMRB (channel5)
24 0xA0 INTTMRB6 16-bit TMRB (channel6)
25 0xA4 INTTMRB7 16-bit TMRB (channel7)
26 0xA8 INTI2CS 12C Wakeup Interrupt 1 edge INTCTL
27 0xAC INTTMRD TMRD Interrupt
28 0xB0 INTUSBD USBD Interrupt
29 0xB4 INTUSBWKUP USBD Wakeup Interrupt 1 edge INTCTL
30 0xB8 INTADHP Highest priority AD conversion complete interrupt
31 0xBC INTAD AD conversion complete interrupt
7.5.1.6 Active level

The active level indicates which change in signal of an interrupt source triggers an interrupt. The CPU rec-
ognizes interrupt signals in "High" level as interrupt. Interrupt signals directly sent from peripheral func-
tions to the CPU are configured to output "High" to indicate an interrupt request.

If an interrupt source is used for clearing a standby mode, setting the relevant INTIF register is also re-
quired. Enable the INTCTL<STOPXINT xxx> bit and specify the active level in that register.

You must set the active level for interrupt requests from each peripheral function as shown in Table
7-2.
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An interrupt request detected by the INTIF is notified to the CPU with a signal in "High" level.

7.5.1.7  Precautions on Clearing Low-power Consumption Mode

To clear STOPx mode, the following two settings are necessary:

+  Clearing low-power consumption mode (INTCTL<STOPXINT xxx>)
+  Enabling an interrupt (SETENA)

The operation returning to NORMAL mode from STOPx mode causes the suspended instruction to re-
sume after the high-speed clock starts oscillation since the operation enters in the interrupt service routine.

Interrupt mode Control

register
(STOPXINT_xxx)
STOP1
INTx
INTI2CS Clear setting is required.
INTUSBWKUP

7.5.1.8 Interrupt management numbers

This MCU provides the management numbers that indicate the presence or absence of the control regis-
ter according to an interrupt factor, and indicate a register address. The usage of the management num-
bers and registers are shown in the table below:

Table 7-3 List of interrupt management numbers

Notes

The registers of STOP2INT
can be used.

The registers of STOP1INT
or IDLEINT can be used.

The registers of STOP2INT
can be used.

The registers of STOP1INT
or IDLE INT can be used.

Management .
N Usage Interrupt control register (BUS)
o.

000 to 015 These numbers are_used if gppll.ca— AOBUS Accz_)rdmg to an |nterrupt factor,
ble under the following condition: an the interrupt control register can
interrupt factor is a NMI. be enabled/disabled or used to

016 to 031 JOBUS | set a detection edge.

For the address allocation of the
These numbers are used if applica- management numbers, refer to

03210095 | 6 under the following condition: AOBUS | the chapter on "INTIF (interrupt
-An interrupt factor is asynchronous control) registers.

(external interrupts or interrupts sent
by the internal peripheral circuits,

096 to 255 which operate on the clock except I0BUS
the system clock)

-An interrupt factor is commonly used

(OR).

These numbers are used if applica- The register is not allocated.
ble under the following condition:

256 to 512 -An interrupt factor is synchronous
with the system clock. For example,
the interrupts sent from the internal
peripheral circuits is applicable.

INTFLAG (Interrupt monitor flag register) are assigned by the Interrupt management numbers.
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The table below shows the interrupt factors and management numbers implemented in this MCU.

Table 7-4 management numbers of TMPM066/067/068

No Interrupt Source No Interrupt Source

INTLVD LVD interrupt Only lower than the INTDMAG DMA ch6 transmission completion
16 setting voltage when voltage de- 102

creasing.
17 INTLVD LVD interrupt when returning from 103 INTDMA7 DMA ch7 transmission completion
low voltage
18 INTWDT WDT 104 INTDMAS8 DMA ch8 transmission completion
32 INTO External interrupt pin0 105 INTDMA9 DMA ch9 transmission completion
33 INT1 External interrupt pin1 106 INTDMA10 DMA ch10 transmission completion
34 INT2 External interrupt pin2 107 INTDMA11 DMA ch11 transmission completion
35 INT3 External interrupt pin3 108 INTDMA12 DMA ch12 transmission completion
36 INT4 External interrupt pin4 109 INTDMA13 DMA ch13 transmission completion
37 INT5 External interrupt pin5 110 INTDMA14 DMA ch14 transmission completion
38 INTI2CS 12C(Wakeup) interrupt 111 INTDMA15 DMA ch15 transmission completion
39 INTUSBWKUP USBD Wakeup 112 INTDMA16 DMA ch16 transmission completion
256 INTRXO SIO reception 113 INTDMA17 DMA ch17 transmission completion
257 INTTXO SIO transmission 114 INTDMA18 DMA ch18 transmission completion
258 INTRX1 SIO reception 115 INTDMA19 DMA ch19 transmission completion
259 INTXT1 SIO transmission 116 INTDMA20 DMA ch20 transmission completion
260 INTSPIRX SPI reception 117 INTDMA21 DMA ch21 transmission completion
261 INTSPITX SPI transmission 118 INTDMA22 DMA ch22 transmission completion
262 INTSPIERR SPI Error 119 INTDMA23 DMA ch23 transmission completion
263 INTI2CO 12C chO 120 INTDMA24 DMA ch24 transmission completion
264 INTI2COAL 12C chO AL interrupt 121 INTDMA25 DMA ch25 transmission completion
265 INTI2COBF 12C chO Bus-Free 126 INTDMA30 DMA ch30 transmission completion
266 INTI2CONACK 12C chO NACK detection 127 INTDMA31 DMA ch31 transmission completion
267 INTI2C1 12C ch1 128 INTDMAERR DMA transmission error
268 INTI2C1AL 12C ch1 AL interrupt 271 INT16A0 TMR16A chO match detection
269 INTI2C1BF 12C ch1 Bus-Free 272 INT16A1 TMR16A ch1 match detection
270 INTI2C1NACK 12C ch1 NACK detection 129 INTTBO TMRB chO match detection/Over
flow
96 INTDMAO DMA ch0 transmission completion 130 INTTBOCAPO TMRB chO input capture0
97 INTDMA1 DMA ch1 transmission completion 131 INTTBOCAP1 TMRB chO input capture1
08 INTDMA2 DMA ch2 transmission completion 132 INTTB1 :I'Q/IWRB ch1 match detection/Over
99 INTDMA3 DMA ch3 transmission completion 133 INTTB1CAPO TMRB ch1 input capture0
100 INTDMA4 DMA ch4 transmission completion 134 INTTB1CAP1 TMRB ch1 input capture1
101 INTDMAS DMA ch5 transmission completion 135 INTTB2 ;II'g/IWRB ch2 match detection/Over
136 INTTB2CAPO TMRB ch2 input capture0 163 INTTMRDO3 TMRD match detection 03
137 INTTB2CAP1 TMRB ch2 input capture1 164 INTTMRDO4 TMRD match detection 04
138 INTTB3 TMRB ch3 match detection/Over flow 165 INTTMRD10 TMRD match detection 10
139 INTTB3CAPO TMRB ch3 input capture0 166 INTTMRD11 TMRD match detection 11
140 INTTB3CAP1 TMRB ch3 input capture1 167 INTTMRD12 TMRD match detection 12
141 INTTB4 TMRB ch4 match detection/Over flow 168 INTTMRD13 TMRD match detection 13
142 INTTB4CAPO TMRB ch4 input capture0 169 INTTMRD14 TMRD match detection 14
143 INTTB4CAP1 TMRB ch4 input capture1 273 INTUSBD USB interrupt
144 INTTB5 TMRB ch5 match detection/Over flow 274 INTADHP ;iegtr;est priority AD conversion com-
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Table 7-4 management numbers of TMPMO066/067/068

No Interrupt Source No Interrupt Source
145 INTTB5CAPO TMRB ch5 input capture0 275 INTAD AD conversion complete
146 INTTB5CAP1 TMRB ch5 input capture1
147 INTTB6 TMRB ch6 match detection/Over flow
148 INTTB6CAPO TMRB ch6 input capture0
149 INTTB6CAP1 TMRB ch6 input capture1
150 INTTB7 TMRB ch7 match detection/Over flow
151 INTTB7CAPO TMRB ch7 input capture0
152 INTTB7CAP1 TMRB ch7 input capture1
160 INTTMRDOO TMRD match detection 00
161 INTTMRDO1 TMRD match detection 01
162 INTTMRDO2 TMRD match detection 02
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7.5.2 Interrupt Handling

7521 Flowchart

The following shows how an interrupt is handled.

In the following descriptions,lzl indicates hardware handling.

handling.

Processing

Setting for detection

Settings for sending in-
terrupt signal

{

Interrupt generation

Not clearing
standby mode

CG detects interrupt
(clearing standby mode)

—

CPU detects interrupt

{1

CPU handles interrupt

{

Clearing
standby mode
[

Details

Set the relevant NVIC registers for detecting interrupts.

Set the INTIF as well if each interrupt source is used to clear a standby mode.
o Common setting

NVIC registers

oSetting to clear standby mode

INTIF

Execute an appropriate setting to send the interrupt signal depending on the in-
terrupt type.

oSetting for interrupt from external pin

Port setting

oSetting for interrupt from peripheral function

Peripheral function (See the chapter of each peripheral function for details.)

An interrupt request is generated.

Interrupt lines used for clearing a standby mode are connected to the CPU via
the INTIF.

The CPU detects the interrupt.

If multiple interrupt requests occur simultaneously, the interrupt request with
the highest priority is detected according to the priority order.

The CPU handles the interrupt

The CPU pushes register contents to the stack before entering the ISR.

I:I indicates software

See

"7.5.2.2 Preparation”

"7.5.2.3 Detection (IN-
TIF)"

"7.5.2.4 Detection
(CPU)"

"7.5.2.5 CPU process-

ing
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Processing

ISR
execution

{1

Return to preceding
program

Program for the ISR.

Clear the interrupt source if needed.

Details

Configure to return to the preceding program of the ISR

See

"7.5.2.6 Interrupt Serv-
ice Routine (ISR)"
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7.5.2.2 Preparation

When preparing for an interrupt, you need to pay attention to the order of configuration to avoid any un-
expected interrupt on the way

Initiating an interrupt or changing its configuration must be implemented in the following order basical-
ly. Disable the interrupt by the CPU. Configure from the farthest route from the CPU. Then enable the in-
terrupt by the CPU.

To configure the INTIF, you must follow the order indicated here not to cause any unexpected inter-
rupt. First, configure the precondition. Secondly, clear the data related to the interrupt in the INTIF and
then enable the interrupt.

The following sections are listed in the order of interrupt handling and describe how to configure them.

1. Disabling interrupt by CPU

2. CPU register setting

3. Pre configuration (1) (Interrupt from external pin)

4. Pre configuration (2) (Interrupt from peripheral function, Interrupt mask function)
5. Pre configuration (3) (Interrupt Set-Pending register)

6. configuring the INTIF

7. Enabling interrupt by CPU

(1) Disabling interrupt by CPU

To make the CPU for not accepting any interrupt, write "1" to the corresponding bit of the PRI-
MASK Register. All interrupts and exceptions other than non-maskable interrupts and hard faults
can be masked.

Use "MSR" instruction to set this register.

Interrupt mask register

PRIMASK | — | "1"(interrupt disabled)

(2) CPU register setting

You can assign a priority level by writing to <PRI_n> field in an Interrupt Priority Register of
the NVIC register.

Each interrupt source is provided with two bits for assigning a priority level from 0 to 3. Priority lev-
el 0 is the highest priority level. If multiple sources have the same priority, the smallest-numbered in-
terrupt source has the highest priority.

NVIC register

<PRI_n> | — | "priority"

Note:"n" indicates the corresponding exceptions/interrupts.
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(8) Pre configuration (1) (Interrupt from external pin)

Set "1" to the port function register of the corresponding pin for Interrupt from external pin. Set-
ting PxIE[m] allows the pin to be used as the input port.

Port register

PXIE<PxmIE> | - | wq

Note: x: port number / m: corresponding bit.

Be careful not to enable interrupts that are not used. Also, refer to "7.5.1.4 Precautions when
us-ing external interrupt pins".

(4) Pre configuration (2) (Interrupt from peripheral function, Interrupt mask function set-
ting)

The setting varies depending on the peripheral function to be used. See the chapter of each periph-
eral function for details.

(5) Pre configuration (3) (Interrupt Set-Pending Register)

To generate an interrupt by using the Interrupt Set-Pending Register, set "1" to the corresponding
bit of this register.

NVIC register
<SETPEND[m]> | — | "

Note:m: corresponding bit

(6) Configuring the INTIF

For an interrupt source to be used for exiting a standby mode, you need to set the active level
and enable interrupts in the INTCTL register of the INTIF. The STOPXINT xxx(IDELINT xxx) reg-
ister is capable of configuring each source.

Before enabling an interrupt, clear the corresponding interrupt request already held. This can
avoid unexpected interrupt. To clear corresponding interrupt request, write a value corresponding to
the interrupt to be used to the STOPXINT xxx(IDLEINT xxx) register.

See for each value.

INTIF register

STOPXINT_xxx<INTxxxMODE> | « [ Value corresponding to the interrupt to be used

STOPXINT_xxx<INTxxxEN> «— | "1"(Interrupt enabled)

Note:n: register number / xxx: number assigned to interrupt source

(7) Enabling interrupt by CPU
Enable the interrupt by the CPU as shown below.

Clear the suspended interrupt in the Interrupt Clear-Pending Register. Enable the intended inter-
rupt with the Interrupt Set-Enable Register. Each bit of the register is assigned to a single interrupt
source.
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Writing "1" to the corresponding bit of the Interrupt Clear-Pending Register clears the suspended in-
terrupt. Writing "1" to the corresponding bit of the Interrupt Set-Enable Register enables the inten-

ded interrupt.

To generate interrupts in the Interrupt Set-Pending Register setting, factors to trigger interrupts
are lost if pending interrupts are cleared. Thus, this operation is not necessary.

At the end, PRIMASK register is zero cleared.

NVIC register

Interrupt clear-Pending <CLRPEND[m]> — | ""

Interrupt Set-Enable <SETENA[m]> — "

Interrupt mask register

PRIMASK | — | "0"

Note 1: m: corresponding bit

7.5.2.3 Detection (INTIF)

If an interrupt source is used for exiting a standby mode, an interrupt request is detected according to
the active level specified in the INTIF, and is notified to the CPU.

When the INTIF detects an interrupt request, it keeps sending the interrupt signal in "High" level to
the CPU until the interrupt request is cleared in the Interrupt Control Register (INTCTL).

If a standby mode is exited without clearing the interrupt request, the same interrupt will be detected
again when normal operation is resumed. Be sure to clear each interrupt request in the ISR.

7.5.2.4 Detection (CPU)

The CPU detects an interrupt request with the highest priority.

7.5.2.5 CPU processing

On detecting an interrupt, the CPU pushes the contents of xPSR, PC, LR, R12 and 3 to r0 to the stack
then enter the ISR.

7.5.2.6 Interrupt Service Routine (ISR)

An ISR requires specific programming according to the application to be used. This section describes
what is recommended at the service routine programming and how the source is cleared.

(1)  Procedure during ISR

An ISR normally pushes register contents to the stack and handles an interrupt as required. The Cor-
tex-MO core automatically pushes the contents of xPSR, PC, LR, R12 and r3 to r0 to the stack. No ex-
tra programming is required for them.

Push the contents of other registers if needed.

Interrupt requests with higher priority and exceptions such as NMI are accepted even when an
ISR is being executed. We recommend you to push the contents of general-purpose registers that
might be rewritten.
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(2) Clearing an interrupt source

If an interrupt source is used for clearing a standby mode, each interrupt request must be cleared
with the INTCTL Register.

If an interrupt source is set as level-sensitive, an interrupt request continues to exist until it is
cleared at its source.

Therefore, the interrupt source must be cleared.

In case of edge-sensitive, clearing the interrupt source automatically clears the interrupt request sig-
nal from the INTIF.

If an interrupt is set as edge-sensitive, clear an interrupt request by setting the corresponding val-
ue in the INTCTL register. When an active edge occurs again, a new interrupt request will be detected.
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7.6 Exception/Interrupt-Related Registers

The CPU's NVIC registers, INTIF registers and Interrupt masking function described in this chapter are shown be-
low with their respective addresses.

7.6.1 Register List
NVIC registers Base Address = OxE000_E000
Register name Address (Base +)
SysTick Control and Status Register 0x0010
SysTick Reload Value Register 0x0014
SysTick Current Value Register 0x0018
SysTick Calibration Value Register 0x001C
Interrupt Set-Enable Register 0x0100
Interrupt Clear-Enable Register 0x0180
Interrupt Set-Pending Register 0x0200
Interrupt Clear-Pending Register 0x0280
Interrupt Priority Register 0x0400 to 0x0430
Application Interrupt and Reset Control Register 0x0D0C
System Handler Priority Register 0x0D1C, 0x0D20
System Handler Control and State Register 0x0D24

peripheral function name: AOREG(note1)

Base Address= 0x4003_8400

Register name

Address (Base +)

Reset Flag Register

RSTFLG

0x0002

Reset Flag Register1

RSTFLG1

0x0003

Note 1: Byte access only is allowed. Bit-band access is impossible.

peripheral function name: INTIFAO

Base Address= 0x4003_8000

Register name

Address (Base +)

Interrupt Control Register(STOP2INT_032 to 096)

STOP2INT_xxx

0x0020

peripheral function name: INTIFSD

Base Address =0x400F_4E00

Register name Address (Base +)

Interrupt Control Register STOP1INT_xxx 0x0010
(STOP1INT_016 to 031/ IDLEINT_061 to 031) IDLEINT_xxx

Interrupt Control Register

(STOP1INT_096 to 255/ IDLEINT_096 to 255) IDLEINT_096 to 255 0x0060
NMI Interrupt Monitor Flag (000 to 031) INTFLAGO 0x0100
Interrupt Monitor Flag in AO area (032 to 063) INTFLAG1 0x0104
Interrupt Monitor Flag in AO area (064 to 095) INTFLAG2 0x0108
Interrupt Monitor Flag in SD area (096 to 127) INTFLAG3 0x010C
Interrupt Monitor Flag in SD area (128 to 159) INTFLAG4 0x0110
Interrupt Monitor Flag in SD area (160 to 191) INTFLAG5 0x0114
Interrupt Monitor Flag in SD area (192 to 223) INTFLAG6 0x0118
Interrupt Monitor Flag in SD area (224 to 255) INTFLAG7 0x011C
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7.6.2 NVIC registers

7.6.2.1 SysTick Control and Status Register
31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol - - - - - - - COUNTFLAG
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol - - - - - CLKSOURCE TICKINT ENABLE
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31-17 - R Read as 0.
16 COUNTFLAG R/W 0: Timer not counted to 0
1: Timer counted to 0
Returns "1" if timer counted to "0" since last time this was read.
Clears on read of any part of the SysTick Control and Status Register.
15-3 - R Read as 0.
2 CLKSOURCE R/W 0: External reference clock (fosc/64)
1: CPU clock (fsys)
1 TICKINT R/W 0: Do not pend SysTick
1: Pend SysTick
0 ENABLE R/W 0: Disable
1: Enable
If "1" is set, it reloads with the value of the Reload Value Register and starts operation.
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7.6.2.2 SysTick Reload Value Register
31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol RELOAD
After reset Undefined
15 | 1| 13| 12 | 1| 10 | 9 | 8
bit symbol RELOAD
After reset Undefined
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
bit symbol RELOAD
After reset Undefined
Bit Bit Symbol Type Function
31-24 - R Read as 0,
23-0 RELOAD R/W Reload value
Set the value to load into the SysTick Current Value Register when the timer reaches "0".
7.6.2.3 SysTick Correct Value Register
31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol CURRENT
After reset Undefined
15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
bit symbol CURRENT
After reset Undefined
7| 6 | s | 4 | s | 2 | 1 | o
bit symbol CURRENT
After reset Undefined
Bit Bit Symbol Type Function
31-24 - R Read as 0.
23-0 CURRENT R/W [Read] Current SysTick timer value

[Write] Clear
Writing to this register with any value clears it to 0.
Clearing this register also clears the <COUNTFLAG> bit of the SysTick Control and Status Register.
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7.6.2.4 SysTick Calibration Value Register

31 30 29 28 27 26 25 24
bit symbol NOREF SKEW - - - - - -
After reset 0 1 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol TENMS
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol TENMS
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol TENMS
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31 NOREF R 0: Reference clock provided
1: No reference clock
30 SKEW R 0: Calibration value is 10 ms.
1: Calibration value is not 10 ms.
29-24 - Read as 0.
23-0 TENMS Calibration value
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7.6.2.5 Interrupt Set-Enable Register 1
31 30 29 28 27 26 25 24
bit bol SETENA SETENA SETENA SETENA SETENA SETENA SETENA SETENA
it symbo
y (Interrupt 31) | (Interrupt 30) | (Interrupt 29) | (Interrupt 28) | (Interrupt 27) | (Interrupt 26) | (Interrupt 25) | (Interrupt 24)
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit bol SETENA SETENA SETENA SETENA SETENA SETENA SETENA SETENA
it symbo
y (Interrupt 23) | (Interrupt 22) | (Interrupt 21) | (Interrupt 20) | (Interrupt 19) | (Interrupt 18) | (Interrupt 17) | (Interrupt 16)
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit bol SETENA SETENA SETENA SETENA SETENA SETENA SETENA SETENA
it symbo
y (Interrupt 15) | (Interrupt 14) | (Interrupt 13) | (Interrupt 12) | (Interrupt 11) | (Interrupt 10) (Interrupt 9) (Interrupt 8)
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit bol SETENA SETENA SETENA SETENA SETENA SETENA SETENA SETENA
it symbo
y (Interrupt 7) (Interrupt 6) (Interrupt 5) (Interrupt 4) (Interrupt 3) (Interrupt 2) (Interrupt 1) (Interrupt 0)
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31-0 SETENA R/W Interrupt number [31:0]
[Write]
1: Enable
[Read]
0: Disabled
1: Enabled

Each bit corresponds to the specified number of interrupts.

Reading the bits can see the enable/disable condition of the corresponding interrupts.

Writing "1" to a bit in this register enables the corresponding interrupt. Writing "0" has no effect.

Note:<SETENA> and <CLRENA> cannot be set simultaneously. The latter setting is valid.
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7.6.2.6 Interrupt Clear-Enable Register 1
31 30 29 28 27 26 25 24
bit symbol CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA
(Interrupt 31) | (Interrupt 30) | (Interrupt 29) | (Interrupt 28) | (Interrupt 27) | (Interrupt 26) | (Interrupt 25) | (Interrupt 24)
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA
(Interrupt 23) | (Interrupt 22) | (Interrupt 21) | (Interrupt 20) | (Interrupt 19) | (Interrupt 18) | (Interrupt 17) | (Interrupt 16)
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA
(Interrupt 15) | (Interrupt 14) | (Interrupt 13) | (Interrupt 12) | (Interrupt 11) | (Interrupt 10 (Interrupt 9) (Interrupt 8)
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA
(Interrupt 7) (Interrupt 6) (Interrupt 5) (Interrupt 4) (Interrupt 3) (Interrupt 2 (Interrupt 1) (Interrupt 0)
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31-0 CLRENA R/W Interrupt number [31:0]

[Write]

1: Disabled
[Read]

0: Disabled
1: Enable

Each bit corresponds to the specified number of interrupts. It can be performed to enable interrupts and to
check if interrupts are disabled.

Writing "1" to a bit in this register disables the corresponding interrupt. Writing "0" has no effect.
Reading the bits can see the enable/disable condition of the corresponding interrupts.

Note:<SETENA> and <CLRENA> cannot be set simultaneously. The latter setting is valid.
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7.6.2.7 Interrupt Set-Pending Register 1
31 30 29 28 27 26 25 24
bit bol SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND
it symbo
y (Interrupt 31) | (Interrupt 30) | (Interrupt 29) | (Interrupt 28) | (Interrupt 27) | (Interrupt 26) | (Interrupt 25) | (Interrupt 24)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
23 22 21 20 19 18 17 16
bit bol SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND
it symbo
y (Interrupt 23) | (Interrupt 22) | (Interrupt 21) | (Interrupt 20) | (Interrupt 19) | (Interrupt 18) | (Interrupt 17) | (Interrupt 16)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
15 14 13 12 11 10 9 8
bit bol SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND
it symbo
y (Interrupt 15) | (Interrupt 14) | (Interrupt 13) | (Interrupt 12) | (Interrupt 11) | (Interrupt 10 (Interrupt 9) (Interrupt 8)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
7 6 5 4 3 2 1 0
bit bol SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND
it symbo
y (Interrupt 7) (Interrupt 6) (Interrupt 5) (Interrupt 4) (Interrupt 3) (Interrupt 2 (Interrupt 1) (Interrupt 0)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
Bit Bit Symbol Type Function
31-0 SETPEND R/W Interrupt number [31:0]
[Write]
1: Pend
[Read]

0: Not pending
1: Pending

Note 1: <SETPEND> and <CLRPEND> cannot be set simultaneously. The latter setting is valid.

Note 2: When the external interrupt is used, the user needs special consideration. When INTxxEN="0" (release for low-power
consumption mode is unused), if IEx="0" is set, the CPU receives a "High" signal; therefore, an interrupt signal is con-
sidered to be exist. When the external interrupts are used, set IEx="1"(input is enable) to clear a suspended interrupt

Note 3:

signal.

Each bit corresponds to the specified number can force interrupts into the pending state and determines which inter-
rupts are currently pending. Writing "1" to a bit in this register pends the corresponding interrupt. However, writing "1"
has no effect on an interrupt that is already pending or is disabled. Writing "0" has no effect. Reading the bit returns

the current state of the corresponding interrupts. Writing "1" to a corresponding bit in the Interrupt Clear-Pending Reg-

ister clears the bit in this register.
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7.6.2.8 Interrupt Clear-Pending Register 1
31 30 29 28 27 26 25 24
bit symbol CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND
(Interrupt 31) | (Interrupt 30) | (Interrupt 29) | (Interrupt 28) | (Interrupt 27) | (Interrupt 26) | (Interrupt 25) | (Interrupt 24)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
23 22 21 20 19 18 17 16
bit symbol CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND
(Interrupt 23) | (Interrupt 22) | (Interrupt 21) | (Interrupt 20) | (Interrupt 19) [ (Interrupt 18) | (Interrupt 17) | (Interrupt 16)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
15 14 13 12 11 10 9 8
bit symbol CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND
(Interrupt 15) | (Interrupt 14) | (Interrupt 13) | (Interrupt 12) | (Interrupt 11) | (Interrupt 10) (Interrupt 9) (Interrupt 8)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
7 6 5 4 3 2 1 0
bit symbol CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND
(Interrupt 7) (Interrupt 6) (Interrupt 5) (Interrupt 4) (Interrupt 3) (Interrupt 2) (Interrupt 1) (Interrupt 0)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
Bit Bit Symbol Type Function
31-0 CLRPEND R/W Interrupt number [31:0]

[Write]

[Read]

1: Clear pending interrupt

0: Not pending
1: Pending

Note 1: <SETPEND> and <CLRPEND> cannot be set simultaneously. The latter setting is valid.

Note 2: When the external interrupt is used, the user needs special consideration. When INTxxEN="0" (release for low-power
consumption mode is unused), if IEx="0" is set, the CPU receives a "High" signal; therefore, an interrupt signal is con-
sidered to be exist. When the external interrupts are used, set IEx="1"(input is enable) to clear a suspended interrupt

Note 3:

signal.

Each bit corresponds to the specified number can force interrupts into the pending state and determines which inter-
rupts are currently pending. Writing "1" to a bit in this register clears the corresponding pending interrupt. However, writ-
ing "1" has no effect on an interrupt that is already being serviced. Writing "0" has no effect. Reading the bit returns
the current state of the corresponding interrupts
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7.6.2.9 Interrupt Priority Register
The configuration of each interrupt is eight bit.
The following shows the addresses of the Interrupt Priority Registers corresponding to interrupt numbers.
31 24 23 16 15 8 7 0
0xE000_E400 PRI_3 PRI_2 PRI_1 PRI_O
0xE000_E404 PRI_7 PRI_6 PRI_5 PRI_4
0xE000_E408 PRI_11 PRI_10 PRI_9 PRI_8
0xE000_E40C PRI_15 PRI_14 PRI_13 PRI_12
0xE000_E410 PRI_19 PRI_18 PRI_17 PRI_16
OXE000_E414 PRI_23 PRI_22 PRI_21 PRI_20
OxE000_E418 PRI_27 PRI_26 PRI_25 PRI_24
0xE000_E41C PRI_31 PRI_30 PRI_29 PRI_28
Cortex-MO core uses two bits for assigning a priority.
The following shows the fields of the Interrupt Priority Registers for interrupt numbers 0 to 3. The Inter-
rupt Priority Registers for all other interrupt numbers have the identical fields. Unused bits return "0"
when read, and writing to unused bits has no effect.

31 30 29 28 27 26 25 24
bit symbol PRI_3 - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol PRI_2 - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol PRI_1 - - - - - -
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol PRI_O - - - - - -
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-30 PRI_3 R/W Priority of interrupt number 3
29-24 - R Read as 0,
23-22 PRI_2 R/W Priority of interrupt number 2
21-16 - R Read as 0,
15-14 PRI_1 R/W Priority of interrupt number 1
13-8 - R Read as 0,
7-6 PRI_O R/W Priority of interrupt number 0
5-0 - R Read as 0,
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7.6.2.10 Application Interrupt and reset Control Register
31 | 30 29 | 28 | 27 26 25 24
bit symbol VECTKEY/VECTKEYSTAT
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol VECTKEY/VECTKEYSTAT
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
) SYSRESET VECTCLR
bit symbol - - - - - -
REQ ACTIVE
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31-16 VECTKEY (Written) / R/W Register key
VECTKEYSTAT (Read) [Write] Writing to this register requires 0x5FA in the <VECTKEY> field.
[Read] Read as 0xFAOS5.
15-3 - R read as "0".
2 SYSRESETREQ R/W System Reset Request
1=CPU outputs a SYSRESETREQ signal. (note1)
1 VECTCLRACTIVE R/W Clear active vector bit
1: clear all state information for active NMI, fault, and interrupts.
0: do not clear.
This bit self-clears.
It it the responsibility of the application to reinitialize the stack.
0 - R Read as "0".

Note 1: When SYSRESETREQ is output, reset is performed on this MCU. <SYSRESETREQ> is cleared by reset.
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7.6.2.11  System Handler Priority Register

The following shows the addresses of the System Handler Priority Registers corresponding to each excep-
tion.

31 24 23 16 15 8 7 0
PRI_11 PRI_10 PRI_9 PRI_8
0xE000_ED1C
- (Svcall)
PRI_15 PRI_14 PRI_13 PRI_12
0xE000_ED20 )
- (SysTick) (PendSV)

Cortex-MO core uses two bits for assigning a priority.

The following shows the fields of the System Handler Priority Registers for Memory Management,
Bus Fault and Usage Fault. Unused bits return "0" when read, and writing to unused bits has no effect.

31 30 29 28 27 26 25 24
bit symbol PRI_15 - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol PRI_14 - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol PRI_13 - - - - - -
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol PRI_12 - - - - - -
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function

31-30 PRI_15 R/W Priority of SysTick

29-24 - R Read as "0".

23-22 PRI_14 R/W Priority of PendSV.

21-16 - R Read as "0".

15-14 PRI_13 R/W Reserved.

13-8 - R Read as "0".

7-6 PRI_12 R/W Reserved.

5-0 - R Read as "0".
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7.6.2.12  System Handler Control and State Register

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol SVCALL - - - - - - -

PENDED

After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-16 - R Read as "0".
15 SVCALLPENDED R/W SVCall
0: Not pending.
1: Pending.
14-0 - R Read as "0".
Note: You must clear or set the active bits with extreme caution because clearing and setting these bits does not re-
pair stack contents.
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7.6.3 INTIF (Interrupt control) registers

7.6.3.1  INTCTL (interrupt control registers, for release from NMI, low-power consumption mode)

The interrupt control registers are allocated based on the factor. The table below shows the interrupt con-
trol registers of this MCU.

INTIFAO INTIFSD
Management No Address . .
Interrupt Control register (AOBUS) Interrupt Control register (IOBUS)
000 X + 0x00 ---
015 X + OxOF ---
016 Y + 0x10 STOP1INT_016 or IDLEINT_016
031 Y + 01F STOP1INT_031 or IDLEINT_031
032 X + 0x20 STOP2INT_032 ---
095 X + Ox5F STOP2INT_095 ---
096 Y + 0x60 SOPT1INT_096 or IDLEINT_096
255 Y + OxFF STOP1INT_255 or IDLEINT_255

X = 0x4003_8000( AO bus area), Y = 0x400F_4EO00 (IO bus area)

Here are the functions of STOP2INT xxx. (xxx means the interrupt management number. xxx=000 to
015, 032 to 095).

STOP2INT_xxx

Bit No. 7 6 5 4 3 2 1 0
bit symbol INTxxxNCLR | INTxxxPCLR | INTxxxNFLG INTxxxPFLG INTxxxMODE INTxxxEN
Attribute w w R R RW RW RW RW
After reset - - 0 0 0 0 0 0
Bit Symbol Function contents When Read When Write
INTxxxNCLR Falling edge detection flag clear | Read as "0" 0:-
control 1: Clear Flag
INTxxxPCLR Rising edge detection flag clear Read as "0". 0:-
control 1: Clear Flag

INTxxxNFLG Falling edge detection flag 0: The flag is not detected. 0: -
1: The flag is detected. 1:-

INTxxxPFLG Rising edge detection flag 0: The flag is not detected. 0: -
1: The flag is detected. 1:-

INTxxxMODE Detection level/edge selection 000: "Low" level
001: "High" level
010: Falling edge
011: Rising edge
100: Both edges
101: Reserved
11* : Reserved

INTxxxEN Interrupt control 0: Interrupt detection disable
1: Interrupt detection enable

Note 1: The setting "Reserved" in INTxxxMODE means the state in which an interrupt is not accepted.
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The function of STOP1INT xxx register is as following.(xxx is management No of Interrupt. xxx =
016 to 031,096 to 255)

STOP1INT _xxx

Bit No. 7 6 5 4 3 2 1 0
bit symbol | INTxxxNCLR | INTxxxPCLR | INTxxxNFLG | INTxxxPFLG INTxxxMODE INTxxxEN
Attribute w W R R RW RW RW RW
After reset - - 0 0 0 0 0 0
Bit Symbol Function contents When Read When Write
INTxxxNCLR Falling edge detection flag clear | Read as "0" 0:-
control 1: Clear Flag
INTxxxPCLR Rising edge detection flag clear Read as "0". 0:-
control 1 : Clear Flag

INTxxxNFLG Falling edge detection flag 0: The flag is not detected. 0: -
1: The flag is detected. 1:-

INTxxxPFLG Rising edge detection flag 0: The flag is not detected. 0: -
1: The flag is detected. 1:-

INTxxxMODE Detection level/edge selection 000: "Low" level
001: "High" level
010: Falling edge
011: Rising edge
100: Both edges
101: Reserved
11* : Reserved

INTXxXEN Interrupt control 0: Interrupt detection disable
1: Interrupt detection enable

Note 1: The setting "Reserved" in INTxxxMODE means the state in which an interrupt is not accepted.

The function of IDLEINT xxx register is as following.(xxx is management No of Interrupt. xxx = 016
to 031,096 to 255)
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IDLEINT_xxx
Bit No. 7 6 5 4 3 2 1 0
bit symbol INTxxxNCLR [ INTxxxPCLR | INTxxxNFLG INTxxxPFLG INTxxxMODE INTxxxEN
Attribute w W R R RW RW RW RW
After reset - - 0 0 0 0 0 0
Bit Symbol Function contents When Read When Write
INTxxxNCLR Falling edge detection flag clear | Read as "0" 0:-
control 1: Clear Flag
INTxxxPCLR Rising edge detection flag clear Read as "0". 0: -
control 1: Clear Flag

INTxxxNFLG Falling edge detection flag 0: The flag is not detected. 0: -
1: The flag is detected. 1:-

INTxxxPFLG Rising edge detection flag 0: The flag is not detected. 0: -
1: The flag is detected. 1:-

INTxxxMODE Detection level/edge selection 000: "Low" level
001: "High" level
010: Low pulse
011: High pulse
100: Reserved
101: Reserved
11*: Reserved

INTxxxEN Interrupt control 0: Interrupt detection disable
1: Interrupt detection enable

Note 1: The setting "Reserved" in INTxxxMODE means the state in which an interrupt is not accepted.
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Here are the management numbers of STOP2INT in this MCU.

Management No

Address

Symbol

Interrupt

32 0x4003_8020 STOP2INT_032 External interrupt pin0O

33 0x4003_8021 STOP2INT_033 External interrupt pin1

34 0x4003_8022 STOP2INT_034 External interrupt pin2

35 0x4003_8023 STOP2INT_035 External interrupt pin3

36 0x4003_8024 STOP2INT_036 External interrupt pin4

37 0x4003_8025 STOP2INT_037 External interrupt pin5

38 0x4003_8026 STOP2INT_038 12C (Wake-up by address matched) interrupt
39 0x4003_8027 STOP2INT_039 USBD Wakeup interrupt.

The following table shows the Model and EN control related registers.

[STOP2INT_032]

Bit Symbol

Function contents

When Read

| When Write

INTO32MODE

Detection level/edge selection

000: "Low" level
001: "High" level
010: Low pulse
011: High pulse
100: Both edges
101: Reserved
11* : Reserved

INTO32EN

Interrupt control

0: Interrupt detection disable
1: Interrupt detection enable

[STOP2INT_033]

Bit Symbol

Function contents

When Read

When Write

INTO33MODE

Detection level/edge selection

000: "Low" level
001: "High" level
010: Low pulse
011: High pulse
100: Both edges
101: Reserved
11* : Reserved

INTO33EN

Interrupt control

0: Interrupt detection disable
1: Interrupt detection enable

[STOP2INT_034]

Bit Symbol

Function contents

When Read

When Write

INT034MODE

Detection level/edge selection

000: "Low" level
001: "High" level
010: Low pulse
011: High pulse
100: Both edges
101: Reserved
11* : Reserved

INTO34EN

Interrupt control

0: Interrupt detection disable
1: Interrupt detection enable
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[STOP2INT_035]

Bit Symbol

Function contents

When Read

When Write

INTO35MODE

Detection level/edge selection

000: "Low" level
001: "High" level
010: Low pulse
011: High pulse
100: Both edges
101: Reserved
11* : Reserved

INTO35EN

Interrupt control

0: Interrupt detection disable
1: Interrupt detection enable

[STOP2INT_036]

Bit Symbol

Function contents

When Read

When Write

INTO36MODE

Detection level/edge selection

000: "Low" level
001: "High" level
010: Low pulse
011: High pulse
100: Both edges
101: Reserved
11* : Reserved

INTO36EN

Interrupt control

0: Interrupt detection disable
1: Interrupt detection enable

[STOP2INT 037]

Bit Symbol

Function contents

When Read

When Write

INTO37MODE

Detection level/edge selection

000: "Low" level
001: "High" level
010: Low pulse
011: High pulse
100: Both edges
101: Reserved
11* : Reserved

INTO37EN

Interrupt control

0: Interrupt detection disable
1: Interrupt detection enable

[STOP2INT_038]

Bit Symbol

Function contents

When Read

When Write

INTO38MODE

Detection level/edge selection

000: "Low" level
001: "High" level
010: Low pulse
011: High pulse
100: Both edges
101: Reserved
11* : Reserved

INTO38EN

Interrupt control

0: Interrupt detection disable
1: Interrupt detection enable
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[STOP2INT_039]

Bit Symbol

Function contents

When Read

When Write

INTO39MODE

Detection level/edge selection

000: "Low" level
001: "High" level
010: Low pulse
011: High pulse
100: Both edges
101: Reserved
11* : Reserved

INTO39EN

Interrupt control

0: Interrupt detection disable
1: Interrupt detection enable
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Here are the management numbers of STOPIINT, IDLEINT in this MCU.

Management No Address Symbol Interrupt
16 0x400F_4E10 STOP1INT_016 LVD interrupt (power-supply fall detection)
17 0x400F_4E11 STOP1INT_017 LVD interrupt (power-return detection)
18 0x400F_4E12 IDLEINT_018 WDT interrupt
96 0x400F_4E60 IDLEINT_096 DMA chO transmission completion
97 0x400F_4E61 IDLEINT_097 DMA ch1 transmission completion
98 0x400F_4E62 IDLEINT_098 DMA ch2 transmission completion
99 0x400F_4E63 IDLEINT_099 DMA ch3 transmission completion
100 0x400F_4E64 IDLEINT_100 DMA ch4 transmission completion
101 0x400F_4E65 IDLEINT_101 DMA ch5 transmission completion
102 0x400F_4E66 IDLEINT_102 DMA ch6 transmission completion
103 0x400F_4E67 IDLEINT_103 DMA ch7 transmission completion
104 0x400F_4E68 IDLEINT_104 DMA ch8 transmission completion
105 0x400F_4E69 IDLEINT_105 DMA ch9 transmission completion
106 0x400F_4E6A IDLEINT_106 DMA ch10 transmission completion
107 0x400F_4E6B IDLEINT_107 DMA ch11 transmission completion
108 0x400F_4E6C IDLEINT_108 DMA ch12 transmission completion
109 0x400F_4E6D IDLEINT_109 DMA ch13 transmission completion
110 0x400F_4E6E IDLEINT_110 DMA ch14 transmission completion
111 0x400F_4E6F IDLEINT_111 DMA ch15 transmission completion
112 0x400F_4E70 IDLEINT_112 DMA ch16 transmission completion
113 0x400F_4E71 IDLEINT_113 DMA ch17 transmission completion
114 0x400F_4E72 IDLEINT_114 DMA ch18 transmission completion
115 0x400F_4E73 IDLEINT_115 DMA ch19 transmission completion
116 0x400F_4E74 IDLEINT_116 DMA ch20 transmission completion
117 0x400F_4E75 IDLEINT_117 DMA ch21 transmission completion
118 0x400F_4E76 IDLEINT_118 DMA ch22 transmission completion
119 0x400F_4E77 IDLEINT_119 DMA ch23 transmission completion
120 0x400F_4E78 IDLEINT_120 DMA ch24 transmission completion
121 0x400F_4E79 IDLEINT_121 DMA ch25 transmission completion
122 0x400F_4E7A IDLEINT_122 DMA ch26 transmission completion
123 0x400F_4E7B IDLEINT_123 DMA ch27 transmission completion
124 0x400F_4E7C IDLEINT_124 DMA ch28 transmission completion
125 0x400F_4E7D IDLEINT_125 DMA ch29 transmission completion
126 0x400F_4E7E IDLEINT_126 DMA ch30 transmission completion
127 0x400F_4E7F IDLEINT_127 DMA ch31 transmission completion
128 0x400F_4E80 IDLEINT_128 DMA transmission error
129 0x400F_4E81 IDLEINT_129 TMRB ch0 match detection/Over flow
130 0x400F_4E82 IDLEINT_130 TMRB chO0 input capture0
131 0x400F_4E83 IDLEINT_131 TMRB chO input capture1
132 0x400F_4E84 IDLEINT_132 TMRB ch1 match detection/Over flow
133 0x400F_4E85 IDLEINT_133 TMRB ch1 input capture0
134 0x400F_4E86 IDLEINT_134 TMRB ch1 input capture1
135 0x400F_4E87 IDLEINT_135 TMRB ch2 match detection/Over flow
136 0x400F_4E88 IDLEINT_136 TMRB ch2 input capture0
137 0x400F_4E89 IDLEINT_137 TMRB ch2 input capture1
138 0x400F_4E8A IDLEINT_138 TMRB ch3 match detection/Over flow
139 0x400F_4E8B IDLEINT_139 TMRB ch3 input capture0
140 0x400F_4E8C IDLEINT_140 TMRB ch3 input capture1
141 0x400F_4E8D IDLEINT_141 TMRB ch4 match detection/Over flow
142 0x400F_4E8E IDLEINT_142 TMRB ch4 input capture0
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Management No Address Symbol Interrupt
143 0x400F_4E8F IDLEINT_143 TMRB ch4 input capture1
144 0x400F_4E90 IDLEINT_144 TMRB ch5 match detection/Over flow
145 0x400F_4E91 IDLEINT_145 TMRB ch5 input capture0
146 0x400F_4E92 IDLEINT_146 TMRB ch5 input capture1
147 0x400F_4E93 IDLEINT_147 TMRB ch6 match detection/Over flow
148 0x400F_4E94 IDLEINT_148 TMRB ch6 input capture0
149 0x400F_4E95 IDLEINT_149 TMRB ch6 input capture1
150 0x400F_4E96 IDLEINT_150 TMRB ch7 match detection/Over flow
151 0x400F_4E97 IDLEINT_151 TMRB ch7 input capture0
152 0x400F_4E98 IDLEINT_152 TMRB ch7 input capture1
153 0x400F_4E99 IDLEINT_153 No use
154 0x400F_4E9A IDLEINT_154
155 0x400F_4E9B IDLEINT_155
156 0x400F_4E9C IDLEINT_156
157 0x400F_4E9D IDLEINT_157
158 0x400F_4E9E IDLEINT_158
159 0x400F_4E9F IDLEINT_159
160 0x400F_4EA0 IDLEINT_160 TMRD match detection 00
161 0x400F_4EA1 IDLEINT_161 TMRD match detection 01
162 0x400F_4EA2 IDLEINT_162 TMRD match detection 02
163 0x400F_4EA3 IDLEINT_163 TMRD match detection 03
164 0x400F_4EA4 IDLEINT_164 TMRD match detection 04
165 0x400F_4EA5 IDLEINT_165 TMRD match detection 10
166 0x400F_4EA6 IDLEINT_166 TMRD match detection 11
167 0x400F_4EA7 IDLEINT_167 TMRD match detection 12
168 0x400F_4EA8 IDLEINT_168 TMRD match detection 13
169 0x400F_4EA9 IDLEINT_169 TMRD match detection 14

The following shows the interrupt control bit of STOPIINT 016 to 018, IDLEINT 096 to 152 and
160 to 169 in this device.

xxx = 016 to 018, 096 to 152, 160 to 169

Bit Symbol Function contents When Read When Write
INTxxxNCLR Falling edge detection flag clear | Read as "0" 0:-
control 1: Clear Flag
INTxxxPCLR Rising edge detection flag clear Read as "0". 0:-
control 1: Clear Flag

Note: This device have no setting from bitO to bit5 of each STOP1INT_xxx, IDLEINT_xxx register. the above two

bits, it uses to clear the interrupt request.

To clear NMI request, it should be used the above register.

Note:Enable or Disable detection for Combined Interrupt request from the peripheral is set by a peripher-

al function
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7.6.3.2

The RSTFLG (reset flag register) and RSTFLGI is the register to confirm the reset factor.

RSTFLG (reset flag)

RSTFLG (Reset flag register)

Bit No. 7 6 5 4 3 2 1 0
bit symbol - - LVDRSTF - PINRSTF - - PORF
Attribute RW RW RW RW RW RW RW RwW
After reset 0 0 0 0 0 0 0 1
Bit Symbol Function contents When Read When Write
LVDRSTF LVD Reset flag 0: No Reset 0: Clear reset flag
1: Reset from LVD 1: - (don’t care)
PINRSTF RESET pin flag 0: No Reset 0: Clear reset flag
1: Reset from RESET pin 1: - (don’t care)
PORF Power on reset 0: No Reset 0: Clear reset flag
1: Reset from Power On Reset 1: - (don’t care)
RSTFLG1 (reset flag1)
Bit No. 7 6 5 4 3 2 1 0
bit symbol - - - - - WDTRSTF - SYSRSTF
Attribute RW RW RW RW RW RW RW RW
After reset 0 0 0 0 0 0 0 0
Bit Symbol Function contents When Read When Write
WDTRSTF WDT Reset flag 0: No Reset 0: Clear reset flag
1: Reset from WDT 1: - (don’t care)
SYSRSTF SYSRESETREQ RESET flag 0: No Reset 0: Clear reset flag
1: Reset from SYSRESETREQ(CPU) | 1: - (don’t care)
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7.6.3.3

INTFLAG (Interrupt monitor flag register)

This MCU has interrupt flags to monitor the interrupt factor.

The interrupt flags are allocated to addresses according to the attribute of implemented interrupt as
shown in the table below:

INTFLAGO for NMI, INTFLAGT1 and 2 in the AO area, INTFLAG3 to INTFLAG?7 in the SD area are
implemented in this MCU.

Address Interrupt Flag (IOBUS) remark Interrupt Management Number
Y + 0x100 INTFLAGO NMI Flag of AO/SD area (16 bits each) 0 to 31
Y + 0x104 INTFLAG1 32 to 63
Y + 0108 INTFLAG2 Asynchronous interrupt of AO area 641095
Y + 0x10C INTFLAG3 96 to 127
Y + 0x110 INTFLAG4 128 to 159
Y + 0x114 INTFLAG5 Asynchronous interrupt of SD area. 160 to 191
Y + 0x118 INTFLAG6 192 to 223
-Y + 0x11C INTFLAG7 224 to 255
Y = 0x400F_4E00 (SD Area, 10 bus area)
The following table shows the details of INTFLAGO
INTFLAGO(NMI)
31 30 29 28 27 26 25 24
bit symbol INT31FLG INT30FLG INT29FLG INT28FLG INT27FLG INT26FLG INT25FLG INT24FLG
After reset - - - - - - - -
23 22 21 20 19 18 17 16
bit symbol INT23FLG INT22FLG INT21FLG INT20FLG INT19FLG INT18FLG INT17FLG INT16FLG
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol INT15FLG INT14FLG INT13FLG INT12FLG INT11FLG- INT10FLG INTOFLG- INT8FLG
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol INT7FLG INT6FLG INT5FLG INT4FLG INT3FLG INT2FLG INT1FLG INTOFLG
After reset 0 0 0 0 0 0 0 0
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Bit Bit Symbol Type Function
31-19 INT31FLG - R 0: Interrupt is not detected (Both INTXNFLG and INTxPFLG is "0"
INT19FLG 1: Interrupt is detected. (INTXNFLG or INTxPFLG is "1")
18 INT18FLG R WDT interrupt detection flag
0: Interrupt is not detected.
1: Interrupt is detected.
17 INT17FLG R LVD interrupt detection flag (When the supply voltage falls under or over the set detection voltage)
0: Interrupt is not detected.
1: Interrupt is detected.
16 INT16FLG R LVD interrupt detection flag (When the supply voltage falls under the set detection voltage)
0: Interrupt is not detected.
1: Interrupt is detected.
15-0 INT15FLG - R 0: Interrupt is not detected (Both INTXNFLG and INTxPFLG is "0"
INTOFLG 1: Interrupt is detected. (INTXNFLG or INTXPFLG is "1")

2016/6/27

Page 110




TMPM066FWUG TMPM067FWQG TMPMO068FWXBG

Here is the configuration of INTFLAG1."xxx" of INTxxxFLG means the interrupt management num-

ber described in the chapter "7.5.1.8 Interrupt management numbers".

INTFLAG1(AO)
31 30 29 28 27 26 25 24
bit symbol INT63FLG INT62FLG INT61FLG INT6OFLG INT59FLG INT58FLG INT57FLG INT56FLG
After reset - - - - - - - -
23 22 21 20 19 18 17 16
bit symbol INT55FLG INT54FLG INT53FLG INT52FLG INT51FLG INT50FLG INT49FLG INT48FLG
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol INT47FLG INT46FLG INT45FLG INT44FLG INT43FLG INT42FLG INT41FLG INT40FLG
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol INT39FLG INT38FLG INT37FLG INT36FLG INT35FLG INT34FLG INT33FLG INT32FLG
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31-0 INT63FLG - R 0: Interrupt is not detected (Both INTXNFLG and INTxPFLG is "0"
INT32FLG 1: Interrupt is detected. (INTXNFLG or INTxPFLG is "1")

Note: This MCU uses No.32 to 39 of INTFLAG1.

Here is the configuration of INTFLAG3 to INTFLAGS. "xxx" of INTxxxFLG means the interrupt man-
agement number described in the chapter "7.5.1.8 Interrupt management numbers".

This MCU uses NO.96 to 152 of INTFLAG3 and INTFLAG4, and No.160 to 169 of INTFLAGS5

INTFLAG3(SD)
31 30 29 28 27 26 25 24
bit symbol INT127FLG INT126FLG INT125FLG INT124FLG INT123FLG INT122FLG INT121FLG INT120FLG
After reset - - - - - - - -
23 22 21 20 19 18 17 16
bit symbol INT119FLG INT118FLG INT117FLG INT116FLG INT115FLG INT114FLG INT113FLG INT112FLG
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol INT111FLG INT110FLG INT109FLG INT108FLG INT107FLG INT106FLG INT105FLG INT104FLG
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol INT103FLG INT102FLG INT101FLG INT100FLG INT99FLG INT98FLG INT97FLG INT96FLG
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31-0 INT127FLG - R 0: Interrupt is not detected (Both INTXNFLG and INTxPFLG is "0"
INT96FLG 1: Interrupt is detected. (INTXNFLG or INTXPFLG is "1")
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INTFLAG4(SD)
31 30 29 28 27 26 25 24
bit symbol INT159FLG INT158FLG INT157FLG INT156FLG INT155FLG INT154FLG INT153FLG INT152FLG
After reset - - - - - - - -
23 22 21 20 19 18 17 16
bit symbol INT151FLG INT150FLG INT149FLG INT148FLG INT147FLG INT146FLG INT145FLG INT144FLG
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol INT143FLG INT142FLG INT141FLG INT140FLG INT139FLG INT138FLG INT137FLG INT136FLG
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol INT135FLG INT134FLG INT133FLG INT132FLG INT131FLG INT130FLG INT129FLG INT128FLG
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31-0 INT159FLG - R 0: Interrupt is not detected (Both INTXNFLG and INTxPFLG is "0"
INT128FLG 1: Interrupt is detected. (INTXNFLG or INTXPFLG is "1")
INTFLAG5(SD)
31 30 29 28 27 26 25 24
bit symbol INT191FLG INT190FLG INT189FLG INT188FLG INT187FLG INT186FLG INT185FLG INT184FLG
After reset - - - - - - - -
23 22 21 20 19 18 17 16
bit symbol INT183FLG INT182FLG INT181FLG INT180FLG INT179FLG INT178FLG INT177FLG INT176FLG
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol INT175FLG INT174FLG INT173FLG INT172FLG INT171FLG INT170FLG INT169FLG INT168FLG
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol INT167FLG INT166FLG INT165FLG INT164FLG INT163FLG INT162FLG INT161FLG INT160FLG
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31-0 INT191FLG - R 0: Interrupt is not detected (Both INTXNFLG and INTxPFLG is "0"
INT160FLG 1: Interrupt is detected. (INTXNFLG or INTXPFLG is "1")
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8.

8.1

8.1.1

MDMA Controller (uUDMAC)

Overview

Function List

The main functions per unit are shown as below:

For the information on the start trigger of peripheral functions, refer to the chapter on "Product Information."

Table 8-1 uyDMA outline (Per unit)

Functions

Features

Descriptions

Channels

32 channels

Start trigger

Start by Hardware

DMA requests from peripheral functions

Start by Software

Specified by the DMAXChnlSwRequest register

Priority

Between
channels

chO (high priority) > ... > ch31 (high priority) >
ch0 (Normal priority) > ...

priority)

> ch31 (Normal

High-priority can be configured by the DMAxXChnl-
PrioritySet register

Transfer data size

8/16/32 bits

The number of

1 to 1024 times

transfer

Transfer source .

ad Increment / fixed

address Transfer source address and destination address
Address Transfer can be selected from the increment setting or fixed

destination Increment / fixed setting.

address
Endian Little-endian -

Interrupt function

Transfer completion interrupt

Output for each channel

Error interrupt

Operation mode

Basic mode
Automatic request
Ping-pong mode

mode

Memory scatter/gather mode

Peripheral scatter/gather mode
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8.2 Block Diagram

The uDMA controller contains the following blocks:

+ APB block
This block controls the access to the control register.

+ AHB block
This block controls the bus cycle of the DMA transfer.

+ DMA control block
This block controls the whole operation of the DMA.

AN AN
APB block AHB block

[2] [2]

=] APB . 3

o0 AHB-Lite P _|@

0N | > memory " € > M

% < » mapped ] master E

registers interface

~N~ ~~
Burst transfer request —1> » Transfer completion interrupt
chO0 to ch31 DMA control block chO to ch31
Single transfer request —1» » Error interrupt

31

ch0 to ch

Figure 8-1 uDMA block diagram
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8.3 Regqisters

8.3.1

Register List

The following table shows control registers and addresses:

For the base address, refer to "The list of peripheral function base addresses" of "Memory Map" chapter.

Then name of peripheral: DMA

Register names

Address (Base+)

DMA status register DMAXxStatus 0x0000
DMA configuration register DMAxCfg 0x0004
Channel control data base pointer register DMAXxCtriBasePtr 0x0008
Channel alternate control data base pointer register DMAXAItCtIBasePtr 0x000C
Channel software request status register DMAxChnlSwRequest 0x0014
Channel useburst set register DMAXxChnlUseburstSet 0x0018
Channel useburst clear register DMAXxChnlUseburstClr 0x001C
Channel request mask set register DMAxChnlReqMaskSet 0x0020
Channel request mask clear register DMAXxChnIRegMaskClr 0x0024
Channel enable set register DMAXxChnlEnableSet 0x0028
Channel enable clear register DMAXxChnIEnableClIr 0x002C
Channel primary-alternate set register DMAXChnlIPriAltSet 0x0030
Channel primary-alternate clear register DMAXChnlIPriAltClr 0x0034
Channel priority set register DMAXChnlIPrioritySet 0x0038
Channel priority clear register DMAXxChnlPriorityClr 0x003C
Bus error clear register DMAXErrCIr 0x004C

Note: Access the registers in units of words (32 bits).
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8.3.2 DMAXxStatus (DMAC Status Register)

31 30 29 28 27 26 25 24
Bit symbol - - - - - - - -
After reset 0 0 0 1 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol - - - - - - - -
After reset 0 0 0 1 1 1 1 1
15 14 13 12 11 10 9 8
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol - - - - - - - master_
enable
After reset Undefined Undefined Undefined Undefined 0 0 0 0
Bit Bit symbol Type Functions
31-29 | - R Read as "0".
28 - R Read as "1".
27-21 | - R Read as "0".
20-16 | - R Read as "1".
15-8 | - R Read as "0".
7-4 - R Read as an undefined value.
3-1 - R Read as "0".
0 master_enable | R DMA operation
0: Disabled
1: Enabled
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8.3.3 DMAXCfg (DMAC Configuration Register)

31 30 29 28 27 26 25 24
Bit symbol - - - - - - - -
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
23 22 21 20 19 18 17 16
Bit symbol - - - - - - - -
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
15 14 13 12 11 10 9 8
Bit symbol - - - - - - - -
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
7 6 5 4 3 2 1 0
Bit symbol - - - - - - - master_
enable
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
Bit Bit symbol Type Function
311 | - w Write as "0".
0 master_ w DMA operation
enable 0: Disabled
1: Enabled

Note: After DMAxCfg = 0x00000001, DMAxChnIRegMaskSet = OxFFFFFFFF and DMAxChnlEnableSet =

OxFFFFFFFF are set, set "1" to the corresponding bit of DMAxChanIRegMaskClIr to release masking
of the channel to be used.
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8.3.4 DMAXCtriBasePtr (Channel Control Data Base-pointer Register)

31 | 30 | 29 | 28 | 27 | 26 | 25 | 24
Bit symbol ctrl_base_ptr
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol ctrl_base_ptr
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit symbol ctrl_base_ptr - -
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
Bit Bit symbol Type Function

31-10 | ctrl_base_ptr R/W Primary data base-pointer
Specifies the base address of the primary data.

9-0 - R Read as "0".

8.3.5 DMAXAItCtrIBasePtr (Channel Alternate Control Data Base-pointer Register)

st | a0 | 29 | 28 | a2z | 2 | 25 |
Bit symbol alt_ctrl_base_pt
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol alt_ctrl_base_pt
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit symbol alt_ctrl_base_pt
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol alt_ctrl_base_pt
After reset 0 0 0 0 0 0 0 0
Bit Bit symbol Type Function
31-0 | alt_ctrl_base_pt | R Alternative data base-pointer.
Reads the base address of the alternative data.
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8.3.6 DMAXChnIlSwRequest (Channel Software Request Register)

31 30 29 28 27 26 25 24
Bit symbol chnl_sw_re chnl_sw_re chnl_sw_re chnl_sw_re chnl_sw_re chnl_sw_re chnl_sw_re chnl_sw_re
quest (ch31) quest (ch30) | quest (ch29) quest (ch28) | quest (ch27) quest (ch26) | quest (ch25) | quest (ch24)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
23 22 21 20 19 18 17 16
Bit symbol chnl_sw_re chnl_sw_re chnl_sw_re chnl_sw_re chnl_sw_re chnl_sw_re chnl_sw_re chnl_sw_re
quest (ch23) quest (ch22) quest (ch21) quest (ch20) quest (ch19) quest (ch18) quest (ch17) quest (ch16)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
15 14 13 12 11 10 9 8
Bit symbol chnl_sw_re chnl_sw_re chnl_sw_re chnl_sw_re chnl_sw_re chnl_sw_re chnl_sw_re chnl_sw_re
quest (ch15) quest (ch14) | quest (ch13) | quest (ch12q) [ quest (ch11) quest (ch10) quest (ch9) quest (ch8)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
7 6 5 4 3 2 1 0
Bit symbol chnl_sw_re chnl_sw_re chnl_sw_re chnl_sw_re chnl_sw_re chnl_sw_re chnl_sw_re chnl_sw_re
quest (ch7) quest (ch6) quest (ch5) quest (ch4) quest (ch3) quest (ch2) quest (ch1) quest (ch0)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
Bit Bit symbol Type Function
31-0 | chnl_sw_request | W DMA request
0: A transfer request does not occur.
1: A transfer request occurs.
Specifies transfer requests to the each channel.
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8.3.7 DMAXChnlUseburstSet (Channel useburst Set Register)

[Write]

[Read]

bled.

1: Single-transfer is disabled.

0: Single-transfer is enabled.
1: Single-transfer is disabled.

Bits are automatically set in the following conditions:

Each bit corresponds to the channels in the specified number.

31 30 29 28 27 26 25 24
Bit symbol chnl_useburst | chnl_useburst | chnl_useburst | chnl_useburst | chnl_useburst | chnl_useburst | chnl_useburst | chnl_useburst
_set (ch31) _set (ch30) _set (ch29) _set (ch28) _set (ch27) _set (ch26) _set (ch25) _set (ch24)
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol chnl_useburst | chnl_useburst [ chnl_useburst | chnl_useburst | chnl_useburst | chnl_useburst | chnl_useburst | chnl_useburst
_set (ch23) _set (ch22) _set (ch21) _set (ch20) _set (ch19) _set (ch18) _set (ch17) _set (ch16)
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit symbol chnl_useburst | chnl_useburst [ chnl_useburst [ chnl_useburst | chnl_useburst | chnl_useburst | chnl_useburst | chnl_useburst
_set (ch15) _set (ch14) _set (ch13) _set (ch12) _set (ch11) _set (ch10) _set (ch9) _set (ch8)
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol chnl_useburst | chnl_useburst [ chnl_useburst [ chnl_useburst | chnl_useburst | chnl_useburst | chnl_useburst | chnl_useburst
_set (ch7) _set (ch6) _set (ch5) _set (ch4) _set (ch3) _set (ch2) _set (ch1) _set (ch0)
After reset 0 0 0 0 0 0 0 0
Bit Bit symbol Type Function
31-0 | chnl_useburst_set | RIW Single-transfer is disabled

Writing "1" disables the single-transfer to the corresponding channel, and only burst transfer request be-
comes valid. Writing "0" has no meaning. Set the DMAxChnlUseburstCIr register in order to cancel the disa-
bled the single-transfer.

By reading the bit, the channel state of the corresponding bit can be checked whether it is enabled or disa-

+ This bit is cleared to "0", if the number of remaining transfer is less than 2R times at the end of second
2R time transfer from the end ("R" is specified by the channel_cfg<R_power> of the control data).

+ If the channel_cfg<next_useburst> of the control data is set to "1" in the peripheral scatter/gather mode,
this bit is set to "1" when the DMA transfer of the alternative data ends.

fers is less than 2R times.

Note: Do not set this bit to "1" if you do not use the burst transfer request on the condition where the number of trans-
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8.3.8 DMAXChnlUseburstClr (Channel useburst Clear Register)

1: Enables the single-transfer.

Each bit corresponds to the channels in the specified number.

To disable or confirm the signal-transfer, configure the DMAxChnlUseburstSet register.

31 30 29 28 27 26 25 24
Bit symbol chnl_useburst | chnl_useburst | chnl_useburst | chnl_useburst | chnl_useburst | chnl_useburst | chnl_useburst | chnl_useburst
_clr (ch31) _clr (ch30) _clr (ch29) _clr (ch28) _clr (ch27) _clr (ch26) _clr (ch25) _clr (ch24)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
23 22 21 20 19 18 17 16
Bit symbol chnl_useburst | chnl_useburst [ chnl_useburst [ chnl_useburst | chnl_useburst | chnl_useburst | chnl_useburst | chnl_useburst
_clr (ch23) _clr (ch22) _clr (ch21) _clr (ch20) _clr (ch19) _clr (ch18) _clr (ch17) _clr (ch16)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
15 14 13 12 11 10 9 8
Bit symbol chnl_useburst | chnl_useburst | chnl_useburst | chnl_useburst | chnl_useburst | chnl_useburst | chnl_useburst | chnl_useburst
_clr (ch15) _clr (ch14) _clr (ch13) _clr (ch12) _clr (ch11) _clr (ch10) _clr (ch9) _clr (ch8)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
7 6 5 4 3 2 1 0
Bit symbol chnl_useburst | chnl_useburst [ chnl_useburst [ chnl_useburst [ chnl_useburst | chnl_useburst | chnl_useburst | chnl_useburst
_clr (ch7) _clr (ch6) _clr (chb) _clr (ch4) _clr (ch3) _clr (ch2) _clr (ch1) _clr (ch0)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
Bit Bit symbol Type Function
31-0 | chnl_useburst_clr W Single-transfer is enabled.

Writing "1" enables the single-transfer to the corresponding channel. Writing "0" has no meaning.
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8.3 Registers
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8.3.9 DMAXxChnlRegMaskSet (Channel Request Mask Set Register)

31 30 29 28 27 26 25 24
Bit symbol chnl_reqg_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas
Y k_set (ch31) k_set (ch30) k_set (ch29) k_set (ch28) k_set (ch27) k_set (ch26) k_set (ch25) k_set (ch24)
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas
4 k_set (ch23) k_set (ch22) k_set (ch21) k_set (ch20) k_set (ch19) k_set (ch18) k_set (ch17) k_set (ch16)
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit symbol chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas
Y k_set (ch15) k_set (ch14) k_set (ch13) k_set (ch12) k_set (ch11) k_set (ch10) k_set (ch9) k_set (ch8)
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol chnl_reg_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas
Y k_set (ch7) k_set (ch6) k_set (ch5) k_set (ch4) k_set (ch3) k_set (ch2) k_set (ch1) k_set (ch0)
After reset 0 0 0 0 0 0 0 0
Bit Bit symbol Type Function
31-0 | chnl_req_mask_set R/W DMA request masking
[Write]
1: Mask a DMA request
[Read]

0: A DMA request is valid.
1: A DMA request is invalid.
Each bit corresponds to the channels in the specified number.

Writing "1" disables the single-transfer for the corresponding channel. Writing "0" has no meaning. To disa-
ble masking, configure the DMAxChnIRegMaskClr register.

By reading the bit, the status of the DMA request setting can be checked whether it is enabled or disabled.
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8.3.10 DMAxChnIRegMaskClIr (Channel Request Mask Clear Register)
31 30 29 28 27 26 25 24
Bit symbol chnl_reqg_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas
k_clr (ch31) k_clr (ch30) k_clr (ch29) k_clr (ch28) k_clr (ch27) k_clr (ch26) k_clr (ch25) k_clr (ch24)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
23 22 21 20 19 18 17 16
Bit symbol chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas
k_clr (ch23) k_clr (ch22) k_clr (ch21) k_clr (ch20) k_clr (ch19) k_clr (ch18) k_clr (ch17) k_clr (ch16)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
15 14 13 12 11 10 9 8
Bit symbol chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas
k_clr (ch15) k_clr (ch14) k_clr (ch13) k_clr (ch12) k_clr (ch11) k_clr (ch10) k_clr (ch9) k_clr (ch8)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
7 6 5 4 3 2 1 0
Bit symbol chnl_reg_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas
k_clr (ch7) k_clr (ch6) k_clr (chb) k_clr (ch4) k_clr (ch3) k_clr (ch2) k_clr (ch1) k_clr (chO)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
Bit Bit symbol Type Function
31-0 | chnl_req_mask_clr | W DMA request mask clear

1: Clears the corresponding channel of the DMA request mask.

Each bit corresponds to the channels in the specified number.

Configure the DMAxChnIRegMaskSet register to enable and confirm the setting.

Writing "1" disables the DMA request mask setting of the corresponding channel. Writing "0" has no meaning.
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8.3 Registers
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8.3.11 DMAxChnlEnableSet (Channel Enable Set Register)
31 30 29 28 27 26 25 24
Bit symbol chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_
set (ch31) set (ch30) set (ch29) set (ch28) set (ch27) set (ch26) set (ch25) set (ch24)
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_
set (ch23) set (ch22) set (ch21) set (ch20) set (ch19) set (ch18) set (ch17) set (ch16)
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit symbol chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_
set (ch15) set (ch14) set (ch13) set (ch12) set (ch11) set (ch10) set (ch9) set (ch8)
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_
set (ch7) set (ch6) set (ch5) set (ch4) set (ch3) set (ch2) set (ch1) set (ch0)
After reset 0 0 0 0 0 0 0 0
Bit Bit symbol Type Function
31-0 | chnl_enable_set R/W DMA operation

[Write]

[Read]

* DMA cycle ends.

* A bus error occurs.

1: Enable the corresponding channel.

0: The corresponding bit is invalid.
1: The corresponding bit is valid.

Each bit corresponds to the channels in the specified number.

Writing "1" enables the corresponding channels. Writing "0" has no meaning. To disable the setting, config-
ure the DMAxChnIEnableClIr register.

By reading the bit, the corresponding channel can be checked whether it is enabled or disabled.
In the following conditions, the function automatically becomes invalid.

+ If the channel_cfg<cycle_ctrl> reads the control data of "000".
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8.3.12

DMAXxChnlEnableCIr (Channel Enable Clear Register)

31 30 29 28 27 26 25 24
Bit bol chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_
it symbo
Y clr (ch31) clr (ch30) clr (ch29) clr (ch28) clr (ch27) clr (ch26) clr (ch25) clr (ch24)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
23 22 21 20 19 18 17 16
Bit bol chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_
it symbo
y clr (ch23) clr (ch22) clr (ch21) clr (ch20) clr (ch19) clr (ch18) clr (ch17) clr (ch16)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
15 14 13 12 11 10 9 8
Bit bol chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_
it symbo
v clr (ch15) clr (ch14) clr (ch13) clr (ch12) clr (ch11) clr (ch10) clr (ch9) clr (ch8)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
7 6 5 4 3 2 1 0
Bit bol chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_
it symbo
y clr (ch7) clr (ch6) clr (ch5) clr (ch4) clr (ch3) clr (ch2) clr (ch1) clr (ch0)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
Bit Bit symbol Type Function
31-0 chnl_enable_clIr [ W DMA disabled
1: Disables the corresponding channel.
Each bit corresponds to the channels in the specified number.
Writing "1" disables the corresponding channel. Writing "0" has no meaning.
Configure the DMAxChnlEnableSet register in order to enable and confirm the setting.
In the following conditions, the function automatically becomes invalid.
+ DMA cycle ends.
+ The channel_cfg<cycle_ctrl> reads the control data of "000".
» A bus error occurs.
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8.3 Registers TMPM066FWUG TMPM067FWQG TMPM068FWXBG

8.3.13 DMAXChnIPriAltSet (Channel Primary-alternate Set Register)

31 30 29 28 27 26 25 24
Bit bol chnl_pri_alt_ chnl_pri_alt_ chnl_pri_alt_ chnl_pri_alt_ chnl_pri_alt_ chnl_pri_alt_ chnl_pri_alt_ chnl_pri_alt_
it symbo
Y set (ch31) set (ch30) set (ch29) set (ch28) set (ch27) set (ch26) set (ch25) set (ch24)
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit bol chnl_pri_alt_ | chnl_pri_alt_ | chnl_pri_alt_ | chnl_pri_alt_ | chnl_pri_alt_ | chnl_pri_alt_ | chnl_pri_alt_ | chnl_pri_alt_
it symbo
y set (ch23) set (ch22) set (ch21) set (ch20) set (ch19) set (ch18) set (ch17) set (ch16)
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit bol chnl_pri_alt_ | chnl_pri_alt_ | chnl_pri_alt_ | chnl_pri_alt_ | chnl_pri_alt_ | chnl_pri_alt_ | chnl_pri_alt_ | chnl_pri_alt_
it symbo
v set (ch15) set (ch14) set (ch13) set (ch12) set (ch11) set (ch10) set (ch9) set (ch8)
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit bol chnl_pri_alt_ | chnl_pri_alt_ | chnl_pri_alt_ | chnl_pri_alt_ | chnl_pri_alt_ | chnl_pri_alt_ | chnl_pri_alt_ | chnl_pri_alt_
it symbo
v set (ch7) set (ch6) set (ch5) set (ch4) set (ch3) set (ch2) set (ch1) set (ch0)
After reset 0 0 0 0 0 0 0 0
Bit Bit symbol Type Function
31-0 | chnl_pri_alt_set | RIW Selects primary data or alternative data
[Write]
1: Uses alternative data
[Read]

0: Primary data
1: Alternative data
Each bit corresponds to the channels in the specified number.

Writing "1" specifies the data that is firstly used in the corresponding channel as "alternative data". Writing
"0" has no meaning. To disable this bit, use the DMAxChnlEnableClIr register.

Only in basic mode, automatic request mode, and ping-pong mode the first data can be specified as alterna-
tive data.

When this bit is read, data of the corresponding channel can be checked whether data is primary data or al-
ternative data.

In the following conditions, the settings are automatically changed.

+ The primary data transfer is completed in ping-pong mode, memory scatter / gather mode or peripheral
scatter / gather mode.

- Data transfer of the alternative data is completed in the ping-pong mode, memory scatter / gather mode
or peripheral scatter / gather mode.
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8.3.14 DMAXChnIPriAltCIr (Channel Primary-alternate Clear Register)

31 30 29 28 27 26 25 24
Bit symbol chn_pri_alt_ chn_pri_alt_ chn_pri_alt_ chn_pri_alt_ chn_pri_alt_ chn_pri_alt_ chn_pri_alt_ chn_pri_alt_
clr (ch31) clr (ch30) clr (ch29) clr (ch28) clr (ch27) clr (ch26) clr (ch25) clr (ch24)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
23 22 21 20 19 18 17 16
Bit symbol chn_pri_alt_ chn_pri_alt_ chn_pri_alt_ chn_pri_alt_ chn_pri_alt_ chn_pri_alt_ chn_pri_alt_ chn_pri_alt_
clr (ch23) clr (ch22) clr (ch21) clr (ch20) clr (ch19) clr (ch18) clr (ch17) clr (ch16)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
15 14 13 12 11 10 9 8
Bit symbol chn_pri_alt_ chn_pri_alt_ chn_pri_alt_ chn_pri_alt_ chn_pri_alt_ chn_pri_alt_ chn_pri_alt_ chn_pri_alt_
clr (ch15) clr (ch14) clr (ch13) clr (ch12) clr (ch11) clr (ch10) clr (ch9) clr (ch8)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
7 6 5 4 3 2 1 0
Bit symbol chn_pri_alt_ chn_pri_alt_ chn_pri_alt_ chn_pri_alt_ chn_pri_alt_ chn_pri_alt_ chn_pri_alt_ chn_pri_alt_
clr (ch7) clr (ch6) clr (ch5) clr (ch4) clr (ch3) clr (ch2) clr (ch1) clr (ch0)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
Bit Bit symbol Type Function
31-0 chnl_pri_alt_clr | W Clears the alternative data setting.

1: Uses the primary data
Each bit corresponds to the channels in the specified number.

Writing "1" sets the data of the corresponding channel to the primary data. Setting "0" is invalid. Configure
the DMAXChnlIPriAltSet register to set the primary data or to confirm the setting.

In the following conditions, the setting is automatically changed.
+ The primary data transfer in memory scatter/gather mode or peripheral scatter/gather mode is complete.
+ The primary data transfer in ping-pong mode is complete.

- The alternative transfer in ping-pong mode, memory scatter/gather mode, or peripheral scatter/gather
mode is complete.
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8.3.15 DMAXChnlIPrioritySet (Channel Priority Set Register)
31 30 29 28 27 26 25 24
Bit symbol chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ [ chnl_priority_ [ chnl_priority
set (ch31) set (ch30) set (ch29) set (ch28) set (ch27) set (ch26) set (ch25) set (ch24)
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_
set (ch23) set (ch22) set (ch21) set (ch20) set (ch19) set (ch18) set (ch17) set (ch16)
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit symbol chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_
set (ch15) set (ch14) set (ch13) set (ch12) set (ch11) set (ch10) set (ch9) set (ch8)
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority
set (ch7) set (ch6) set (ch5) set (ch4) set (ch3) set (ch2) set (ch1) set (ch0)
After reset 0 0 0 0 0 0 0 0
Bit Bit symbol Type Function
31-0 | chnl_priority_set | RIW Priority settings

[Write]

[Read]

the bit.

1: Sets the high-priority

0: Normal priority
1: High priority

Each bit corresponds to the channels in the specified number.

Writing "1" sets the priority of the corresponding channel high. Writing "0" has no meaning.To change the pri-
ority again to the normal, configure the DMAXxChnlPriorityClr register.

The priority of the corresponding channel, high-priority or normal priority, can be confirmed by reading
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8.3.16 DMAXChnIPriorityClr (Channel Priority Clear Register)
31 30 29 28 27 26 25 24
Bit symbol chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ [ chnl_priority_ [ chnl_priority
clr (ch31) clr (ch30) clr (ch29) clr (ch28) clr (ch27) clr (ch26) clr (ch25) clr (ch24)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
23 22 21 20 19 18 17 16
Bit symbol chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_
clr (ch23) clr (ch22) clr (ch21) clr (ch20) clr (ch19) clr (ch18) clr (ch17) clr (ch16)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
15 14 13 12 11 10 9 8
Bit symbol chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_
clr (ch15) clr (ch14) clr (ch13) clr (ch12) clr (ch11) clr (ch10) clr (ch9) clr (ch8)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
7 6 5 4 3 2 1 0
Bit symbol chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority
clr (ch7) clr (ch6) clr (ch5) clr (ch4) clr (ch3) clr (ch2) clr (ch1) clr (ch0)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
Bit Bit symbol Type Function
31-0 | chnl_priority_clr w Clears the high-priority setting.
[Write]

1:Sets normal priority setting

Each bit corresponds to the channels in the specified number.

Writing "1" changes the priority of the corresponding channel to normal priority. Writing "0" has no mean-
ing. Configure the DMAxChnlPrioritySet register to set the high-priority and to confirm the setting.
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8.3.17 DMAXErrCIr (Bus Error Clear Register)

31 30 29 28 27 26 25 24
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol - - - - - - - err_clr
After reset 0 0 0 0 0 0 0 0
Bit Bit symbol Type Function
31-1 - R Read as "0".
0 err_clr R/W Bus error
[Write]
1: Clears a bus error.
[Read]

0: No bus error
1: The state of a bus error

A bus error occurrence can be confirmed by reading the bit.

Writing "1" clears a bus error. Writing "0" has no meaning.
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8.4 Operation

This DMA is controlled by the channel control data, which locates on the memory. A channel of the each data
is four words and allocated in the contiguous areas same as the number of channels.

There are two types of channel control data: primary data and alternative data. According to the operation

mode, one of them is selected by setting the register or both data is used.

8.4.1 Channel Control Data Memory Map

Figure 8-2 shows the example of memory map of the channel control data.

Set the start address of the primary data to the DMAxCtrIBasePtr and the start address of the alternative da-

ta to the DMAxAItCtrIBasePtr.

Alternate Ch31

Alternate Ch30

Alternate Ch29

Alternate Ch28

Alternate Ch27

Alternate Ch26

Alternate Ch25

Alternate Ch24

Alternate Ch23

Alternate Ch22

Alternate Ch21

Alternate Ch20

Alternate Ch19

Alternate Ch18

Alternate Ch17

Alternate Ch16

Alternate Ch15

Alternate Ch14

Alternate Ch13

Alternate Ch12

Alternate Ch11

Alternate Ch10

Alternate Ch9

Alternate Ch8

Alternate Ch7

Alternate Ch6

Alternate Ch5

Alternate Ch4

Alternate Ch3

Alternate Ch2

Alternate Ch1

Alternate Ch0

0x3F0
0x3EO0
0x3D0
0x3C0
0x3B0
0x3A0
0x390
0x380
0x370
0x360
0x350
0x340
0x330
0x320
0x310
0x300
0x2F0
0x2E0
0x2D0
0x2C0
0x2B0
0x2A0
0x290
0x280
0x270
0x260
0x250
0x240
0x230
0x220
0x210
0x200

Primary Ch31

Primary Ch30

Primary Ch29

Primary Ch28

Primary Ch27

Primary Ch26

Primary Ch25

Primary Ch24

Primary Ch23

Primary Ch22

Primary Ch21

Primary Ch20

Primary Ch19

Primary Ch18

Primary Ch17

Primary Ch16

Primary Ch15

Primary Ch14

Primary Ch13

Primary Ch12

Primary Ch11

Primary Ch10

Primary Ch9

Primary Ch8

Primary Ch7

Primary Ch6

Primary Ch5

Primary Ch4

Primary Ch3

Primary Ch2

Primary Ch1

Primary ChO

0x1FO0
0x1EO
0x1D0
0x1C0
0x1B0
0x1A0
0x190
0x180
0x170
0x160
0x150
0x140
0x130
0x120
0x110
0x100
0x0F0
0x0EOQ
0x0D0
0x0C0
0x0B0
0x0A0
0x090
0x080
0x070
0x060
0x050
0x040
0x030
0x020

0x010 ﬂ
x000

Reserved

Control

Destination End Pointer

Source End Pointer

Figure 8-2 Memory map of the control data

0x00C
0x008
0x004
0x000

Figure 8-2 shows the memory map of which all 32 channels can be used. Necessary areas are determined
by the number of usable channels. Table 8-2 shows the relationship between the number of channels and ad-

dresses.
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8. uDMA Controller (uDMAC)
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Table 8-2 Address bit setting of channel control

Address
Channel Settable base address

191 8] [71 [6] [5] [4] [3:0]

OxXXXX_XX00, OxXXXX_XX20, 0xXXXX_XX40,
0 - - - - - A OXXXXX_XX60, OxXXXX_XX80, 0xXXXX_XXAOQ,
OXXXXX_XXCO, 0xXXXX_XXEO

OxXXXX_XX00, OxXXXX_XX40, 0xXXXX_XX80,

0to 1 - - - - A C[o]
OxXXXXX_XXCO0
Oto3 - - - A C[1:0] OXXXXX_XX00, 0XXXXX_XX80
OXxXXXX_X000, OxXXXX_X100, 0xXXXX_X200,
OXXXXX_X300, OxXXXX_X400, 0xXXXX_X500,
Channel control — — —
. OXXXXX_X600, OxXXXX_X700, 0OxXXXX_X800,
Oto7 - - A C[2:0] data setting - = =

OxXXXX_X900, OxXXXX_XA00, 0xXXXX_XBO00,
OxXXXX_XC00, 0xXXXX_XD00, 0xXXXX_XEO00,
OxXXXX_XF00

OxXXXX_X000, OxXXXX_X200, 0xXXXX_X400,
0to 15 - A C[3:0] OXXXXX_X600, OxXXXX_X800, 0xXXXX_XA00,
OxXXXX_XC00, 0xXXXX_XEO00

OxXXXX_X000, OxXXXX_X400, 0xXXXX_X800,

0 to 31 A C[4:0] OxXXXX_XC00

A: Primary/alternative setting (O:primary, 1:alternative)
C[x:0]: Channel number setting

8.4.2 Channel Control Data Structure

The channel control data contains the three kinds of data shown below:

+  The final address of the transfer source address
+  The final address of the transfer destination address
+  Control data

Each data is described in the following sections:

8.4.2.1  Final Address of the Transfer Source Data

Specify the final address of the data to be transferred. The alignment of an address should be adjusted
to a transfer data size. The DMA calculates the start address of the source address using this data.

31 0

src_data_end_ptr

bit Bit symbol Function

[31:0] src_data_end_ptr The final address of source transfer data
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8.4.2.2 Final Address of the Transfer Destination Address

Specify the final address of the destination address. The alignment of an address should be adjusted to
a transfer data size. The DMA calculates the start address of the destination address of the transfer destina-
tion address.

31 0

dst_data_end_ptr

bit Bit symbol Function

[31:0] dst_data_end_ptr The final address of the transfer destination address.

8.4.2.3 Control Data Setting

31 30 29 28|27 26 25 24|23 | 18 17 14 13 413 2 0

dst_inc |dst_size| src_inc |src_size| - R_power n_minus_1 cycle_ctrl

|— next_useburst

bit Bit symbol Function

[31:30] dst_inc Increments the transfer destination address (note 2)
00: 1 byte

01: 2 bytes

10: 4 bytes

11: No increment

[29:28] dst_size Data size of transfer destination (note1)
00: 1 byte

01: 2 bytes

10: 4 bytes

11: Reserved

[27:26] src_inc Increments the transfer source address (note 2)
00: 1 byte

01: 2 bytes

10: 4 bytes

11: No increment

[25:24] Src_size Data size of transfer source (note 1)
00: 1 byte

01: 2 bytes

10: 4 bytes

11: Reserved

[23:18] - Set "000000".
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bit Bit symbol Function

[17:14] R_power Arbitration

0000: After 1 transfer
0001: After 2 transfers
0010: After 4 transfers
0011: After 8 transfers
0100: After 16 transfers
0101: After 32 transfers
0110: After 64 transfers
0111: After 128 transfers
1000: After 256 transfers
1001: After 512 transfers
1010 - 1111: No arbitration

A transfer request is checked after the specified number of transfers. If a higher-prior-
ity request exists, the controller arbitrates the DMA transfer.

[13:4] n_minus_1 The number of transfers
0x000: Once

0x001: Twice

0x002: Three times

O0x3FF: 1024 times

[3] next_useburst Changes the setting of single-transfer

0: Do not change the value of <chnl_useburst_set>.

1: Sets <chnl_useburst_set> to "1".

Specifies whether to set "1" to the <chnl_useburst_set> bit at the end of the DMA trans-
fer using alternative data in the peripheral scatter/ gather mode.

Note)

This bit <chnl_useburst_set> is zero cleared, if the number of remaining transfer is
less than 2R times at the end of second 2Rtime transfer from the end ("R" is specified
by the <R_power>). Setting this bit to "1" sets "1" to the <chnl_userburst_set>.

[2:0] cycle_ctrl Operation mode

000: Invalid. The DMA stops the operation.

001: Basic mode

010: Automatic request mode

011: Ping-pong mode

100: Memory scatter / gather mode (primary data)

101: Memory scatter / gather mode (alternative data)

110: Peripheral memory scatter / gather mode (primary data)
111: Peripheral memory scatter / gather mode (alternative data)

Note 1: The setting value of <dst_size> must be the same as <src_size>.

Note 2: According to the settings of <dst_size> and <src_size>, the settings of <dst_inc> and <src_inc> are limited
as shown below:

<src_size>/<dst_size>
<src_inc>/<dst_inc> 00 01 10
(1 byte) (2 bytes) (4 bytes)
00 (1byte) o - -
01 (2bytes) o o -
10 (4bytes) o o o
No increment o o [¢]

8.4.3 Operation Modes

This section describes the operation modes configured by channel cfg<cycle ctrl> of the channel control da-
ta.
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8.4.3.1 Invalid Setting

The DMA sets the operation mode invalid after the end of transfer. This operation prevents a transfer
from being performed again. Also, the operation completes if invalid data is read either in ping-pong
mode, memory scatter / gather mode or peripheral scatter / gather mode.

8.4.3.2 Basic Mode
In basic mode, data structure can be selected from primary data or alternative data.
A transfer is started by receiving a transfer request.

An arbitration is performed for every transfer configured by <R power>. If a higher-priority request ex-
its, the DMA switches a channel. If a transfer request for the operating channel is received, the transfer is
continued.

After performing transfers for the number of times specified by <n_minus_1>, a transfer completion in-
terrupt occurs.

8.4.3.3 Automatic Request Mode

In this mode, a single-transfer request stops the DMA transfer. The data structure can be selected from pri-
mary data or alternative data.

The DMA transfer is started by a transfer request.

In each transfer configured by <R power>, a channel is switched if a higher-priority request is re-
ceived. If not, the transfer is continued.

After performing transfers for the number of times specified by <n_minus_1>, a transfer completion in-
terrupt occurs.

8.4.3.4 Ping-pong Mode

In ping-pong mode, a continuous DMA transfer that uses primary data and alternative data alternately
is performed. If <cycle ctrl> reads data specified to be invalid ("000"), or the channel is specified to be in-
valid, the transfer is stopped. Every time a DMA transfer (task) that uses primary data or alternative data
is complete, a transfer completion interrupt occurs.
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Preparation: Prepare primary data and alternative data, and set "1" to the bits
of the channels corresponding to both DMAxCfg<master_enable>

and DMAxChnlEnableSet.
Task A: Primary data

<cycle_ctrl[2:0]> = "011" Task A
Transfer
(ping-pong mode) request
<R_power[3:0]> = "0010 Transfetr S
i reques!
(4 times) L Transfer completion
<n_minus_1[9:0]> = interrupt

"0x005" (6 times)

Task B: Alternative data

<cycle_ctrl[2:0]> = "011" Transfer Task B
—

<R_power[3:0]> = "0010" request g

(4 times) Transfer

<n_minus_1[9:0]> = request

"0x00B" (12 times)
Transfer 3.0 ____________
request

e
Transfer completion
interrupt
Task C: Primary data

<cycle_ctrl[2:0]> = "011" Transfer —. Task C

<R_power[3:0]> = "0001" request 5 Transfer completion
(2 times) interrupt
<n_minus_1[9:0]> =

"0x001" (2 times)

Task D: Alternative data

<cycle_ctrl[2:0]> = "011" Transfer Task D
—

<R_power[4:0]> = "0010" request

(4 times) Transfer g | oo ooooooo-

<n_minus_1[9:0]> = request

"0x004" (5 times)

—>
Transfer completion
interrupt
Task E: Primary data

<cycle_ctrl[2:0]> = "011" Task E
Transfer >
<R_power[3:0]> = "0010" request

(4 times) Transfer

. ) _ e o e T
<n_minus_1[9:0]> = request
"0x006" (7 times)

Transfer completion
interrupt

Final: Alternative data

<cycle_ctrl[2:0]> = "000" -[gzrzjsefse{ b
(invalid)

Receiving a transfer request, the DMA performs a
transfer four times and performs arbitration.

If there is no other high-priority requests, the DMA
performs remaining transfers twice toward a re-
quest for a transfer to the corresponding channels.

The DMA generates a transfer completion interrupt
request and performs an arbitration.

After completing Task A, primary data for Task C
can be set.

Receiving a transfer request, The DMA performs a
transfer four times and performs arbitration.

If there is no other high-priority requests, The DMA
performs transfers twice toward a request for a trans-
fer to the corresponding channels.

The DMA generates a transfer completion interrupt
request and performs an arbitration.

After completing Task B, alternative data for Task
D can be set.

Receiving a transfer request, the DMA performs a
transfer twice and performs arbitration.

The DMA generates a transfer completion interrupt
request and performs an arbitration.

After completing Task C, alternative data for Task
E can be set.

Receiving a transfer request, the DMA performs a
transfer four times and performs arbitration.

If there is no other high-priority requests, the DMA
performs a transfer once toward a request for a
transfer to the corresponding channels.

The DMA generates a transfer completion interrupt
request and performs an arbitration.

Receiving a transfer request, the DMA performs a
transfer four times and performs arbitration.
If there is no other high-priority requests, the DMA

performs transfers three times toward a request for
a transfer to the corresponding channels.

The DMA generates a transfer completion interrupt
request and performs an arbitration.

Even receiving a transfer request, the operation
stops because <cycle_ctrl[2:0]> is set to invalid.

(The operation can be also stopped by setting the
<cycle_ctrl[2:0]> of Task E to normal mode "001".)
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8.4.3.5 Memory Scatter/Gather Mode

In memory scatter/gather mode, primary data is used in order to transfer data for alternative data.

Receiving a transfer request, the DMA transfers four alternative data using primary data. If there is no
new requests, it starts data transferring using alternative data. Then, it keeps transferring alternative data us-
ing primary data and transfer using alternative data, until either invalid setting ("000") of the <cycle ctrl
[2:0]> or setting data of the basic mode ("001") is read. A new transfer request is not required during this
period. After the transfer operation, an interrupt is generated.

The settings of the channel cfg of primary data must be configured as shown below:

Table 8-3 Setting values of Memory scatter/gather mode (Primary data)

Bit Bit symbol Setting Description
values
[31:30] | dst inc 10 3-byte increment is specified for transfer destination ad-
ress.

[29:28] [ dst_size 10 4 bytes are specified as transfer destination address.
[27:26] | src_inc 10 4-byte increment is specified for transfer source address.
[25:24] | src_size 10 4 bytes are specified as transfer source address.
[17:14] | R_power 0010 4 is specified as arbitration cycle.
[13:4] n_minus_1 N ;Ii'gs number of alternative task to be prepared x4 is speci-
[3] next_useburst |0 "0" is specified in memory scatter/gather mode.

Memory scatter/gather mode (primary data) is specified.
[2:0] cycle_ctrl 100 te) v g (p y ) P

note

Note:If the transfers specified in the <n_minus_1> are complete, invalid data "000" is automatically set.
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Preparation: Prepare primary data. Set "100" to <cycle_ctrl> and set four task da-
ta 4 x 4 = 16 as the number of transfers <n_minus_1>.

Set alternative data for Task A,B,C and D to the memory location
which is set to the <src_data_end_ptr>.

Set "1" to bits of channels corresponding to DMAxCfg <master_en-

Copy A: Primary data
<cycle_ctrl[2:0]> = "100"

(Memory scatter / gather
mode)

<R_power[3:0]> = "0010"
(4 times)

<n_minus_1[9:0]> =
"Ox00F" (16 times)

Task A: Alternative data

<cycle_ctrl[2:0]> = "100"

<R_power[3:0]> = "0010"
(4 times)

<n_minus_1[9:0]> =
"0x002" (3 times)

Copy B: Primary data

Task B: Alternative data
<cycle_ctrl[2:0]> = "100"
<R_power[3:0]> = "0001"
(2 times)

<n_minus_1[9:0]> =
"0x007" (8 times)

Copy C: Primary data

Task C: Alternative data
<cycle_ctrl[2:0> = "100"

<R_power[3:0]> = "0011"
(8 times)

<n_minus_1[9:0]> =
"0x004" (5 times)

Copy D: Primary data

able> and DMAxChnlSet.

Primary Alternate

Copy A

Transfer 5,
request I

Auto request

Task A

Auto request ;

Copy B

Auto request =——»f-------------
Auto request =——»f-------------
Auto request —»f-------------

Copy C

Task C

Copy D

Auto request

Receiving a transfer request, the DMA performs a
transfer for alternative data of Task A for four times.

After completing the transfer, a transfer request is
automatically generated and arbitration starts.

The DMA performs Task A.

After completing the transfer, a transfer request is
automatically generated and arbitration starts.

The DMA performs transfers for alternative data of
Task B for four times.

After completing the transfer, a transfer request is
automatically generated and arbitration starts.

The DMA performs Task B.

After completing the transfer, a transfer request is
automatically generated and arbitration starts.

The DMA performs transfers for alternative data of
Task C for four times.

After completing the transfer, a transfer request is
automatically generated and arbitration starts.

The DMA performs Task C.

After completing the transfer, a transfer request is
automatically generated and arbitration starts.

The DMA performs transfers for alternative data of
Task D for four times. The DMA also sets "000" to
<cycle_ctrl> of the primary data in order to set the
next primary data invalid.

A transfer request is automatically generated and ar-
bitration starts.
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Task D: Alternative data
<cycle_ctr[2:0]> = "001"
<R_power[3:0]> = "0010"
(4 times)

<n_minus_1[9:0]> =
"0x003" (4 times)

The DMA performs Task D.

Task D Since <cycle_ctrl[2:0]> is set to the basic mode
"001", the DMA generates a transfer completion in-
terrupt request after the end of the transfer, and com-

e pletes the operation.

Transfer completion
interrupt

8.4.3.6  Peripheral Scatter/Gather Mode

Primary data is used in order to transfer data for alternative data in peripheral scatter/gather mode.

Receiving a transfer request, the DMA transfers four alternative data using primary data, and then

starts transfer using alternative data.

After that, if a transfer request is generated, it starts alternative data transferring using primary data.
Then, it keeps transferring alternative data using primary data and transfer using alternative data, until ei-
ther invalid setting ("000") of the <cycle ctrl> or setting data of the basic mode ("001") is read. A new trans-
fer request is not required during this period. After the transfer operation, an interrupt is generated.

The settings of the channel cfg of primary data must be configured as shown below:

Table 8-4 Fixed values in peripheral scatter / gather mode (Primary data)

Bit Bit symbol Setting Description
value
[31:30] | dst inc 10 A 4-byte increment is specified for transfer destination ad-
dress.
[29:28] | dst_size 10 4 bytes are specified as transfer destination address.
[27:26] | src_inc 10 A 4-byte increment is specified for transfer source address.
[25:24] | src_size 10 4 bytes are specified as transfer source address.
[17:14] | R_power 0010 4 is specified as arbitration cycle.
[13:4] n_minus_1 N ;Ii'::j number of alternative task to be prepared x4 is speci-
[2:0] cycle_ctrl 110 Specify peripheral scatter/gather mode (Primary data).

Note:If the transfers specified in the <n_minus_1> are complete, invalid data "000" is automatically set.
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Preparation:

Copy A: Primary data
<cycle_ctrl[2:0]> = "110"

(Peripheral scatter / gath-
er)

<R_power[3:0]> = "0010"
(4 times)

<n_minus_1[9:0]> =
"Ox00F" (16 times)

Task A: Alternative data

<cycle_ctrl[2:0]> = "111"

<R_power[3:0]> = "0010"
(4 times)

<n_minus_1[9:0]> =
"0x002" (3 times)

Copy B: Primary data

Task B: Alternative data

<cycle_ctrl[2:0]> = "111"

<R_power[3:0]> = "0001"
(2 times)

<n_minus_1[9:0]> =
"0x007" (8 times)

Copy C: Primary data

Task C: Alternative data

<cycle_ctrl[2:0]> = "111"

<R_power[3:0]> = "0011"
(8 times)

<n_minus_1[9:0]> =
"0x004" (5 times)

Copy D: Primary data

Prepare primary data. Set "110" to <cycle_ctrl> and 4 x 4 = 16 for
four tasks to the number of transfers <n_minus_1>.

Set alternative data for Task A,B,C and D to the memory location
which is set to the <src_data_end_ptr>.

Set "1" to bits of channels corresponding to DMAxCfg <master_en-
able> and DMAxChnIEnableSet.

Receiving a transfer request, the DMA performs
Primary Alternate transfers for alternative data of Task A for four times.

F_H F_H After completing the transfer, operation automatical-

ly moves onto Task A.
Copy A

The DMA performs Task A.

Task A After completing the transfer, if a transfer request is

sent from peripheral function and if it is high-priority
request, the next operation starts.

The DMA performs transfers for alternative data of
Copy B Task B for four times.

Transfer
request

Transfer
request After completing the transfer, processing of Task B

automatically starts.

The DMA performs Task B. Since an arbitration oc-
Task B curs every 2R times of transfers, three times of trans-
fer is required at least to complete Task B.

Transfer request —»f=-==-=-=-=---- After completing the transfer, if a transfer request is
Transfer request = ------------- sent from peripheral function and if it is high-priority

Transfer request — > =< === < === == request, the next operation starts

The DMA performs transfers for alternative data of

Transfer Copy C Task C for four times.

request After completing the transfer, operation automatical-
ly moves onto Task C.

J

The DMA performs Task C.

Task C After completing the transfer, if a transfer request is
sent from peripheral function and if it is high-priority
request, the next operation starts.

1

The DMA performs transfers for alternative data of
Transfer Copy D Task D for four times. Also, The DMA performs
request - transfers for alternative data for four times. Sets
"000" to <cycle_ctrl> of the primary data and
makes the next primary data invalid.

The operation automatically moves onto Task D.

J
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Task D: Alternative data The DMA performs Task D.

<cycle_ctrl[2:0]> = "001" Task D Since <cycle_ctrl> is set to the basic mode "001",
<R_power[3:0]> = "0010" The DMA generates a transfer completion interrupt

N request after the end of the transfer, and completes
(4 times)

—>  the operation.

<n_minus_1[9:0]> = Transfer completion
"0x003" (4 times) interrupt

8.5 Precautions
Extra caution should be exercised when a DMA transfer request is used in the following peripheral functions:

Serial channel with 4-byte FIFO (SIO/UART)
16-bit timer/event counter (TMRB)
Analog-to-digital converter (ADC)

8.5.1 SIO/UART, TMRB, ADC are Used

The following points should be considered:

It is recommended to use the basic mode as a transfer mode.
Set "after 1 transfer" as a DMA transfer rate.

Specify "0000" as the arbitration rate <R_power> for the control data.
Do not use the FIFO of the SIO/UART.

Use the SIO/UART with the single-buffer or double-buffer setting.

A new request occurs after the DMA transfer is started, only one transfer is performed. Design the pro-
gram to perform a DMA transfer surely.

In case that transfer will not be started, the following circumstances can be expected:

A higher priority transfer request occurs in the same unit

A transfer destination conflict occurs between other higher bus master and a sender.

As a guide, this uDMA controller takes 11 clocks on pre-/post-processing. It takes approximately 5 clocks
for a data transfer between the peripheral functions and internal RAM.
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Input/Output port

This chapter describes port-related registers, their setting and circuits.

Registers

When the port registers are used, the following registers must be set.

All registers are 32-bits. The configurations are different depend on the number of port bits and assignation of
the function.

nyn

x" means the name of ports and "n" means the function number in the following description.

Register Name Setting Value
PxDATA | Data register Oor1 This register reads / writes port data.
. 0: Output Disable . )
PxCR | Output control register This register controls output.

1: Output enable

This register sets the function.
The assigned function can be enabled by setting "1".

) ) 0: PORT
PxFRn | Function register n 1: Function This register exists for the each function assigned to the port.
In case of having some function, only one function can be
enabled.
This register controls programmable open-drain outputs.
PxOD Open-drain control register 0: CMOs ) Programmable open-draiq outputs are set wit_h )
1: Open-drain PxOD.When output data is "1", output buffer is disabled
and becomes a pseudo-open-drain output.
i 0: Pull-up Disable i .
PxPUP | Pull-up control register This register controls programmable pull-ups.
1: Pull-up Enable
) 0: Pull-down Disable . )
PxPDN | Pull-down control register This register controls programmable pull-downs.
1: Pull-down Enable
. 0: 3V Input i .
PxSEL | Input Voltage control register 1: 1.8V Input This register controls the Input voltage range.
T npu

0: Input Disable This register controls inputs.

PxIE [ Input control register 1 Inout Enable Some time is required after enabling PxIE until external da-
- np ta is reflected in PXDATA.
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9.1.1 Register list

For detail of the base address, refer to "Address lists of peripheral functions" of "Memory Map" chapter.

A bit without function is read as "0" and the writing a data to this bit is invalid

TMPMO066FWUG(QFP64) o o o o o
TMPMO067FWQG(QFN48) o x o o o
TMPM068FWXBG(BGAS57) o o o o o
Register name Address Port A Port B Port C Port D Port E
(Base+)
Data register 0x0000 PADATA PBDATA PCDATA PDDATA PEDATA
Output control register 0x0004 PACR PBCR PCCR PDCR PECR
Function register 1 0x0008 PAFR1 - PCFR1 PDFR1 PEFR1
Function register 2 0x000C - - - - PEFR2
Open-drain control register 0x0028 PAOD PBOD PCOD PDOD PEOD
Pull-up control register 0x002C PAPUP PBPUP PCPUP PDPUP PEPUP
Pull-down control register 0x0030 PAPDN PBPDN PCPDN PDPDN PEPDN
Input Voltage control register 0x0034 - - PCSEL PDSEL -
Input control register 0x0038 PAIE PBIE PCIE PDIE PEIE
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TMPMO66FWUG(QFP64)

o

o

TMPMO067FWQG(QFN48)

X

X

TMPMO068FWXBG(BGAS57)

o

o

Register name Address Port F Port G Port H Port J
(Baset) (note1) (note1)
Data register 0x0000 PFDATA PGDATA PHDATA PJDATA
Output control register 0x0004 PFCR PGCR PHCR PJCR
Function register 1 0x0008 PFFR1 PGFR1 PHFR1 PJFR1
Function register 2 0x000C PFFR2 - - -
Open-drain control register 0x0028 PFOD PGOD PHOD PJOD
Pull-up control register 0x002C PFPUP PGPUP PHPUP PJPUP
Pull-down control register 0x0030 PFPDN PGPDN PHPDN PJPDN
Input Voltage control register 0x0034 - PGSEL - -
Input control register 0x0038 PFIE PGIE PHIE PJIE

Note 1: To use the port H/J , it should be set clock supply enable bit in the CGFSYSENA register.

Note: The address shown as

Note: For pin assignment of each product, refer to the "Table 1-5 Pin names and functions <Sorted by Port>".

is not accessed.
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9.1.2 Port function and setting list

The list of the function and setting register for each port is shown below.

- "Table 9-1 Port A Setting List"
- "Table 9-2 Port B Setting List"
- "Table 9-3 Port C Setting List"
- "Table 9-4 Port D Setting List"
- "Table 9-5 Port E Setting List"
- "Table 9-6 Port F Setting List"
- "Table 9-7 Port G Setting List"
- "Table 9-8 Port H Setting List"
- "Table 9-9 Port J Setting List"

The cell of PxFRn shows the function register which must be set to select a function. If this register is set
to "1", the corresponding function is enabled PxFRn.

("x" means the name of ports and "n" means the function number in the following description)
A bit in the cell filled with a hatch is read as "0" and the writing a data to this bit is invalid

"0" or "1" in the table is shown the value which is set to the register. "0/1" is shown that the optional val-
ue can be set to the register.
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9.1.2.1

Table 9-1 Port A Setting List

PORT A

PO Reset status PORT Control registers
Input/Output
RT Type PADATA | PACR PAFRn PAOD PAPUP | PAPDN PAIE
PAO  After reset 0 0 0 0 0 0
Input Port Input 01 0 0/1 0/1 0/1 1
Output Port Output 0/1 1 0/1 0/1 0/1 0
AINO Input FT5 0/1 0 0/1 0 0 0
PA1  After reset 0 0 0 0 0 0
Input Port Input 0/1 0 01 01 0/1 1
Output Port Output 0/1 1 0/1 0/1 0/1 0
AIN1 Input FT5 0/1 0 0/1 0 0 0
PA2  After reset 0 0 0 0 0 0
Input Port Input 0/1 0 0/1 0/1 0/1 1
Output Port Output 0/1 1 0/1 0/1 0/1 0
AIN2 Input FT5 0/1 0 0/1 0 0 0
PA3  After reset 0 0 0 0 0 0
Input Port Input 0/1 0 0/1 0/1 0/1 1
Output Port Output 0/1 1 0/1 0/1 0/1 0
AIN3 Input FT5 0/1 0 0/1 0 0 0
PA4  After reset 0 0 0 0 0 0
Input Port Input 0/1 0 0/1 0/1 0/1 1
Output Port Output 01 1 0/1 0/1 0/1 0
AIN4 Input FT5 0/1 0 0/1 0 0 0
PA5  After reset 0 0 0 0 0 0
Input Port Input 0/1 0 0/1 0/1 0/1 1
Output Port Output 0/1 1 0/1 0/1 0/1 0
AINS Input FT5 0/1 0 0/1 0 0 0
INT1 Input FT4 0/1 0 0/1 0/1 0/1 1
PA6  After reset 0 0 0 0 0 0
Input Port Input 0/1 0 0/1 0/1 0/1 1
Output Port Output 0/1 1 0/1 0/1 0/1 0
AING Input FT5 0/1 0 0/1 0 0 0
INT2 Input FT4 0/1 0 0/1 0/1 0/1 1
PA7  After reset 0 0 0 0 0 0
Input Port Input 0/1 0 0/1 0/1 0/1 1
Output Port Output 0/1 1 0/1 0/1 0/1 0
AIN7 Input FT5 0/1 0 0/1 0 0 0
TBIN1 Input FT1 0/1 0 PAFR1 0/1 0/1 0/1 1
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9.1.22 PORTB

Table 9-2 Port B Setting List

PO Reset status PORT Control registers
Input/Output
RT Type PBDATA | PBCR PBFRn PBOD PBPUP | PBPDN PBIE
PBO After reset FT1 0 0 0 0 0 0
Input Port Input 0/1 0 0/1 0/1 0/1 1
Output Port Output 0/1 1 0/1 0/1 0/1 0
PB1 After reset FT1 0 0 0 0 0 0
Input Port Input 01 0 01 0/1 0/1 1
Output Port Output 0/1 1 0/1 0/1 0/1 0
PB2 After reset FT1 0 0 0 0 0 0
Input Port Input 0/1 0 0/1 0/1 0/1 1
Output Port Output 0/1 1 0/1 0/1 0/1 0
PB3 After reset FT1 0 0 0 0 0 0
Input Port Input 0/1 0 0/1 0/1 0/1 1
Output Port Output 01 1 01 0/1 0/1 0

9.1.23 PORTC

Table 9-3 Port C Setting List

PO Reset status Input/ PORT Control registers
RT Output Type | PCDATA| PCCR | PCFRn | PCOD | PCPUP | PCPDN | PCSEL PCIE
PCO  After reset 0 0 0 0 0 0 0 0
Input Port Input 0/1 0 0/1 0/1 0/1 0/1 1
Output Port Output 0/1 1 0/1 0/1 0/1 0
12C0SCL 110 FT1 0/1 1 PCFR1 1 0/1 0/1 0/1 1
PC1  After reset 0 0 0 0 0 0 0 0
Input Port Input 01 0 0/1 0/1 0/1 0/1 1
Output Port Output 0/1 1 0/1 0/1 0/1 0
12COSDA 110 FT1 0/1 1 PCFR1 1 0/1 0/1 0/1 1
PC2  After reset 0 0 0 0 0 0 0
Input Port Input 0/1 0 0/1 0/1 01 1
Output Port Output 0/1 1 0/1 0/1 0/1 0
SCOTXD Output FT1 0/1 1 PCFR1 0/1 0/1 0/1 0
PC3  After reset 0 0 0 0 0 0 0
Input Port Input 0/1 0 0/1 0/1 0/1 1
Output Port Output 0/1 1 0/1 0/1 0/1 0
SCORXD Output FT1 0/1 1 PCFR1 0/1 0/1 0/1 0
PC4  After reset 0 0 0 0 0 0 0
Input Port Input 0/1 0 0/1 0/1 0/1 1
Output Port Output 0/1 1 0/1 0/1 0/1 0
SCOSCK Output FT1 0/1 1 PCFR1 0/1 0/1 0/1 0
PC5  After reset 0 0 0 0 0 0 0
Input Port Input 0/1 0 0/1 0/1 0/1 1
Output Port Output 0/1 1 0/1 0/1 0/1 0
VBUS Input 0/1 0 0/1 0/1 0/1 1
INT4 Input FT4 0/1 0 0/1 0/1 0/1 1
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Table 9-3 Port C Setting List

PO Reset status Input/ PORT Control registers
RT Output Type | PCDATA| PCCR | PCFRn | PCOD | PCPUP | PCPDN | PCSEL PCIE
TBOIN Input FT1 0/1 0 PCFR1 01 01 0/1 1
9.1.24 PORTD
Table 9-4 Port D Setting List
PO Reset status Input/ PORT Control register
RT Output Type | PDDATA | PDCR | PDFRn | PDOD | PDPUP | PDPDN | PDSEL PDIE
PDO  After reset 0 0 0 0 0 0 0
Input Port Input 0/1 0 0/1 0/1 0/1 1
Output Port Output 0/1 1 0/1 0/1 0/1 0
T16A30UT Output 0/1 1 PDFR1 0/1 0/1 0/1 0
TDAOOUTO Output 01 1 PDFR2 0/1 01 0/1 0
PD1  After reset 0 0 0 0 0 0 0
Input Port Input 0/1 0 0/1 0/1 0/1 1
Output Port Output 0/1 1 0/1 0/1 0/1 0
TBOOUT Output 0/1 1 PDFR1 0/1 0/1 0/1 0
TDAOOUT1 Output 01 1 PDFR2 0/1 01 0/1 0
PD2  After reset 0 0 0 0 0 0 0
Input Port Input 0/1 0 0/1 0/1 0/1 1
Output Port Output 01 1 0/1 01 0/1 0
TB1OUT Output 01 1 PDFR1 0/1 01 0/1 0
TDA10UTO Output 0/1 1 PDFR2 01 0/1 0/ 0
PD3  After reset 0 0 0 0 0 0 0
Input Port Input 01 0 0/1 01 0/1 1
Output Port Output 01 1 01 0N 01 0
TB20OUT Output 01 1 PDFR1 01 01 0/1 0
TDA10UT1 Output 0/1 1 PDFR2 0/1 0/1 0/ 0
PD4  After reset 0 0 0 0 0 0 0 0
Input Port Input 01 0 0/1 01 0/1 01 1
Output Port Output 0/1 1 0/1 0/1 0/1 0
TB3IN Input FT1 0/1 0 PDFR1 0/1 0/1 0/1 0/1 1
PD5  After reset 0 0 0 0 0 0 0 0
Input Port Input 0/1 0 0/1 0/1 0/ 0/1 1
Output Port Output 01 1 0/1 0/1 0/ 0
INTO Input FT4 0/1 0 0/1 0/1 0/1 0/1
9.1.25 PORTE
Table 9-5 Port E Setting List
PO Reset status PORT Control register
Input/Output
RT Type PEDATA | PECR PEFRn PEOD PEPUP | PEPDN PEIE
PEO  After reset 0 0 0 0 0 0 0
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Table 9-5 Port E Setting List

PO Reset status PORT Control register
Input/Output
RT Type PEDATA | PECR PEFRn PEOD PEPUP | PEPDN PEIE
Input Port Input 0/1 0 01 0/ 0/1 1
Output Port Output 0/1 1 0/1 0/1 0/1 0
SC1SCK Input FT1 0/1 0 PEFR1 0/1 0/1 0/1 1
PE1  After reset 0 0 0 0 0 0 0
Input Port Input 0/1 0 0/1 0/1 0/1 1
Output Port Output 0/1 1 0/1 0/1 0/1 0
SC1RXD Input FT1 0/1 0 PEFR1 0/1 0/1 0/1 1
TB2IN Input 0/1 0 PEFR2 0/1 0/1 0/1 1
PE2  After reset 0 1 0 0 0 0 0
Input Port Input 0/1 0 0/1 0/1 0/1 1
Output Port Output 0/1 1 0/1 0/1 0/1 0
SC1RXD Input FT1 0/1 0 PEFR1 0/1 0/1 0/1 1
PE3  After reset 0 1 0 0 0 0 0
Input Port Input 0/1 0 0/1 0/1 0/1 1
Output Port Output 0/1 1 0/1 0/1 0/1 0
PE4  After reset 0 0 PEFR1 0 0 1 1
Input Port Input 0/1 0 0/1 (/4] 0/1 1
Output Port Output 0/1 1 0/1 0/1 0/1 0
SWCLK Input FT1 0/1 1 PEFR1 0/1 0/1 0/1 1
PE5  After reset 0 0 PEFR1 0 1 0 1
Input Port Input 0/1 0 0/1 (V4] 0/1 1
Output Port Output 0/1 1 0/1 0/1 0/1 0
SWDIO 110 FT1 0/1 0 PEFR1 0/1 0/1 0/1 1

Note:PE3 works as a BOOT function. It is enabled to be input and pulled-up while RESET pin is "Low". At the ris-
ing edge of the reset signal, if PE3 is "High", the device enters single chip mode and boots from the on-chip
flash memory. If PE3 is "Low", the device enters single BOOT mode and boots from the internal BOOT pro-
gram.

9.1.26 PORTF

Table 9-6 Port F Setting List

PO Reset status PORT Control registers
Input/Output
RT Type PFDATA | PFCR PFFRn PFOD PFPUP | PFPDN PFIE
PFO  After reset 0 0 0 0 0 0 0
Input Port Input 0/1 0 0/1 011 01 1
Output Port Output 0/1 1 01 0/1 0/1 0
INTS Input FT1 01 0 01 0/1 0/1 1
TSPICSO Output 01 1 PFFR1 01 0/1 0/1 0
TSPICSIN Input 01 0 PFFR2 01 01 0/1 1
PF1  After reset 0 0 0 0 0 0 0
Input Port Input 01 0 01 0/1 0/1 1
Output Port Output 01 1 0/1 0/1 0/1 0
INT3 Input FT1 01 0 01 01 0/1 1
TSPITXD Output 01 1 PFFR1 01 0/1 0/1 0
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Table 9-6 Port F Setting List

PO Reset status PORT Control registers
Input/Output
RT Type PFDATA PFCR PFFRn PFOD PFPUP PFPDN PFIE
PF2  After reset 0 0 0 0 0 0 0
Input Port Input 01 0 0/1 0/1 0/1 1
Output Port Output 0/1 1 0/1 0/1 0/1 0
TSPIRXD Input FT1 0/1 0 PFFR1 0/1 0/1 0/1 1
PF3  After reset 0 0 0 0 0 0 0
Input Port Input 0/1 0 0/1 0/1 0/1 1
Output Port Output 0/1 1 0/1 0/1 0/1 0
TSPISCK 110 FT1 0/1 1 PFFR1 0/1 0/1 0/1 0
PF4  After reset 0 0 0 0 0 0 0
Input Port Input 0/1 0 0/1 0/1 0/1 1
Output Port Output 0/1 1 0/1 0/1 0/1 0
TB30OUT Output FT1 0/1 1 PFFR1 0/1 0/1 0/1 0
PF5  After reset 0 0 0 0 0 0 0
Input Port Input 0/1 0 0/1 0/1 0/1 1
Output Port Output 0/1 1 0/1 0/1 0/1 0
TB410UT Output FT1 0/1 1 PFFR1 0/1 0/1 0/1 0
PF6  After reset 0 0 0 0 0 0 0
Input Port Input 0/1 0 0/1 0/1 0/1 1
Output Port Output 0/1 1 0/1 01 0/1 0
PF7  After reset 0 0 0 0 0 0 0
Input Port Input 0/1 0 0/1 0/1 0/1 1
Output Port Output 01 1 01 0/1 0/1 0
9.1.27 PORTG
Table 9-7 Port G Setting List
PO Reset status Input/ PORT Control registers
RT Output Type | PGDATA| PGCR | PGFRn | PGOD | PGPUP | PGPDN | PGSEL PGIE
PGO After reset 0 0 0 0 0 0 0 0
Input Port Input 0/1 0 0/1 0/1 0/1 0/1 1
Output Port Output 0/1 1 0/1 0/1 0/1 - 0
12C1SCL 110 FT1 0/1 1 PGFR1 0/1 0/1 0/1 0/1 1
PG1 After reset 0 0 0 0 0 0 0 0
Input Port Input 0/1 0 0/1 0/1 0/1 0/1 1
Output Port Output 0/1 1 0/1 0/1 0/1 - 0
12C1SDA 110 FT1 0/1 1 PGFR1 0/1 0/1 0/1 0/1 1
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9.1.28 PORTH

Table 9-8 Port H Setting List

PO Reset status PORT Control registers
Input/Output
RT Type PGDATA | PGCR PGFRn PGOD PGPUP | PGPDN PGIE
PHO After reset 0 0 0 0 0 0 0
Input Port Input 01 0 0/1 0/1 0/1 1
Output Port Output 0/1 1 0/1 0/1 0/1 0
TB4IN Input FT1 01 0 PHFR1 01 0/ 0/1 1
PH1 After reset 0 0 0 0 0 0 0
Input Port Input 0/1 0 0/1 0/1 0/1 1
Output Port Output 01 1 01 0/1 0/1 0
TBSIN Input FT1 01 0 PHFR1 01 (V4] 01 1
PH2 After reset 0 0 0 0 0 0 0
Input Port Input 0/1 0 0/1 0/1 0/1 1
Output Port Output 01 1 01 0/1 01 0
TB6IN Input FT1 0/1 0 PGFR1 0/1 0/1 01 1
PH3 After reset 0 0 0 0 0 0 0
Input Port Input 01 0 01 01 01 1
Output Port Output 0/1 1 0/1 01 0/1 0
TB7IN Input FT1 0/1 0 PHFR1 0/1 0/1 0/1 1

9.1.29 PORTJ

Table 9-9 Port J Setting List

PO Reset status PORT Control registers
Input/Output
RT Type PJDATA PJCR PJFRn PJOD PJPUP PJPDN PJIE
PJO After reset 0 0 0 0 0 0 0
Input Port Input 0/1 0 0/1 0/1 0/1 1
Output Port Output 01 1 0/1 0/1 0/ 0
TB50UT Output FT1 0/1 1 PJFR1 0/1 0/1 0/1 0
PJ1 After reset 0 0 0 0 0 0 0
Input Port Input 0/1 0 0/1 0/1 0/1 1
Output Port Output 0/1 1 0/1 0/1 0/1 0
TB60OUT Output FT1 0/1 1 PJFR1 0/1 0/1 0/1 0
PJ2 After reset FT1 0 0 0 0 0 0
Input Port Input 0/1 0 0/1 0/1 0/1 1
Output Port Output 0/1 1 0/1 0/1 0/1 0
PJ3 After reset FT1 0 0 0 0 0 0
Input Port Input 0/1 0 0/1 01 0/1 1
Output Port Output 0/1 1 0/1 0/1 0/1 0
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9.1.3 Block Diagrams of Ports

9.1.3.1

Port Type

The ports are classified as shown below. Please refer to the following pages for the block diagrams of
each port type. A dotted box in the figure indicates the part of the equivalent circuit described in the

"Block diagrams of ports".

Table 9-10 Function List

Function
Type Input /Output Pull-up Pull-down Analog
Input/ Output
FT1 Input /Output R R -
FT4 Input (INT) R -
FT5 Input (AIN) R o
FT6 Input (BOOT) EnR R -
int: interrupt input
-: no exist
o: Exist
R: Forced disable during reset
EnR: Forced enable during reset
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9.1.3.2 Type FT1

’\) Power on reset signal Dc

A

PxPUP !
”| (Pull-up control) 0_D—|—‘>0—{
|
PxPDN I
(Pull-down ’—D_i—(
control) 9
o PXCR
7| (Output control) P—Di

PxFRn
(Function control)

A
Y

A

A

Function output ——
«| PxDATA j
1 (Output latch) 0

PxOD
> (Open-drain
control)

. PxIE , _D—Do—
) >

(Input control)

4—6_‘

Port read signal

Function input (—Gﬁ

ll: [ ]Jwo

Snq ejep |eulaju|

L

"\

Figure 9-1 Port Type FT1
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ll: [ Juo

9.1.3.3 Type FT4
Power on reset signal
o o pxPup
— 7| (Pull-up control)
PxPDN
<—>»| (Pull-down
control)
L, ~| PxCR
— 7| (Output control)
=1
—
(0]
=
>
o
o
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3
o ~ PxDATA
c 7| (Output latch)
(7]
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> (Open-drain
control)
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Figure 9-2 Port Type FT4
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9.1.3.4 Type FT5
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Figure 9-3 Port Type FT5
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9.1.3.5

Power on reset signal

Type FT6

00U U

N/

P PxPUP
h (Pull-up control)
PxPDN
< (Pull-down
control)
» PXCR
| (Output control)
>
-
@
-
>
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Q
(on
[ > PxDATA
2] 1 (output latch)
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Figure 9-4 Port Type FT6
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10. 16-bit Timer / Event Counters (TMRB)

10.1 Outline

TMRBx has the operation modes shown below.

Interval timer mode

Event counter mode

Programmable pulse generation (PPG) mode

Programmable pulse generation (PPG) external trigger mode

The use of the capture function allows TMRBx to perform the following measurements.

Frequency measurement

Pulse width measurement
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10.2 Block Diagram

TMRBx consists of a 16-bit up-counter, two 16-bit timer register (Double-buffered), two 16-bit capture regis-
ters, two comparators, a capture input control, a timer flip-flop and its associated control circuit. Timer operation
modes and the timer flip-flop are controlled by registers.
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Figure 10-1 TMRBx Block Diagram
Page 161




10. 16-bit Timer / Event Counters (TMRB)

10.3  Registers TMPM066FWUG TMPM067FWQG TMPMO068FWXBG

10.3 Registers

10.3.1 Register List

The table below shows control registers and their addresses.

For details of the base address, refer to "Address lists of peripheral functions" of "Memory Map" chapter.

Register name Address (Base+)
Enable register TBxEN 0x0000
RUN register TBxRUN 0x0004
Control register TBxCR 0x0008
Mode register TBxMOD 0x000C
Flip-flop control register TBXFFCR 0x0010
Status register TBxST 0x0014
Interrupt mask register TBxIM 0x0018
Up counter capture register TBxUC 0x001C
Timer register 0 TBxRGO 0x0020
Timer register 1 TBxRG1 0x0024
Capture register 0 TBxCPO 0x0028
Capture register 1 TBxCP1 0x002C
DMA request enable register TBxDMA 0x0030

Note:Do not modify the timer control register, timer mode register and timer flip-flop control register during
timer operation. Users can modify them after stopping timer operation.
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10.3.2 TBXEN (Enable Register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol TBEN TBHALT - - - - - -
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31-8 - R Read as "0".
7 TBEN R/W TMRBXx operation
0: Disabled
1: Enabled
Specifies the TMRBx operation. When the operation is disabled, no clock is supplied to the other registers
in the TMRBx. This can reduce power consumption. (This disables reading from and writing to the other reg-
isters except TBXEN register.)
To use the TMRB, enable the TMRBXx operation (set to "1") before programming each register in the
TMRBx. If the TMRBXx operation is executed and then disabled, the settings will be maintained in each reg-
ister.
6 TBHALT R/W Clock operation during debug HALT
0: run
1: stop
Specifies the TMRBXx clock setting to run or stop when the debug tool transits to HALT mode while in use.
5-0 - R Read as "0".
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10.3.3 TBXRUN (RUN Register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol - - - - - TBPRUN - TBRUN
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-3 - R Read as "0".
2 TBPRUN R/W Prescaler operation
0: Stop & clear
1: Count
1 - R Read as "0".
0 TBRUN R/W Count operation
0: Stop & clear
1: Count
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10.3.4 TBxCR (Control Register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol TBWBF - TBSYNC - - - TRGSEL CSSEL
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-8 - R Read as "0".
7 TBWBF R/IW Double Buffer
0: Disabled
1: Enabled
6 - R/IW Write "0".
5 TBSYNC R/W Synchronous mode switching
0: individual (Each channel)
1: synchronous
4 - R Read as "0".
3-2 - R/IW Write "0".
1 TRGSEL R/W Selects the edge when the external trigger is used.
0: rising
1: falling
Selects the edge when counting is started by external triggers (TBxIN).
0 CSSEL R/W Selects the count start
0: starts by software
1: starts by external trigger
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10.3.5 TBxMOD (Mode Register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol - - - - - TBCPM
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol - TBCP - - TBCLE TBCLK
After reset 0 1 0 0 0 0 0 0

Bit Bit Symbol Type Function

31-11 - R Read as "0".

10-8 TBCPM[2:0] R/W Sets capture timing by TBxINO/1 and up-counter clearing timing.
000: Disabled
001: TBxINOT TBxIN11
Captures a counter value on rising edge of TBxINO input into Capture register 0 (TBxCPO).
Captures a counter value on rising edge of TBxIN1 input into Capture register 1 (TBxCP1).
010: TBxINOT TBxINO|
Captures a counter value on rising edge of TBxINO input into Capture register 0 (TBxCPO).
Captures a counter value on falling edge of TBxINO input into Capture register 1 (TBXxCP1).
011: TBxFFO1 TBxFFO|
Captures a counter value on rising edge of TBxFFO input into Capture register 0 (TBxCPO).
Captures a counter value on falling edge of TBXFFO input into Capture register 1 (TBXxCP1).
100: Clears up-counter on TBxIN11
101: Captures a counter value on TBxINO1 into Capture register O(TBxCPO); clears up-counter on TBxIN11
If capture timing and up-counter clearing timing are same, capturing is performed first, and then up-counter
is cleared.
110 to 111:Reserved

7 - R/IW Write "0".

6 TBCP w Capture control by software
0: Capture by software
1: Don'’t care
When "0" is written, the capture register 0 (TBxCPO) captures a count value. Read as "1".

5-4 - R Read as "0".

3 TBCLE R/W Up-counter control
0: Disables clearing of the up-counter.
1: Enables clearing of the up-counter.
Clears and controls the up-counter.
When "0" is written, it disables clearing of the up-counter. When "1" is written, it clears up-counter when
up-counter matches with timer regsiter1 (TBxRG1).

2-0 TBCLK[2:0] R/W Selects the TMRBx source clock.
000: TBxIN pin input
001: @T1
010: T4
011: ¢T16
100: ¢T32
101: @T64
110: ¢T128
111: ¢T256
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Note:Do not make any changes of TBxMOD register while the TMRBX is running.
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10.3.6 TBxFFCR (Flip-Flop Control Register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol - - TBC1T1 TBCOT1 TBE1T1 TBEOT1 TBFFOC
After reset 1 1 0 0 0 0 1 1

Bit Bit Symbol Type Function

31-8 - R Read as "0".

7-6 - R Read as "1".

5 TBC1T1 R/W TBxFFO reverse trigger when the up-counter value is taken into the TBxCP1.
0: Disable trigger
1: Enable trigger
By setting "1", the timer-flip-flop reverses when the up-counter value is taken into the capture register 1
(TBXCP1).

4 TBCOT1 R/W TBxFFO reverse trigger when the up-counter value is taken into the TBxCPO.
0: Disable trigger
1: Enable trigger
By setting "1", the timer-flip-flop reverses when the up-counter value is taken into the capture register 0
(TBxCPO).

3 TBE1T1 R/W TBxFFO reverse trigger when the up-counter value is matched with TBxRG1.
0: Disable trigger
1: Enable trigger
By setting "1", the timer-flip-flop reverses when the up-counter value is matched with the timer register 1
(TBXRG1).

2 TBEOT1 R/W TBxFFO reverse trigger when the up-counter value is matched with TBxRGO.
0: Disable trigger
1: Enable trigger
By setting "1", the timer-flip-flop reverses when an up-counter value is matched with the timer register 0
(TBXRGO).

1-0 TBFFOC[1:0] R/W TBxFFO control
00: Invert
Reverses the value of TBxFFO (reversed by software).
01: Set
Sets TBxFFO to "1".
10: Clear
Clears TBxFFO to "0".
11: Don't care
This is always read as "11".
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10.3.7 TBxST (Status Register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol - - - - - INTTBOF INTTB1 INTTBO
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-3 - R Read as "0".
2 INTTBOF R Overflow interrupt request flag
0: No overflow occurs
1: Overflow occurs
When an up-counter is overflow, "1" is set.
1 INTTB1 R Match (TBxRG1) interrupt request flag
0: No match is detected.
1: Detects a match with TBxRG1
When a match with the timer register 1 (TBxRG1) is detected, "1" is set.
0 INTTBO R Match(TBxRGO) interrupt request flag
0: No match is detected
1: Detects a match with TBXRGO
When a match with the timer register 0 (TBXRGO) is detected, "1" is set.
Note 1: Even if mask configuration by TBxIM register is valid, the status is set to TBxST register.
Note 2: When the interrupt mask configuration is disabled by the corresponding bit of TBxIM register, the interrupt is issued
to the CPU.
Note 3: To clear the flag, read TBxST register.
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10.3.8 TBxIM (Interrupt Mask Register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol - - - - - TBIMOF TBIM1 TBIMO
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-3 - R Read as "0".
2 TBIMOF R/W Overflow interrupt request mask
0: Disable
1: Enable
Sets the up-counter overflow interrupt to disable or enable.
1 TBIM1 R/W Match (TBxRG1) interrupt request mask
0: Disable
1: Enable
Sets the match interrupt request mask with the timer register 1 (TBXxRG1) to enable or disable.
0 TBIMO R/W Match (TBxRGO) interrupt request mask
0: Disable
1: Enable
Sets the match interrupt request mask with the Timer register 0 (TBXRGO) to enable or disable.

Note:Even if mask configuration by TBxIM register is valid, the status is set to TBxST register.
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10.3.9 TBxUC (Up-counter Capture Register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol TBUC
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol TBUC
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-16 - R Read as "0".
15-0 TBUCI15:0] R Captures a value by reading up-counter out.
If TBXUC is read during the counter operation, the current value of up-counter will be captured.
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10.3.10 TBxRGO (Timer Register 0)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol TBRGO
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol TBRGO
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-16 - R Read as "0".
15-0 TBRGO[15:0] R/W Sets a value comparing to the up-counter.

10.3.11  TBxRG1 (Timer Register 1)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol TBRG1
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol TBRG1
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-16 - R Read as "0".
15-0 TBRG1[15:0] R/W Sets a value comparing to the up-counter.
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10.3.12 TBxCPO (Capture register 0)
31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol TBCPO
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
7 6 5 4 3 2 1 0
bit symbol TBCPO
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
Bit Bit Symbol Type Function
31-16 - R Read as "0".
15-0 TBCPO[15:0] R A value captured from the up-counter is read.
10.3.13 TBxCP1 (Capture Register 1)
31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol TBCP1
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
7 6 5 4 3 2 1 0
bit symbol TBCP1
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
Bit Bit Symbol Type Function
31-16 - R Read as "0".
15-0 TBCP1[15:0] R A value captured from the up-counter is read.
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10.3.14 TBxDMA(DMA request enable register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol - - - - - TBDMAEN2 TBDMAEN1 TBDMAENO
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-3 - R Read as 0.
2 TBDMAEN2 R/W Selects DMA request: compare match with TBxRG1. (Note 1)
0: Disabled
1: Enabled
1 TBDMAEN1 R/W Selects DMA request: input capture 1
0: Disabled
1: Enabled
0 TBDMAENO R/W Selects DMA request: input capture 0
0: Disabled
1: Enabled

Note 1: When mask configuration by TBxIM<TBIM1> register is valid, DMA request does not occur even if a DMA request is en-
abled with <TBDMAEN2>.

Note 2: The assignment of DMA request factor differs by channel. Refer to "Product Information" Chapter
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10.4 Description of Operation

10.4.1 Prescaler
TMRBx has 4-bit prescaler to generate the source clock for up-counter.

A input clock @TO to the prescaler is either among fperiph/1, fperiph/2, fperiph/4, fperiph/8, fperiph/16 or
fperiph/32 selected by CGSYSCR<PRCK]2:0] in the CG circuit. The peripheral clock is either fgear (a clock
selected by CGSYSCR<FPSEL> in the CG circuit) or fc (a clock before divided by the clock gear).

The operation or the stoppage of prescaler is set by TBXRUN<TBPRUN>. Writing "1" to the bit is to start
counting; writing "0" to the bit is to stop counting.

10.4.2 Up-counter (UC)

UC is a 16-bit binary counter.

10.4.2.1  Source clock
The up-counter’s source clock is specified by TBxMOD<TBCLK[2:0]>.

It can be selected from the prescaler output clock - @T1, ¢T4, ¢T16, T32, T64, ¢T128 and ¢T256 -
or the external clock of the TBXIN pin.

10.4.2.2 Counter start / stop

There are software start, external trigger start and synchronous start to start the counter.

1. Software start

If <TBRUN> is set to "1", the counter will start. If "0" is set to the <TBRUN>, the counter
will stop and the up-counter will be cleared at the same time.

2. External trigger start
In the external trigger mode, the counter will be started by external signals.

If TBXCR<CSSEL> is set to "1", the external trigger start mode is set. At this time, if
<TBRUN> is set to "1", the condition of the counter will be trigger wait. The counter will
start on the rising/falling edge of TBxIN.

TBxCR<TRGSEL> bit specifies the switching external trigger edges.
<TRGSEL>="0": Rising edge of TBxIN is selected.
<TRGSEL>="1": Falling edge of TBxXIN is selected.

If <TBRUN> is set to "0", the counter will stop and the up-counter will be cleared at the
same time.

3. Synchronous start

In the timer synchronous mode, synchronous start timers can be possible. If timer synchro-
nous mode is used in the PPG output mode, motor drive application can be achieved.

Depending on products, the combination of master channels and slave channels have al-
ready been determined. For the combination of master channels and slave channels of this prod-
uct, refer to Chapter Product Information.
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TBxCR<TBSYNC> bit specifies the switching of synchronous mode. If <TBSYNC> bit of
a slave channel is set to "1", the counter will start/stop synchronously with the software or exter-
nal trigger start of a master channel. TBXRUN<TBPRUN, TBRUN> bit of a slave channel is
not required to set. <TBSYNC> bit of the master channel must be set to "0".

Note that if the external trigger counter mode and timer synchronous mode are both set, the timer synchro-
nous mode gains a higher priority.

10.4.2.3 Counter Clear

The up-counter is cleared at the timings below:

1. When a match with TBxRG1 is detected

By setting TBXMOD<TBCLE> = "1", up-counter is cleared if the comparator detects a
match between UC and TBxRGI.

2. When up-counter stops

Up-counter stops and is cleared when TBXRUN<TBRUN> = "0".

3. When TBxINI rises

Up-counter is cleared on rising edge of TBxIN1 when TBxMOD<TBCPM]2:0]> is "100"
or "101".

10.4.2.4  Up-Counter Overflow

If up-counter overflows, the INTTBx overflow interrupt is generated.

10.4.3 Timer Registers (TBXRGO, TBxRG1)

TBxRGO and TBxRG1 are registers to compare with a value of up-counter. The two registers are built in-
to each channel. If the comparator detects a match between a value set in timer register and a value in the up-
counter, the comparator outputs the match detection signal.

TBxRGO and TBxRG1 are double buffered configuration that are paired with register buffers. The double
buffering is disabled in the initial state.

Disabling or Enabling of double buffering is specified by TBXCR<TBWBF>. If <TBWBF> = 0, double buf-
fering becomes disable; if <TBWBF> ="1", it becomes enable.

When double buffering is enabled, data is transferred from the register buffer to the timer register
(TBxRGO0/1) when up-counter is matched with TBxRG1.

When up-counter is stopped even if double buffering is enabled, the double buffering operates as a single buf-
fer, and data can be written to the TBXxRGO and TBxRG1 directly.

10.4.4 Capture Control

This is a circuit that controls the timing of latching values from UC into the TBxCP0 and TBxCP1. The cap-
ture timing of up-counter is specified by TBXMOD<TBCPM[1:0]>.

Software can also capture the value of up-counter into capture registers. The value of up-counter are cap-
tured into the TBxCPO in each time "0" is written to TBXMOD<TBCP>.
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10.4.5 Capture Registers (TBxCPO, TBxCP1)

These registers capture the value of up-counter.

10.4.6 Up-Counter Capture Register (TBxUC)

If TBxUC register is read during the counter operation, the current value of up-counter will be captured
and the value will be read. The value captured at the end is held while the counter is stopping.

10.4.7 Comparators (CPO, CP1)

These circuits compare up-counter and values set to TBxRGO/1 to detect a match. If a match is detected,
INTTBx occurs.

10.4.8  Timer Flip-Flop (TBXFFO)

The timer flip-flop (TBxFFO0) is reversed by a match signal from the comparator and a latch signal to the cap-
ture registers. Reversing is enabled or disabled by setting the TBXFFCR<TBCI1T1, TBCO0T1, TBCIT]I,
TBCITO>.

The value of TBXFF0 becomes undefined after a reset. The flip-flop can be reversed by writing "00" to
TBxFFCR<TBFFOC[1:0]>. It can be set to "1" by writing "01", and can be cleared to "0" by writing "10".

The value of TBXFFO can be output to the timer output pin (TBxOUT). If the timer output is performed, pro-
gram the corresponding port settings beforehand.

10.4.9 Capture Interrupt (INTTBxCAPO, INTTBxCAP1)

INTTBxCAPO and INTTBxCAPI can be generated at the timing of latching value from the up-counter in-
to TBxCPO and TBxCP1.

10.4.10 DMA Request

A DMA request is issued to the DMAC at the timing of match interrupts or capture interrupts generation.
When DMA transfer is performed, set DMA request to be enabled by the corresponding bit of TBXDMA reg-
ister

Note:Even if DMA request is enabled by TBXDMAREQ<TBDMAEN2>, if interrupt mask configuration has
been set by TBxIM<TBIM1>, a DMA request does not occur.
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10.5 Description of Operation for each mode

10.5.1

Interval Timer Mode

When interrupts is generated in constant intervals, set the interval time to the timer register (TBxRG1) to gen-

erate the INTTBx interrupt.

TBXEN<TBEN> = "1"
TBXRUN<TBPRUN><TBRUN> = "00"

Enable INTTBx interrupt

TBxFFCR<TBC1T1><TBCOT1><TBE1T1><TBEOT1> = "0000"

TBxMOD<TBCPM[2:0]> = "000"

TBxMOD<TBCP> = "1"

TBxMOD<TBCLE> = "0"

TBXMOD<TBCLK[2:0]> = "**" (*** = "001" to "111")
TBXRG1 = 0x****

TBXRUN<TBPRUN><TBRUN> = "11"

Note:*; Optional value

10.5.2 Event Counter Mode

Enables TMRBx operation.
Stops prescaler and counter.

Set "1" to the bit corresponding to INTTBx interrupt to ena-
ble the interrupt.

Sets TBxFFO not to invert the signal by detection of a match
between TBXxRGO and TBxRG1, capturing TBxCPO and
TBxCP1.

Changes to prescaler output clock as input clock. Specifies
capture function to disable.

Specifies a timer interval.

Starts prescaler and counter.

It is possible to make TMRBx the event counter by using a source clock as an external clock (TBxIN pin in-

put).

The up-counter counts up on the rising edge of TBXIN pin input. The value of up-counter can be captured
by software. It is possible to read the count value by reading capture values.

TBXEN<TBEN> = "1"

TBXRUN<TBPRUN><TBRUN> = "00"

Allocate the corresponding port to .
TBXxFFCR<TBC1T1><TBCOT1><TBE1T1><TBEOT1> = "0000"

TBxMOD<TBCPM[2:0]> = "000"
TBxMOD<TBCP> = "1"
TBxMOD<TBCLE> = "0"
TBxMOD<TBCLK[2:0]> = "000"
TBXRUN<TBPRUN><TBRUN> = "11"
TBxMOD<TBCP> = "0"

Note:*; Optional value

Enables TMRBXx operation.

Stops prescaler and counter.

Sets TBxFFO not to reverse the signal by detection of a
match between TBXxRGO and TBxRG1, capturing TBxCPO
and TBxCP1.

Changes input clock to .

Starts prescaler and counter.

Captures a counter value by software.
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10.5.3 Programmable Pulse Generation (PPG) Output Mode

Square wave can be output in any frequency and duty. The output pulse can be either low-active or high-ac-
tive.

TBxFFO is reversed when the up-counter matches the set value of TBXRGO and TBxRG1. TBxFFO can be
output from TBxOUT pin.

Note that the set value of TBXRGO and TBxRG1 must be satisfy the following requirement.

Set value of TBXxRGO < Set value of TBxRG1

vt Ao N | N | | | |

1

Match with TBXxRG1 '

(INTTBx interrupt) ( I /ﬂ ﬂ ” ”
1
1

TBXOUT pin |_| |_| |_|

Figure 10-2 Example of programmable pulse generation output

In this mode, by enabling the double buffering, the value of register buffer 0 and 1 are shifted into
TBxRGO and TBxRG1 when UC matches the value of TBxRGI.

This makes possible to modify frequency and duty without a concern of a change timing of TBxRGO and

TBxRGI.
Match with TBXRGO n ”
Up counter= Q4 Up counter= Q,

Match with TBXxRG1 /ﬂ

( Shift trigger to TBxRG1
TBXRCO o) Q X Q,

ompare value l ﬁ\ l
Register buffer Q )( Q, X Q;
Write to TBXRGO Write to TBXRGO

Figure 10-3 Register buffer operation
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The block diagram of this mode is shown below.

TBxOUT (PPGH 71)
Selecter
TBxIN —>»| TBXRUN<TBRUN> FIF
@T1 —>»|
@T4 —>>| ‘ (TBXFFO)
@T16 —>>| - 16-bit Up counter Clear
¢T32 —> ” uc =<
¢T64 —>| I'T
©T128 —»
$T256 —>
z Match z
16-bit comparator  [——p— 16-bit comaprator
- -
<
-
Selecter TBXRGO Selecter TBXRG1
—> N
Write Write N
TBxRGO TBxRG1
| Register buffer 0 | T Register buffer 1
TBXCR<TBWBF> w TBXCR<TBWBF> N
S Internal data bus S

Figure 10-4 Block diagram of 16-bit PPG mode

Each register in the 16-bit PPG output mode should be programmed as listed below.

TBXEN<TBEN> = "1" Enables TMRBXx operation.

TBXRUN<TBPRUN><TBRUN> = "00" Stops prescaler and counter.

TBxCR<TBWBF> = "1" Enables double buffer.

TBxRGO = Ox**** Sets a duty ratio.

TBXRG1 = 0x**** Sets a cycle.
TBXxFFCR<TBC1T1><TBCOT1><TBE1T1><TBEOT1> = "0011" Sets TBxFFO to invert the signal by detection of a match be-
TBXFFCR<TBFFOC[1:0]> = "10" tween TBxRGO or TBxRG1 and the up-counter; sets

TBxFFO not to reverse the signal by capturing TBXCPO or
TBxCP1.Sets an initial value of TBxFFO to "0".

TBxMOD<TBCPM[2:0]> = "000" Changes to prescaler output clock as input clock. Specifies
TBxMOD<TBCP> = "1" capture function to disable.

TBxMOD<TBCLE> = "1"

TBxMOD<TBCLK[2:0]> = "**" (*** = "001" to "111")

Allocate the corresponding port to TBxOUT.

TBXxRUN<TBPRUN><TBRUN> = "11" Starts prescaler and counter.

Note:*; Optional value
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10.5.4 Programmable Pulse Generation (PPG) External Trigger Output Mode

A PPG wave with a short delay time can be output when TMRBX is started by the external trigger count
start mode in the PPG (Programmable Pulse Generation) output mode.

The example of one-shot pulse output (with delay) using external trigger count start is shown below.

To start TMRB in the external trigger count start mode, set "1" to TBXCR<CSSEL> and set "0" to
TBxCR<TRGSEL> to count up TBxIN on the rising edge while 16-bit counter has been stopped.

TBxRGO is set the delay time (d) from an external trigger signal. TBxRG1 is set the value (d)+(p) of
which the delay time (d) is added to the width (p) of one-shot pulse.

To reverse TBxFF0 when the up-counter matches TBxRGO0/1, set "1" to TBXFFCR<TBE1T1>, <TBEOT1>.
To start the up-counter, set "1" to TBXRUN<TBPRUN>, <TBRUN>.

At this time, if the external trigger pulse is input to TBxIN, the up-counter is started on the rising edge of ex-
ternal trigger pulse.

TBxFFO is reversed when the up-counter counts up to (d). It matches TBXxRGO and then TBXFF0 becomes
"High" level.

TBxXFFO is reversed when the up-counter counts up to (d)+(p). It matches TBxXRG1 and then TBxFFO be-
comes "Low" level.

To avoid changing the level of TBXFFO by INTTBx that occurs when the up-counter matches TBxRGl,
clear TBXFFCR<TBEIT1>, <TBEOT1> to "0" or stop the up-counter by TBXRUN<TBPRUN>, <TBRUN>.

(intemal sock) 111 11 1111 (111

OW d d+p
TBxIN pin input

7
(External trigger pulse) Starts counter at the rising edge of external trigger
/I_(YINTTBXO is occurred '
1
|

1

| ,»INTTBx1 is ocouried
: => Disable reve}se
1
1
1

Match with TBXRGO

Match with TBXxRG1 Reverse|
Reverse| X :
1
Timer output
TBxOUT pin T - ) i
1 Delay time ! Pulse width _ |
! ) ' ®) !

Figure 10-5 One-shot pulse output with delay using external trigger count start

The following shows the case that 2 ms width one-shot pulse is output by triggering TBXIN input on the ris-
ing edge after 3 ms has been elapsed. In this example, the source clock is ¢T1.
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[Main process]

Allocates a corresponding port to
TBXEN<TBEN> = "1"
TBXRUN<TBPRUN><TBRUN> = "00"
TBXRGO = 0x****

TBxRG1 = Ox****

TBXFFCR<TBC1T1><TBCOT1><TBE1T1><TBEOT1> = "0011"
TBXFFCR<TBFFOC[1:0]> = "10"

TBXMOD<TBCPM[2:0]> = "000"
TBXMOD<TBCP> = "1"
TBXMOD<TBCLE> = "1"
TBXMOD<TBCLK[2:0]> = "001"

Allocates a corresponding port to TBxOUT.
TBxIM<TBIMOF><TBIM1><TBIMO> = "101"

Capture enable set register = Ox********

TBXRUN<TBPRUN><TBRUN> = "11"
[Process in INTTBx interrupt service routine]
TBxFFCR<TBE1T1><TBEOT1> = "00"
TBXRUN<TBPRUN><TBRUN> = "00"

Note:*; Optional value

Enables TMRBXx operation.
Stops prescaler and counter.
Sets a counter value. (3 ms/@T1
Sets a cycle. ((3+2)ms/@T1)

Sets TBxFFO to invert the signal by detection of a match be-
tween TBxRGO or TBxRG1 and the up-counter; sets
TBxFFO not to reverse by capturing TBxCPO or TBxCP1.

Sets an initial value of TBxFFO to "0".

Sets a source clock to T1. Disables the capture function.

Masks interrupts except one caused by a match with TBxRG1.

Permits INTTBx interrupt by setting the corresponding bit to
.

Starts prescaler and counter.

Disables TBxFFO reverse trigger setting.

Stops prescaler and counter.
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10.6 Applications Using Capture Function
The capture function can be used in many applications.

The applications are shown below.

1. Frequency measurement

2. Pulse width measurement

10.6.1  Frequency Measurement
The following are examples of measuring a frequency of external clock.

In this section, TMRBm is used as 16-bit interval timer mode and TMRBn is used as 16-bit event counter
mode.

To count the up-counter of TMRBn freely by an external clock, set TMnMOD<TBCLK> to "000" and set
TBnRUN<TBEIT1><TBEOT1> to "11".

To reverse TBmFF0O when the up-counter of TMRBm matches TBmRGO and TBmRGI, set
TBmFFCR<TBE1T1> <TBEOT1>to "11".

To capture a value of the up-counter into TBnCPO on the rising edge of TBmFFO0 and to capture a value
of the up-counter into TBnCP1 on the falling edge of TBmFFO0, set TBAMOD<TBCPM][2:0]> to "011".

Set the number of counting external clocks to TBmRGO/1 and start TMRBm.

When a value the up-counter of TMRBm matches TBmRGO, TBmFFO rises and a value of the up-counter
of TMRBn is captured into TBnCP0O. When the up-counter of TMRBm matches TBmRG1, TBmFFO falls
and a value of the up-counter of TMRBn is captured into TBnCP1.

A frequency can be measured from (TBnCP1 - TBnCP0) + (TBmRG!1 - TBmRGO) using INTTBm.

For example, the difference between TBmRG1 and TBmRGO is 0.5 s and the difference between TBnCP1
and TBnCPO is 100, the frequency is 200 Hz (100 +~ 0.5 s = 200Hz)

Depending on the changing timing of TBmFFO, the result of TBnCP1 - TBnCPO will be minus. Correct
the value if TBnCP1 - TBnCPO is minus.

Count clock
(' TBnIN pin input) e - J-I_”_l-l_ﬂ_ ______

C1 Cc2

TBmOUT

Captures UC to
TBnCPO

Captures UC to
TBnCP1

INTTBm

Figure 10-6 Frequency measurement

The following shows in the case that the measured pulse is input to TBnIN. In this example, the source
clock is @T1.
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[Main process] TBmFFO capture setting
Allocates a corresponding port to
TBmMEN<TBEN> = "1"
TBmRUN<TBPRUN><TBRUN> = "00"
TBnEN<TBEN> = "1"
TBnRUN<TBPRUN><TBRUN> = "00"
TBmCR<TBWBF> = "1"

TBmMRGO = 0x****

TBmMRG1 = 0x****
TBmFFCR<TBC1T1><TBCOT1><TBE1T1><TBEQOT1> = "0011"
TBmFFCR<TBFFOCJ[1:0]> = "10"

TBnMOD<TBCPM[2:0]> = "011"
TBnMOD<TBCP> = "1"

TBnMOD<TBCLE> = "0"
TBnMOD<TBCLK]2:0]> = "000"
TBmIM<TBIMOF><TBIM1><TBIM0> = "101"

Capture enable set register = Ox********

TBmRUN<TBPRUN><TBRUN> = "11"
TBnRUN<TBPRUN><TBRUN> = "11"
[Process in INTTBm interrupt service routine]
TBmFFCR<TBE1T1><TBEOT1> = "00"

Fkkkkkkk

Interrupt enable clear register = 0x

Reads TBnCPO0/1 and calculate a frequency.

Note:m, n ; Optional channel number, *; Optional value

Enables TMRBm operation.

Stops prescaler and counter.

Enables TMRBn operation.

Stops prescaler and counter.

Enables double buffer.

Sets an external clock measurement time 1.
Sets an external clock measurement time 2.

Sets TBmFFO to invert the signal by detection of a match be-
tween TBmRGO or TBmRG1 and the up-counter. Sets
TBmFFO not to reverse the signal by capturing TBmCPO or
TBmCP1. Sets an initial value of TBmFFO to "0".

Captures a value of up-counter on rising/falling edge of
TBmFFO. Disables up-counter clear. Sets an input clock to .

Masks interrupts except a match with TBmRG1.

Sets "1" to the bit corresponding to INTTBm to enable the in-
terrupt.

Starts prescaler and counter.

Starts prescaler and counter.

Disables TBmFFO reverse trigger setting

Sets "1" to the bit corresponding to INTTBm to disable the in-
terrupt.
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10.6.2 Pulse Width Measurement

"High" level width of the external pulse can be measured.

To capture a value of the up-counter into TBxCPO on the rising edge of TBxXIN and to capture a value of
the up-counter into TBXxCP1 on falling edge of TBxXIN, set TBXMOD<TBCPM> to "010".

Enables INTTBxCAP1 interrupt.
Enables TMRBx operation.

If rising edge of external pulse is input to TBXIN, a value of the up-counter is captured into TBxCPO. If fall-
ing edge of external pulse is input to TBxIN, a value of the up-counter is captured into TBxCP1 and IN-
TTBxCAPI interrupt occurs.

The "High" level width of the external pulse can be calculated by multiplying the difference between
TBxCPO and TBxCP1 by the clock cycle of a prescaler output clock.

For example, if the difference between TBxCP0O and TBxCP1 is 100 and the cycle of the prescaler output
clock is 0.5 ps, the pulse width is 100 x 0.5 ps = 50 ps.

If a pulse width is beyond the maximum count time of the up-counter, make a correction.
In addition, "Low" level width of an external pulse can be measured.

To calculate the "Low" level width, enable INTTBxCAPO interrupt and multiply the time difference be-
tween first C2 and second C1 in "Figure 10-7 Pulse width measurement" at the second time of IN-
TTBxCAPO by the cycle of the prescaler output clock.

Prescaler
output clock

U .

C2

c B
TBxIN pin input
(External pulse)
1 1 1 1 1
Captures UC to \ ﬂ \ ﬂ
TBXCPO ct : c1 :
\ | / \h | |
1 1
TBXCP1 ) c2 !
\: ! !
INTTBXCAPO I I I
\.
INTTBXCAP1 ﬂ ﬂ

Captures UC to

Figure 10-7 Pulse width measurement

The following describes the example of the measurement of "High" level width of the external pulse into
TBxIN. In this example, the source clock is ¢T1.
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[Main process] capture setting
Allocates a corresponding port to .
TBXEN<TBEN> = "1"
TBXRUN<TBPRUN><TBRUN> = "00"

TBXFFCR<TBC1T1><TBCOT1><TBE1T1><TBEOT1> = "0000"
TBxFFCR<TBFFOC[1:0]> = "10"

TBxMOD<TBCPM[2:0]> = "010"
TBxMOD<TBCP> = "1"
TBxMOD<TBCLE> = "0"
TBxMOD<TBCLK[2:0]> = "001"

Interrupt enable set register = Ox********

TBXRUN<TBPRUN><TBRUN> = "11"

Enables TMRBXx operation.
Stops prescaler and counter.

Sets TBxFFO not to invert the signal if TMRBx detects a
match between TBXxRGO or TBxRG1 and the up-counter, or
when capturing TBxCPO or TBXCP1.

Sets an initial value of TBxFFO to "0".

Sets the source clock to T1. Capture a value of up-counter
on rising edge of pin into TBXxCPO; captures a value of up-
counter on falling edge of pin into TBXCP1.

Set "1" to the bit corresponding to INTTBxCAP1 interrupt to
enable the interrupt.

Starts prescaler and counter.

[Process in INTTBxCAP1 interrupt service routine] Calculates "High" level width

TBxFFCR<TBE1T1><TBEOT1> = "00"

Interrupt enable clear register = 0x

Reads a value of TBXRG0/1 and calculates "High" level width.

Note:*; Optional value

Disables TBxFFO reverse trigger setting

Set "1" to the bit corresponding to INTTBXCAP1 interrupt to
disable the interrupt.
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11. 16-Bit Timer A (TMR16A)

11.1

Outline

TMRI16A contains the following functions:

Match interrupt
Square waveform output

Read capture

In this chapter, "x" indicates a channel number.

11.2 Block Diagram

¢ TO
fsys

Internal data bus

AN

)

tl Source clock

Capture register
T16AXCP

PN

YvY

/]

16-bit counter

RUN

N2

Comparator

w| Output
control

4

] m1eaxouT

w Interrupt

PAN

Match detection

FFEN

CLK | FFCR

RUN register
T16AXRUN

Timer register
T16AXRG

Control register
T16AXCR

TT

il
i

il
et

Internal data bus

< Ryt

Figure 11-1 Block diagram of TMR16A

7 INTT16Ax
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11.3 Registers

11.3.1 Register List

The table below shows control registers and their addresses.

For detail of the base address, refer to "Address lists of peripheral functions" of "Memory Map" chapter.

Register name Address(Base+)
Enable register T16AXEN 0x0000
RUN register T16AXRUN 0x0004
Control register T16AxCR 0x0008
Timer register T16AXRG 0x000C
Capture register T16AXCP 0x0010

Note:When T16ARUN<RUN> is set to "1", do not modify T16AXEN, T16AXxCR, T16AxRG and T16AxCP.
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11.3.1.1  T16AxEN (Enable Register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol - - - - - - HALT -
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function

31-2 - R Read as "0".

1 HALT R/W Operation during halt mode debug
0: Operating
1: Stop
Specifies the operation during halt mode debug. Write "1" to the bit to stop the operation.

0 - R/IW Reserved.

11.3.1.2 T16AxRUN (RUN Register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol - - - - - - - RUN
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-1 - R Read as "0".
0 RUN R/W Counter operation
0: Stop
1: Operating
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11.3.1.3 T16AxCR (Control Register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol FFEN - FFCR - - - CLK
After reset 0 0 1 1 0 0 0 0

Bit Bit Symbol Type Function
31-16 - R Read as "0".
15 - R/W Write to "0"
14-8 - R Read as "0".
7 FFEN R/W Inverse of T16AXOUT
0: Disabled
1: Enabled
Write "1" to the bit to invert TIBAXOUT when the counter matches with T16ARG.
6 - R Read as "0".
5-4 FFCR[1:0] T16AxOUT control
00: Invert
01: Set
10: Clear
11: No operation
Write a value to the bit to control T16AxOUT by software.
Read as "11".
3-1 - R Read as "0".
0 CLK R/W Source clock
0: fsys
1: @TO
Specifies a source clock.
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11.3.1.4 T16AxRG (Timer Register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol RG[15:8]

After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol RG[7:0]

After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31-16 - R Read as "0".
15-0 RG[15:0] R/W Set a value to compare with a counter
Note:Do not set "0x0000".
11.3.1.5 T16AXCP (Capture Register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol CP[15:8]

After reset 0 0 0 0 0 0 0 0

7 6 5 4 8 2 1 0
bit symbol CP[7:0]

After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function

31-16 - R Read as "0".

15-0 CP[15:0] R/W Counter value

[Read]

Reads a current counter value.

[Write]

Sets a counter value. Since the counter is cleared only when the counter matches with T16AXxRG<RG>,
write "0x0000" to clear the register before starting the operation.
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11.4 Operation Description

11.4.1 Timer Operation

1. Preparation

Select a source clock with TI6AXCR<CLK>. Write "0" to set fsys or write "1" to set ®TO. Set a
counter value to TI6AXRG<RG[15:0]>.

2. Counter operation
Before starting counter operation, set "0x0000" to T16AxCP<CP> to clear the counter.
To start count-up, set "1" to TIGAXRUN<RUN>. If the counter value matches with a value of
T16AXxRG<RG[15:0]>, it will be cleared to "0x0000" and continued to count-up.

3. Match detection interrupt generation

If a counter value matches with a value of TI6AXRG<RG[15:0]>, a match detection interrupt
INTT16Ax will be output.

4. Stop

To stop counts, set "0" to TI6AXRUN<RUN>. The counter value is held. Then clear the counter
before counting is started by setting "1" to <RUN>.

Note: Modification of T16AXCR, T16AxRG and T16AxCP must be performed while the counter is stopping
(T16AXRUN<RUN> is set to "0").

11.4.2 T16AxOUT Control
T16AxOUT is modified by register setting or by matching the counter with TI6AxXRG.

An initial state of TI6AxOUT is "0".

1. Control by software

With TI6AXCR<FFCR[1:0]> setting, TI6AxOUT can be specified; "1" is to set, "0" is to clear,
and also the inverted setting is possible.

Modify TI6AxCR while the counter stops (TI6AXRUN<RUN> is "0").

2. Inverse due to matching counter

Write "1" to TIGACR<FFEN> to invert TI6AXOUT. When T16AXxRG<RG[15:0]> matches with
a counter value, TI6AXOUT will invert. When the counter stops, a state of TI6AXxOUT will remain.

11.4.3 Read Capture

A current value of the counter can be captured by reading TI6AXCP<[15:0]>.

11.4.4 Automatic Stop

With the setting of TIGAXEN <HALT>, TMR16A automatically stops in the following conditions:
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1. Debug halt

With TI6AXEN<HALT> setting, TMR16Ax operation during debug halt can be specified. If "0"
is set, TMR16Ax automatically stops count-up when the transition to the debug halt mode occurs.
If debug halt mode of the core is cancelled, count-up will restart.
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12. High Resolution 16-bit Timer (TMRD ver.C)

12.1 Outline

TMRD consists of 16-bit program rectangular wave output (PPG).

1. 16-bit programmable rectangular pulse form output (PPG)

This timer has the 1-bit modulation function that allows a higher pseudo-resolution when using PWM out-
puts.
In 16-bit programmable rectangular pulse output mode, the following two modes are available.
- PPG mode in which two units independently output programmed rectangular waves.

- Interlock PPG mode is a mode that can change the phase relation between the pulse generated by
one timer unit and the pulse generated by another timer unit in the range from -180 to +180 degree.

2. Synchronous cycle signal output function
This timer can output signals that is synchronous with a timing of rectangular wave output (PPG).

non_n

As notational conventions, circuit elements and registers in TMRD are collectively described as "m", "n" or
"**" in a product name.

In this section, "m", "n" and "**" lie within the following bounds in the table unless otherwise noted.

>

Table 12-1 Description of notation

Symbol Value Note
Oto5 n=0
m
Oto4 n=1
n Oto1
** n0 or n1
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12.2 Configuration

12.2.1  Timer Unit
TMRD consists of 2 timer units such as TMRO and TMR1.

TMDRO consists of 16-bit counter (UCO0), 6 comparators (CPOm, m=0 to 5) and 2 outputs channels (CHOO
and CHO1).

CHOO uses CP0O1, CP02 and wave generation circuit 00 (WGO00) to output PPG output (PPG00). CHO1
uses CP03, CP04 and WGO1 to output PPG output (PPGO1).

TMRI consists of 16-bit counter (UC1), 5 comparators (CP1m, m=0 to 4) and 2 output channels (CH10
and CHI11).

CH10 uses CP11, CP12 and WG10 to output PPG output (PPG10). CH11 uses CP13, CP14 and WG11 to out-
put PPG output (PPG11).

TMRO and TMRI can operate in an interlocked manner. They operate on the cycle specified in CPO5.

12.2.1.1  Block Diagram of Timer Unit

No event —»'00
TMRO update timing signal

?; INTTDXOCMPO
Comparator00 H
(CP00) UCOOVF —>|, 11
(i)
TDOXCR<TDISO[1:0]>
CLR ______-__________m_‘
H o Comparator01 INTTDXOCMP1 |
<TDRUN> —+—>{
g [ _sETICLR preo0 | swoo
: =33 Wave | o~ 00-phase output
: e enerator OCI | [——> TDx00UTO
TMRDCLKO —+—>»| I 1 TDX0OUTOIN
. Co 0 CLR/SET
H CLK (CP02) I_> INTTDXOCMP2 | f
(trailing edge) '| | SWo1 control circuit|
>N\
0
-t ]
—_—— et —— > 1 TDXODIROIN
| Comparator03 1—) INTTDXOCMP3 CHO ll H
(CPO03) ] SETICLR H L 0-phase output
| Wave PPGO1 | : 0< swi1o 01-phase output
| Eeneratorm | H [——> TDx00UT1
| CLRISET | : 1 TDX0OUT1IN
| -| I_> INTTDXOCMP4 | H swit control circuit|
L ' B <
b R H > TDXODIR1IN
Comparator05 :
(CPO5, H
(Phaso shifor) :
H

Inter lock PPG mode

W No event 00
TMR1 Update timing signal o1 H
INTTDX1CMPO | &
No event 10 H

Comparator10 | |
(CP10) UC10VF —>»| 11

(Cycle determination)

TD1xCR<TDISO[1:0]>

ol H
INTTDX1CMP1 | H
SET/CLR SW20

I S ” CH10!
H - omparator
STORUN- —>16 (Gt o0
: % i; Wave |PPG10 I >|0 10-phase output
H 3~ 1 lgenerator1 i H 1 » TDx10UT0
TMRDCLK1 —.—> 8 Comparatori CLRISET | : TDX10UTOIN
oK, (CP12) INTTDX1CMP2 : —
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H NEN
- ] H
e H >1 TOXIDIROIN
Comparator13 INTTDx1CMP3 1] H
(CP13) | : L 1-phase output
| (leading edge) SET/CLR . 30
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1 generator11 H |————>» TDx10UT1
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Figure 12-1 Block diagram of TMRD timer unit
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12.3 Registers

12.3.1 Register List

12.3.1.1  Register List (TMRD)
The following are control registers and addresses.

For details of base addresses, refer to "The Peripheral function base address list" of "Memory Map" Chapter.

Register name Address (Base+)
TMRO timer RUN register TDORUN 0x0000
TMRO timer control register TDOCR 0x0004
TMRO Timer mode register TDOMOD 0x0008
TMRO DMA request enable register TDODMA 0x000C
TMRO timer Register 0 TDORGO 0x0014
TMRO timer register 1 TDORG1 0x0018
TMRO timer register 2 TDORG2 0x001C
TMRO timer register 3 TDORG3 0x0020
TMRO timer register 4 TDORG4 0x0024
TMRO timer register 5 TDORG5 0x0028
TMR1 timer register 0 TD1RGO 0x002C
TMR1 timer register 1 TD1RG1 0x0030
TMR1 timer register 2 TD1RG2 0x0034
TMR1 timer register 3 TD1RG3 0x0038
TMR1 timer register 4 TD1RG4 0x003C
Update flag setting register TDBCR 0x0040
Timer enable register TDEN 0x0050
Timer config register TDCONF 0x0054
Reserved - 0x0060
Reserved - 0x0064
Reserved - 0x0068
Reserved - 0x006C
TMR1 timer RUN register TD1RUN 0x0100
TMR1 timer control register TD1CR 0x0104
TMR1 Timer mode register TD1MOD 0x0108
TMR1 DMA request enable register TD1DMA 0x010C
TMRO compare register 0 TDOCPO 0x0114
TMRO compare register 1 TDOCP1 0x0118
TMRO compare register 2 TDOCP2 0x011C
TMRO compare register 3 TDOCP3 0x0120
TMRO compare register 4 TDOCP4 0x0124
TMRO compare register 5 TDOCP5 0x0128
TMR1 compare register 0 TD1CPO 0x012C
TMR1 compare register 1 TD1CP1 0x0130
TMR1 compare register 2 TD1CP2 0x0134
TMR1 compare register 3 TD1CP3 0x0138
TMR1 compare register 4 TD1CP4 0x013C
Reserved - 0x0160
Reserved - 0x0164
Reserved - 0x0168
Reserved - 0x016C
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Note 1: Do not access the addresses that are noted as "Reserved".
Note 2: Read or write registers in the units of words.

2016/6/27 Page 198



TMPM066FWUG TMPM067FWQG TMPMO068FWXBG

(1) TDBCR (Update Flag Setting Register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol - - - PHSCHG TDSFT11 TDSFT10 TDSFTO1 TDSFT00
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31-5 - R Read as "0".
4 PHSCHG R/W Sets a relationship between 0-phase output and 1-phase output (advance/delay).
0: Delayed or same phase
1: Advanced or same phase
Sets a relationship between 0-phase output and 1-phase output (advance/delay).
The setting is reflected at the timing of boot by setting TDORUN<TDRUN>=1. During operation, the setting
is reflected at the timing of update triggered by <TDSFT00>.
3 TDSFT11 R/W Update enable flag of TD1xCP3/TD1xCP4 (Updates of output channel CH11’s comparator.)
0: Invalid
1: Update is enabled.
This flag is an enable flag used to update a value of TD1RGm corresponding to TD1xCPm in TMR1.
When data of compare register is updated, <TDSFT11> is cleared.
2 TDSFT10 R/W Update enable flag of TD1xCPO/TD1xCP1/TD1xCP2 (Updates of output channel CH10’s comparator and
CP10)
0: Invalid
1: Update is enabled.
This flag is an enable flag used to update a value of TD1RGm corresponding to TD1CPm in TMR1. When
data of compare register is updated, <TDSFT10> is cleared.
1 TDSFTO1 R/W Update enable flag of TDOCP3/TDOCP4 (Updates of output channel CHO1’s comparator)
0: Invalid
1: Update is enabled.
This flag is an enable flag used to update a value of TDORGm corresponding to TDOCPm in TMRO. When
data of compare register is updated, <TDSFT01> is cleared.
0 TDSFT00 R/W Update enable flag of TDOCPO/TDOCP1/TDOCP2/TDOCP5 (Updates of output channel CHOO’s comparator
and CP00)
0: Invalid
1: Update is enabled.
This flag is an enable flag used to update a value of TDORGm corresponding to TDOCPm in TMRO.
When data of compare register is updated, <TDSFT00> is cleared.

Note 1: A status of update enable flag can be monitored by reading each register.

Note 2: <PHSCHG> is valid only in interlock PPG mode while TDCONF<TMRDMOD|2:0]>="111" is set. (In timer mode, inter-
lock timer mode, PPG mode and interlock PPG mode, if TDCONF<TMRDMOD[2:0]>="110" is set, 0-phase and 1-
phase outputs cannot be switched.)
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(2) TDEN (Timer Enable Register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol TDEN1 TDENO TDHALT - - - - -
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-8 - R Read as "0".
7 TDEN1 R/W Clock supply operation to TMR1.

0: Stop (OFF)
1: Operation (ON)
Sets on/off of the clock supply operation into TMR1.

6 TDENO R/W Clock supply operation to TMRO.

0: Stop (OFF)

1: Operation (ON)

Sets on/off of the clock supply operation into TMRO.

5 TDHALT R/W Operation setting during debug (up-counter at HALT)

0: Stop (Only up-counter stops.)

1: Operation (No up-counter stops.)

Sets the operation when a HALT instruction occurs during debug.

4-0 - R Read as "0".
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(3) TDCONF (Timer Config Register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol - - - - - TMRDMOD
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-8 - R Read as "0".
7 - R/W Reserved.
6 - R/W Reserved.
5-3 - R Read as "0".
2-0 TMRDMOD R/W Operation mode selection
[2:0] Set the operation mode of TMR1 and TMRO.

110 :

11

<TMRDMOD[2:0}>
000 :
001 :
010 :
011 :
100 :
101 :

Operation mode of TMRO

Reserved
Reserved
PPG mode
PPG mode

Operation mode of TMR1

Reserved
PPG mode
Reserved
PPG mode
Reserved
Prohibited

Interlock PPG mode

Update timing of CHOO in TMRO is synchronous with CH10 in

TMR1.

Interlock PPG mode

(Update timing of CHOO in TMRO is synchronous with those of
all channels of TMR1.)

Note 1: When the timer mode or PPG mode (<TMRDMODI[2:0]>="000" to "100") is set, TMRDCLKO and
TMRDCLK1 can be set respectively.

Note 2: When the interlock mode (<TMRDMODI[2:0]>="110" to "111") is set, TMRDCLKO and TMRDCLK1 can-
not be set respectively. A value of TD1MOD<TCLK([3:0]> is ignored and a frequency of TMRDCLK1 be-
comes the same as those of TMRDCLKO.
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(4) TDnRUN (TMRn Timer RUN Register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol - - - - - - - TDRUN
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function

31-2 - R Read as "0".

1 - w Always write "0".

0 TDRUN w TMRn operation
0: Stops TMRn operation
(Stops the operation of COUNTERN (UCn) and initializes them to "0".)
1: Starts TMRn operation
(Starts the operation (up-counting) of COUNTERN (UCn).)
Controls the count operation of TMRn.

Note:In interlock PPG mode, the setting of TD1RUN<TDRUN> is invalid, and starts the interlocking operation with

ucCo.
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(5) TDnCR (Timer Control Register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol - - - - TDMDCYn1 TDMDPTn1
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol TDMDCYnO TDMDPTNO - TDRDE TDISO
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-12 - R Read as "0".
11-9 TDMDCYn1 R/W Select a cycle of 1-bit modulation in output channel CHn1.
[2:0] 000 : No 1-bit modulation function
001 : (A cycle defined with CPn0)  x 2
010 : (A cycle defined with CPn0) x4
011 : (A cycle defined with CPn0) x 8
100 : (A cycle defined with CPn0)  x 16

Other than the above settings are prohibited.

Selects a 1-bit modulation cycle in output channel CHn1 in the PPG and interlock PPG mode. (When n=0,
PPGO01 is set; when n=1, PPG11 is set.)
A setting value to this register has no meaning in the timer mode or interlock timer mode.

Note that when n=1, set the same value to TD1CR as TDOCR<TDMDCYO00[2:0]> in the interlock PPG
mode (TDCONF<TMRDMODI[2:0]>="111").

8 TDMDPTn1 R/W Selects an update timing of TDnCP3 / TDnCP4
0: Every 1-bit modulation
1: A match detection with CPn0

Selects an update timing of DNCP3 or TDnCP4 value via timer registers in the PPG and interlock PPG
mode (<TDRDE>=1).

However, when <TDMDCYn1[2:0]>="000", the operation is the same as the operation in which "1" is set.
Thus, a setting value to this register has no meaning.

Note that when n=1, set the same value to TD1CR as TDOCR<TDMDPTO00> in the interlock PPG mode
(TDCONF<TMRDMOD[2:0]>="111").

A setting value to this register has no meaning in the timer mode or interlock timer mode. Depending on a
value of TDNMODO<TDCLE>, this register is updated at the following timings.

TDOMOD<TDCLE>=0AFUpdated at which COUNTERO overflows.
TDOMOD<TDCLE>=1AFUpdated at which a match is detected in CP0O.

7-5 TDMDCYnO R/W Selects a 1-bit modulation cycle in output channel CHnO.
[2:0] 000 : No 1-bit modulation function

001 : (A cycle defined with CPn0) x 2

010 : (A cycle defined with CPn0) x 4

011 : (A cycle defined with CPn0) x 8

100 : (A cycle defined with CPn0)  x 16

Other than the above settings are prohibited.

Selects a 1-bit modulation cycle in output channel CHnO in the PPG and interlock PPG mode. (When n=0,
PPGO0O is set; when n=1, PPG10 is set.)

Note that when n=1, set the same value to TD1CR as TDOCR<TDMDCYO00[2:0]> in the interlock PPG
mode (TDCONF<TMRDMOD][2:0]>="110" or "111").

A setting value to this register has no meaning in the timer mode or interlock timer mode.
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Bit

Bit Symbol

Type

Function

TDMDPTNO

R/W

Select an update timing of TDNCPO/TDNCP1/TDnCP2 (when n=0, TDOCPS5 is included.)
0: Each 1-bit modulation cycle
1: Match detection with CPn0

In the PPG and interlock PPG mode, when <TDRDE>=1 is set, update timings of TDnCP0,TDnCP1 and
TDnCP2 (when n=0, TDOCPS5 is included.) are selected.

However; when <TDMDCY00[2:0]>="000", the operation becomes the same as those when "1" is set, so
that setting values to this register has no meaning.

In the interlock PPG mode (TDCONF<TMRDMOD[2:0]>="110" or "111") is set, set the same value to
TDOCR<TDMDPT11> as those of TDOCR<TDMDPTO00>.

A setting value to this register has no meaning in the timer mode or interlock timer mode. Values are upda-
ted at the following timing according to a value of TDnMODO<TDCLE>.

TDOMOD<TDCLE>=0AFUpdated when COUNTERO overflows.
TDOMOD<TDCLE>=1AFUpdated when a match in CP00 is detected.

Read as "0".

TDRDE

R/W

Sets data writing path to the compare register (TDNnCPm).
When n=1, a value specified in TDOCR<TDRDE> is selected in the interlock PPG mode.

0: Direct write by the CPU instruction

When a value is written to timer register (TDnRGm), this value is written to the corresponding compare reg-
ister (TDNCPm) simultaneously.

At this time, TDBCR<TDSFTn0><TDSFTn1> is no need to set to "1" (update enable setting).
1: Writing via timer register (TDnRGm) in TMRO.
Sets TDBCR<TDSFTn0><TDSFTn1> to "1".

A value of
PPG modef/interlock TDnMOD When a match is detected with CPn0, a value of timer registers
PPG mode <TDCLE> has | (TDnRGm) is written to compare registers (TDNnCPm).

no meaning.

TDISO[1:0]

R/IW

Interrupt event of INTTDNnCMPO

00: No interrupt events

01: A match with CPn0

10: When n=0, a match with CPO05 is detected; when n=1, there is no interrupt event.
11: When UCn overflows (In PPG mode, there is no interrupt event.)

IN Select an interrupt event of TTDNCMPO
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(6) TDnMOD(Timer Mode Register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol TDIV1 TDIVO - TDCLE TDCLK
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-8 - R Read as "0".
7 TDIV1 R/W Sets the initial setting of PPGn1 on leading edge/trailing edge. (When n=0, PPGO01 is set: when n=1,
PPG11 is set.)
0: Rise when a match with CPn3 is detected and fall when a match with CPn4 is detected.
1: Fall when a match with CPn3 is detected, and rise when a match with CPn4 is detected.
Selects a polarity of leading edge/trailing edge of output signal PPGO01 in output channel CHn1.
6 TDIVO R/W Sets the initial setting of PPGn0 on leading edgel/trailing edge. (When n=0, PPGO0O is set; when n=1,
PPG10 is set.)
0: Rise when a match with CPn1 is detected and fall when a match with CPn2 is detected.
1: Fall when a match with CPn1 is detected, and rise when a match with CPn2 is detected.
Selects a polarity of leading edge/trailing edge of output signal PPGOO0 in output channel CHnO.
5 - R Read as "0".
4 TDCLE R/W UCn operation when a match with CPn0 is detected.
0: Operates as a free-running counter regardless of a match detection.
1: Initialized to "0" when a match is detected.
Sets UCn operation when a match with CPn0 is detected.
3-0 TDCLK][3:0] R/W Selects a prescaler of TMRn
0000: ftmrd
1000: ftmrd/2
1001: ftmrd/4
1010: ftmrd/8
1011: ftmrd/16
Other than the above are prohibited.
Selects a frequency of TMRDCLKn.

Note: A setting of <TDCLE>="0" is invalid in the PPG mode or interlock PPG mode. (It does not op-
erate as a free-run counter.)
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(7) TDnDMA (DMA Request Enable Register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol - - - - - - - DMAEN
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function

31-5 - R Read as "0".

4-1 - R/W Always write "0".

0 DMAEN R/W Set DMA request enable setting (INTTDnCMPO)
1: Enabled
0: Disabled
Set DMA request to be enabled/disabled. (Issue DMA request by INTTDnCMPO event.)
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(8) TDnRGO (Timer Register 0)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol TDRGO
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol TDRGO
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-16 - R Read as "0".
15-0 TDRGO[15:0] R/W For details of the setting range of the cycle, refer to "Table 12-4 Setting range of compare register in 16-
bit programmable rectangular wave output (PPG)", and Chapter "Product Information.".
16-bit PPG :Sets a cycle of rectangular wave output (However, in interlock PPG
mode, TD1CPO is not used as a cycle setting register.)
(9) TDnRG1 (Timer Register 1)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol TDRG1
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol TDRG1
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31-16 - R Read as "0".
15-0 TDRG1[15:0] R/W Timing setting
16-bit PPG : Sets the timing on leading edge of PPGO0/PPG10 signal.
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(10) TDnRG2 (Timer Register 2)
31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol - - - - TDRG2
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol TDRG2
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol TDRG2 TDMDRT
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31 - R/IW Write as "0".
30-20 - R Read as "0".
19-4 TDRG2[15:0] R/IW Timing setting
16-bit PPG : Sets a timing on trailing edge of PPG00/PPG10 in CHNO.
3-0 TDMDRT[3:0] R/W 1-bit modulation rate setting
Both in PPG mode and interlock PPG mode, sets 1-bit modulation rate for CHn0. Depending on a value of
<TDMDCY00[2:0]><TDMDCY01[2:0]><TDMDCY10[2:0]><TDMDCY 11[2:0]>, a valid value of this register
will be different.
<TDMDCY**[2:0]> Valid bit of <TDMDRT[3:0]> Rate setting
000 : All bits are ignored. None
001 :<TDMDRT[3]> is valid. Other bits settings are ignored. Oto1
010 :<TDMDRT[3:2]> is valid. Other bits settings are ignored. Oto3
011 :<TDMDRTI[3:1]> is valid. Other bits settings are ignored. Oto7
100 :<TDMDRT[3:0]> is valid. 0to 15
A rate is the number of rectangular waves that delays the timing of trailing edge by 1 clock of TMRDCLKn
in 1-bit modulation cycles
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(11) TDnRG3 (Timer Register 3)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol TDRG3
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol TDRG3
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-16 - R Read as "0".
15-0 TDRG3[15:0] R/W Timing setting
16-bit PPG : Sets the timing of leading edge of PG01/PPG11 signal
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(12) TDnRG4 (Timer Register 4)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - TDRG4
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol TDRG4
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol TDRG4 TDMDRT
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31 - R/W Write as "0".
30-20 - R Read as "0".
19-4 TDRG4[15:0] R/W Timing setting
16-bit PPG : Sets the trailing edge Timing setting of PPG01/PPG11 output of
CHn1.

3-0 TDMDRTI3:0] R/W 1-bit modulation rate setting

Both in PPG mode and interlock PPG mode, sets 1-bit modulation rate for CHn1. Depending on a value of
<TDMDCYO01[2:0]><TDMDCY11[2:0]>, a valid value of this register will be different.

Valid bits of <TDMDRTI3:0]>

000
001
010
011
100

<TDMDCY**[2:0]>

:All bits are ignored.
:<TDMDRTI[3]> is valid but the other bit settings are ignored.

:<TDMDRT[3:2]> is valid but the other bit settings are ignored.
:<TDMDRT[3:1]> is valid but the other bit settings are ignored.
:<TDMDRT[3:0]> is valid.

Rate setting
None
Oto1
Oto3
Oto7
0to 15

A rate is the number of rectangular waves that delays the timing of trailing edge by 1 clock of TMRDCLKn
in 1-bit modulation cycles.
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(13) TDORGS (Timer Register 5)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - TDRG5
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol TDRG5
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol TDRG5 -
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-17 - R Read as "0".
16-1 TDRG5[15:0] R/W Set timing setting and the amounts of phase shift
16-bit PPG : Set the amount of phase shift in the interlock PPG mode (In the
PPG mode, this bit is invalid.)
0 - R/W Write as "0".
(14) TDnCPO (Timer Compare Register 0)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol CPRGO
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol CPRGO
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-16 - R Read as "0".
15-0 CPRGO[15:0] R For details of the setting range of the cycle, refer to "Table 12-4 Setting range of compare register in 16-
bit programmable rectangular wave output (PPG)", and Chapter "Product Information.".
In the interlock PPG mode, TD1CPO is not used as cycle setting register.

Note: Compare register TDnCPO has double-buffering structure with timer register TDNnRGO. Timer
registers are used to write the compare registers.
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(15) TDnCP1 (Timer Compare Register 1)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol CPRG1
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol CPRG1
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-16 - R Read as "0".
15-0 CPRG1[15:0] R Timing setting
Note: Compare register TDNCP1 has double-buffering structure with timer register TDnRGO. Timer
registers are used to write the compare registers.
(16) TDnCP2 (Timer Compare Register 2)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - CPRG2
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol CPRG2
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol CPRG2 CPMDRT
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31-20 - R Read as "0".
19-4 CPRG2[15:0] R Timing setting register
3-0 CPMDRT[3:0] R 1-bit modulation rate setting

Note: Compare register TDnCP2 has double-buffering structure with timer register TDNRG2. Timer
registers are used to write the compare registers.

2016/6/27 Page 212



TMPM066FWUG TMPM067FWQG TMPMO068FWXBG

(17) TDnCP3 (Timer Compare Register 3)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol CPRG3
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol CPRG3
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-17 - R Read as "0".
15-0 CPRG3[15:0] R Timing setting

Note: Compare register TDNCP3 has double-buffering structure with timer register TDNRG3. Timer

registers are used to write the compare registers.

(18) TDnCP4 (Timer Compare Register 4)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - CPRG4
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol CPRG4
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol CPRG4 CPMDRT
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-20 - R Read as "0".
19-4 CPRG4[15:0] R Timing setting
3-0 CPMDRT[3:0] R 1-bit modulation rate setting

Note: Compare register TDnCP4 has double-buffering structure with timer register TDNRG4. Timer

registers are used to write the compare registers.
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(19) TDOCP5 (Timer Compare Register 5)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - CPRG5
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol CPRG5
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol CPRG5
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-17 - R Read as "0".
16-0 CPRG5[16:0] R Sets the timing and the amount of phase shift.
Note: Compare register TDnCP5 has double-buffering structure with timer register TDNRG5. Timer
registers are used to write the compare registers.
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12.4 Operation Description

12.4.1 Prescaler Clock

The prescaler clock TMRDCLKn operates the timer units. It selects a source clock for CG block by CGEX-
TENDOO via PLL circuit. Clock setting register selects a prescaler clock for each timer units (TMRO0/1) by
TDnMOD<TDCLK]3:0]>.

Note that when interlock PPG mode is used, a value of TD1IMOD<TDCLK]3:0]> is ignored and a frequen-
cy of TMRDCLKI1 becomes a number defined in TDOMOD<TDCLK][3:0]>.

Note: A maximum operation frequency for timer units (TMRn) is 96MHz.

12.4.2 Timer Unit (TMRO, TMR1)
TMRD consists of 2 timer units (TMRO and TMR1).

TMRO consists of a 16-bit counter (UCO), 6 comparators (CPOm, m=0 to 5) and 2 output channels (CHO00
and CHO1).

TMRI1 consists of a 16-bit counter (UC1), 5 comparators (CP1m, m=0 to 4) and 2 output channels (CH10
and CHI11).

TMRO and TMRI1 can be interlocked at the cycle defined by CPOS5.

12.4.21  Counter (UCn)
UCn is a 16-bit binary counter that counts up at the clock (TMRDCLKn) output from clock setting block.

If "0" is set to TDnRUN<TDRUN>, the counter is reset and stops. If "1" is set to <TDRUN>, the coun-
ter starts.

If "0" is set to TDnMOD<TDCLE>, the counter operates as a free-running counter.

If "1" is set to <TDCLE>, the counter operates as one that is reset when a match with CPn0 is detec-
ted. However, UC1 is reset when a match with CP0S5 is detected in the interlock PPG mode, not with CP10.

12.4.2.2 Comparator (CPnm)

The timer unit 0 (TMRO) has 6 comparators (CPO0O to CP0S5); The timer unit 1 (TMR1) has 5 compara-
tors (CP10 to CP14).

The function of each comparator are as follows:

TMRD Function

CPO Determines a cycle of TMRn.

CP1,CP3, Specifies a timing on leading edge of rectangular wave in PPG mode/interlock PPG
mode.

CP2,CP4 Specifies a timing on trailing edge of rectangular wave in PPG mode/interlock PPG
mode.

CPO5 Specifies the relation of phases between TMRO rectangular wave output and TMR1 rec-
tangular wave output in the interlock PPG mode.

These comparators have timer registers (TDnRGm), compare registers (TDnCPm), write timing genera-
tion circuit and match detection circuit.

TDnRGm and TDnCPm have double-buffering structure. When data is written to TDnRGm, the same da-
ta is written to TDnCPm at the timing according to a value of TDnCR<TDRDE> shown as below.
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TDNnCR<TDRDE> =0 : When data is written to TDnRGm, the same value is written to TDNnCPm simultaneously.

However, TDnCPm is a read-only register; therefore direct writing specifying to this address can-
not be performed.

( An initial setting to TDNCPm can be changed freely.)

TDNCR<TDRDE> =1 : | When update enable flag (TDBCR<TDSFT**>) is set to "1", a value of TDNnRGm is written to
TDnCPm at the specified timing.

Details of update timing is described in Section Operation Mode.

Structures of each comparator are shown below.

(1) CPOO, CP0O1, CP03, CP10, CP11, CP13

The comparators (CPnm) have timer registers (TDnRGm), compare registers (TDnCPm), write tim-
ing generation circuit n and match detection circuit nm. (n=0, 1, m=0, 1, 3)

TDnRGm : 16-bit timer register

TDnCPm : 16-bit compare register

Write timing generation cir- : Generate the timing to write a value of each timer register to each com-

cuit n pare register.

Match detection circuit nm : Detects a match between a counter output value of UCn and
TDnCPm<CPRGmM[15:0]>.

Match detection

> output
(CPnm out)

Match detection
circuit
nm

Match signal with CP0O0 (n=0)
Match signal with CP00 or CP10 (n=1) > TDnxCPm
<CPRGm[15:0]>

TDXCONF<TMRDMOD[2:0]> ——>»|

[Write timing
TDXnCR<TDMDCY*[2:0)> —> gi?recﬁ:iﬁ” > ‘
TDXnCR<TDMDPT**> —> ‘
TBXBCRTDSFT**> — !
(Update enable flag in each channel)

Compare register
> TDnxCPm

TDnxCR<TDRDE>
Write signal to Timer register
timer register TDnxRGm
From CPU

Figure 12-2 Configuration of comparators (CP00, CP01, CP03, CP05, CP10, CP11, CP13)

(2) CPOZ2, CP04, CP12, CP14

The comparators (CPnm) have timer registers (TDnRGm), compare registers (TDnCPm), write tim-
ing generation circuit n, match detection circuit nm and 1-bit modulation setting circuit nm. (n=0,1,
m=2,4)

The match detection circuit output nm is shifted by 1 clock depending on control output signal lev-
els of 1-bit modulation setting circuit nm.
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TDnRGm
TDnCPm

Write timing generation circuit n

1-bit modulation setting circuit nm

Match detection circuit nm

Match signal with CP00 (n=0)

Match signal with CP00 or CP10 (n=1) >/

TDXCONF<TMRDMOD[2:0)> ———>

[Write timing
TDXnCR<TDMDCY*[2:0]> ~ ——>®jgeneration

» TDnxCPm[31,19:0]

circuit n
TDXnCR<TDMDPT**> —>
TBXxBCRTDSFT**> —>
(Update enable flag in each channel)
TDnxCR<TDRDE>
Write signal to

16-bit timer register

By setting 16-bit compare register (<CPRGm[15:0]>)<CPMDRTI[3:0]>, this
register operates as equivalent to 20-bit compare register.

Generates the timing at which a value of each timer register is written to
each compare register.

Operates in the PPG/interlock PPG mode.

Within1-bit modulation cycle, this circuit outputs control signals to the match
detection circuit mn. The number of rectangular cycles (CP00/CP10) is speci-
fied using CDNCPmM<CPMDRTI3:0]>. The timing is widen by 1 clock adding
to a value specified with TDNnCPm<CPRGm[15:0]>.

Generates the following 2 signals and outputs a match signal based on the
control signal input from 1-bit modulation setting circuit nm.

- A signal output at the timing of match between an output value of UCn and

a value specified in TDNnCPm<CPRGmM[15:0]>.

- A output signal shifted by 1 clock of TMRDCLKn This signal is shifted by
1clock of TMRDCLKn that is a match output signal between UCn and
TDNCPm<CPRGmM[15:0]>.

Match detection Match detection
circuit output
nm (CPnm out)

TDnxCPm
<CPRGm[15:0]>

Control signal

1-bit
modulation
setting circuit nm

TDnxCPm
<CPMDRT[3:0]>

w Synchronous cycle
[ signal

Compare register

Timer register

timer register

TDnxRGm

From CPU

Figure 12-3 Configuration of comparators (CP02, CP04, CP12, CP14)
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1 cycle

S <CPRGO[15:0> U -

-

5

IRl T TC: T S NSNS~ ol NO———— o ——

©

> ' |

5 | <CPRGA[15:0> ..f........ L R R W

3 0X0000 - 77 ot / _____________________ L~

Match detection signal
between UCO output
and <CPRG1[15:0]>

—1

e A S

1-bit modulation control signal

BT T I T ) e

20)

Match detection signal
between UCO output
and <CPRG2[15:0]>

P g

<
.
B

A signal delayed by 1 clock than
a match with <CPRG2[15:0]>

CPO02 output
(Match detection signal)

—
—

Width of 1 clock

Figure 12-4 Variation of match detection signal by control output signals of 1-bit modulation
setting circuit nm

(3) CPO05

Comparators (CPnm) consists of timer registers (TDnRGm), compare registers (TDnCPm), write
timing generation circuit (n) and match detection circuit (nm). (n=0, 1, m=0, 1, 3)

TDnRGm : 16-bit timer register

TDnCPm : 16-bit compare register

Write timing generation : Generates the timing at which a value of each timer register is written to

circuit each compare register.

Match detection circuit nm : Detects a match between an output value of UCn and TDnCPm<CPRGm
[16:0]>.
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Match detection Match detection
circuit —>  output
nm (CPnm out)

. . TDnxCPm
Match signal with CP00 E— <CPRGm[15:0]>
TDXCONF<TMRDMODI[2:01>  —Plrite timing
TDxnCR<TDMDCY*[2:0)> ~ ———»»pgeneration »(1 Compare register
circuit n —> TDnxCPm
TDXnCR<TDMDPT**> —> >0
TBXBCRTDSFT**> —>

(Update enable flag in each channel)

TDnxCR<TDRDE>
Write signal to Timer register
timer register TDnxRGm
From CPU

Figure 12-5 Configuration of comparator (CP05)

12.4.2.3  Output Channel (CHn0O, CHn1)

Output channels (CHn0, CHn1) have 2 sets of comparator (CPnl and CPn2; CPn3 and CPn4) and the
wave generation circuits (WGn0, WGnl).

The wave generation circuits (WGn0, WGnl) generate the leading edge of CHnO at the timing when a
match with CPnl is detected (When n=0, PPGOO is set; when n=1, PPG10 is set.) and the trailing edge of
CHnO is generated at the timing when a match with CPn2 is detected. The leading edge of CHnl output
is generated at the timing when a match with CPn3 is detected (When n=0, PPGO1 is set; when n=1,
PPG11 is set.) and the trailing edge of CHnl1 is generated at the timing when a match with CPn4 is detected.

By using TDnMOD<TDIV 1> and <TDIV0>, a polarity of leading/trailing edge of CHnO and CHn1
can be set.
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12.5 Each Operation Mode Description

An operation mode of TMRn is determined by the setting of TDCONF<TMRDMOD[2:0]>.

16-bit programmable rectangular wave output (PPG)
- PPG mode
- Interlock PPG mode

For a relationship between register setting values of TDCONF<TMRDMOD[2:0]> and each operation mode of
timer units, refer to "(3) TDCONF (Timer Config Register)".

Each mode is described in the following sections.
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12.5.1 16-bit Programmable Rectangular Pulse Output (PPG)

12.5.1.1 PPG mode

In this PPG mode, TMRO and TMRI1 operate independently and the frequency and duty for each timer
can be set to output rectangular waves.

TMRO and TMR1 have output pins from 2 systems. Each timer can output the same frequency rectangu-
lar wave.

Output chan- Rectangular
wave output
nel .
pin
CHOO0 PPGO00
TMRO
CHO1 PPGO1
CH10 PPG10
TMR1
CH11 PPG11

(1)  Cycle of rectangular wave output (PPG)

In the TMRO, a cycle of rectangular wave output (PPGO0/PPGO1) can be defined with a value of
TDOCPO<CPRGO[15:0]> in the compare register CP0O0.

<CPRGO[15:0]>

Output value of UCO

0x0000 -

1 cycle

Figure 12-6 Cycle of rectangular wave in PPG mode

Also in the TMRI1, a cycle of rectangular wave output (PPG10/PPG11) can be defined with a val-
ue of TD1CPO <CPRGO[15:0]> in the compare register CP10.

(2) Duty of rectangular wave output (PPG)

In the TMRO, a leading edge of rectangular output (PPGO00) is used to generate a rectangular
wave when a match with CP01 is detected, and a trailing edge of those output is used to generate a rec-
tangular wave when a match with CP02 is detected.

Same as the above mentioned, a leading edge of rectangular wave output (PPGO1) is used to gener-
ate a rectangular wave when a match with CP03 is detected, and a trailing edge of those output is
used to generate a rectangular wave when a match with CP04 is detected.

Same as TMRO, TMRI1 uses a leading edge of rectangular wave output (PPG10/PPG11) to gener-
ate a rectangular wave when a match with CP11/CP13 is detected, and a trailing edge of those to gen-
erate a rectangular wave when a match with CP12/CP14 is detected.

: shows a timing of rectangular wave generation.
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1 cycle
g <CPRGO[15:0]> S
]
s} | i
@ | <CPRG2[15:0]>
©
>
3 | <CPRG1[15:0]>
3 0x0000 -

Match detection signal
between UCO and
<CPRG1[15:0]> !

o on

Output from match detection |
circuit 02 |
(Match detection signal)

by - -

Rectangular wave output :
PPGO00 when <TDIV0>=0

Rectangular wave output
PPG00 when <TDIV0>=1

Figure 12-7 Rectangular wave output in PPG mode (Case of PPGO00)

In the CPO1, match detection circuit 01 outputs a match detection signal when a value of UCO
and <CPRG1[15:0]> are matched.

When TDOMOD<TDIV0>=0 is set, PPGO0O0 is output on rising edge of CP01’s leading edge; a
match detection signal with CP02 is output on trailing edge. When TDOMOD<TDIV0>=1 is set, a
match detection with CP01’s leading edge is output on falling edge; a match detection with CPO02 is
output on rising edge.

In addition, "0x0000" can be set to CPnl and CPn3, thus leading edge is output immediately at
the start of TMRO or TMRI1.

In the setting of leading edge on rising edge/falling edge immediately at start, any rectangular
wave can be output from the first cycle shown as Figure 12-8.
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<TDRUN> J

g  <CPRGO[15:0> : :

D 1 1 1

s '

° ; '

=]

©

>

E

9‘ 1 ' 1

S 1 1 1 1

0x0000
© A A A A
<CPRG1[15:0]> = 0 <CPRG2[15:0]> <CPRG1[15:0]> =0 <CPRG2[15:0]>

Y \

Rectangular wave output aOJ

<€

1 cycle

(1) Leading edge is specified on rising edge

<TDRUN> J

g  <CPRGO[15:0]> : :

D 1 1 1

s '

° ; '

=}

©

>

5

‘9. 1 1 1 1

S 1 1 1 1
0x0000

© A A A A

<CPRG1[15:0]> = 0 <CPRG2[15:0]> <CPRG1[15:0]> = 0 <CPRG2[15:0]>

4 \

Rectangular wave output a0

1 cycle

(2) Leading edge is specified on falling edge

Figure 12-8 Timing chart at start (PPGO00)

In the PPG mode, PHSCHGSW, which is a control signal of SW0/SW01/SW10/SW11/SW20/
SW21/SW30/SW31, is fixed to "0". (Refer to "Figure 12-1 Block diagram of TMRD timer unit":)

(3)  1-bit modulation function

When PPG output is used as PWM output, 1-bit modulation function can be used to obtain pseudo-
higher resolutions.

In the 1-bit modulation function, a duty wave is output widening by one clock of TMRDCLKn
than the number of cycles defined in each 1-bit modulation cycle.

Thanks to this operation, an average resolution can be improved on each 1-bit modulation cycle.

A cycle of 1-bit is an integral multiple of cycle defined by CPO0/CP10. This cycle can be set in
each channel using <TDMDCY**[2:0]>.

If "000" is set to <TDMDCY **[2:0]>, "No 1-bit modulation" is set.
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PWM cycle: N . .
Output 1-bit modulation cycle . i
channel |  (specified in (multiplied by 2/4/8/16) Pulse width : N
CP00/CP10) plied by
CHOO | <CPRGO[15:0]> <TDMDCY00[2:0]> TDOCP2<CPRG2[15:0]> - TDOCP1<CPRG1[15:0]>
TMRO
CHO1 | <CPRGO[15:0]> <TDMDCY01[2:0]> TDOCP4<CPRGA4[15:0]> - TDOCP3<CPRG3[15:0]>
CH10 | <CPRGO[15:0]> <TDMDCY10[2:0]> TD1CP2<CPRG2[15:0]> - TD1CP1<CPRG1[15:0]>
TMR1
CH11 | <CPRGO[15:0]> <TDMDCY11[2:0]> TD1CP4<CPRG4[15:0]> - TD1CP4<CPRG3[15:0]>

Also, using <CPMDRT[3:0]>, set a PWM cycle, whose duty wave is widen by 1 clock of
TMRDCLKn.

Setting value of

<CPMDRTI[3:0]>
Description
Setting value of
<TDMDCY*{2:0}> Bl [21] (1] [0]
000 Invalid No 1-bit modulation function
0 No 1-bit modulation function
001 Invalid
1 Widen a duty wave by 1 clock to the 1st cycle.
0 0 No 1-bit modulation function
0 1 Widen a duty wave by 1 clock to the 1st cycle.
010 1 0 Invalid | Widen a duty wave by 1 clock to the 1st and 2nd cy-
cles.
1 1 Widen a duty wave by 1 clock to the 1st, 2nd and 3rd
cycles.
0| O 0 No 1-bit modulation function
0| O 1 \I/r;—l Widen a duty wave by 1 clock to the 1st cycle.
ol 1 0 id | Widen a duty wave by 1 clock to the 1st and 2nd cy-
cles.
011
1 1 0 | In- | Widen a duty wave by 1 clock to the 1st to 6th cycles.
|
1 1 1 \12 Widen a duty wave by 1 clock to the 1st to 7th cycles.
0 0 0 0 | No 1-bit modulation function
0of O 0 1 | Widen a duty wave by 1 clock to the 1st cycle.
0 0 1 0 Widen a duty wave by 1 clock to the 1st and 2nd cy-
cles.
100

Widen a duty wave by 1 clock to the 1st to 14th cycles.

Widen a duty wave by 1 clock to the 1st to 15th cycles.
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PWM cycle N : <CPRGO[15:0]>
N ! (cycle defined by CP00/CP10)

T

Leading edge <CPRG3[15:0]> of chn1

1-bit modulation cycle <TDMDCY**[2:0]>
"100”

0117 |

< >

|

Cycle

When <TDMDCY**[2:0]>="001", J

<CPMDRT[3:0]="1xxx">
Cycle

When <TDMDCY**[2:0]>="O10”,J
<CPMDRT[3:0]="11xx">

Cycle
When <TDMDCY**[2:0]>="011", J

<CPMDRT[3:0]="111x">
Cycle

When <TDMDCY**[2:0]>="100", ]
<CPMDRT([3:0]="1111">

14 15 16

wo |-

'
Cycle| 1 2 3 4 5 6 7 8 9 0 N 121

x : A setting value is ignored.

Figure 12-9 Schematic diagram of 1-bit modulation function

The following figure shows an example that a resolution becomes fourfold without any change of
fpwm (PWM frequency) when a 1-bit modulation cycle is the same as fourfold of PWM cycle.

To increase the resolution 4 times, the first PWM wave among 4 PWM waves in 1-bit modula-
tion cycle is widen by 1 clock as duty wave.

Thus, a duty becomes (601 + 600 x 3) / 4 = 600.25 on average, and PWM output gives a 4 times
of resolution. This example achieved a pulse width (Duty) of (601 + 600 x 3)/4 = 600.25 on average.

1-bit modulation cycle (Four cycles of PWM cycle) = : <TDMDCY**[2:0]> = "010"

Resolution of PWM cycle : N = 1000

Pulse width setting : M =600

The number of PWM cycles to execute 1-bit modula- : <CPMDRTI[3:0]> = "01xx" (x : don’t care)
tion.

1-bit modulation cycle : PWM cycle x 4
(<TDMDCY**[2:0]>="010")

Y

. PWM cycle
E (N =1000) \ I I
> . !

PWM output | ! I

> > e >

M+ 1 M M M

<CPMDRT[3:0]> = “01xx” : Add 1-bit modulation to the 1st cycle.
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(4) Update timing in PPG mode
This item describes how to update a value of TDnCPm in each compare register.

The direct write mode (TDnCR<TDRDE>="0") is the same operation as those in the timer mode,
so the description is omitted.

When TDnCR<TDRDE>="1" is set, an update timing is different depending on a value of
TDnCR<TDMDCY **><TDMDPT**>.

Table 12-2 Comparators and TDnCR<TDMDCY**><TDMDPT**>

Timer unit Registers Comparators
TDOCR<TDMDCY00[2:0]><TDMDPT00> CPO00/CP01/CP02/(CP05)
TMRO TDOCR<TDMDCY01[2:0]><TDMDPT10> CP03/CP04
TD1CR<TDMDCY10[2:0]><TDMDPT10> CP10/CP11/CP12
THRI TD1CR<TDMDCY11[2:0]><TDMDPT11> CP13/CP14

The following describes each timer unit.

Update timings of all comparators are the same, thus only CPn0, CPnl and CPn2 are described
in this item.

(@) No 1-bit modulation function (<TDMDCY**[2:0]>="000")

When 1-bit modulation function is not used, values of CPn0 comparator are updated. In no 1-bit
modulation function, TDnCP0, TDnCP1 and TDnCP2 of CPn1/CPn2 compare registers in CHnO
are also updated toTDnRGO, TDnRG1 and TDnRG2 respectively at the timing shown:

TDBCR<TDSFTnO0> is an update enable flag corresponding to CPn0, CPnl and CPn2. When this
signal is "1", values of compare registers updated when a match signal of CPn0O (update timing sig-
nal of TMRDn) is set to "1".

TDBCR<TDSFTn0> is cleared at this update timing.

TMRDCLKn P

<TDRDE>

<TDSFT*>

Update timing signal
of comparator ! :
|

(Match signal with CPn0)

I U N

TDNRGMm I I X I I I Iogyreee | I 4 I I
! ! ! ! ! ! ! ! hN ! !
| | | | | | | | | \ | |
I I I I I I I I I I I
I I I I I I I I I ol I

TDnCPm l l l l l l l l 1A O l
T T T T T T T T T T T
1 1 1 1 1 1 1 1 1 1 1

Figure 12-10 Update timing of CPn0,CPn1,CPn2 in PPG mode (<TDMDCY**[2:0]> = "000")

The relation between each update enable flag and corresponding comparator is as following.
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- an update timing of the compare register TDnCPm:

When TDnCR<TDRDE> is set to "0", values in TDnRGm and corresponding values
in TDnCPm are updated simultaneously.

:Figure 12-11 shows an update timing when TDnCR<TDRDE> is set to "1".

When TDBCR<TDSFT**> is set to "1", a value is updated at the timing signal of
comparator is updated to "1". TDBCR<TDSFT**> is cleared at that timing.

In timer mode or interlock mode, update timings of TMRO and TMRI1 are as follows:
TMRO : A timing when a match with CP0O0 is detected.
TMRI1 : A timing when a match with CP10 is detected.

Figure 12-11 shows a timing waveform when a value in TDnRGm is written to
TDnCPm while TDnCR<TDRDE> is set to "1".

TMRDCLKn b

<TDRDE>

<TDSFT**>

Update timing signal
of comparator !

(Match signal with CPn0)

TDnRGm

TDnCPm

e I (Ui - S

Figure 12-11 Write timing when a value in TDNnRGm is written to TDnCPm
(TDNnCR<TDRDE>=1)

(b)  With 1-bit modulation function (except <TDMDCY**[2:0]>="000")

When 1-bit modulation function is used, following two update timing can be chosen with the set-
ting of TDnCR<TDMDPT**>.

1. Update timing when <TDMDPT**> = 0 is set.
: shows the update timing when <TDMDCY **[2:0]>="010" is set.

This figure shows that values of compare registers are updated at the timing when 1-
bit modulation is complete while TDBCR<TDSFT**> is set to "1".

TDBCR<TDSFT**> is cleared to "0" at the timing when the setting values of compare
registers are updated.

When next values of TDnCP0O, TDnCP1 and TDnCP2 are updated, a timing of leading/
trailing edge of output signals (PPG00/PPG10) and a cycle of rectangular wave output
of the output signal are changed according to values of TDnCP0O, TDnCP1 and TDnCP2.

In the PPG mode, if CHOO and CHO1, or CH10 and CH11is synchronized (update at
the same time), at the same time set the update enable flag <TDSFT00> and
<TDSFTO1>, or <TDSFT10> and <TDSFT11>.
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1-bit modulation cycle ,  1-bit modulation cycle ,  1-bit modulation cycle
4 A el -

e [ i )

1 Cycle defined by CPOO :
H Be sure to complete

k—»: :
H ' H | | previous 1 cycle.
TDBCR<TDSFT**>
PPGO0 mmmmmmmmm_

New 1-bit modulation siarts

TDnxCPO,TDnxCP1,TDnxCP2

m Before update
- After update

Figure 12-12 Update timing when 1-bit modulation is used in PPG mode
(CPn0,CPn1,CPn2 : <TDMDCY**[2:0]>="010", <TDMDPT**>="0")

2. Update timing when TDOCR<TDMDPTO00> = 1 is set. DPT00> = 1 is set.
: shows that an example when TDOCR<TDMDCY00[2:0]> = "010" is set.

This figure shows that a value of compare register is updated at the end of current 1-
bit modulation cycle defined with CP00 is complete while TDBCR<TDSFTO00> is set
to "1". After an update, new 1-bit modulation cycle starts.

TDBCR<TDSFT**> is cleared to "0" when a value of compare register is updated.

When next values of TDnCP0O, TDnCP1 and TDnCP2 are updated, a timing of leading/
trailing edge of output signals (PPG00/PPG10) and a cycle of rectangular wave output
of the output signal are changed according to this next values.

In the PPG mode, if CHOO and CHO1, or CH10 and CH11is synchronized (update at
the same time), at the same time set the update enable flag <TDSFT00> and
<TDSFTO1>, or <TDSFT10> and <TDSFT11>.

> 1-bit modulation cycle o > 1-bit modulation cycle o

< > <€ >,
1 Cycle defined by CP0O H ! Previous cycle

:‘ >, |s suspended. | i
TDBCR<TDSFT**> .

PPGO0 /I/A/A/A/A/A/A/A/_

New 1-bit modulat|on rcycle starts.

A

TDnxCPO,TDnxCP1,TDnxCP2

[/////) Before update
- After update

Figure 12-13 Update timing of 1-bit modulation in PPG mode

(5) Rectangular wave output (PPG) start timing

A rectangular wave output (PPG) is started when TDnRUN<TDRUN> is written to "1".
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(6) Register setting procedure in PPG mode

(@) How to startup PPG mode

To startup PPG mode, set registers in the following procedures.

a. Supply clock selection

1. Select a supply clock for TMRD using CGEXTENDQOO in CG register.

2. For more information, refer to the setting of "CG" chapter.
b. Operation mode selection in each timer unit

1. Specify the timer unit in the PPG mode with TDCONF<TMRDMODI2:0]>.
c. Select a supply clock in each timer unit (TMRn)

1. Set"" to <TDENn> of TDEN that enables clock supply for each timer unit.AiNo need to set unnecessary timer
unit to "1".

2. Select a clock for each timer unit using TDNnMOD<TDCLK][3:0]>.
At the same time, select either leading edge or trailing edge using <TDIVn>.
d.Set the operation mode in PPG and set an initial value setting of each timer register/compare register.

1. Set 1-bit modulation function, its cycle and update timing in each channel using TDNnCR <TDMDCYn1[2:0]>,
<TDMDPTn1>, <TDMDCYn0[2:0]> and <TDMDPTn0>.

Set "0" to TDNCR<TDRDE> to change the write mode to compare registers to the direct write mode. At the same
time, set an interrupt event of INTTDNnCMPO using TDnCR<TDISO[1:0]>.

2. Set a value to each timer register TDnRGm).
In the direct write mode, an operation and update timing signal to set TDBCR<TDSFT**> to "1" is not required.

e. Startup PPG mode

1. Set "1" to TDNCR<TDRDE> to change the write path to compare registers to through timer registers. (PPG mode
is one that a value of timer registers is written to the corresponding compare registers at the specified timing.)

2. Set TDNRUN<TDRUN> = "1" to startup

(b)  How to update timer registers and compare registers

To update timer registers and compare registers, set registers in the following procedures.

1. Set any value to the timer register (TDNnRGm) corresponding to the compare register to be updated.
2. After above setting, set "1" to TDBCR<TDSFT**> corresponding to a compare register to be updated.

By the above procedure, values in the timer register are set to the corresponding compare registers at specified timing.

Note:When an update timing is changed, change TDNnCR<TDMDPTn1> and <TDMDPTnO> of corre-
sponding compare registers.

Note:During PPG in operation, four registers such as TDnRGm, TDBCR, TDnRUN,
TDnCR<TDMDPTn1><TDMDPTn0> can be modified (or written). The other registers must
be modified while PPG stops
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(c) How to stop rectangular wave output (PPG)

To stop rectangular wave output, set registers in the following procedures.

1. When rectangular wave outputs in each timer unit are stopped, set TDNRUN<TDRUN> register to = "0".

Note:During PPG in operation, four registers such as TDnRGm, TDBCR, TDnRUN,
TDnCR<TDMDPTn1><TDMDPTn0> can be modified (or written). The other registers must
be modified while PPG stops.
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12.5.1.2 Interlock PPG Mode
In the interlock mode, timer units, TMRO and TMR1, operate together through the phase shift function.

Adding to the normal PPG mode function, interlock mode can control the following operations:

1. Dynamically sets the phase relation between 0-phase output by TMRO and 1-phase output by
TMRI1 using CP05 comparator within the range of -180° < 6 < +180°.

2. Outputs synchronizing 3-channel or 4-channel rectangular wave output (PPG).

(1) Phase shifter function

Phase shifter function is one that shifts the relation between 0-phase of TMRO and 1-phase of
TMR1 using CPOS5.

In the interlock PPG mode, UC1’s clearing timing and update timing of CP11 through CP14 are de-
termined by a match timing with CP05 changing from CP10.

Therefore, a cycle of TMRI is determined by a match with CP0O0 and rectangular wave output
(PPQ) is shifted by the amount of CP05.

Cycles of 0- and 1-phase are determined by a setting value of TDOCPO<CPRGO[15:0]> register
in CP0O0, so that the amount (0) of phase shift (delay) is determined by the following formula.

0 = 360° x ( <CPRGS5[16:1]> = <CPRGO[15:0]> )

In the interlock PPG mode, the setting range of <CPRG5[16:1]> is 0x0000 < CPRG5[16:1] <
CPRGO[15:0]+ 2, so that the amount of phase shift can be set within the range of 0° < 6 < 180°.

. 1cycleT .

<CPRGO[15:0]> ; ;

o

[&]

=]

‘5

[}

=)

[

>

2 ox0000 : : ‘ :

- X

3 L A A T A

<CPRG1[15:0]>=0 <CPRG5[15:0]> <CPRG2[15:0]> <CPRG1[15:0]>=0 <CPRG5[15:0]> <CPRG2[15:0]> HCOmPan;'[fgés‘emf
Y‘ . ' v ' .
a0 | : l 3 l

S ‘

S ‘

k]

[}

=)

[

>

5

2

S 0x0000

° | y A T K A
} <CPRG\[15:0]>=0 <CPRG2[15:0]>  <CPRG1[15:0]>=0 <CPRG2[15:0]> HCOmPan"\*M[fg;S‘emf
| : ; ' ; ;
| \ | ! ),

bo 3 ;

Adwounts of shiift An;ﬁounts of .‘Shift
Figure 12-14 Example of phase relation between 0-phase (PPG00) and 1-phase (PPG10)

(2) Anti phase output

An anti phase output is set by TDBCR<PHSCHG>.
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If <PHSCHG> is updated, the internal signal (PHSCHGSW) is changed and outputs of SW00
through SW31 are switched. As a results, 0-phase and 1-phase outputs are switched.

<PHSCHG> is ignored except when TDCONF<TMRDMOD[1:0]> is set to "111".

TDBCR<PHSCHG Phassaiec':y/ad' 0-phase output 1-phase output
0 1-phase is delayed PPG00, PPGO1 PPG10, PPG11
than O-phase.
1 1-phase is advanced PPG10, PPG11 PPG00, PPG11
to 0-phase.

PHSCHGSW is changed according to a value of <PHSCHG> when TDORUN<TDRUN> is set to
"1", or when TDBCR<TDSFTO00> is set to "1" and a timing when a match with CP0O is detected.

TMRDCLKn i i
1-phaseis

. , . . 1-phaseis :
<PHSCHG>  (elayed. 1-phase is advanced. ! ! H delayed. .

<TDSFT>
Match detection /N _/_E\ /_E\_

with CP00 ' . H
PHSCHGSW |

|
i

* Advance/delay means that a position of 1-phase is
advanced/delayed compared to 0-phase.

Figure 12-15 Switch timing of PHSCHGSW

' 1cycle T '
<CPRGO[15:0]> ; ;
8 Amounts of 02
?_ shift 61 ‘ : ‘ :
° 3 ‘ : ‘
=) | ! | !
= ‘
> ' ] .
2 0x0000 : 1 ‘ 1
= X
5 A A Ak A
<CPRG1[15:0]>=0 <CPRG5[15:0]> <CPRG2[15:0]> <CPRG1[15:0]>=0 <CPRG5[15:0]> <CPRG2[15:0]> ECOmF;aT'fM;eg(')Ster
; ; : ; ; : o
00-phase output | : l : l
: i | :
) ' I '
O | 1
=) . .
5 : / :
[ ' T '
2 1 1 ' 1
= ‘ ‘ ! ‘
z : : ‘ ‘
5 | | ! ‘
= : : ! !
S 0x0000 :
© 1 A A ; A A
i <CPRG1[15:0]>=0 <CPRG2[15:0)> |<CPRG1[15:0]>=0 <CPRG2[15:0]> <_Compare register
| ' ; ' ' ; of TMRD1
i | ' \ 4
10-phase output ‘ 3

_—

Figure 12-16 00-phase is advanced to 10-phase (00-phase output = Rectangular wave
PPGO00; 10-phase output = Rectangular wave PPG10; PHSCHGSW="0")
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1cycleT
<CPRGO[15:0]> 2501 ;
8 Amounts of 02
2 shift 61 : : < ): :
[} 1 '
[} ' i ' 0
E ' ' :
g ; ! l ;
2 oxo000 : 1 ‘ 1
= X
3 ‘ A A A A A
<CPRG1[15:0]>=0 <CPRGS5[15:0]> <CPRG2[15:0]> <CPRG1[15:0]>=0 <CPRG5[15:0]> <CPRG2[15:0]> < CO“::;BTTA ;{eg(')stef
00-phase output : : : :
_— ] ' L ' v
1 \ 1 : l \ 1 :
! . ' . | ! ' i
5 \ ! ! ] ‘ 3
=) ! ! ‘ ‘ ! ‘
5 ! ! 1 1 ;
© ' ' T i ! '
= ' 1 ' ' ! '
© ! ! ' ' ! '
> ' . ! I T I
5 : ' | 1
=3 : 1 ' 1
=2 0x0000 i ; A
] ! y ' A ' A ' A
| <CPRGA[15:0]>=0 1 <CPRG2[15:0]>  <CPRG1[15:0]>=0 | <CPRG2[15:0]> < Compare register
; ; ; 1 ! el of TMRD1
Y 4 ‘

10-phase output | l

Figure 12-17 00-phase is delayed than 10-phase (00-phase output = Rectangular wave
PPGO0O0; 10-phase output = Rectangular wave PPG10; PHSCHGSW="1")

(3) How to set synchronous channel

In the interlock PPG mode, the number of synchronous output channels is determined by
TDCONF<TMRDMODJ[1:0]>.

When TDCONF<TMRDMOD[1:0]> is set to "110", CHOO and CH10 are synchronized; when
TDCONF<TMRDMODJ[1:0]> is set to "111", CH00, CH10 and CH11 are synchronized.

Note that, TDBCR<TDSFT**> of an output channel to be synchronized is set to "1" in advance.

Non synchronous channels can be operated independently of synchronous output channels.

TDCONF TDBCR<TDSFT*> TDnCR Number of syn- | Synchronous output
<TMRDMODI[1:0]> <TDMDCY**[2:0]> chronous signals channel

o TDBCR<TDSFTO00>="1" TDOCR<TDMDCY00[2:0]>, , CHOO. CH10
ronc s | Sepsme et
TDOCR<TDMDCYO00[2:0]>,
TDOCR<TDMDCY01[2:0]>, CHOO, CHO1,
Set the same value to CH10
TD1CR<TDMDCY10[2:0]>.
TDOCR<TDMDCY00[2:0]>,
TD1CR<TDMDCY10[2:0>, CHOO0, CH10,
Set the same value to CH11
TD1CR<TDMDCY11[2:0]>.
TDOCR<TDMDCYO00[2:0]>,
TDOCR<TDMDCY01[2:0]>,
111 TDBCR<TDSFT**>="1" TD1CR<TDMDCY10[2:0]>, 4

TDBCR<TDSFT00>="1"
110 TDBCR<TDSFT01>="1"
TDBCR<TDSFT10>="1"

TDBCR<TDSFT00>="1"
11 TDBCR<TDSFT10>="1"
TDBCR<TDSFT11>="1"

CHO00, CHo1,

CH10, CH11
Set the same value to

TD1CR<TDMDCY11[2:0]>.

Page 233 2016/6/27



12. High Resolution 16-bit Timer (TMRD ver.C)
12.5 Each Operation Mode Description TMPMO066FWUG TMPM067FWQG TMPMO068FWXBG

(4) Register update timing

A register update timing varies depending on the relation between a timing of update enable flag
TDBCR<TDSFT**> being set to "1" and a timing of a match with CP05 being detected.

The following describes the case when TDCONF<TMRDMODJ1:0]> is set to "110".

When a value of TDCONF<TMRDMOD[1:0]>is set to "111", a value of comparator in output chan-
nel (CH11) is updated synchronizing with output channel (CH10).

If a value of compare register in output channel (CH11) is synchronized with CHO1, set "1" to
<TDSFTO01> and <TDSFT00> simultancously. A value of compare register in CHO1 is updated at
the same timing of CHOO updated.

a. A timing when update enable flag is set to "1" is delayed than a match with CPOS.

If a match with CP0O0 is detected, TDBCR<TDSFTO00> is cleared, at the same time, a val-
ues of CP00, CP0O5 and comparators (CP1 and CP2) of output channel (CHO0) are updated.

The compare register of CH10 is updated when a match with CP05 is detected after set-
ting update enable flag to "1". At the same time, <TDSFT10> is cleared and the compare reg-
ister of CH10 is updated.

b. A timing when update enable flag is set to "1" is ahead of a match with CP05

If a match with CP0O is detected, TDBCR<TDSFTO00> is cleared, at the same time, a val-
ues of CP00, CP05, comparators (CP1 and CP2) of output channel (CH00) are updated.

However, update of compare register of CH10 and clearing <TDSFT10> are not per-
formed when a match with CPOS is detected after setting update enable flag to "1". These hap-
pen on next match with CPOS.

TMRDCLKO
Match detection / l\\
with CP00 I
Match detection / \ )
with CP05

1
1
1
1
1
TDOXBCR<TDSFT00> |

TDOXBCR<TDSFT10> |

TDOXxBCR<TDSFT11>

1

T

1

1

1

1

1

1

1

TDOXRGm : a value of ch00 Ox*** |
TDOxRGm : a value of CP0O0/CP05 \
1

TDOXCPm : a value of ch00 | X%
TDOxCPm : a value of CP00/CP05

TD1xRGm : a value of ch10 x Ox***

TD1xCPm : a value of ch10 h Ox****

TD1xRGm : a value of ch11 X OxH**+

TD1xCPm : a value of ch11

Figure 12-18 A timing to set update enable register is delayed than a match with CP05
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TMRDCLKO

Match detection
with CP00

Match detection
with CP05

TDOXBCR<TDSFT00>

TDOxBCR<TDSFT10>

TDOxBCR<TDSFT11>

TDOXRGm : a value of ch00
TDOXRGm : a value of CP00/CP05

TDOXCPm : a value of ch00
TDOXCPm : a value of CP00/CP05

TD1xRGm : a value of ch10

TD1xCPm : a value of ch10

TD1xRGm : a value of ch11

TD1xCPm : a value of ch11
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/R T

/N

¥

\
X

OX****
Ox*** I
1
1
OX**** \
RY
| Ox****
1
Ox***

OxX**

]
{
X
A

Figure 12-19 A timing to set update enable register is ahead of a match with CP05
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(5) Overflow process of the UC1

Since the range of phase shift is 0° < 0 < 180°, a time from a match with CP05 to next match is de-
fined in 0.5T < TO < 1.5T where a cycle of 0-phase/1-phase is T.

In the interlock PPG mode, depending on a value of cycle T, the counter 1 (UC1) may overflow.
Thus if a counter value of UCI is exceeds OXFFFF, UC1 stops counting-up until next match detec-
tion with CP05 is found and maintains the value of OxFFFF.

(6) Register setting procedure in the interlock PPG mode

(@) Register priority in interlock PPG mode

In this interlock PPG mode, TMRO serves as a master; TMR1 serves as a slave. Thus, the setting
of TMRO has a higher priority than those of TMR1. The target bit shows in:.

Table 12-3 Higher priority Bits in TMRO

TMRO

TDOMOD<TDCLK[3:0]>

TDOCR<TDRDE>

TDORUN<TDRUN>

A setting of TMRO becomes valid and those of TMR1 is ignored in these above registers

Note:Note that a setting value of registers in TMR1 is ignored; however the set value is reflected
to the register. Therefore, the set value is immediately valid after the interlock PPG mode ends.
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(b)  How to startup interlock PPG mode

To startup interlock PPG mode, set registers in the following procedures.

a. Supply clock selection
1. Select a supply clock for TMRD using CGEXTENDOO in CG register.
2. For more information, refer to the setting of "CG" chapter.
b. Operation mode selection in each timer unit
1. Specify the timer unit in the PPG mode with TDCONF<TMRDMOD[2:0]>.
c. Select a supply clock in each timer unit (TMRn)
1. Set "1" to <TDENn> of TDEN that enables clock supply for each timer unit. (No need to set unnecessary timer
unit to "1".)
2.  Select a clock for each timer unit using TDnMOD<TDCLK]3:0]>.
At the same time, select either leading edge or trailing edge using <TDIVn>.
d.Set an initial setting of each timer register and compare register.

1. Set "0" to TDNCR<TDRDE> to change the writing mode to the compare register to direct write mode. At the
same time, set an interrupt event of INTTDnCMPO using TDNnCR<TDISO[1:0]>.
2. Set a value to each timer register TDnRGm).

In the direct write mode, an operation and update timing signal to set TDBCR<TDSFT**> to "1" is not required.
e.Initial setting of phase relation (advance/delay) between 0-phase output and 1-phase output (TDCONF<TMRDMOD[2:0]
>="111")

1. Set the relation (advance/delay) between 0-phase and 1-phase output to the TDBCR<PHSCHG> register at start-

ing up. At this time, TDBCR<TDSFT**> is not required to set to "1".

f.  Set the 1-bit modulation and update timing. Startup the interlock PPG mode.

1. Set to use or non-use the 1-bit modulation function in CHO0 and CHO01 with TDOCR<TDMDCY00[2:0]> and
<TDMDCYO01[2:0]>. Set its cycle with<TDMDPT00> and set the update timing of the compare register with
<TDMDPTO01>.

At the same time, set to TDOCR<TDRDE> = "1" to change the writing path to the compare register through a timer
register. (This is the mode where a value of timer register is written to the corresponding compare register at any
timing.)

2. Set to use or non-use the 1-bit modulation function in ch10 and CH11 with the register TD1CR<TDMDCY 10[2:0]
> and <TDMDCY11[2:0]>. Set its cycle and update timing with <TDMDPTO00> and <TDMDPTO01>. For details of
the setting are referred to the following explanation of registers.

TD1CR<TDRDE> is not required to set "1".
3. Set the register TDORUN<TDRUN>="1" to start the interlock PPG mode.
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(c) How to update timer registers and compare registers

To update timer registers and compare registers, set the registers in the following procedures.

1. Set any value to timer registers (TDnRGm) corresponding to compare registers to be updated.
After above setting, set "1" to TDBCR<TDSFT**> that corresponds to compare registers to be updated.

When TDCONF<TMRDMODI[2:0]>="111" is set, if the phase relation (advance/delay) between A-phase output
and B-phase, change the setting value of TDBCR<PHSCHG> and set "!" to TDBCR<TDSFT00>.

After above setting, if the phase relation (advance/delay) between 0-phase output and 1-phase output, change
the setting value of TDOBCR<PHSCHG> and set "1" to TDOBCR<TDSFT>.

By above procedures, a value of timer registers are set to the corresponding compare registers at the specified timing.

4.  After interlock PPG mode start-ups, an update timing can be changed using the setting of TDNCR<TDMDPT**>
in the corresponding channel.

b. Stop rectangular wave outputs

1. When rectangular wave outputs in each timer unit are stopped, set TDNRUN<TDRUN> register to "0".

Note:During PPG in operation, four registers such as TDnRGm, TDBCR, TDnRUN,
TDnCR<TDMDPTn1><TDMDPTn0> can be modified (or written). The other registers must
be modified while PPG stops.

(d) How to stop rectangular wave outputs (PPG)

To stop rectangular wave outputs, set the registers in the following procedures.

1. To stop rectangular wave outputs in each timer unit, set TDNRUN<TDRUN>="0" register.

Note:During PPG in operation, four registers such as TDnRGm, TDBCR, TDnRUN,
TDnCR<TDMDPTn1><TDMDPTn0> can be modified (or written). The other registers must
be modified while PPG stops.

(7) Precaution on switching outputs in the interlock PPG mode

In the interlock mode (TDCONF<TMRDMODJ[2:0]>="111"), a trailing edge of rectangular wave
PPGI10/PPG11 can be set to over the UCO cycle. Therefore, extra caution should be exercised when
a phase relation is changed to "advance to delay" or "delay to advance" (when switching outputs).

The following describes the case that a trailing edge in 1-phase is within the UCO cycle; a trail-
ing edge in 1-phase is over UCO cycle; 0- and 1-phase output waves at switching outputs.

In this item, UCO cycle means a time when a counter value returns to "0" from "0".

(@) In 1-phase, trailing edge is within the UCO cycle

: shows an example that the phase relation between 00-phase and 10-phase is changed to being de-
layed from being advanced to 00PPGO0-phase.

Output SW is changed at the timing when a match with CP0O is detected. A phase relation that 00-
phase output = rectangular wave PPG00, 10-phase output = rectangular wave PPG10 are switched
to 00-phase output = rectangular wave PPG10, 10-phase output = rectangular wave PPGO00.

At this time, signal levels of rectangular waves (PPG00 and PPG10) at SW switching timing, so
that an abnormal wave does not occur.
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' 1 cycle

/
Output value of UCO

L
L

l

E

00-phase output

-

10-phase output

| !
OO-phasé output = Rectanlﬂar wave PPGO0, 10-phase output = Rectangular wavé PPG10

vomenns | L[] |_
|l i

10-phase output w

OO—phase:e output = Rectangular wave PPG10, 10-phase output = Rectangular wav:e PPGO00

SaE

00-phase output

+

10-phase output

OK

= S =

-

00-phase output = Rectangular wave PPGO0 ' 00-phase output = Rectangular wave PPG10.
10-phase output = Rectangular wave PPG10 ' 10-phase output = Rectangular wave PPG00

Output switching timing

Figure 12-20 Waves before/after phase advance/delay (output SW) (A trailing edge of rectan-
gular wave PPG10 is within UCO cycle.)

If a phase relation is anti phase such as the case of being delayed to advanced, abnormal waves
do not occur.
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(b) In 1-phase, a trailing edge is over the UCO cycle

: shows an example that the phase relation between 00PPGO00-phase output (a trailing edge is
over UCO cycle) and 10-phase. In this figure, 00PPG00-phase is changed from being advanced to be-
ing delayed.

Output SW is changed at the timing when a match with CP0O is detected. The phase relation is
changed as follows: PPG00-phase output = rectangular wave PPG00 or 10-phase output = rectangu-
lar wave PPG10 is changed to PPG00-phase output = rectangular wave PPG10 or 10-phase output
= rectangular wave PPGOO0.

At this time, signal levels of rectangular wave PPG00 and PPG10 are different at switching out-
put SWs, so that pulse waves occur.

If the phase relation is anti phase such as being delayed to being advanced, pulse waves occur.

If these pulse waves at switching the phase (advance/delay) can be a problem as a system, it is avoid-
able by going through the same phase once before changing the phase relations such as being ad-
vanced to being delayed and being delayed to being advanced.

1 cycle

/
Output value of UCO

AO-phase output

|| al

BO-phase output

A0-phase output = Refitangular wave a0, BO-phase output = Rectangular wave b0

AO-phase output E | | |_
B0-phase output i | | |—

AO-éhase output = Rectangular wave b0, BO-phase output = Rectangular wav:e a0

gl
BO-phase output \_‘ \ / B

] | .
AO-phase output = Rectangular wave a0, ' AO0-phase output = Rectangular wave b0,
BO-phase output = Rectangular wave b0 + BO-phase output = Rectangular wave a0

AO0-phase output i

Output switching timing

Figure 12-21 Waves before/after phase advance/delay (output SW) (A trailing edge of rectan-
gular wave PPG10 is over the UCO cycle.)

12.5.1.3 Setting Range of Compare Register

: a setting range of compare register in 16-bit programmable rectangular wave output (PPG).
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Table 12-4 Setting range of compare register in 16-bit programmable rectangular wave output (PPG)

Register setting range Inter-
Timer unit B Compare . PPG lock
Minimum value register Maximum value PPG
(Note) < TDOCP0<CPRGO[15:0]> < OxFFFF A A
0x0000 = TDOCP1<CPRG1[15:0]> < TDOCP2<CPRG2[15:0]> A A
TDOCP1<CPRG1[15:0]> < TDOCP2<CPRG2[15:0]> < TDOCP0<CPRGO[15:0]> A A
TMRDO 0x0000 < TDOCP3<CPRG3[15:0]> < TDOCP4<CPRG4[15:0]> A A
TDOCP3<CPRG3[15:0]> < TDOCP4<CPRG4[15:0]> < TDOCP0O<CPRGO[15:0]> A A
0x0000 < TDOCP5<CPRG5[16:1]> < TDOCPO<CPRGO[15:0]> + 2 NA A
(Note) < TD1CP0<CPRGO[15:0]> < OxFFFF A NA
0x0000 < TD1CP1<CPRG1[15:0]> < TD1CP2<CPRG2[15:0]> A A
TMRD1 TD1CP1<CPRG1[15:0]> < TD1CP2<CPRG2[15:0]> < TD1CP0<CPRGO0[15:0]> A A
0x0000 < TD1CP3<CPRG3[15:0]> < TD1CP4<CPRGA4[15:0]> A A
TD1CP3<CPRG3[15:0]> < TD1CP4<CPRG4[15:0]> < TD1CP0<CPRGO[15:0]> A A
A : Available

NA : Not available

Note: The setting range of this product varies on the source clock for TMRD. For the setting range, refer to Chap-
ter "Product Information."

A cycle Tn of the rectangular wave output can be given as the following equation where fcy iy, is a fre-
quency of TMRDCLKn.

(1) PPG mode n = 0,1

Tn = (1/fcLkn) * TDNCPO<CPRGO[15:0]>
(2) Interlock PPG mode

T = (1/fcLko) * TDOCPO<CPRGO[15:0]>

A duty of rectangular wave output can be given as the following equation where fcy g is a frequency
of TMRDCLKO.

- PPG00
p : q = {CPRG2[15:0] - CPRG1[15:0]} : {CPRGO[15:0] - CPRG2[15:0] + CPRG1[15:0]}

1 cycle of UCO

W

L

12.5.2 Each Operation Mode and Interrupts
: shows a relation between each operation mode and interrupt events.

INTTDOCMPO sets an interrupt event according to a value of TDOCR<TDISO[1:0]>; INTTD1CMPO sets
an interrupt event according to a value of TD1CR<TDISO[1:0]>. Events of other interrupt requests are fixed.
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12.5 Each Operation Mode Description TMPMO066FWUG TMPM067FWQG TMPMO068FWXBG

Table 12-5 Each Operation Mode and Interrupt events

| 16-bit programmable rec-

nterrupt event tangular wave output

Timer Interrupt re- 9 P

unit quest TDnCR
PPG mode Interlock
<TDISO[1:0]> PPG mode
00 No event x x
A match with comparator 00(CP00)
01 ) o o
is detected.
INTTDOCMPO
A match with comparator 05 (CP05)
10 . [¢} o
is detected.

TMRO 11 Counter 0 (UCO0) overflows x x
INTTDOCMP1 A match with comparator 01 (CP01) is detected. o o
INTTDOCMP2 [ A match with comparator 02 (CP02) is detected. o o
INTTDOCMP3 | A match with comparator 03 (CP03) is detected. o o
INTTDOCMP4 [ A match with comparator 04 (CP04) is detected. o o

00 No event x x
A match with comparator 10 (CP10)
01 . o x
INTTD1CMPO is detected.
10 No event x x

TMR1 11 Counter 1 (UC1) overflows x x
INTTD1CMP1 A match with comparator 11 (CP11) is detected. o o
INTTD1CMP2 | A match with comparator 12 (CP12) is detected. o o
INTTD1CMP3 [ A match with comparator 13 (CP13) is detected. o o
INTTD1CMP4 A match with comparator 14 (CP14) is detected. o o
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13. Serial Channel with 4bytes FIFO (SIO/UART)

13.1 Overview

Serial channel (SIO/UART) has the modes shown below.

Synchronous communication mode (I/O interface mode)
Asynchronous communication mode (UART mode)

Their features are given in the following.

Transfer Clock

- Dividing by the prescaler, from the peripheral clock (¢T0) frequency into 1/1, 1/2, 1/4, 1/8, 1/16,
1/32, 1/64, 1/128.

- Make it possible to divide from the prescaler output clock frequency into 1 to 16.

- Make it possible to divide from the prescaler output clock frequency into N+m/16 (N=2 to 15, m=1
to 15). (only UART mode)

- The usable system clock (fsys) (only UART mode).
Buffer

- The usable double buffer function.

- Make it possible to clear the transmit buffer.
FIFO

The usable 4 byte FIFO including transmit and receive.
I/O Interface Mode
- Transfer Mode: the half duplex (transmit/receive), the full duplex
- Clock: Output (fixed rising edge) /Input (selectable either rising or falling edge)
- Make it possible to specify the interval time of continuous transmission.
- The state of SCxTXD pin after output of the last bit can be selected as follow:

Keep a "High" level, "Low" level or the state of the last bit
- The state of SCxTXD pin when an under run error is occurred in clock input mode can be selected
as follow:
Keep a "High" level or "Low" level
- The last bit hold time of SCxTXD pin can be specified in clock input mode.
UART Mode
- Data length: 7 bits, 8bits, 9bits
- Add parity bit (to be against 9bits data length)
- Serial links to use wake-up function
- Handshaking function with SCxCTS pin
- Noise cancel for SCxRXD pin

In the following explanation, "x" represents channel number.
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13. Serial Channel with 4bytes FIFO (SIO/UART)

13.2 Configuration

TMPM066FWUG TMPM067FWQG TMPMO068FWXBG

13.2 Configuration

SCxSCLK output [}

SCxRXD

Serial channel block diagram and serial clock generator circuit diagram are shown in below.

SIOCLK
; - ---DMA clear (SIODMACLR1
1 ----DMA clear SIODMACLRO}
. H --»DMA request (SIODMAREQ1)
For I/‘O interface mode I L EE R »DMA request (SIODMAREQO)
N YYi:
A Interrupt request (INTRXx)
[— DA control > Interrupt request (INTTXx)
- Y scxMoDo [Serial channel V
Receive counter <WU> interrupt Transmit counter|
(Only in control (Only in
UART mode : +16) A A UART mode : +16)
RXDCLK ¥ A TXDCLKA Y
SCxMODO_> Receive N Transmit  [€~ _—
<RXE> control N control SCxCTS
SCxCR v
<PE><EVEN>
SCxMODO
""""" ' " [Party contol | ! g
1 N arity control
d ca'\::zzleslTer ' -)l Receive shift register | Y | Transmit shift register |—)D SCxTXD
T Y 1 \d
|RBs| Receive buffer (SCxBUF) | Error flag | |TBS| Transmit buffer (SCxBUF)
____________ T T T [,
EFIFO control E <OERR><SF%(I(?:I§><FERR> 1 [ EFIFO control E
L84
Internal data bus Internal data bus Internal data bus
Figure 13-1 Serial Channel Block Diagram
SCxEN
<BRC$SEL>
& Pre-scaler
o 2[4]8[16]32]e4]
Q
o
=
@ TSO ¢TS2 ¢TS8 pTS32
P m e — e — Serial clock generation circuit = - = == = == = === = - - -
1
1 SCxBRCR TBxOUT
' <BRCK> (from TMRBXx)
1 U U U
1 : SCxBRCR SCxBRADD !
' ! <BRS> <BRK> |
1 : 1
1 | 1 S
} 6TSO> & ) I 2| P |Foruart | O SIOCL
\ 9TS2 ’ o = 1 o mode o o
! ¢TS8 Qo gk T a3le =]
Ll
1 TS32+ ) = 1 ] Q
1 1 —
1 : T 1
1 | 1
! ' SCXBRCR 1| |scxmobo SCxMOD
| ! <BRADDE> | <SC> <SM>
. e e e e o~
! Baud rate generator
fsys 1y
1 ~ w
| L2H—> o
i ! . » O
SCxSCLK pin [] —> & | For /0 interface
| = | mode
1
' 4
SCxCR
<loC>

Figure 13-2 Serial clock generation circuit block diagram
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13.3 Registers Description

13.3.1

Registers List

The table below shows control registers and their addresses.

For detail of the base address, refer to "Address lists of peripheral functions" of "Memory Map" chapter.

Register name

Address (Base+)

Enable register SCxEN 0x0000
Buffer register SCxBUF 0x0004
Control register SCxCR 0x0008
Mode control register 0 SCxMODO 0x000C
Baud rate generator control register SCxBRCR 0x0010
Baud rate generator control register 2 SCxBRADD 0x0014
Mode control register 1 SCxMOD1 0x0018
Mode control register 2 SCxMOD2 0x001C
Receive FIFO configuration register SCxRFC 0x0020
Transmit FIFO configuration register SCXTFC 0x0024
Receive FIFO status register SCxRST 0x0028
Transmit FIFO status register SCxTST 0x002C
FIFO configuration register SCxFCNF 0x0030
DMA request enable register SCxDMA 0x0034

Note:Do not modify any control register when data is being transmitted or received.
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13. Serial Channel with 4bytes FIFO (SIO/UART)
13.3 Registers Description
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13.3.2 SCxEN (Enable Register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol - - - - - - BRCKSEL SIOE
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function

31-2 - R Read as "0".

1 BRCKSEL R/W Selects input clock for prescaler.
0: @TO0/2
1: @TO

0 SIOE R/W Serial channel operation
0: Disabled
1: Enabled
Specified the Serial channel operation.
To use the Serial channel, set <SIOE> = "1".
When the operation is disabled, no clock is supplied to the other registers in the Serial channel module.
This can reduce the power consumption.
If the Serial channel operation is executed and then disabled, the settings will be maintained in each register.
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13.3.3 SCxBUF (Buffer Register)

SCxBUF works as a transmit buffer or FIFO for write operation and as a receive buffer or FIFO for read op-

eration.

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol TB/RB
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-8 - R Read as "0".
7-0 TB[7:0] / RB R/W [write] TB: Transmit buffer or FIFO
[7:0] [read] RB: Receive buffer or FIFO
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13.3  Registers Description TMPM066FWUG TMPMO067FWQG TMPMO068FWXBG

13.3.4 SCxCR (Control Register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol - EHOLD - TXDEMP TIDLE
After reset 0 0 0 0 0 1 1 0

7 6 5 4 3 2 1 0
bit symbol RB8 EVEN PE OERR PERR FERR SCLKS 10C
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-15 - R Read as "0".
14-12 EHOLD[2:0] R/W The last bit hold time of a SCxTXD pin in clock input mode (For only I/O interface mode)
Set the last bit hold time and SCLK cycle to keep the last bit hold time equal or less than SCLK cycle/2.
000: 2/fsys 100: 32/fsys
001: 4/fsys 101: 64/fsys
010: 8/fsys 110: 128/fsys
011: 16/fsys 111: Reserved
11 - R Read as "0".
10 TXDEMP R/W The s;ate of SCxTXD pin when an under run error is occurred in clock input mode. (For only I/O interface
mode

0: "Low" level output
1: "High" level output

9-8 TIDLE[1:0] R/W The state of SCxTXD pin after output of the last bit (For only I/O interface mode)
When <TIDLE[1:0]> is set to "10", set "000" to <EHOLD[2:0]>.

00: Keep a "Low" level output

01 :Keep a "High" level output

10: Keep a last bit

11: Reserved

7 RB8 R Receive data bit 8 (For only UART mode)
9th bit of the received data in the 9-bit UART mode.

6 EVEN R/W Parity (For only UART mode)

Selects even or odd parity. The parity bit may be used only in the 7- or 8-bit UART mode.
0: Odd

1: Even

Selects even or odd parity.

5 PE R/W Add parity (For only UART mode)

Controls disabled or enabled parity. The parity bit may be used only in the 7- or 8-bit UART mode.
0: Disabled

1: Enabled

4 OERR R Over-run error flag (Note)
0: Normal operation
1: Error

3 PERR R Parity / Under-run error flag (Note)
0: Normal operation
1: Error

2 FERR R Framing error flag (Note)
0: Normal operation

1: Error
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Bit Bit Symbol Type Function

SCLKS R/W Selecting input clock edge (For I/O Interface mode)

Set to "0" in the clock output mode.

0: Data in the transmit buffer is sent to SCxTXD pin every one bit on the falling edge of SCxSCLK pin.
Data from SCxRXD pin is received in the receive buffer every one bit on the rising edge of SCxSCLK pin.
In this case, the state of a SCxRXD pin starts from "High" level. (Rising edge mode)

1: Data in the transmit buffer is sent to SCxTXD pin every one bit on the rising edge of SCxSCLK pin.
Data from SCxRXD pin is received in the receive buffer every one bit on the falling edge of SCxSCLK pin.
In this case, the state of a SCxSCLK starts from "Low" level.

10C R/W Selecting clock (For I/O Interface mode)
0: Clock output mode (A transfer clock is output from SCxSCLK pin.)
1: Clock input mode (A transfer clock is input to SCxSCLK pin.)

Note:<OERR>, <PERR> and <FERR> are cleared to "0" when read.
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13.3 Registers Description
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13.3.5 SCxMODO (Mode Control Register 0)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol TB8 CTSE RXE wu SM SC
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-8 - R Read as "0".
7 TB8 R/W Transmit data bit 8 (For only UART mode)
Writes the 9th bit of transmit data in the 9-bit UART mode.
6 CTSE R/W Handshake function control (For only UART mode)
0: CTS disabled
1: CTS enabled
Controls handshake function.
Setting "1" enables handshake function using SCxCTS pin.
5 RXE R/W Receive control (Note1)(Note2)
0: Disabled
1: Enabled
4 wu R/W Wake-up function (For only UART mode)
0: Disabled
1: Enabled
This function is available only at 9-bit UART mode. In other mode, this function has no meaning.
When it is enabled, interrupt is occurred only when RB9 = "1" in a 9-bit UART mode.
3-2 SM[1:0] R/W Specifies transfer mode.
00: /O interface mode
01: 7-bit UART mode
10: 8-bit UART mode
11: 9-bit UART mode
1-0 SC[1:0] R/W Serial transfer clock (For only UART mode)
00: TMRB output
01: Baud rate generator
10: System clock (fsys)
11: External clock (SCxSCLK pin input)
(For the 1/0 interface mode, the transfer clock in I/O interface mode is selected by SCxCR<IOC>.)

Note 1: Specify the all mode control registers first and then the <RXE>.
Note 2: Do not stop the receive operation (by setting SCxMODO<RXE> to "0") when data is being received.
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13.3.6 SCxMOD1 (Mode Control Register 1)

31 30 29 28 27 26 25 24

bit symbol - - - - - - - -

After reset 0 0 0 0 0 0 0 0

bit symbol - - - - - - - -

After reset 0 0 0 0 0 0 0 0

bit symbol - - - - - - - -

After reset 0 0 0 0 0 0 0 0

bit symbol - FDPX TXE SINT -

After reset 0

o
o
o
o
o
o
o

Bit Bit Symbol Type Function

31-8 - R Read as "0".

7 - R/W Reserved

6-5 FDPX[1:0] R/W Transfer mode setting

00: Transfer prohibited

01: Half duplex (Receive)

10: Half duplex (Transmit)

11: Full duplex

Configures the transfer mode in the 1/O interface mode.

And when FIFO is enabled, specify the configuration of FIFO. In UART mode, specify the only configura-
tion of FIFO.

4 TXE R/W Transmit control (Note1)(Note2)

0 :Disabled

1: Enabled

This bit enables transmission and is valid for all the transfer modes.

3-1 SINT[2:0] R/W Interval time of continuous transmission (For 1/O interface mode)
000: None

001: 1 x SCLK cycle

010: 2 x SCLK cycle

011: 4 x SCLK cycle

100: 8 x SCLK cycle

101: 16 x SCLK cycle

110: 32 x SCLK cycle

111: 64 x SCLK cycle

This parameter is valid only for the 1/O interface mode when SCLK output mode is selected. In other
modes, this parameter has no meaning.

Specifies the interval time of continuous transmission when double buffering or FIFO is enabled in the 1/O in-
terface mode.

0 - R/W Write a "0".

Note 1: Specify the all mode control registers first and then enable the <TXE>.
Note 2: Do not stop the transmit operation (by setting <TXE> to "0") when data is being transmitted.
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13.3  Registers Description TMPM066FWUG TMPMO067FWQG TMPMO068FWXBG

13.3.7 SCxMOD2 (Mode Control Register 2)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol TBEMP RBFLL TXRUN SBLEN DRCHG WBUF SWRST
After reset 1 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-8 - R Read as "0".
7 TBEMP R Transmit buffer empty flag
0: Full
1: Empty
If double buffering is disabled, this flag is insignificant.
This flag shows that the transmit double buffers are empty.
When data in the transmit double buffers is moved to the transmit shift register and the double buffers are
empty, this bit is set to "1".
Writing data again to the double buffers sets this bit to "0".
6 RBFLL R Receive buffer full flag
0: Empty
1: Full
If double buffering is disabled, this flag is insignificant.
This is a flag to show that the receive double buffers are full.
When a receive operation is completed and received data is moved from the receive shift register to the re-
ceive double buffers, this bit changes to "1" . When reading the receive buffer ,this bit is cleared to "0".
5 TXRUN R In transmission flag
0: Stop
1: Operate
This is a status flag to show that data transmission is in progress.
<TXRUN> and <TBEMP> bits indicate the following status.
<TXRUN> <TBEMP> Status
1 - Transmission in progress
1 Transmission is completed.
0
0 Wait state with data in transmit buffer
4 SBLEN R/W STOP bit length (for UART mode)
0: 1-bit
1: 2-bit
This specifies the length of transmission stop bit in the UART mode.
On the receive side, the decision is made using only a single bit regardless of the <SBLEN>.
3 DRCHG R/W Setting transfer direction
0: LSB first
1: MSB first
Specifies the direction of data transfer.
In the UART mode, set this bit to LSB first.
2 WBUF R/IW Enable double-buffer
0: Disabled
1: Enabled
This parameter enables or disables the transmit/receive double buffers to transmit (in both SCLK output/in-
put modes) and receive (in SCLK output mode) data i n the I/O interface mode and to transmit in the
UART mode.
When receiving data in the I/O interface mode (in clock input mode) and UART mode, double buffering is en-
abled regardless of the <WBUF>.
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Bit

Bit Symbol

Type

Function

SWRST[1:0]

R/W

Software reset
Overwriting "01" in place of "10" generates a software reset.

When a software reset is executed, the following bits are initialized and the transmit/receive circuit and
FIFO become initial state (Note1)(Note2).

Register Bit

SCxMODO0O <RXE>

SCxMOD1 <TXE>

SCxMOD2 <TBEMP>, <RBFLL>, <TXRUN>
SCxCR <OERR>, <PERR>, <FERR>

Note 1: While data transmission is in progress, any software reset operation must be executed twice in succession.

Note 2: A software reset requires 2 clocks-duration at the time between the end of recognition and the start of execution of soft-
ware reset instruction.
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13.3  Registers Description TMPM066FWUG TMPM067FWQG TMPMO068FWXBG

13.3.8 SCxBRCR (Baud Rate Generator Control Register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol - BRADDE BRCK BRS
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-8 - R Read as "0".
7 - R/IW Write "0".
6 BRADDE R/IW N + (16 - K)/16 divider function (Only for UART mode)
0: disabled
1: enabled
5-4 BRCK[1:0] R/W Select input clock to the baud rate generator.
00:9TSO
01:¢TS2
10:9TS8
11:9TS32
3-0 BRS[3:0] R/IW Division ratio "N"
0000: N = 16
0001: N =1
0010: N =2
1111: N =15

Note 1: As a division ratio, 1 ("0001") or 16 ("0000") can not be applied to N when using the "N + (16 - K)/16" division func-
tion in the UART mode.

Note 2: The division ratio "1" of the baud rate generator can be specified only when the double buffering is used in the I/
O interface mode.
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13.3.9 SCxBRADD (Baud Rate Generator Control Register 2)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol - - - - BRK
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-4 - R Read as "0".
3-0 BRK[3:0] R/W Specify K for the "N + (16 — K)/16" division (For UART mode)

0000: Prohibited
0001: K =1
0010: K =2

1111: K =15

Table 13-1 lists the settings of baud rate generator division ratio.

Table 13-1 Setting division ratio

<BRADDE> = "0"

<BRADDE> = "1" (Note1)
(Only in the UART mode)

<BRS> Specify "N"
<BRK> No setting required Specify "K" (Note2)
Division ratio Divide by N N2 8K ivision
16 '

Note 1: To use the "N + (16 - K)/16" division function, be sure to set <BRADDE> to "1" after setting the K value to

<BRK>. The "N + (16 - K)/16" division function can only be used in the UART mode.

Note 2: Specifying "K = 0" is prohibited.
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13. Serial Channel with 4bytes FIFO (SIO/UART)

13.3  Registers Description TMPM066FWUG TMPMO067FWQG TMPMO068FWXBG

13.3.10 SCxFCNF (FIFO Configuration Register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol - - - RFST TFIE RFIE RXTXCNT CNFG
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-8 - R Read as "0".
7-5 - R/W Be sure to write "000".
4 RFST R/W Bytes used in receive FIFO.
0: Maximum
1: Same as FILL level of receive FIFO
The number of receive FIFO bytes to be used is selected. (Note1)
0: The maximum number of bytes of the FIFO configured (see also <CNFG>).
1: Same as the fill level for receive interrupt generation specified by SCORFC <RIL[1:0]>.
3 TFIE R/W Specify transmit interrupt for transmit FIFO.
0: Disabled
1: Enabled
When transmit FIFO is enabled, transmit interrupts are enabled or disabled by this parameter.
2 RFIE R/W Specify receive interrupt for receive FIFO.
0: Disabled
1: Enabled
When receive FIFO is enabled, receive interrupts are enabled or disabled by this parameter.
1 RXTXCNT R/IW Automatic disable of RXE/TXE.
0: None
1: Auto disable
Controls automatic disabling of transmission and reception.
Setting "1" enables to operate as follows.
Half duplex When the receive shift register, receive buffers and receive FIFO are filled up to
Receive the specified number of valid bytes, SCxMODO<RXE> is automatically set to "0"
to inhibit further reception.
Half duplex When the transmit shift register, transmit buffers and the transmit FIFO are emp-
Transmit ty, SCxMOD1<TXE> is automatically set to "0" to inhibit further transmission.
Full duplex When either of the above two conditions is satisfied, <TXE> and <RXE> are au-
tomatically set to "0" to inhibit further transmission and reception.
0 CNFG R/IW FIFO enable.
0: Disabled
1: Enabled
Enables FIFO.(Note2)
When <CNFG> is set to "1", FIFO is enabled. If FIFO is enabled, the SCOMOD1 <FDPX[1:0]> setting auto-
matically configures FIFO as follows:
Half duplex Receive FIFO 4bytes
Receive
Half duplex Transmit FIFO 4bytes
Transmit
Full duplex Receive FIFO 2bytes and Transmit FIFO 2bytes
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Note 1: Regarding Transmit FIFO, the maximum number of bytes being configured is always available. (See also
<CNFG>.)

Note 2: The FIFO can not be used in 9 bit UART mode.
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13.3.11 SCxRFC (Receive FIFO Configuration Register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol RFCS RFIS - - - - RIL
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-8 - R Read as "0".
7 RFCS W Receive FIFO clear (Note1)
1: Clear
When SCxRFC<RFCS> is set to "1", the receive FIFO is cleared and SCxRST<RLVL[2:0]> is "000". And al-
so the read pointer is initialized.
Read as "0".
6 RFIS R/W Select interrupt generation condition.
0: When FIFO fill level (SCxRST<RLVL[2:0]>) = Receive FIFO fill level to generate receive interrupt (<RIL
1:0]>
[1: Vglh)en FIFO fill level (SCxRST<RLVL[2:0]>) = Receive FIFO fill level to generate receive interrupt (<RIL
1:0]>
Lor]th)e detail of interrupt condition, refer to "13.12.1.2 FIFO"
5-2 - R Read as "0".
1-0 RIL[1:0] R/W FIFO fill level to generate receive interrupts.
Half duplex Full duplex
00 4 bytes 2 bytes
01 1 byte 1 byte
10 2 bytes 2 bytes
11 3 bytes 1 byte

Note: To use Transmit/Receive FIFO buffer, Transmit/Receive FIFO must be cleared after setting the SIO transfer
mode (half duplex/full duplex) and enabling FIFO (SCxFCNF<CNFG> = "1")
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13.3.12 SCxTFC (Transmit FIFO Configuration Register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol - - - - - - - TBCLR
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol TFCS TFIS - - - - TIL
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-9 - R Read as "0".
8 TBCLR W Transmit buffer clear
0: Don't care
1: Clear
When SCxTFC<TBCLR> is set to "1", the transmit buffer is cleared.
Read as "0".
7 TFCS W Transmit FIFO clear (Note1)
0: Don't care
1: Clear
When SCXTFC<TFCS> is set to "1", the transmit FIFO is cleared and SCxTST<TLVL[2:0]> is "000". And al-
so the write pointer is initialized.
Read as "0".
6 TFIS R/W Selects interrupt generation condition.
0: When FIFO fill level (SCxTST<TLVL[2:0]>) = Transmit FIFO fill level to generate transmit interrupt (<TIL
[1:0]>)
1: When FIFO fill level (SCxTST<TLVL[2:0]>) < Transmit FIFO fill level to generate transmit interrupt (<TIL
[1:0]>)
For the detail of interrupt condition, refer to "13.12.2.2 FIFO"
5-2 - R Read as "0".
1-0 TIL[1:0] R/W Fill level which transmit interrupt is occurred.
Half duplex Full duplex
00 Empty Empty
01 1 byte 1 byte
10 2 bytes Empty
11 3 bytes 1 byte

Note 1: To use Transmit/Receive FIFO buffer, Transmit/Receive FIFO must be cleared after setting the SIO transfer mode
(half duplex/full duplex) and enabling FIFO (SCxFCNF<CNFG> = "1").

Note 2: In case that SCXEN<SIOE>="0" (Stop SIO/UART operation) or the operation mode is changed to IDLE mode with
SCxMOD<I2SC>="0" (Stop SIO/UART operation in IDLE mode), SCxTFC is initialized again.After you perform the fol-
lowing operations, configure the SCxTFC register again.
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13.3.13 SCxRST (Receive FIFO Status Register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol ROR - - - - RLVL
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-8 - R Read as "0".
7 ROR R Receive FIFO Overrun. (Note)
0: Not generated
1: Generated
6-3 - Read as "0".
2-0 RLVL[2:0] Status of Receive FIFO fill level.
000: Empty
001: 1 byte
010: 2 bytes
011: 3 bytes
100: 4 bytes

Note:<ROR> is cleared to "0" when receive data is read from the SCxBUF.
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13.3.14 SCxTST (Transmit FIFO Status Register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol TUR - - - - TLVL
After reset 1 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-8 - R Read as "0".
7 TUR R Transmit FIFO Under run. (Note)
0: Not generated
1: Generated
6-3 - R Read as "0".
2-0 TLVL[2:0] R Status of Transmit FIFO level
000: Empty
001: 1 byte
010: 2 byte
011: 3 byte
100: 4 byte

Note:<TUR> is cleared to "0" when transmit data is written to the SCxBUF.
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13.3 Registers Description
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13.3.15 SCxDMA (DMA request enable register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol - - - - - - DMAEN1 DMAENO
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function

31-2 - R Read as 0.

1 DMAEN1 R/W Enable DMA request. DMA request is generated by receive interrupt INTRX.
0: disable
1: enable

0 DMAENO R/W Enable DMA request. DMA request is generated by transmit interrupt INTTX.
0: disable
1: enable

Note:When DMA request is generated during DMA transfer is being, it is not kept and nesting.
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13.4 Operation in Each Mode

Table 13-2 shows the modes.

Table 13-2 Modes

Specifies
Mode type Data length | Transfer direction | whether to use STOP bit length (transmit)
parity bits.
Synchronous communication
Mode 0 mode 8 bits LSB first/MSB first - -
(I/O interface mode)
Mode 1 . 7 bits o
Asynchronous communica-
Mode 2 tion mode 8 bits LSB first o 1 bit or 2 bits
Mode 3 (UART mode) 9 bits x

The Mode 0 is a synchronous communication and can be used to extend I/O. This mode transmits and receives
data in synchronization with SCLK clock. SCLK clock can be used for both input and output modes. The direc-
tion of data transfer can be selected from LSB first or MSB first. This mode is not allowed either to use parity
bits or STOP bits.

The mode 1, mode 2 and mode 3 are asynchronous modes and the transfer directions can be selected as only

the LSB first.

Parity bits can be added in the mode 1 and mode 2. The mode 3 has a wakeup function in which the master con-
troller can start up slave controllers via the serial link (multi-controller system). STOP bit in transmission can be se-
lected from 1 bit and 2 bits. The STOP bit length in reception is fixed to a one bit.
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13.5 Data Format

13.5.1 Data Format List

Figure 13-3 shows data format.

* ModeO (I/O interface mode) / LSB first

“oitoX 1 X2 X3 XaXs Xe X7)Y

<€— Transmission direction

* ModeO (/O interface mode ) / MSB first

oit7X 6 X5 X4 XsX2X1 Yoy

<€— Transmission direction

* Mode1 (7bits_U_ART mode)
without party \start {bitoX 1 X 2 X 3 X 4 X 5 X 6 Ystop

withparty  \start {bitoX 1 X 2 X 3 X 4 X 5 X 6 Xparity) stop

* Mode2 (8bits_U_ART mode)
Without parity \start,(bitOX 1 X2 X3 X4 X5 X6 X7 Vstop

With parity \stan,(bitox 1 X2 X3 X4 X5 X6 X 7 Xarity) stop

* Mode3 (9bits_U_ART mode)
N\start {oitoX 1 X 2 X3 X2 X5 X6 X7 X8 YVstop
--\stan,(bitOX 1 X2 X3 X4 X5 X6 X7 Xbitsystop(W;k;fup)

bit 8 = 1 represents address. (select code)
bit 8 = 0 represents data.

Figure 13-3 Data Format
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13.5.2 Parity Control

The parity bit can be added with a transmitted data only in the 7- or 8-bit UART mode. And the received par-
ity bit can be compared with a generated one.

Setting "1" to SCXCR<PE> enables the parity. SCxCR<EVEN> selects either even or odd parity.

13.5.2.1 Transmission

Upon data transmission, the parity control circuit automatically generates the parity with the data in the
transmit buffer. The parity bit will be stored in SCxBUF<TB7> in the 7-bit UART mode and
SCxMOD<TB&> in the 8-bit UART mode.

The <PE> and <EVEN> settings must be completed before data is written to the transmit buffer.

13.5.2.2 Reception
If the received data is moved from the receive shift register to the receive buffer, a parity is generated.

In the 7-bit UART mode, the generated parity is compared with the parity stored in SCxBUF<RB7>,
in the 8-bit UART mode, it is compared with the one in SCxCR<RB&>.

If there is any difference, a parity error occurs and the SCXCR<PERR> is set to "1".

In use of the FIFO, <PERR> indicates that a parity error was generated in one of the received data.

13.5.3 STOP Bit Length

The length of the STOP bit in the UART transmission mode can be selected from one bit or two bits by set-
ting the SCxMOD2<SBLEN>. The length of the STOP bit data is determined as one-bit when it is received re-
gardless of the setting of this bit.
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13.6 Clock Control

13.6.1 Prescaler
There is a 7-bit prescaler to divide a prescaler input clock ¢TO by 1, 2, 4, 8, 16, 32, 64 and 128.

Use the CGSYSCR and SCXEN<BRCKSEL> in the clock/mode control block to select the input clock of
the prescaler.

The prescaler becomes active only when the baud rate generator is selected as a transfer clock by
SCxMODO0<SC[1:0]> = "01".

13.6.2 Serial Clock Generation Circuit

The serial clock generation circuit is a block to generate transmit and receive clocks (SIOCLK) and con-
sists of the circuits in which clocks can be selected by the settings of the baud rates generator and modes.

13.6.2.1 Baud Rate Generator

The baud rate generator generates transmit and receive clocks to determine the serial channel transfer
rate.

(1) Baud Rate Generator input clock

The input clock of the baud rate generator is selected from the prescaler outputs divided by 1, 4,
16 and 64.

This input clock is selected by setting the SCXEN<BRCKSEL> and SCxBRCR<BRCK>.

SCXEN<BRCKSEL> SCXBRCR<BRCK> Bi:‘;{:f‘j()%i“g@‘m

0 00 ©TO/2

0 01 oTO/8

0 10 @TO/32

0 11 9TOM28

1 00 ®TO

1 01 oTO/4

1 10 ©T0/16

1 11 ©TO/64

(2) Baud Rate Generator output clock

The frequency division ratio of the output clock in the baud rate generator is set by SCxBRCR
and SCxBRADD.

The following frequency divide ratios can be used; 1/N frequency division in the I/O interface
mode, either 1/N or 1/(N + (16-K)/16) in the UART mode.

The table below shows the frequency division ratio which can be selected.
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Mod Divide Function Setting Divide by N Divide by K
ode
SCxBRCR<BRADDE> SCxBRCR<BRS[3:0]> SCxBRADD<BRK][3:0]>
I/0 interface Divide by N 1 to 16 (Note) -
Divide by N 1to 16 -
UART
N + (16-K)/16 division 2to 15 1to 15

Note: 1/N (N=1) frequency division ratio can be used only when a double buffer is enabled.

The input clock to the divider of baud rate generator is Tx, the baud rate in the case of 1/N and
N + (16-K)/16 is shown below.

+ Divide by N

N + (16-K)/16 division

¢ Tx
Baud rate =
N
¢ Tx
Baud rate = W
N+ "6
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13.6  Clock Control TMPM066FWUG TMPM067FWQG TMPMO068FWXBG

13.6.2.2 Clock Selection Circuit
A clock can be selected by setting the modes and the register.
Modes can be specified by setting the SCxMODO<SM[1:0]>
The clock in I/O interface mode is selected by setting SCxCR<IOC><SCLKS>.

The clock in UART mode is selected by setting SCxMODO<SC[1:0]>.

(1)  Transfer Clock in 1/O interface mode

Table 13-3 shows clock selection in I/O interface mode.

Table 13-3 Clock Selection in I/O Interface Mode

Input/Output

Mode . Clock edge selection
selection Clock of use
SCxMODO0<SM[1:0]> SCxCR<SCLKS>
SCxCR<IOC>
ngr N
"o" Divided by 2 of

(Transmit : falling edge,
(Clock output mode) the baud rate generator output.

Receive : rising edge)

nge
00"
(/O interf de) (Transmit : falling edge, SCxSCLK pin input
interface mode
e Receive : rising edge)
(Clock input mode) "y
(Transmit : rising edge, SCxSCLK pin input

Receive : falling edge)

To use SCxSCLK input, the following conditions must be satisfied.

If double buffer is used

- SCLK cycle > 6/fsys
If double buffer is not used

- SCLK cycle > 8/fsys
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(2) Transfer clock in the UART mode

Table 13-4 shows the clock selection in the UART mode. In the UART mode, selected clock is divi-
ded by 16 in the receive counter or the transmit counter before use.

Table 13-4 Clock Selection in UART Mode

Mode Clock selection
SCxMODO0<SM[1:0]> SCxMODO0<SCI[1:0]>

"00" : TMRB output

UART Mode "01" : Baud rate generator
("01", "10", "11") "10" : fsys

"11" : SCxSCLK pin input

To use SCxSCLK pin input, the following conditions must be satisfied.

- SCLK cycle > 2/fsys

To enable the timer output, a timer flip-flop output inverts when the value of the counter and that
of TBxRG1 match. The SIOCLK clock frequency is "Setting value of TBXRG1 x 2".

Baud rates can be obtained by using the following formula.

Baud rate calculation
Clock frequency selected by CGSYSCR<PRCK>
(TBxRG1 x2)x2x 16

In the case the timer prescaler clock ®T1
(2divition ratio) is selected.

Transfer rate =

One clock cycle is a period that the timer flip-flop
is inverted twice.
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13.6.3 Transmit/Receive Buffer and FIFO

13.6.3.1  Configuration
Figure 13-4 shows the configuration of transmit buffer, receive buffer and FIFO.

Appropriate settings are required for using buffer and FIFO. The configuration may be predefined depend-
ing on the mode.

SCxRXD —>| _Receive shift register | | _Transmit shift register l—» SCxTXD
| Receive buffer | | Transmit buffer |
AN
Receive FIFO First stage Transmit FIFO First stage
Second stage Second stage
Third stage Third stage
Fourth stage Fourth stage

Figure 13-4 The Configuration of Buffer and FIFO

13.6.3.2 Transmit/Receive Buffer

Transmit buffer and receive buffer are double-buffered. The buffer configuration is specified by
SCxMOD2<WBUF>.

When serial channel is operated as receive, if it is operated as clock input mode in the I/O interface
mode or it is operated as the UART mode, it’s double buffered regardless of <WBUF> settings.

In other modes, it’s according to the <WBUF> settings.

Table 13-5 shows correlation between modes and buffers.

Table 13-5 Mode and buffer Composition

SCxMOD2<WBUF>
Mode

nge nqn

Transmit Single Double
UART mode

Receive Double Double
1/O interface mode Transmit Single Double
(Clock input mode) Receive Double Double
1/O interface mode Transmit Single Double
(Clock output mode) Receive Single Double
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13.6.3.3 Initialize Transmit Buffer

When transmission is stopped with a data in the transmit buffer, it is necessary to initialize the transmit
buffer before new transmit data is written to transmit buffer.

The transmit buffer must be initialized when the transmit operation is stopped. To stop the transmit oper-
ation can be confirmed by reading SCxMOD2<TXRUN>. After confirming to stop the transmit opera-
tion, SCXTFC<TBCLR> is set to "1" and initialize the transmit buffer.

When a transmit FIFO is enabled, the initialize operation is depend on the data in a transmit FIFO. If trans-
mit FIFO has data, a data is transferred from a transmit FIFO to a transmit buffer. If transmit FIFO does not
have data, SCXMOD2<RBEMP> is set to "1".

Note:In the 1/O interface mode with clock input mode is input asynchronously. When transmit operation
is stopped, do not input the clock.

13.6.3.4 FIFO
In addition to the double buffer function above described, 4-byte FIFO can be used.

To enable FIFO, enable the double buffer by setting SCxMOD2<WBUF> to "1" and
SCxFCNF<CNFG> to "1". The FIFO buffer configuration is specified by SCXMODI<FDPX[1:0]>.

Note: To use Transmit/Receive FIFO buffer, Transmit/Receive FIFO must be cleared after setting
the SIO transfer mode (half duplex/ full duplex) and enabling FIFO (SCxFCNF<CNFG> = "1").

Table 13-6 shows correction between modes and FIFO.

Table 13-6 Mode and FIFO Composition

SCxMOD1<FDPX[1:0]> | Receive FIFO | Transmit FIFO
Half duplex
) "01" 4byte -
Receive
Half duplex
) "10" - 4byte
Transmit
Full duplex "1 2byte 2byte
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13.7 Status Flag

The SCxMOD?2 has two types of flag. This bit is significant only when the double buffer is enabled.

<RBFLL> is a flag to show that the receive buffer is full. When one frame of data is received and the data is
moved from the receive shift register to the receive buffers, this bit changes to "1". When reading the receive buf-
fer is read, this bit is cleared to "0".

<TBEMP> shows that the transmit buffer is empty. When data in the transmit buffers is moved to the transmit
shift register, this bit is set to "1". When data is set to the transmit buffers, the bit is cleared to "0".

13.8 Error Flag

Three error flags are provided in the SCxCR. The meaning of the flags is changed depending on the modes.
The table below shows the meanings in each mode.

These flags are cleared to "0" after reading the SCxCR.

Flag
Mode
<OERR> <PERR> <FERR>
UART mode Over-run error Parity error Framing error
Under-run error
(When a double buffer and

1/0 Interface mode FIFO are used) )

k QOver-run error Fixed to O
(Clock input mode) Fixed to O

(When a double buffer and
FIFO are not used)

1/0 Interface mode ) ) .
Undefined Undefined Fixed to 0

(Clock output mode)

13.8.1 OERR Flag

In both UART and I/O interface modes, this bit is set to "1" when an error is generated by completing the re-
ception of the next frame before the receive buffer has been read.

If the receive FIFO is enabled, the received data is automatically moved to the receive FIFO and no over-
run error will be generated until the receive FIFO is full (or until the usable bytes are fully occupied).

In the I/O interface mode with clock output mode, the SCxSCLK pin output stops upon setting the flag.

Note: To switch from the 1/0 interface mode with clock output mode to other modes, read the
SCxCR and clear the overrun flag.
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13.8.2 PERR Flag

This flag indicates a parity error in the UART mode and an under-run error or completion of transmit in
the I/O interface mode.

In the UART mode, <PERR> is set to "1" when the parity generated from the received data is different
from the received parity bit.

In the I/O interface mode, <PERR> is set to "1" under the following conditions when a double buffer is en-
abled.

In the clock input mode, <PERR> is set to "1" when the clock is input after completing data output of the
transmit shift register with no data in the transmit buffer.

In the clock output mode, <PERR> is set to "1" after completing output of all data and the clock output
stops.

Note: To switch from the I/O interface mode with clock output mode to other modes, read the SCxCR and
clear the under-run flag.

13.8.3 FERR Flag

A framing error is generated if the corresponding stop bit is determined to be "0" by sampling the bit at
around the center. Regardless of the stop bit length settings in the SCxMOD2<SBLEN>, the stop bit status is
determined by only 1’st STOP bit.

This bit is fixed to "0" in the I/O interface mode.
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13.9 Receive

13.9.1 Receive Counter
The receive counter is a 4-bit binary counter and is up-counted by SIOCLK.

In the UART mode, sixteen SIOCLK clock pulses are used in receiving a single data bit and the data sym-
bol is sampled at the eighth pulse.

13.9.2 Receive Control Unit

13.9.2.1 I/O interface mode

In the clock output mode with SCxCR <IOC> set to "0", the SCxRXD pin is sampled on the rising
edge of SCxSCLK pin.

In the clock input mode with SCxCR <IOC> set to "1", the SCxRXD pin is sampled on the rising or fall-
ing edge of SCxSCLK pin depending on the SCxCR <SCLKS>.

13.9.22 UART Mode

The receive control unit has a start bit detection circuit, which is used to initiate receive operation
when a normal start bit is detected.

13.9.3 Receive Operation

13.9.3.1 Receive Buffer

The received data is stored by 1 bit in the receive shift register. When a complete set of bits has been stor-
ed, the interrupt INTRXX is generated.

When the double buffer is enabled, the data is moved to the receive buffer (SCxBUF) and the receive buf-
fer full flag (SCxMOD2<RBFLL>) is set to "1". The receive buffer full flag is cleared to "0" by reading
the receive buffer. When the double buffer is disabled, the receive buffer full flag has no meaning.

Receive shift register DATA1
Receive buffer DATA 1
Receive interrupt(INTRXx) | | 4
/7
pa

SCxMOD2<RBFLL> | 5'7 |

Receive buffer read

Figure 13-5 Receive Buffer Operation

2016/6/27 Page 274



TMPM066FWUG TMPM067FWQG TMPMO068FWXBG

13.9.3.2 Receive FIFO Operation

When FIFO is enabled, the received data is moved from receive buffer to receive FIFO and the receive
buffer full flag is cleared immediately. An interrupt will be generated according to the SCxRFC<RIL[1:0]
>,

Note:When the data with parity bit are received in UART mode by using the FIFO, the parity error
flag is shown the occurring the parity error in the received data.

The configurations and operations in the half duplex Receive mode are described as follows.

SCxMOD1<FDPX[1:0]> = "01" :Transfer mode is set to half duplex mode
SCxFCNF<RFST><TFIE><RFIE>

<RXTCNT><CNFG> = "10111"

:Automatically inhibits continuous reception after reaching the fill level.

:The number of bytes to be used in the receive FIFO is the same as the interrupt generation fill lev-

el.
SCxRFC<RIL[1:0]> = "00" :The fill level of FIFO in which generated receive interrupt is set to 4 bytes

SCxRFC<RFCS><RFIS> = "01" :Clears receive FIFO and sets the condition of interrupt generation.

After setting of the above FIFO configuration, the data reception is started by writing "1" to the
SCxMODO<RXE>. When the data is stored all in the receive shift register, receive buffer and receive
FIFO, SCxMODO<RXE> is automatically cleared and the receive operations completed.

In the above condition, if the continuous reception after reaching the fill level is enabled, it becomes pos-
sible to receive a data continuously by reading the data in the FIFO.

Receive shift register | DATA1 DATA2 DATA3 DATA4 DATAS DATA6
Receive buffer | DATA1 DATA2 DATA3 DATA4 DATAS DATAS
RXFIFO  The first stage 3 DATA1 DATA2 DATA3 DATA4 DATA4 DATA4
The second stage DATA1 DATA2 DATA3 DATA3 DATA3
The third stage DATA1 DATA2 DATA2 DATA2
The fourth stage DATA1 DATA1 DATA1

RX Interrupt (INTRXx)

SCxMOD2<RBFLL>

SCxMODO<RXE>

Figure 13-6 Receive FIFO Operation
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13.9.3.3 I/O interface mode with clock output mode

In the I/O interface mode with clock output mode setting, clock stops when all received data is stored
in the receive buffer and FIFO. So, in this mode, the over-run error flag has no meaning.

The timing of SCLK output stop and re-output depends on receive buffer and FIFO.

(1)  Case of single buffer

Stop clock output after receiving a data. In this mode, I/O interface can transfer each data with
the transfer device by hand-shake.

When the data in a buffer is read, clock output is restarted.

(2) Case of double buffer
Stop clock output after receiving the data into a receive shift register and a receive buffer.

When a data is read, clock output is restarted.

(3) Case of FIFO

Stop clock output after receiving the data into a shift register, received buffer and FIFO.

When one byte data is read, the data in the received buffer is transferred into FIFO and the data
in the receive shift register is transferred into the received buffer and clock output restarts.

And if SCXFCNF<RXTXCNT>is set to "1", clock stops and receive operation stops with clearing
SCxMODO<RXE>.
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13.9.3.4 Read Received Data
In spite of enabling or disabling FIFO, read the received data from the receive buffer (SCxBUF).

When receive FIFO is disabled, the buffer full flag SCXMOD2<RBFLL> is cleared to "0" by this read-
ing. The next data can be received in the receive shift register before reading a data from the receive buf-
fer. The parity bit to be added in the 8-bit UART mode as well as the most significant bit in the 9-bit
UART mode will be stored in SCxCR<RBS8>.

When the receive FIFO is enabled, the 9-bit UART mode is prohibited because up to 8-bit data can be stor-
ed in receive FIFO. In the 8-bit UART mode, the parity bit is lost but parity error is determined and the re-
sult is stored in SCxCR<PERR>.

13.9.3.5 Wake-up Function

In the 9-bit UART mode, the slave controller can be operated in the wake-up mode by setting the wake-
up function SCxXMODO <WU> to "1". In this case, the interrupt INTRXx will be generated only when
SCxCR <RB8> is set to "1".

13.9.3.6  Overrun Error

When receive FIFO is disabled, the overrun error occurs without completing reading data before receiv-
ing the next data. When an overrun error occurs, a content of receive buffer and SCxCR<RB8&> is not
lost, but a content of receive shift register is lost.

When receive FIFO is enabled, overrun error is occurred and set overrun flag by no reading receive
FIFO before moving the next data into received buffer when receive FIFO is full. In this case, the con-
tents of receive FIFO are not lost.

In the I/O interface mode with clock output mode, the clock output automatically stops, so this flag
has no meaning.

Note:When the mode is changed from 1/O interface mode with clock output mode to the other modes,
read SCxCR and clear overrun flag.
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13.10 Transmit

13.10.1  Transmit Counter

The transmit counter is a 4-bit binary counter and is counted by SIOCLK as in the case of the receive coun-
ter. In UART mode, it generates a transmit clock (TXDCLK) on every 16th clock pulse.

%5 16 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 1 2

TXDCLK I I

Figure 13-7 Generation of Transmission Clock in UART mode

13.10.2 Transmit Control

13.10.2.1  In I/O Interface Mode

In the clock output mode with SCxCR<IOC> set to "0", each bit of data in the transmit buffer is output-
ted to the SCXxTXD pin on the falling edge of SCxSCLK pin.

In the clock input mode with SCxCR<IOC> set to "1", each bit of data in the transmit buffer is output-
ted to the SCXxTXD pin on the rising or falling edge of the SCxSCLK pin according to the SCxCR<SCLKS>.

13.10.2.2 In UART Mode

When the transmit data is written in the transmit buffer, data transmission is initiated on the rising
edge of the next TXDCLK and the transmit shift clock signal is also generated.
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13.10.3 Transmit Operation

13.10.3.1  Operation of Transmit Buffer

If double buffering is disabled, the CPU writes data only to transmit shift register and the transmit inter-
rupt INTTXXx is generated upon completion of data transmission.

If double buffering is enabled (including the case the transmit FIFO is enabled), data written to the trans-
mit buffer is moved to the transmit shift register. The INTTXx interrupt is generated at the same time
and the transmit buffer empty flag (SCxMOD2<TBEMP>) is set to "1". This flag indicates that the next
transmit data can be written. When the next data is written to the transmit buffer, the <TBEMP> flag is

cleared to "0".
Write data ¢ ¢

Transmit buffer 6€ DATA 1 DATA 2

Transmit shift register gg DATA1

/

SCxMOD1<TXE> _I

Transmit shift register(INTTXx) | |

SCxMOD2<TBEMP> | I |

Figure 13-8 Operation of Transmit Buffer (Double-buffer is enabled)
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13.10.3.2 Transmit FIFO Operation

Transmit FIFO fourth stage

When FIFO is enabled, the maximum 5-byte data can be stored using the transmit buffer and FIFO.
Once transmission is enabled, data is transferred to the transmit shift register from the transmit buffer and
start transmission. If data exists in the FIFO, the data is moved to the transmit buffer immediately, and
the <TBEMP> flag is cleared to "0".

Note: To use Transmit FIFO buffer, Transmit FIFO must be cleared after setting the SIO transfer mode
(half duplex/ full duplex) and enabling FIFO (SCxFCNF<CNFG>="1").

Settings and operations to transmit 5 bytes data stream by setting the transfer mode to half duplex are
shown as below.

SCxMOD1<FDPX[1:0]> = "10" ‘Transfer mode is set to half duplex.

SCxFCNF<RFST><TFIE><RFIE> :‘Transmission is automatically disabled if FIFO becomes empty.

<RXTXCNT><CNFG> = "11011" :The number of bytes to be used in the receive FIFO is the same as the interrupt
:generation fill level.

SCxTFC<TIL[1:0]> = "00" :Sets the interrupt generation fill level to "0".

SCXTFC<TFCS><TFIS> = "11" :Clears receive FIFO and sets the condition of interrupt generation.

SCxFCNF<CNFG> = "1" :Enable FIFO

After above settings are configured, data transmission can be initiated by writing 5 bytes of data to the
transmit buffer and FIFO, and setting the SCxMOD1<TXE> bit to "1". When the last transmit data is
moved to the transmit buffer, the transmit interrupt is generated. When transmission of the last data is com-
pleted, the clock is stopped and the transmission sequence is terminated.

Once above settings are configured, if the transmission is not set as auto disabled, the transmission
should lasts writing transmit data.

DATA 5
Third stage DATA 4 DATA 5
Second stage DATA 3 DATA 4 DATA 5
First stage DATA 2 DATA 3 DATA 4 DATA 5
Transmit buffer | DATA1 DATA 2 DATA 3 DATA 4 DATA 5
v A Y v A
Transmit shift register | DATA1 DATA 2 DATA 3 DATA 4 DATA 5 |

SCxMOD1<TXE>

SCxMOD2<TBEMP>

Transmit interrupt(INTTXx)
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13.10.3.3  Transmit in I/O interface Mode with Clock Output Mode

In the I/O interface mode with clock output mode, the clock output automatically stops when all data trans-
mission is completed and underrun error will not occur.

The timing of suspension and resume of clock output is different depending on the buffer and FIFO us-
age.

(1)  Single Buffer

The clock output stops each time one frame of data is transferred. Handshaking for each data
with the other side of communication can be enabled. The clock output resumes when the next data

is written in the buffer.

(2) Double Buffer

The clock output stops upon completion of data transmission in the transmit shift register and the
transmit buffer. The clock output resumes when the next data is written in the buffer.

(3) FIFO

The transmission of all data stored in the transmit shift register, transmit buffer and FIFO is comple-
ted, the SCLK output stops. The next data is written, clock output resumes.

If SCXFCNF<RXTXCNT> is configured, SCxMODO<TXE> bit is cleared at the same time as
clock stops and the transmission stops.

13.10.3.4 Level of SCxTXD pin after the last bit is output in I/O interface mode

The level of SCXxTXD pin after the data hold time is passed after the last bit is output is specified by
SCxCR<TIDLE>.

When SCxCR<TIDLE> is "00", the level of SCxTXD pin is output "Low" level. When SCxCR<TI-

DLE> is "01", the level of SCXxTXD pin is output "High" level. When SCxCR<TIDLE> is "10", the level
of SCxTXD pin is output the level of the last bit.

SCXTXD pin LT e T

(SCXCR<TIDLE[1:0]>="00")
SCXTXD pin L] mee L L L [

(SCXCR<TIDLE[1:0]>="01")

(SSCCX);I-(;(I_'\ELPFiHDLE['] :0]>="10") \ x x x x l x x Keep the last bit x l x x l x l x Keep the last bit

Figure 13-9 Level of SCxTXD pin After the last bit is output
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13.10.3.5 Under-run error

In the I/O interface mode with clock input mode and if FIFO is empty and if no data is set in transmit buf-
fer before the next frame clock input, which occurs upon completion of data transmission from transmit
shift register, an under-run error occurs and SCxCR<PERR> is set to "1".

The level of a SCXTXD pin can be specified by SCxCR<TXDEMP>. When SCXCR<TXDEMP> is
"0", a SCXxTXD pin outputs "Low" level during data output period. When SCXCR<TXDEMP> is "1", a
SCxTXD pin outputs "High" level.

|
1 Under-run error

R VAV AVAVATAVAVA e VAVAVAVAVAVAV VA
1
1

|
|
i |
(SSCC;(IC))( RE)<PI'IIn DLE[1:0]>="00" \ l l l x x l l \ Low | Low Low
SCXCR<TXDEMP="0")) i
SCXTXD pin !

(SCxCR<TIDLE[1:0]>="00" \ x x x X X x x \ Low :I High \ﬂv
SCXCR<TXDEMP="1")) !
SC i
sororerpieap=or || | | | | L1 ] = | [rn
SCxCR<TXDEMP="0")) |
socranpieos=or 1 1 1 1T L T T 1T =
SCxCR<TXDEMP="1")) I

. 1
(SS%()-(I—CXIEJ;'II"I]:)LEH :0]1>="10" \ x x x x x x x Keep the last bit N Low Low
SCxCR<T).(DEMP="0")) :
(SS%(J())(II?3<PI'II[I13LE[1:O]>="1O" \ x x x x x x x Keep the last bit :I High High

SCxCR<TXDEMP="1"))

Figure 13-10 Level of SCxTXD pin when Under-run Error is Occurred

In the I/O interface mode with SCLK output setting, the clock output automatically stops, so
SCxCR<PERR> has no meaning.

Note:Before switching the I/O interface mode with clock output mode to other modes, read the SCxCR
and clear the under-run flag.

13.10.3.6  Data Hold Time In the I/O interface mode with clock input mode

In the I/O interface mode with clock input mode, a data hold time of the last bit can be adjusted by
SCxCR<EHOLDJ2:0]>. Specify a data hold time and the period of the SCLK to satisfy the following for-
mula.

The data hold time of the last bit < The period of SCLK / 2
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13.11 Handshake function

The function of the handshake is to enable frame-by-frame data transmission by using the SCxCTS (Clear to
send) pin and to prevent over-run errors. This function can be enabled or disabled by SCxMODO<CTSE>.

When the SCxCTS pin is set to "High" level, the current data transmission can be completed but the next data trans-
mission is suspended until the SCxCTS pin returns to the "Low" level. The INTTXXx interrupt is generated in the nor-
mal timing, the next transmit data is written in the transmit buffer, and it waits until it is ready to transmit data.

Note 1: If the CTS signal is set to "High" level during transmission, the next data transmission is suspended after the cur-
rent transmission is completed.

Note 2: Data transmission starts on the first falling edge of the TXDCLK clock after CTS is set to "Low" level.

Although no RTS pin is provided, a handshake control function can easily implemented by assigning one bit of
the port for the RTS function. By setting the port to "High" level upon completion of data reception (in the re-
ceive interrupt routine), the transmit side can be requested to suspend data transmission.

TXDx »| RXDx
CTSx | <€ RTS (Any port)
Transmit side Receive side

Figure 13-11 Handshake Function

Data write to transmit |'|
buffer or shift register (( ((
) )
4
SCxCTS \ ;
)
13 14 15 16 1 2 3 14 15 16 1 2 3
SIOCLK ” ” ” ‘
TXDCLK ( n ( n

)) ))

((
SCxTXD ? \Start bit « < Bit 0

))

Figure 13-12 SCxCTS Signal timing
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13.12 Interrupt/Error Generation Timing

13.12.1 Receive Interrupts

Figure 13-13 shows the data flow of receive operation and the route of read.

SCxTXD ~ ——————>| Receive shift register

) ] (1)Reading in the single buffer configuration :
If the receive buffer is empty, An interrupt is generated after receiving all bits.
the data is moved. v

| Receive buffer

] (2)Reading in the double buffer configuration :
If the RX FIFO is not full, An interrupt is generated when the data is moved to
the data is moved. v the receive buffer.

Receive FIFO First stage .
(3)Reading in use the FIFO :

second Stage An interrupt is generated
- When the data is moved to the FIFO
Third stage or when reading the FIFO.

Fourth stage fF——>

Figure 13-13 Receive Buffer/FIFO Configuration Diagram

13.12.1.1  Single Buffer / Double Buffer

Receive interrupts are generated at the time depends on the transfer mode and the buffer configura-
tions, which are given as follows.

Table 13-7 Receive Interrupt Conditions in use of Single Buffer / Double Buffer

Buffer i
) . UART modes 10 interface modes
Configurations
. Immediately after the raising / falling edge of the last SCxSCLK pin
Single Buffer -

(Rising or falling is determined according to SCXCR<SCLKS> setting.)

A receive interrupt occurs when data is trans- | A receive interrupt occurs when data is transferred from the receive shift
ferred from the receive shift register to the re- | register to the receive buffer. Specific timings are:

ceive buffter. Specific timings are : - If data does not exit in the receive buffer, a receive interrupt occurs immedi-
- If data does not exist in the receive buffer, | ately after on rising/falling edge of SCxSCLK pin of the last bit.

Double Buffer | a receive interrupt occurs in the vicinity of the | (The setting of rising edge or falling edge is specified with SCXCR<SCLKS>.)

center of the 1st stop bit. . ) . . .
- If data exists in both the receive shift register and the receive buffer, a re-

* If data exists in both the receive shift regis- | cojye interrupt occurs when the buffer is read.
ter and the receive buffer, a receive interrupt

occurs when the buffer is read.

Note: Interrupts are not generated when an over-run error is occurred.

13.12.1.2  FIFO

When the FIFO is used, a receive interrupt occurs on depending on the timing described in Table 13-8
and the condition specified with SCXRFC<RFIS>.

Table 13-8 Receive Interrupt Conditions in use of FIFO

SCxRFC<RFIS> Interrupt conditions Interrupt generation timing
- When FIFO fill level (SCxRST<RLVL[2:0]>) = Receive - When transfer a received data from receive buffer to receive FIFO
FIFO fill level to generate receive interrupt <RIL[1:0]> « When read a receive data from receive FIFO
nqn When FIFO fill level (SCxRST<RLVL[2:0]>) = Receive - When read a receive data from receive FIFO
FIFO fill level to generate receive interrupt <RIL[1:0]>
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13.12.2 Transmit interrupts

Figure 13-14 shows the data flow of transmit operation and the route of read.

SCxTXD <—| Transmit shift register |<—
AN

If the shift register is empty,
the data is moved.

(1)Writing in the single buffer configuration :
An interrupt is generated after transmitting all bits.

| Transmit buffer

[—

If the transmit buffer is empty,
the data is moved.

AN

(2)Writing in the double buffer configuration :
An interrupt is generated when the data is moved to
the transmit shift register.

TX FIFO First stage

D ——

Second stage

(3)Writing in use the FIFO :

Third stage

An interrupt is generated
When the data is moved to the transmit buffer

Fourth stage

or when writing to the FIFO.

Figure 13-14 Transmit Buffer / FIFO Configuration Diagram

13.12.2.1  Singe Buffer / Double Buffer

Transmit interrupts are generated at the time depends on the transfer mode and the buffer configura-

tions, which are given as follows.

Table 13-9 Transmit Interrupt conditions in use of Single Buffer/Double Buffer

Buffer
Configurations

UART modes

10 interface modes

Single Buffer Just before the stop bit is sent

Immediately after the raising / falling edge of the last SCxSCLK pin
(Rising or falling is determined according to SCxCR<SCLKS> setting.)

When a data is moved from the transmit buffet to the transmit shift register.

Double Buffer | In case of transmit shift register is empty, transmit interrupt is generated not depend on SCxMOD1<TXE> because a
data written to transfer buffer is moved from transmit buffer to transmit shift register.
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13.12.2.2 FIFO

When the FIFO is used, a transmit interrupt occurs depending on the timing described in Table 13-10
and the condition specified with SCXTFC<TFIS>.

Table 13-10 Transmit Interrupt conditions in use of FIFO

SCXTFC<TFIS> Interrupt condition Interrupt generation timing
"o When FIFO fill level (SCXTST<TLVL[2:0]>) = Transmit | * When transmitted data is transferred from transmit FIFO to transmit buffer
FIFO fill level to generate transmit interrupt <TIL[1:0]> | - When transmit data is write into transmit FIFO
g When FIFO fill level (SCXTST<TLVL[2:0]>) < Transmit | *+ When transmit data is write into transmit FIFO
FIFO fill level to generate transmit interrupt <TIL[1:0]>

13.12.3 Error Generation

13.12.3.1  UART Mode

7 bits

8 bits
7 bits + Parity
8 bits + Parity

Error 9 bits

Framing Error

Around the center of stop bit
over-run Error

X Determination:Around the center of parity bit
Parity Error -

Flag change:Around the center of stop bit

13.12.3.2 1/O Interface Mode

Immediately after the raising / falling edge of the last SCxSCLK pin
(Rising or falling is determined according to SCxCR<SCLKS> setting.)

over-run Error

Immediately after the rising or falling edge of the next SCxSCLK pin.
(Rising or falling is determined according to SCXCR<SCLKS> setting.)

Under-run Error

Note: Over-run error and Under-run error have no meaning in clock output mode.
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13.13 DMA Request

DMA transfer can be started at the timing of interrupt request.
When you perform a DMA transfer, please set up the bit of a SCxDMA.

Please refer to the chapter of "product information" for the channel which can be used for a DMA request with
this product.
Note 1: In case using DMA transfer by transmit or receive interrupt request, enabled DMA and set transmit and re-
ceive registers after generating software reset by SCxMOD<SWRST>.

Note 2: When the DMA transfer is used, the FIFO cannot be used.
Note 3: If transmission is performed using the DMA transfer with double-buffering, write two transmission data to the buf-
fer, and then start up the DMA.
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13.14 Software Reset
Software reset is generated by writing SCXMOD2<SWRST([1:0]> as "10" followed by "01".
As a result, SCXMODO<RXE>, SCXMOD1<TXE>, SCxMOD2<TBEMP><RBFLL><TXRUN>, SCxCR

<OERR><PERR><FERR> are initialized. And the receive circuit and the transmit circuit become initial state.

Other states are maintained.
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13.15 Operation in Each Mode

13.15.1  Mode 0 (I/O interface mode)
The I/0O interface mode is selected by setting SCxMOD<SM[1:0]> to "00".

Mode 0 consists of two modes, the clock output mode to output synchronous clock (SCLK) and the clock in-
put mode to accept synchronous clock (SCLK) from an external source.

The operation with disabling a FIFO in each mode is described below. Regarding a FIFO, refer to a re-
ceive FIFO and a transmit FIFO which are described before.

13.15.1.1  Transmit

(1)  Clock Output Mode

If the transmit double buffer is disabled (SCxXMOD2<WBUF> = "0")

Data is output from the SCxTXD pin and the clock is output from the SCxSCLK pin
each time the CPU writes data to the transmit buffer. When all data is output, an interrupt
(INTTXXx) is generated.

If the transmit double buffer is enabled (SCXMOD2<WBUF> = "1")

Data is moved from the transmit buffer to the transmit shift register when the CPU
writes data to the transmit buffer in the shift register is empty or when data transmission
from the transmit buffer (shift register) is completed. Simultaneously,
SCxMOD2<TBEMP> is set to "1", and the INTTXXx interrupt is generated.

If the transmit buffer has no data to be moved to the transmit shift register, INTTXx inter-
rupt is not generated and the clock output stops.
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Transmit data

N

IS

write timing \ 1,% \
SCxSCLK output S?_T !—T !—-“_j !—T !—T \q_T L
SCxTXD ;X bit 0 ;X bit 1 ;ng ;X bit 6 ;Xbit 7 i X bit 0 X

INTTXXx interrupt request

NN

(
T

1

<WBUF> = "0" (if double buffering is disabled) (SCxCR<TIDLE>="10")

Transmit data

N

{( \
)T

write timing D

SCXSCLK output \) S?_f II_T !__“j | — [
SCXTXD J D( bit 0 D( bit 1 D\ D( bit 6 X(/(jm X bito X
INTTXx interrupt request [ N

g~
-~

y
SCXCR<TBEMP> J

<WBUF> ="1" (if double buffering is enabled and there is data in buffer)

Transmit data

N

INTTXXx interrupt request

g~
o

write timing \ \ 45

SCXSCLK output \) w II_T | d II_T !_1.

SCXTXD J :X bit 0 :X bit 1 :ng :X bit 6 :X bit§7 /
1

A

SCxCR<TBEMP>

I

<WBUF> ="1" (if double buffering is enabled and there is no data in buffer) ( SCxCR<TIDLE>="01")

Figure 13-15 Transmit Operation in the I/O Interface Mode (Clock Output Mode)
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(2) Clock Input Mode

If double buffering is disabled (SCxMOD2<WBUF> = "(0")

If the clock is input in the condition where data is written in the transmit buffer, 8-bit da-
ta is output from the SCxTXD pin. When all data is output, an interrupt INTTXx is gener-
ated. The next transmit data must be written before the timing of point "A" as shown in Fig-
ure 13-16.

If double buffer is enabled (SCXMOD2<WBUF> = "1")

Data is moved from the transmit buffer to the transmit shift register when the CPU
writes data to the transmit buffer before the clock input becomes active or when data trans-
mission from the transmit shift register is completed. Simultaneously,
SCxMOD2<TBEMP> is set to "1", and the INTTXx interrupt is generated.

If the clock input becomes active while no data is in the transmit buffer, although the in-
ternal bit counter is started, an under-run error occurs and the level which is specified by
SCxCR<TXDEMP> is output to SCXxTXD pin.
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Transmit data H

write timing ‘,%

SCxSCLK input T T

(SCxMOD2<pSCLKS>=0 I I l_{) l_T l_T —T l—T
1 1 1 1 1 1

Rising edge mode)

(Ss%(flv%gzzlgétms>=1 ¢ ¢ 'f?‘w + \ + +

Falling edge mode)

1 1 1
SCxTXD X bit 0 X bit 1 ﬂg bit 5 X bit 6 X Ebit 7 X bit 0 X bit 1
[ 1 4 1 [ [
1 1 1

TTITT U1 T

INTTXXx interrupt request ( H
2

<WBUF> = "0" (if double buffering is disabled) (SCxCR<TILDE>="10")

Transmit data H
write timing {

SCxSCLK input

(SCXMOD2<SCLKS>=0 I fl‘ Lg@ I I_T I_T —T I—T
Rising edge mode) | ' ' |

SCXSCLIC It ) 1 3 1 \ v Y

Falling edge mode)

<

] | ] ]
SCXTXD Y oo X oitd )GK bit5 X bite Y b7\ Y bito X obitd
1 1 4 1 | ] |
1 1

: 1 1 1 1
INTTXx interrupt request (C H
)7

SCxMOD2<TBEMP>

<WBUF> = "1" (if double buffering is enabled and there is data in buffer2) (SCxCR<TILDE>="00")

e Ml

Transmit data
write timing J,%
SCxSCLK input

SCxSCLK input
Geiicioch s NN W RN N P R A A O
(SCxMOD2<SCLKS>=1 ¢ ¢
! 1
IX bit 0 b( bit 1
1 1
1
1

Falling edge mode)

SCxTXD

o)
o
S
s
o
o
-Gk
o
-] G-
~

1
1
INTTXx interrupt request J,%

SCxMOD2<TBEMP>

SCxCR<PERR>
(Functions to detect I
under-run errors)

<WBUF> ="1" (if double buffering is enabled and there is no data in buffer2) (SCxCR<TXDEMP><TILDE>="100")

Figure 13-16 Transmit Operation in the 1/O Interface Mode (Clock Input Mode)
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13.15.1.2 Receive

(1)  Clock Output Mode

The clock output starts by setting the receive enable bit SCxMODO<RXE> to "1".

If double buffer is disabled (SCxMOD2<WBUF> = "(")

A clock is output from the SCxSCLK pin and the next data is stored into the shift regis-
ter each time the CPU reads received data. When all the 8 bits are received, the INTRXx in-
terrupt is generated.

If double buffer is enabled (SCXMOD2<WBUF> = "1")

Data stored in the shift register is moved to the receive buffer and the receive buffer can
receive the next frame. A data is moved from the shift register to the receive buffer,
SCxMOD2<RBFLL> is set to "1" and the INTRXx is generated.

When a data is in the receive buffer, if the data is not read from the receive buffer be-
fore completing reception of the next 8 bits, the INTRXx interrupt is not generated and the
clock output stops. In this state, reading data from the receive buffer allows data in the
shift register to move to the receive buffer and thus the INTRXx interrupt is generated and
data reception resumes.
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Receive data
read timing

L
)T

SCxSCLK output

I B S O

SCxRXD X bit 0 X

INTRXx interrupt request

g
z
><
o
o
S><

bit 1 D\ :X bit 6 '
£ 1

<WBUF> ="0" (if double buffering is disabled)

Receive data

I—I L
)T

I

lo|--
=3

7 X bito X

Tl

bit 1 EXjS ;X bit 6

T
o~
1

read timing
SCxSCLK output f ! i) !
SCXRXD bit 7 :X bit 0 :X
INTRXx interrupt request I | |
SCxMOD2<RBFLL> |

I |

<WBUF> = "1" (if double buffering is enabled and data is read from buffer)

Receive data

L+ L1

=

bit 1 Xj\ :X

1 1
bit6 X bit 7
i |

N
-~

read timing
SCxSCLK output _I T l T I
1 1
1 1
SCXRXD bit7 X bito X
' '
INTRXx interrupt request H
SCxMOD2<RBFLL>

<WBUF> ="1" (if double buffering is enabled and data cannot be read from buffer)

Figure 13-17 Receive Operation in the 1/0O Interface Mode (Clock Output Mode)
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(2) clock input mode

In the clock input mode, receiving double buffering is always enabled, the received data can be
moved to the receive buffer from the shift register, and the receive buffer can receive the next data suc-

cessively.

The INTRXx receive interrupt is generated each time received data is moved to the receive buffer.

Receive data
read timing

L

SCLKXx input
(SCxMOD2<SCLKS>="0"
Rising mode)

B IV I

!

SCLKXx input
(SCXMOD2<SCLKS>="1" ) v
1 1

JL

SCxRXD y

bit 0

Falling mode)
I L
bito X bit1 )G\ bits ) bit6
[ 4 [

INTRXx interrupt request |_|

>
T T 1T

SCxMOD2<RBFLL> I

If data is read from buffer

Receive data

read timing (G
SCLKXx input
(SCxMOD2<SCLKS>="0" | | I | I-L)( | I I I I I I I_
Rising mode) X ; N . X \ X j
SCLKXx input
(SCxMOD2<SCLKS>="1" 1 l '_
Falling mode) * ¢ * ) 1
1 1 1 1 1 I 1 1
SexRXD X bito X bt )G\ bits ¥ bite X btz ¥ bito X
: : D : L : :
! 1 1 1 1 I 1 1
INTRXXx interrupt request |_| (

SCxMOD2<RBFLL> I

SCxCR<OERR>

—

If data cannot be read from buffer

Figure 13-18 Receive Operation in the 1/O Interface Mode (Clock Input Mode)
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13.15.1.3

(1)

Transmit and Receive (Full-duplex)

Clock Output Mode

If double buffers are disabled (SCxXMOD2<WBUF> = "0")
Clock is output when the CPU writes data to the transmit buffer.

Subsequently, a data is shifted into receive buffer and the INTRXx is generated. Concur-
rently, a data written to the transmit buffer is output from the SCxTXD pin, the INTTXx is
generated when transmission of all data has been completed. Then, the clock output stops.

The next round of data transmission and reception starts when the data is read from the re-
ceive buffer and the next transmit data is written to the transmit buffer by the CPU. The or-
der of reading the receive buffer and writing to the transmit buffer can be freely deter-
mined. Data transmission is resumed only when both conditions are satisfied.

If double buffers are enabled (SCxXMOD2<WBUF> = "1")
Clock is outputted when the CPU writes data to the transmit buffer.

A data is shifted into the receive shift register, moved to the receive buffer, and the
INTRXx is generated. While a data is received, a transmit data is output from the
SCxTXD pin. When all data are sent out, the INTTXx is generated and the next data is
moved from the transmit buffer to the transmit shift register.

If the transmit buffer has no data to be moved to the transmit buffer
(SCxXMOD2<TBEMP> = "1") or when the receive buffer is full (SCxXMOD2<RBFLL> =
"1"), the clock output stops. When both conditions, receive data is read and transmit data
is written, are satisfied, the clock output is resumed and the next round of data transmis-
sion and reception is started.
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Receive data |'|
read timing

e g _IK ﬂ>
SCxSCLK output * T u !“1‘7—1 u I_T u u

L
1 1 1 1 1 1 1
1 1 1 i 1 1 1 1 ] |
SCXTXD X bito X bit1 )G\ bit5 X bit6 X  bit7 X bito X bit1 X
I I .y I L ! : !
SCXRXD X bito X bt )G\ bits X bite X itz X bito X b1 X
1 1 1 7 1 1 1 1 1 1
! 1 ! 1 1 1 1 1 1
INTTXXx interrupt request (« |_|

(( |_|

<WBUF> ="0" (if double buffering is disabled) (SCxCR<TIDLE>="10")

INTRXx interrupt request

Receive data |'|
read timing

Transmit data
write timing j\ |_|
SCxSCLK output { | I | { |
1 1
1

L

| | |
1 1 1 1
, | | | |
SCXTXD X bito X bit1 )G\ bits X bite N bit7 X bito X bit1 X
4 A | X [
1 1 1 1 1 1 1 1 |
SCXRXD X bito X bt Xjﬂ bits X bite X itz X bito X bit1 X
1 1 1 4 1 1 1 1 1 |
1 1 1 1 1 1 1 1 -
INTTXx interrupt request Il (( |_|
J)
INTRXx interrupt request (( |_|

<WBUF> ="1" (if double buffering is enabled)

Receive data |'|
read timing

e g J/
SCxSCLK output t I I I L‘n‘Y—T u I_T
1

1
1 1

SCXTXD X bito X it )(3 bits5 | bit6 1 bit7 \
1 1

SCxRXD X bito X bt )G bits X bit6 it 7
| | | | A
INTTXx interrupt request I_l (
))
INTRXx interrupt request ( |_|

<WBUF> = "1" (if double buffering is enabled) (SCxCR<TIDLE>="00")

Figure 13-19 Transmit/Receive Operation in the 1/O Interface Mode (SCLK Output Mode)
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Clock Input Mode

If double buffers are disabled. (SCxMOD2<WBUF> = "(")

When receiving data, double buffer is always enabled regardless of the SCxMOD?2
<WBUF> settings.

A data written in the transmit buffer is outputted from the SCxTXD pin and a data is shif-
ted into the receive buffer when the clock input becomes active. The INTTXXx is generated
upon completion of data transmission. The INTRXx is generated when the data is moved
from shift register to receive buffer after completion of data reception.

Note that transmit data must be written into the transmit buffer before the clock input
for the next data (data must be written before the point A in Figure 13-20). Data must be
read before completing reception of the next data.

If double buffers are enabled. (SCxMOD2<WBUF> = "1")

The INTTXx is generated at the timing the transmit buffer data is moved to the transmit
shift register after completing data transmission from the transmit shift register. At the
same time, data received is shifted to the shift register, it is moved to the receive buffer,
and the INTRXx is generated.

Note that transmit data must be written into the transmit buffer before the clock input
for the next data (data must be written before the point A in Figure 13-20). Data must be
read before completing reception of the next data.

Upon the clock input for the next data, transmission from transmit shift register (in
which data has been moved from transmit buffer) is started while receive data is shifted in-
to receive shift register simultaneously.

If data in receive buffer has not been read when the last bit of the data is received, an over-
run error occurs.

If there is no data written to transmit buffer when clock for the next data is input, an under-
run error occurs. The level which is specified by SCxCR<TXDEMP> is output to
SCxTXD pin.
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Receive data ﬂ
read timing

Tenemidela [} I
SCLKXx i t

e ST T N I S P D I )
SCLKx input . .

(SCriB-sous-=1 I A e A e A !

STTTI1TT

1 1 1 . 1
SCXTXD X bito X bit1 Xj\ bit5 X bit6 X bit7 X bito X bt
SCXRXD X bito X bt )6\ bits X bite X btz X bito X bit1 X
INTTXx interrupt request « rl
2
INTRXx interrupt request (« H
D)
<WBUF> ="0" (if double buffering is disabled) (SCxCR<TILDE>="10")
Receive data H
read timing
A
Transmit data
write timing ﬂ
Y
SCLKx input
(SCxMODp<SCLKS>=”O” I I T

Rising mode) |
SCLKx input
(SCxMOD<SCLKS>="1" l

Falling mode)

,

| [

SCXTXD X bito X bit1 )6
X

<
> T T

SCXRXD X bito X bt bit5 X bit6 bit7 X bito X bit1
INTTXx interrupt request (« H

T
INTRXx interrupt request « rl

<WBUF> ="1" (if double buffering is enabled with no errors) (SCxCR<TILDE>="01")

Receive data ['I
read timing

Transmit data
write timing

e L F LA L L LS

Rising mode) | |
1

(Ss%xﬁci)rgfécm&:% ” ¢ ¢ |—f}_¢ + \

Falling mode)

SCXTXD :X bit 0 EX bit 1 :XK bit 5 X bit 6 :X bItIV\ V i
SCxRXD X bito X bit1 )GI\ bit5 X bit6 X bit7 X bito X bit1 X
[l

e e et e

INTTXXx interrupt request

(
)T
INTRXX interrupt request «« H
)T
SCxCR<PERR> «« I
(Under-run errors) 7T

<WBUF> ="1" (if double buffering is enabled with error generation) (SCxCR<TXDEMP>, <TILDE>="1", "00")

Figure 13-20 Transmit/Receive Operation in the I/O Interface Mode (Clock Input Mode)
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13.15.2 Mode 1 (7-bit UART mode)
The 7-bit UART mode is selected by setting SCxMOD<SM[1:0]> to "01".

In this mode, parity bits can be added to the transmit data stream; SCxCR<PE> controls the parity enable/dis-
able setting.

When <PE>is set to "1" (enable), either even or odd parity may be selected using the SCXCR<EVEN>.
The length of the stop bit can be specified using SCXMOD2<SBLEN>.

The following table shows the control register settings for transmitting in the following data format.

soxixo  \start fbitoX 1 X 2 X 3 X 4 X 5 X 6 Xgueh ) stop

(Transmission rate of 2400 bps @fsys = 9.8304 MHz)

system clock: High-speed (fc)
Clocking .
. High-speed clock gear: x 1 (fc)
conditions
Prescaler clock: fperiph/2 (fperiph = fsys)
7 6 5 4 3 2 1 0
SCxMODO — X 0 - 0 0 1 0 1 Set 7-bit UART mode
SCxCR — X 1 1 X X X 0 0 Even parity enabled
SCxBRCR — 0 0 1 0 0 1 0 0 Set 2400bps
SCxBUF — * * * * * * * * Set transmit data

x: don’t care - : no change

13.15.3 Mode 2 (8-bit UART mode)

The 8-bit UART mode is selected by setting SCxMODO<SM[1:0]> to "10". In this mode, parity bits can
be added and parity enable/disable is controlled using SCxCR<PE>. If <PE>="1" (enabled), either even or
odd parity can be selected using SCXxCR<EVEN>.

The control register settings for receiving data in the following format are as follows:

sorxd  \start {bitoX 1 X 2 X 3 X 4 X 5 X 6 X 7 X2 Ystop

(Reception rate of 9600 bps @fc = 9.8304 MHz)

System clock: High-speed (fc)
Clocking .
» High-speed clock gear: x 1 (fc)
conditions
Prescaler clock: fperiph/2 (fperiph = fsys)
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7 6 5 4 3 2 1 0
SCxMODO0 — X 0 0 0 1 0 0 1 Set 8-bit UART mode
SCxCR — X 0 1 X X X 0 0 Odd parity enabled
SCxBRCR — 0 0 0 1 0 1 0 0 Set 9600bps
SCxMODO — - - 1 - - - - - Reception enabled

x: don’t care - : no change

13.15.4 Mode 3 (9-bit UART mode)

The 9-bit UART mode is selected by setting SCxMODO<SM[1:0]> to "11". In this mode, parity bits must
be disabled (SCxCR<PE> = "0").

The most significant bit (9th bit) is written to SCxMODO<TB8> for transmitting data. The data is stored
in SCxCR<RB&> for receiving data.

When writing or reading data to/from the buffers, the most significant bit must be written or read first be-
fore writing or reading to/from SCxBUF.

The stop bit length can be specified using SCXMOD2<SBLEN>.

13.15.4.1  Wakeup function

In the 9-bit UART mode, slave controllers can be operated in the wake-up mode by setting
SCxMOD0O<WU> to "1".

In this case, the interrupt INTRXx will be generated only when SCxCR<RBS8> is set to "1".

Note: The SCxTXD pin of the slave controller must be set to the open drain output mode using the PxOD.

H

Y Y Y Y
SCxTXD SCxRXD SCxTXD SCxRXD SCxTXD SCxRXD SCxTXD SCxRXD

Master Slave1 Slave2 Slave3

Figure 13-21 Serial Links to Use Wake-up Function
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13.15.4.2  Protocol
Select the 9-bit UART mode for the master and slave controllers.
Set SCxMOD<WU> to "1" for the slave controllers to make them ready to receive data.
The master controller is to transmit a single frame of data that includes the slave controller se-
lect code (8 bits). In this, the most significant bit (bit 8) <TB8> must be set to "1".
" \start {oito 1 X 2 X3 X4 X5 X6 X7 Ys VeopV
Select code of the slave controller "
4. Each slave controller receives the above data frame; if the code received matches with the con-
troller's own select code, it clears the <WU> to "0".
The master controller transmits data to the designated slave controller (the controller of which
SCxMOD<WU> is cleared to "0"). In this, the most significant bit (bit 8) <TB8> must be set
tO HO".
--\stan,(bitox 1 X2 X3 X4 X5 X6 X7 \bita/stop T
Data "0"
The slave controllers with the <WU> set to "1" ignore the receive data because the most signif-
icant bit (bit 8) <RB8> is set to "0" and thus no interrupt (INTRXx) is generated. Also, the
slave controller with the <WU> set to "0" can transmit data to the master controller to inform
that the data has been successfully received.
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14.

141

|12C Bus Interface

The TMPMO066/067/068 contains I2C Bus Interface with typical I12C bus standard (Philips specifications).

This module also supports Toshiba’s proprietary data format called " Free data format".

Features

The main features are as follows.

+  Allows selection between master and slave.

+  Allows selection between transmission and reception.

+  Support multiple masters (arbitration, clock synchronization recognition).

+ Baud rate (Support standard mode and fast mode, fast mode plus (FM+))

+ Supports the addressing format of 7 bit only.

+ Supports transfer data sizes of 1 to 8 bits.

+ Provides one transfer (transmission or reception) complete interrupt (level sensitive).
+ Enable or disable the interrupts.

+ Arbitration lost detection interrupt (pulse): 1

+ Bus free detection interrupt (pulse): 1

+ NACK receive detection interrupt (pulse): 1

+ Enable or disable the interrupts

+ Monitor function for the 12C bus status

+ Supports Toshiba’s unique data format called "Free data format".

+  Address match wake-up function (low-power consumption mode release function)

Table 14-1 12C Bus Standard specifications

12C bus feature 12C Standard TMPMO066/067/068
STANDARD mode (up to 100KHz) Required Supported
FAST mode (up to 400KHz) Required Supported
FAST mode plus (up to 1MHz) Option Supported
Hs (High speed) mode (up to 3.4Mbps) Required Not Supported
7-bit addressing Required Supported
10-bit addressing Required Not Supported
START byte Required Supported
Noise canceller Required Supported (digital)
Slope control Required Not Supported
1/0 at power off Required Supported
Schmidt (VIL/VHL) VDD x 0.3 /VDD x 0.7 Not Supported
Output current at "VOL = 0.4V, VDD > 2V 3mA Supported
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14.2 Configuration

The configuration is shown in Figure 14-1.

Figure 14-1 12C Bus Block

Circuit black f(.)r Address match Wakeup Wakeup Wakeup
Wakeup function Weakeup status control3 control2 controll
: 12CSWUPSL | izcswupcrs | | cswurcrz | | r2cswupcrt i
(Address match i :
Wakeup interrupt) ! ¢ ¢ - ¢ ¢ SCL '
INTI2CS 1 Address match detection control DA !
Co Clock stretch control
12C Normal Prescaler [jpcyprs | [12cxcr | Control2 | :
. - clock ; :
Operation circuit block ; |
Bus clock Noise 1 SCL 5

fsys ——> Divider synchronous + canceller : lei>[ ] scL
INTI2C control ; Input/ |
INTI2CAL : Output J
INTI2CBF | : control :
'NTﬁL Transfer Shift Bus data Noise 1 SDA 5

control register control canceller ; ~>]_| SDA
l—l [ Wl LRB 1 |
MST,TRX,BB,PIN 1 :
I2CXAR ALAASADD | I2CSR | | I2CXCR1 | 12CxOP 3 5
12CxAR2 ) status controll
Address 12CXIE Ij:l ‘ E
120xST Interrupt 12CXDBR —IZCXPM SDAISCL
interrupt enable Data buffer Bus monitor ' Switching f
+ Control

2016/6/27

Page 304



TMPM066FWUG TMPM067FWQG TMPMO068FWXBG

14.2.1

12C Bus mode

The 12C bus is connected to devices via the SDA and SCL pins and can communicate with multiple devices.

VDD

SDA

!

SDA |—

SCL

Device1

SCL

Device2

Figure 14-2

SDA

SCL

Device n

This module operates as a mater or slave device on the 12C bus. The master device drives the serial clock

line (SCL) of the bus, send 8-bits address, and sends or receives data of 1 to 8bits.

The slave device send a 8-bits addresses and sends or receives serial data of 1 to 8 bits in synchronization

with serial clock on the bus.

The device that operates as a receiver can output an acknowledge signal after reception of serial data and
the device the operates as a transmitter can receive that acknowledge signal, regardless of whether the device

is a master or slave. The master device can output a clock for the acknowledge signal.

In multimaster mode in which multiple masters exist on the same bus, serial clock synchronization and arbi-

tration lost to maintain consistency of serial data are supported.
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14.2.1.1 12C Bus Mode Data Format
Figure 14-3 shows the data formats used in the 12C bus mode.
(a) Addressing format
l«— 8bit —>»|1}€« 1to8bits >{1|€ 1to8bits >|1|
T TTTT
R[A A A
S| Slave address |[/|C Data C Data C|P
WK K K
I(—Once—>|<7 Repeated —>|
(b) Addressing format (with repeated start condition)
l«— s8bit —>»|1|« 1to8bits »|1| |«— 8bit —>|1}« 1to8bits >|1]
T TTTT T TTTT
R|A A R|A A
S| Slave address |[/[C Data C[S| Slave address [/ |C Data C(P
WK K WIK K
I(—Once —)|<— Repeated —>| |<— Once —>|<— Repeated —>|
(c) Free data format (master-transmitter to slave-receiver)
l«— 8bit —>»{1|€ 1to8bits »|1}€« 1to8bits »1]
T TTTTT
A A A
S Data C Data C Data Cc|P
K K K
I(— Once—)'(— Repeated —)|
Note) S : Start condition
R/W : Direction bit
ACK : Acknowledge bit
P : Stop condition
Figure 14-3 12C Bus Mode Data Formats
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14.3 Register

14.3.1

Registers for each channel

The following registers table and address of the I2C bus interface.

For the base address, refer to the "Address lists of peripheral functions" of "Memory Map" Chapter.

12C main function control register

Register name Address(Base+)
Control register 1 12CxCR1 0x0000
Data buffer register 12CxDBR 0x0004
12C bus1st address register 12CxAR 0x0008
Control register 2 12CxCR2 (writing)

0x000C

Status register I2CxSR (reading)
Prescaler Clock setting register 12CxPRS 0x0010
Interrupt Enable Register 12CxIE 0x0014
interrupt Register 12CxST 0x0018
Optional Function Register 12CxOP 0x001C
Monitor for the 12C Bus Line 12CxPM 0x0020
12C bus 2nd address register 12CxAR2 0x0024
Wakeup function control register

Register name Address(Base+)
12C Wakeup Control register 1 12CSXxWUPCR1 0x0000
12C Wakeup Control register 2 12CSxXWUPCR2 0x0001
12C Wakeup Control register 3 12CSXxXWUPCR3 0x0002
12C Wakeup status register 12CSxWUPSL 0x0003

Note: These register can be read or written by an only word access.
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14.3  Register TMPM066FWUG TMPM067FWQG TMPMO068FWXBG

14.3.2 [12CxCR1(Control register 1)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol BC ACK NOACK SCK
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-8 - R Read as 0.
7-5 BC[2:0] R/W Select the number of bits per transfer (Note 1)
When <ACK> =0 When <ACK> = 1
<BC> Number of Data Number of Data
clock cycles length clock cycles length
000 8 8 9 8
001 1 1 2 1
010 2 2 3 2
011 3 3 4 3
100 4 4 5 4
101 5 5 6 5
110 6 6 7 6
111 7 7 8 7
4 ACK R/IW Master mode
0: Acknowledgement clock pulse is not generated.
1: Acknowledgement clock pulse is generated.
Slave mode
0: Acknowledgement clock pulse is not counted.
1: Acknowledgement clock pulse is counted.
3 NOACK R/W Slave address match detection and general call detection.
0:the slave address match or general call detection are enabled.
1:the slave address match or general call detection are disabled.
When 12CxAR<ALS>="1", this bit has no meaning.
2-0 SCK[2:0] R/W Select internal SCL output clock frequency (Note 2).
000 n=0 100 n=4
001 n=1 101 n=5
010 n=2 110 n=6
011 n=3 111 n=7

Note 1: Writing to this register must be done before a start condition is generated or after a stop condition is generated or be-
tween the instant when an address or data transfer interrupt occurs and the instant when the internal iterrupt is re-
leased. Do not write to this register during address or data transfer.

Note 2: For details on the SCL line clock frequency, refer to "14.4.3 Serial Clock".
Note 3: The initial value for selecting a frequency is <SCK[2:0]>=000 and is independent of the read initial value.
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14.3.3 |12CxDBR (Serial bus interface data buffer register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol DB
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-8 - Read as 0.
7-0 DB[7:0] R (Receive) = Receive data
The received data is stored in the LSB.
W (Transmit) . Transmit data
The transmission data must be written in to the register from the MSB (bit 7).

When the master needs to transmit a slave address, the transfer target address is written to [2CxDBR<DB

[7:1]> and the transfer direction is specified in 2CxDBR<DBJ[0]> as follows:

<DB[0]>=0:Master(transmission) —Slave/reception

<DB[0]>=1:Master(reception) «—Slave/transmission

When all the bits in the 2CxDBR register are written as "0",a general call can be sent out on the bus.

In both transmission and reception modes, a write to the I2CxDBR register or read from the 2CxDBR reg-

ister release the internal interrupt after the current transfer and initiates the next transfer.

[2CxDBR is provided as a transmit/receive buffer, it should be used as a dedicated transmit buffer in trans-
mit mode and as a dedicated receive buffer in receive mode. This register in transmit mode and as a dedica-
ted receive buffer in receive mode. This register should be accessed on a transfer -by - transfer basis.

Note: This register are initialized by Hardware RESET only. Software RESET can not initialize and are keep-

ing the last data.
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14.3.4 [2CxAR (12Cbus 1st address register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol SA ALS
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-8 - R Read as 0.
7-1 SA[6:0] R/W Set the 1st slave address when the 12C acts as a slave device.
0 ALS R/W Specify address recognition mode.
0: Recognize its slave address.
1: Do not recognize its slave address (free-data format).

Note 1: Please set the bit 0 <ALS> of 12C bus address register I2CxAR to "0", except when you use a free data format. It op-
erates as a free data format when setting it to "1". Selecting the master fixes to transmission. Selecting the slave fix-
es to reception.

Note 2: Do not set I2CxAR to "0x00" in slave mode. (If I2CxAR is set to "0x00", it's recognized that the slave address match-
es the START byte ("0x01") of the 12C standard received in slave mode.)
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14.3.5 [2CxCR2(Control register 2)
This register serves as I2CxSR register by reading it.

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol MST TRX BB PIN 12CM - SWRES
After reset 0 0 0 1 0 0 0 0

Bit Bit Symbol Type Function
31-8 - R Read as 0.
7 MST w Select master/slave
0: Slave mode
1: Master mode
6 TRX W Select transmit/ receive
0: Receive
1: Transmit
5 BB w Start/stop condition generation
0: Stop condition generated
1: Start condition generated
4 PIN w Clear INTI2CIx interrupt request
0: -
1: Clear interrupt request
3 12CM W 12C operation control
0: Disable
1: Enable
2 - R Read as 0.
1-0 SWRESI[1:0] Software reset generation
Write "10" followed by "01" to generate a reset.
For detail, refer to "14.4.9 Software Reset".

Note 1: Make sure that modes are not changed during a communication session. Ensure that the bus is free before switch-
ing the operating mode to the port mode. Ensure that the port is at the "High" level before switching the operating
mode from the port mode to the 12C bus mode.

Note 2: The I12CxCR2<I2CM> bit cannot be cleared to 0 to disable 12C operation while transfer operation is being performed.
Before clearing this bit, mask sure that transfer operation is completely stopped by reading the status register.
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14.3.6 12CxSR (Status Register)
This register serves as [2CxCR2 by writing to it.

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol MST TRX BB PIN AL AAS ADO LRB
After reset 0 0 0 1 0 0 0 0

Bit Bit Symbol Type Function
31-8 - R Read as 0.
7 MST R Master/slave selection monitor
0: Slave mode
1: Master mode
6 TRX R Transmit/receive selection monitor
0: Receive
1: Transmit
5 BB R 12C bus state monitor
0: Free
1: Busy
4 PIN R request monitor and SCL line monitor
0: request generated, SCL line is "L".
1: request not generated, SCL line is "Free".
3 AL R Arbitration lost detection
0: -
1:Detected
2 AAS R Slave address match detection
0: -
1: Detected
(This bit is set when the general call is detected as well.)
1 ADO R General call detection
0: -
1:Detected
0 LRB R Last received bit monitor
0:Last received bit "0"
1:Last received bit "1"
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14.3.7 12CxPRS(Prescaler Clock setting register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol - - - PRSCK
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-5 - R Read as 0.
4-0 PRSCK[4:0] R/W Prescaler clock frequency for generating the Serial clock

00000: P = divided by 32
00001: P = divided by 1

11111: P = divided by 31

Note:Refer to Section "14.3.2 12CxCR1(Control register 1)", "14.4.3 Serial Clock".
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14.3.8 [2CxIE(Interrupt Enable register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol - SELPINCD DMACTXR DMACRXR INTNACK INTI2CBF INTI2CAL INTI2C
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-7 - R Read as 0.
6 SELPINCE Sets the open condition of the PIN.
R/W | 0: The PIN is not opened by reading DBR.
1: The PIN is opened by reading DBR.(If the DMA is used, use this setting.)
5 DMACTXR Enable /disable a DMAC transmission request output.
R/W | 0: Disable
1: Enable
4 DMACRXR Enable /disable a DMAC reception request output.
R/W | 0: Disable
1: Enable
3 INTNACK INTNACK interrupt enable or disable setting.(note1)
R/W | 0: Disable
1: Enable
2 INTI2CBF INTI2CBF interrupt enable or disable setting.(note1)
R/W | 0: Disable
1: Enable
1 INTI2CAL iNTI2CAL interrupt enable or disable setting.(note1)
R/W | 0: Disable
1: Enable
0 INTI2C 12C interrupt enable or disable setting.(note1)
R/W | 0: Disable
1: Enable

Note 1: These settings enable/disable an interrupt request from the 12C function. The interrupt setting of the CPU is
quired as well.

-
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14.3.9

I2CxST(I2C Interrupt status register)

31 30 29 28

bit symbol - - - -

After reset 0 0 0 0

bit symbol - - - -

After reset 0 0 0 0

bit symbol - - - -

After reset 0 0 0 0

bit symbol - - - -

After reset 0 0 0 0

Bit

Bit Symbol Type

Function

31-4

Read as 0.

NACK R
0: No interrupt
1: Interrupts occur

Indicates NACK detection interrupt status.(note1)

Clear a 12CNACK interrupt.
0: Invalid
1: Clear

12CBF R
0: No interrupt
1: Interrupts occur

Indicates INTI2CBF interrupt status.(note1)

Clear a INTI2CBF interrupt.
0: Invalid
1: Clear

12CAL R
0: No interrupt
1: Interrupts occur

Indicates INTI2CAL interrupt status.(note1)

Clear a INTI2CAL interrupt.
0: Invalid
1: Clear

12C R Indicate INTI2C interrupt status.(note1)
0: No interrupt

1: interrupt occur.

Clear a INTI2C interrupt.
0: Invalid
1: Clear

Note 1: These bits indicate the status of 12C interrupt generation regardless of setting of I2CxIE<IE>
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14.3.10 [2CxOP(Expansion Function Setting register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol - SA2ST SAST NFSEL RSTA GCDI SREN MFACK
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-7 - R Read as 0.
6 SA2ST Discriminates the received slave address.(Update when<AAS>=1)
R 0: Not matched <SA2>.
1: Matched <SA2>
5 SAST Discriminates the received slave address.(Update when<AAS>=1)
R 0: Not matched <SA>.
1: Matched <SA>
4 NFSEL Select Noise cancellation.(it also Changed the communication speed)
R/W | 0: Digital
1: Analog
3 RSTA Detects a Repeated START flag.
R 0: Not detected.
1: Detected.
W 0: Cleared.
1: No effect.
2 GCDI Sets general-call detection.(Valid only when <NOACk>=0)
R/W | 0: Detection is ON.
1: Detection is OFF.
1 SREN Sets the repeated START output.(Valid only when the MCU in master mode.)
R 0: Repeated START has completed.
1: Repeated START is ongoing.
W 0: Disable
1: Enable
0 MFACK Selects an ACK output.
RIW 0: ACK output
1: NACK output
(Note) This bit cannot be used in free-data format.
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14.3.11 [2CxPM(Monitor for the I12C Bus Line register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol - - - - - - SDA SCL
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-2 - R Read as 0.
1 SDA Monitors the SDA pin.
R 0: Low level.
1: High level.
0 SCL Monitors the SCL pin.
R 0: Low level.
1: High level.
14.3.12 12CxAR2(12C 2nd Slave Address register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol SA2 SA2EN
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-8 - R Read as 0.
7-1 SD2[6-0] R/W | 2nd Slave Address data.
0 SA2EN Enable or disable for using the 2nd Slave Address.
R/W | 0: No use
1: Used.

Note:Set "0" to I2CxCR1<NOACK> before using this register.
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14.3.13

[2CSWUPCR1(12C wakeup control register1)

0

bit symbol BUSY

SGCDI ACK I2RES RwW

GC

INTEND

After reset 0

0

Bit

Bit Symbol

Type

Function

BUSY

0: A stop condition is detected.
1: A start condition is detected.

SGCDI

0: General call detection On
1: General call detection off

ACK

R/W

0: ACK output (Output "0")
1: No ACK output (Output "1")

12RES

R/W

12CBUS reset status.
0: reset release
1: reset done

RW

Monitor Transmit / Receive request from Master device.
0: Slave Receive
1: Slave Transmit

Read as "0".

CG

Status of General call detection.
0: Not detected.
1: detected.

INTEND

Release the 12CS interrupt.
0: -
1: Release Interrupt

Note 1: When I2RES="1", I2CBUS is reset; however, the setting is not automatically returned to "0". When the reset
state is released, set I2RES="0" prior to the reset.

Note 2: When the reset is performed with I2RES, all read registers of the 12C are initialized; however write data is not in-
itialized.

Note 3: After the reset is released with I2RES, the circuit operations are performed along to the preset values. There-
fore, set slave addresses or ACK signals when 12RES= "1".

Note 4: <RW> is "0" regardless of transmit/receive request from the master when the addresses does not match.

14.3.14 [2CSWUPCR2(12C wakeup control register2)
7| 6 | 5 | 4| 3| 2 | 1 0
bit symbol WUPSA -
After reset 0 | 0 | 0 | 0 | 0 | 0 | 0 0
Bit Bit Symbol Type Function
7-1 WUPSA R/W | 1st Slave address.
0 - R Read as "0".
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14.3.15 [2CSWUPCR3(I12C wakeup control register3)

7 | 6 | 5 4 | 3 | 2 1 0
bit symbol WUPSA2 WUPSA2EB
After reset 0 | 0 | 0 0 | 0 | 0 0 0

Bit Bit Symbol Type Function
7-1 WUPSA2 R/W | 2nd Slave address.
0 WUPSA2EN Selection for the 2nd Slave address.
R/W | 0: No use.
1: Used.
14.3.16 [2CSWUPSL(12C status register)

7 6 5 4 3 2 1 0
bit symbol - - - - - WUPSA2 WUPSA -
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
7-3 - R Read as 0.
2 WUPSA2 R 0: Not matched 2nd Slave address.
1: Matched 2nd Slave address.
1 WUPSA R 0: Not matched 1st Slave address.
1: Matched 1st Slave address.
0 - R Read as 0.
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14.4 Function

14.4.1 Selection for a Slave Address Match Detection or General Call Detection

For a slave device, the I2CxCR1<NOACK> is done to enable or disable for a slave address match detec-
tion and general call detection in slave mode.

The I2CxCR1<NOACK> is done to enable or disable for a slave address match detection and general call de-
tection in salve mode.

When [2CxCR1<NOACK>=0 and I2COP<GCDI>=1,it is enable for a slave address match detection and
general call detection. If 2CxOP<GCDI>=0, General call detection is disable.

When [2CxCR1<NOACK>=1,it is disable for a slave address match detection and general call detection.

The slave device ignores a slave address and general calls sent from the master and returns non-acknowledg-
ment. The INTI2Cx interrupt request are not generated.

In master mode, the bit of 2CxCR1<NOACK> is ignored and has no effect on operation.

14.4.2 Setting the Number of Bits per Transfer and the Acknowledgement Mode

1. The number of clocks for Data Transfer
The number of clocks for data transfer is specified with 2CCR1<BC> and I2CCR1<ACK>.

Setting 2CCR1<ACK> to "1" selects the acknowledge mode. In the acknowledgment mode, the
Master device adds One clocks for the acknowledgment after sending data's clocks and then re-
quire the INTI2C interrupt request.

By setting <ACK> to "0", the non-acknowledgment mode is activated. In the non-acknowledg-
ment mode, the Master device require the INTI2C interrupt request after counting the Clocks for Da-
ta bits sending.

And the Slave device also done same operation.
However, the second byte is necessary to be controlled by software to generate an ACK signal

on the contents of the second byte.

(For example, the second byte is received in non-acknowledge mode; in receive interrupt rou-
tine, an ACK clock is output in a pseudo manner using 1-bit data output process.)

[2CXCR1<BC>=0y110 12CxCR1<BC>=0y011
I2CXCR1<ACK>=1 |12CxCR1<ACK>=1
1| [z (3] |4 [s]| le| 1§ [¢] [2] [3] [4

SCL

INTI2C interrupt Request —| ”_

Figure 14-4 Number of clocks for Data Transfer with 2CCR1<BC>,I2CCR1<ACK>
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Table 14-2 shows the relationship between the number of clocks of data transfer,
[2CCR1<BC>, and I2CCR1<ACK>.

Table 14-2 the number of clocks per transfer

acknowledge mode (I2CxCR1<ACK>)
BC[2:0] 0: No-ACK 1: ACK mode
Data length N”mberc‘l);SCbCk %- | Data length Numberc?(fesclock cy-
000 8 8 8 9
001 1 1 ] )
010 2 2 2 3
011 3 3 3 4
100 4 4 4 5
101 5 5 5 o
110 6 6 6 .
111 7 7 7 5

<BC> is cleared to 0y000 by a start condition.

Therefore, a slave address and the direction bit are always transferred in 8-bit length, or other-
wise <BC> maintains the specified value.

Note: Set I2CCR1<ACK> before transmitting or receiving a slave address. If 2CCR1<ACK> has been cleared, match-
ing of slave addresses, and detection of a direction bit are not performed properly.

2. Acknowledgement signal output

In Acknowledgement mode, SDA pin is changing as follows during the clock cycle and gener-
ates acknowledgement signals.

+ In master mode

In transmitter mode, the SDA pin should be opened until the transmitter receives an ACK sig-
nal from the receiver as acknowledgement.

In receive mode, the SDA pin should be pulled "Low" to generate an ACK signal until the re-
ceiver sends an ACK signal to the transmitter when I2COP<MFACK>=0. When
[2COP<MFACK>=1, the SDA pin should be pulled "High".

- In Slave mode

When the received slave address matches the slave address specified in 2CAR<SA>, or
the general-call is received, the SDA pin is pulled "Low" to receive an acknowledge signal
from the receiver until the receiver sends an ACK signal.

In transmitter mode, data transfer after the received slave address matches the slave ad-
dress or the general-call is received, the SDA should be opened to receive an acknowledge sig-
nal from the receiver.
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In receiver mode, the SDA pin should be pulled "Low" to generate an acknowledge signal.

Table 14-3 Comparison between the status of SCL and SDA in acknowledge mode

Mode Pin Condition Transmitter Receiver
scL ) Clocks are added for an acknowl- | Clocks are added for an acknowl-
edge signal. edge signal.
Master The SDA pin is opened to re- The SDA pin is pulled "Low" for
SDA ceive an acknowledge signal. an acknowledge signal.
or SDA pin is pulled "High" for a
Non-acknowledge signal.
scL ) Checking and counting the clocks | Checking and counting the clocks
for an acknowledge signal. for an acknowledge signal.
A slave address matches the pre- The SDA pin is pulled "Low"
set slave address, for an acknowledge signal.
or the receiver receives a general-
Slave
call
SDA
A slave address matches the pre- | The SDA pin is opened to re- The SDA pin is pulled "Low"
set slave address, ceive an acknowledge signal. for an acknowledge signal.
or the receiver receives a general-
call

14.4.3 Serial Clock

14.4.3.1 Clock source
In master mode, it is set the High and Low period of Serial clock with 2CxOP<NFSEL>,
[12CxCR1<SCK>.
NESEL <SCK[20p> trigh (1% Tprsek) | trow (J % Tprsek) | Frequency (KHz)
i i (note1)
000 8 12 800.0
001 10 14 666.6
010 14 18 500.0
0 011 22 26 333.3
(Digital) 100 38 42 200.0
101 70 74 1111
110 134 138 58.8
111 262 266 30.3
000 4 5 (1777.7)
001 6 7 (1230.7)
010 10 11 761.9
1 011 18 19 432.4
(Analog) 100 34 35 231.8
101 66 67 120.3
110 130 131 61.3
111 258 259 30.9

Tprsck: Prescaler clock width
(Note1): In case of <PRSCK> =1, fsys=16MHz.(Tprsck=62.5ns)
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ItHIGH | tLow | 1/ fscl |
| | | |
SCL signal |
tlow = i * Tprsck
thieh = ] * Tprsck
fscl =1 / (tLow * thicn)

Figure 14-5 12C SCL output

Note: The tHIGH period may differ from the specified value if the rising edge becomes blunt depending
on the combination of bus load capacitance and pull-up register. If the clock synchronization func-
tion for synchronizing clocks from multiple clocks is used, the actual clock period may differ from
the specified setting.

In master mode, the hold time when a start conditions generated and the setup time when a stop condi-
tion is generated are defined as tyygpl[S].

When [2CxCR2<PIN> is set to "1" in slave mode, the time to the release of SCLx is defined as tLOW
[S].

In both master and slave modes, the high level period must be 4xTprsck [s] or longer and the low lev-
el period must be 5xTprsck [s] or longer for externally input serial clocks, regardless of the
[2CxCR1<SCK>. setting.

thih tLow

)

tow >= (4 x Tprsck)
trigh >= (5% Tprsck )

Figure 14-6 SCLK Input

The serial clock rate to be output from the master is set through I2CxCR1<SCK[2:0]> and the
[12CxPRS<PRSCK]J4:0]>. The prescaler clock which is divided according to 2CxPRS<PRSKJ[4:0]> is
used as the reference clock for generating the serial clock. The prescaler clock is further divided accord-
ing to [2CxCR1<SCK]J2:0]> and used as the serial clock.
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<Serial transfer rate>

The serial clock rate (fSCL) is determined by prescaler setting value "p" (I2CxPRS<PRSCK
[4:0]>,p=1 to 32) and serial clock setting value "n" (I2CxCR1<SCKJ2:0]>,n=0 to 7) based on
the operating frequency (fsys) as follows:

NFSEL=0:
fsys(MHz)
Serial clock rate :fgg| (kHz) = ———— x1000
px(2"*2+16)
NFSEL=1:
fsys(MHz)
Serial clock rate:fgg| (kHz) = ———  x1000
px(2M*2+5)
p:  prescaler setting I2CxPRS<PRSCKI[4:0]>, 11032
n: serial clock setting I2CxCR1<SCK]|2:0]>, Oto7

The allowed range of prescaler setting value "p" (I2CxPRS<PRSCK[4:0]>) varies depend-
ing on the operating frequency (fsys) and must satisfy the following condition.

NFSEL=0

50ns < Prescaler clock width: Tprsck (ns) < 150ns

NFSEL~=1

Prescaler clock width: Tprsck (ns) < 130ns

Note: Setting the prescaler clock width out of this range is prohibited in both master and slave modes.

The serial clock rate may not be constant due to the clock synchronization function.

NFSEL=0 NFSEL=1

n: <SCK[2:0]> p: <PRSCK[4:0]>

= 0y00001 (divide by1)

Ratio to fsys

0 0 0 20 9
0 0 1 24 13
0 1 0 32 21
0 1 1 48 37
1 0 0 80 69
1 0 1 144 133
1 1 0 272 261
1 1 1 528 517

Note: Writing to these bits must be done before a start condition is generated or after a stop condition is generated. Writ-
ing to these bits during transfer will cause unexpected operation.

<Prescaler clock width (=noise cancellation width)

The prescaler clock width (Tprsck)(= noise cancellation width) is determined by prescaler set-
ting value "p" (I2CxPRS<PRSCK[4:0]>,P=1 to 32) based on the operating frequency (fsys) as
follows:
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1
Prescaler clock width :Tprsck (ns) = —— x1000 xp
(=Noise cancellation width) fsys(MHz)

14.4.3.2 Clock Synchronization

The I2C bus is driven by using the wired-AND connection due to its pin structure. The first master
that pulls its clock line to the "Low" level overrides other masters producing the "High" level on their
clock lines. This must be detected and responded by the masters producing the "High" level.

12C has a clock synchronization function to ensure proper transfer operation even when multiple mas-
ter exist on a bus.

For example, the clock synchronization procedure for a bus with two masters is shown below.

Wait for “High”level
E)eriod cmlmting

€&—p+€— Start “High” level period counting
1

I j‘—
1 K
, Reset “High”level

Internal SCL output
(Master A)

Internal SCL output
(Master B)

1
1
1
1
1
period counting ! / )
1
1
1
1

4

1
1
1
1
1
1 1
c

SCL line

Figure 14-7 Example of Clock Synchronization

At the point a, Master A pulls its internal SCL output to the "Low" level, bringing the SCL bus line to
the "Low" level. Master B detects this transition, resets its "High" level period counter, and pulls its inter-
nal SCL output level to the "Low" level.

Master A completes counting of its "Low" level period at the point b, and brings its internal SCL out-
put to the "High" level. However, Master B still keeps the SCL bus line at the "Low" level, and Master A
stops counting of its "High" level period counting. After Master A detects that Master B brings its inter-
nal SCL output to the "High" level and brings the SCL bus line to the "High" level at the point c, it starts
counting of its "High" level period.

After that Master finishes counting the "High" level period, the Master pulls the SCL pin to "Low" and
the SCL bus line becomes "Low".

This way, the clock on the bus is determined by the master with the shortest "High" level period and
the master with the longest "Low" level period among those connected to the bus.

14.4.4 Configuring the 12C as a Master or a Slave
Setting [2CxCR2<MST> to "1" configures the 12C to operate as a master device.

Setting [2CxCR2 <MST> to "0" configures the 12C as a slave device. 2CxCR2<MST> is cleared to "0"
by the hardware when it detects the stop condition on the bus or the arbitration lost.
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14.4.5 Configuring the 12C as a Transmitter or a Receiver

Setting [2CxCR2<TRX> to "1" configures the I2C as a transmitter. Setting <TRX> to "0" configures the
12C as a receiver.

At the slave mode, when data is transmitted in the addressing format.

If the value of the direction bit (R/W) is "1", 2CxSR<TRX> is set to "1" by the hardware. If the bit is
"0", I2CxSR<TRX> is set to "0".

As a master device, the I2C receives acknowledgement from a slave device. If the direction bit of "1" is trans-
mitted, [2CxSR<TRX> is set to "0" by the hardware. If the direction bit is "0", <TRX> changes to "1". If
the 12C does not receive acknowledgement, <TRX> retains the previous value.

Note:When 12CxCR1<NOACK>=1, the slave address detection and general call detection are disabled,
and thus I2CxSR<TRX> remains unchanged.

Table 14-4 12CxSR<TRX> operation

mode direction bit condition for state change Changed <TRX> after
state change
Slave mode 0 Received Slave address = 0
1 I2CxAR<SA>,12CxAR2<SA2> 1
0 1
Master mode ACK received
1 0

When 12C is used in free data format, the salve address and direction bit are not recognized and bits imme-
diately following a start condition are handled as data. Therefore, 2CxSR<TRX> is not changed by the hard-
ware.

14.4.6 Generating Start and Stop Conditions

When I2CxSR<BB> is "0", writing "1" to 2CxCR2<MST, TRX, BB, PIN> causes the 12C to start a se-
quence for generating the start condition and to output the slave address and the direction bit prospectively writ-
ten in the data buffer register. 2CxCR1<ACK> must be set to "1" in advance.

1
SDAX pin _"T\E / A6 X A5 X Ad X A3 X A2 X A1 X AO XR/\N/

Lo -J —
Start condition |« Slave address and direction bit

}! Acknowledgement signal

Figure 14-8 Generating the Start Condition and a Slave Address

When I2CxSR<BB> is "1", writing "1" to 2CxCR2<MST, TRX, PIN> and "0" to 2CxCR2<BB> causes
the I12C to start a sequence for generating the stop condition on the bus. The contents of <MST, TRX, BB,
PIN> should not be altered until the stop condition appears on the bus.

If SCL bus line is pulled "Low" by other devices when the stop condition is generated, the stop condition
is generated after the SCL line is released.
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SCLline /[
|
SDA line 5 YA

Stop condition

Internal SDA output H

(Master A) .
Internal SDA output Y v
(Master B) ) E Arbitration lost

' Internal SDA output = "1”

SDA line M

Figure 14-9 Generating the Stop Condition

[2CxSR<BB> can be read to check the bus state. <BB> is set to "1" when the start condition is detected
on the bus (the bus is busy), and cleared to "0" when the stop condition is detected (the bus is free).

The following table shows typical setting examples according to the I2CxSR state.

Although the 2CxCR2<MST>,<TRX><BB>,<PIN> bits are given independent functions, they are used
in typical combinations, as shown below, according to the I2CxSR setting.

12CxSR 12CxCR2
Operation
<MST> <BB> <PIN> [ <MST> [ <TRX> <BB> <PIN>
0 0 ] 0 0 0 0 Wait for a start condition as a slave.
1 1 1 1 Generate a start condition.
1 1 0 1 1 0 1 Generate a stop condition.

Note:When writing to these bits, do not change I2CxCR2<I2CM> by mistake.

Interrupt Service Request and Release

In master mode, a I12C bus interface request (INTI2Cx) is generated when the transfer of the number of
clock cycles set by [2CxCR1<BC> and I2CxCR1<ACK> is completed.

In slave mode, if the following conditions are established based on the above-mentioned conditions, IN-
TI2Cx interrupt occurs.

When 12CxCRI<NOACK> is "0",after output of the acknowledge signal which is generated when
the received slave address matches the slave address set to [2CxAR<SA[6:0]>.

When [2CxCR1<NOACK> is "0",after the acknowledge signal is generated when a general-call ad-
dress is received.

When an interrupt request (INTI2Cx) is generated, I2CxCR2<PIN> is cleared to "0". While <PIN> is
cleared to "0", the 12C pulls the SCL line to the "Low" level.
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tLow

<

0

SCL pin J 1 2 | |3 | 7 8 9

INTI2C
interrupt request

12CSR<PIN>

A

Set 12CGCR2<PIN>=1

or
\ Write a data to I2CDBR

Figure 14-10 12CxSR<PIN> and SCL

I2CxSR<PIN> is set to "1" when data is written to or read from I2CxDBR.

It takes a period of t; gw for the SCL line to be released after 2CxSR<PIN> is set to "1". When the pro-
gram writes "1" to 2CxSR<PIN>, it is set to "1". However, writing "0" does not clear this bit to "0".

Note: When arbitration lost occurs while a slave address and direction bit are transferred in the master
mode, I2CxSR<PIN> is cleared to "0" and INTI2Cx occurs. This does not relate to whether a slave ad-
dress matches I2CxAR<SA>.

1. Bus free detection interrupt

A bus free detection interrupt occurs when the 2CSR<BB> flag of the device are changed
(changed from BB=1 to BB=0).

When a bus free detection interrupt is used, set "1" to 2CIE<INTI2CBF>.

Note that <BB> is used to detect a bus free status regardless of the value of the slave address.
When a STOP condition is detected, the bus status changes to the bus free status from the bus busy
status. Thus, the <BB> flag changes to the bus free status and the bus free interrupt occurs.

2. NACK detection interrupt

When I2CCR<ACK>=1 and I2CIE<INTNACK>=1, if the master receives a NACK, a NACK re-
ception detection interrupt occurs.

This operation is NACK detection in which this device acts as the transmitter in master mode or
in slave mode.

An ACK detection interrupt occurs at the same timings INTI2C; therefore, check the interrupt
with an [2CST interrupt status flag.

14.4.8 12C Bus mode

When I2CxCR2<I2CM> is set to "1". 12C bus mode is selected. Ensure that the I2C bus interface pins are at
"High" level before setting <I2CM> to "1". Also, ensure that the bus is free before switching the operating
mode to the port mode.

Note:When 12CxCR2<I2CM> = "0", no value can be written to bits in the I2CxCR2 register other than
I2CxCR2<I12CM> bit. Before setting I2CxCR2, write "1" into I2CxCR2<I2CM> to select the 12C bus
mode.
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14.4.9 Software Reset
If the I2C bus interface circuit locks up due to external noise, it can be initialized by using a software reset.
Writing sequentially "10" and "01" to 2CxCR2<SWRES[1:0]> causes software reset.

12C is initialized after software reset; however, the [2CxCR2<I2CM> register and the 2CxDBR register
are not initialized.

At this time, [2CxSR<LRB> becomes undefined. This flag state is the same as the pin state at which soft-
ware reset has occurred.

14.4.10 Arbitration Lost Detection Monitor

The 12C bus has the multi-master capability (there are two or more masters on a bus), and requires the bus
arbitration procedure to ensure correct data transfer.

The 12C-bus arbitration takes place on the SDA line.
The arbitration procedure for two masters on a bus is shown below.

Up until the point a, Master A and Master B output the same data. At the point a, Master A outputs the
"Low" level and Master B outputs the "High" level.

Then Master A pulls the SDA bus line to the "Low" level because the line has the wired-AND connection.

When the SCL line goes high at the point b, the slave device reads the SDA line data, i.e., data transmit-
ted by Master A. At this time, data transmitted by Master B becomes invalid.

This condition of Master B is called "Arbitration Lost". Master B releases its SDA pin, so that it does not af-
fect the data transfer initiated by another master. If two or more masters have transmitted exactly the same
first data word, the arbitration procedure continues with the second data word.

SCL (Line) [ 1

1 1
1 1
Internal SDA output (master A) \ / \ : : / \ /
.
Internal SDA output(master B) \ / \ '/ : Loses arbitration and sets the
. internal SDA output to “1”.
SDA Line \ / \ / \ /

o-F---

Figure 14-11 Lost Arbitration

If an arbitration lost interrupt is enabled, an AL flag is set at the point "b" in Figure 14-11. When subsequent-
ly data transfer is executed the number of preset clocks, an arbitration lost interrupt occurs.

A master compares the SDA bus line level and the internal SDA output level at the rising of the SCL line.

If there is a difference between these two values, Arbitration Lost occurs and [2CxSR<AL> is set to "1".

When I2CxSR<AL> is set to "1", I2CxSR<MST, TRX> are cleared to "0", causing the I12C to operate as a
slave receiver.

Therefore, the serial bus interface circuit stops the clock output during data transfer after <AL> is set to "1".

I12CxSR<PIN> is cleared to "0" when data transfer is completed, the 12C pulls the SCL Line to the Low lev-
el.
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An arbitration lost occurs during the transfer of the slave addresses and direction bit in Master B. In this
case, Master B receives a slave address sent from other master devices, like other slave devices. Regardless
of the match between the received slave address and I2CxAR<SA>, <PIN> is cleared to "0" and then IN-
TI2C is generated.

I2CxSR<AL> is cleared to "0" when data is written to or read from I2CxDBR or data is written to

[12CxCR2.
Internal SCL
output
MasterA
Internal SDA b ) ) \
ol \D7A KD6A\ D5A /DaaX3AKD2AXD1AKDOA D7A D4A
[—> Clock output dstops here
Internal SCL_/I\_/_\_/
output
MasterB

'"teorﬂfl‘alus{DA \D7B XD6B / X Internal SDA output is fixed to "High"level .

due to Arbitration Lost of Master B.
<AL> tl

Access to I2CXDBR
or I2CXCR2

N

=

X

X

v
|\_/

Figure 14-12 Example of Master B Lost Arbitration (D7A = D7B, D6A = D6B)

This MCU only supports normal arbitration lost function that conforms to [12C-bus specification. It does
not support the arbitration lost function when a NACK is transferred. In this case, [2CxSR<LRB> should be
checked in the interrupt service routine of the completion of transmission.

Note that multiple transmissions start almost simultaneously in a multi tasking fashion, the following cases
is assumed:

(1) Arbitration is detected before the transmissions start, and they are cancelled.
(2) Arbitration is detected after the transmissions start.
(3) Arbitration is cancelled before the transmissions start. Arbitration cannot be detected.

For the device status, check the value of <AL><MST>

14.4.11 Slave Address Match Detection Monitor

Two slave addresses can be specified in this product. In 12C bus mode (I2CxAR<ALS> = 0),when Slave
mode is selected, a match of slave addresses can be detected. Received slave addresses are compared with
[12CxAR<SA> and 12CxAR2<SA2> sequentially. If the same address is used for [2CxAR<SA> and
[12CxAR2<SA2>, only the comparison result with 2CxAR<SA> is returned when the received slave address
matches them. Note that if one slave address is used, use [2CxAR<SA> only.

When I2CxCR1<NOACK> is cleared to "0", the address match detection is enabled. If I2CxSR<AAS> re-
ceives a general call or the slave address which is the same as the [2CxAR<SA>, 2CxSR<AAS> is set to "1".
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To use the second slave address, set the value to 2CxAR2<SA2> and I2CxAR2<SA2EN>=1. Whether
<SA> or <SA2>is used for match detection, this can be distinguish with 2CxOP<SA2ST> or <SAST>.

When "1" is set to [2CxCRI<NOACK>, address match detection is disabled. If this device receives a gener-
al call or the slave address which is the same as the 2CXxAR<SA> and the I2CXxAR<SA2>, [2CxSR<AAS>
is not set to "1".

When Free data format mode(I2CxAR <ALS> is set to "1"), [2CxSR<AAS> is set to "1" when the first da-
ta word has been received. <AAS> is cleared to "0" when data is written to or read from I2CxDBR.

SCL(Bus) 1 2 4 5 6 7 8 9 |_|
SA6] SA5) SA4] SA3| SA2] SA1)Y SAO| R/W
SRR RN ED £ £ B £5 £ 0 DO Wl
T
x Start Condition Address + direction Bit
ACK output
I12CSR<AAS>

Write into 12CDBR or ]
Read from 12CDBR H

INTI2C interrupt Request "

Figure 14-13 Slave address Match Detection Monitor

14.4.12 General-call Detection Monitor

In the 12C bus mode (I2CxAR<ALS> = 0), when Slave mode is selected, a slave address and general call
can be detected.

When [2CxCRI<NOACK> = 0 and I2CxOP<GCDI>=0, if the device receives a general call (8 bits re-
ceived immediately after a start condition are all zero), [2CxSR<ADO> is set to "1". (At this time,
[12CxSR<AAS> is also set to "1".)

When [2CxCR1<NOACK>=1, a general call cannot be detected; therefore, if a general call is received,
12CxSR<ADO0> remains "0". (At this time, [2CxSR<AAS> also remains "0".)

[12CxSR<ADO0> is cleared to "0" when the start or stop condition is detected on the bus.

Page 331 2016/6/27



14. 12C Bus Interface
14.4  Function TMPM066FWUG TMPM067FWQG TMPMO068FWXBG

SCLBus) 1 2 3 4 5 6 7 8 o E | é
SDA(Bus) _\ I e E-—/i_

T A
M Start Condition General Call Stop Condition
ACK output

I12CSR<ADO>
I12CSR<AAS>

Write into I2CDBR or ;

Read from I2CDBR H
INTI2C interrupt Request "

Figure 14-14 General-call Detection Monitor

14.4.13 Last Received Bit Monitor
[2CxSR<LRB> is always updated to the value of the SDA on the rising edge of the SCL Line.

In the acknowledgment mode, reading I2CxSR<LRB> immediately after generation of the INTI2Cx inter-
rupt request causes ACK signal to be read.

SCL(Bus)

s [ o7) b6 J o5 Y4 Jo3 | 2} pi]no XACK
XCSR<LRB> 1 o7f 06 fos Joa fos | o2) orfoo | acx
INTI2C interrupt Request ”

Figure 14-15 Last Received Bit Monitor

14.4.14 Setting of Slave Addressing and Address Recognition Mode
To use I2C bus mode, clear 2CXAR<ALS> to "0" and set a slave address to [2CxAR<SA>.

If free data format that does not use a slave address is used, set "1" to 2CXAR<ALS>. Note that the 12C
is used in free data format, a slave address and direction bit are not recognized. They are treated as data imme-
diately after a start condition.

When the second slave address is used, set the value to I2CxAR2<SA2EN>. When <SA2EN>= 1, the sec-
ond slave address is valid.

The received Slave addresses are compared with the first address (I2CxAR<SA>) and the second address
(I2CxAR2<SA2>) sequentially.

The result of comparison is stored to I2CXIE<SAST> and <SA2ST>.
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When the same address is used for the first address and the second address, only the detection result of the
first address is returned when the received slave address matches them.

14.4.15 Noise Cancellation

The SCL pin and SDA pin have the noise cancelling function. Digital noise cancellation or analog noise can-
cellation can be selected with I2CxOP<NFSEL>.

In digital noise cancellation, signals less than Tprsck (prescaler clock width) is eliminated as noise.

Note:When FM+ (plus) is used, select analog noise cancellation (Typ.30ns) in this device

14.4.16 Repeated START Detection
When a repeated START is detected on the bus line, [2CxOP<RSTA> is set to "1".

The <RSTA> is initialized by a reset and stop condition.

f«— 8bit —>»{1}« 1-80it >{1| j«— 8bit —>|1je 1-8bit »1] l«— 8bit —»|1}e 1-8bit >1]

Bus Li RIA A RIA A RIA A
usktine sl siave address |/|C Data C|S| Slave address |/|C Data C|P S| Slave address |/|C Data C|P
K K WK K WK K
I(— once —)|(— Repeated —>| |<— once —>|<— Repeated —>| |<— once —>|<— Repeated —>|
INTI2C [] [1 [ [ [1 [
interrupt

<RSTA> | |

Figure 14-16 Repeated Start detection Flag

14.4.17 DMA request output Control

Data can be transferred using DMA in 12C mode. But one master device and one slave device are connec-
ted to a bus line and the number of transfer data is decided beforehand.

A request is output one clock after an INTI2C transmit/receive interrupt occurs; therefore, DMA sequen-
tial transfer between I2CxDBR and memory can be performed.

A request for DMA can be controlled with 2CXIEKDMARI2CTX> in transmission or with
<DMARI2CRX> in reception respectively Enable or disable each register.

To transfer data using DMA, the number of bytes to be transferred should be preliminarily specified on
the both transmission and reception.

If arbitration lost occurs during 12C transfer, the INTI2CAL interrupt and the INTI2C interrupt occurs,
then the communication stops. A DMA request does not occur.
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14.5 Control in the 12C Bus Mode

14.5.1 Data Transfer Procedure in the 12C Bus Mode

14.5.1.1 Device Initialization

After ensuring that the SDA and SCL pins are high (Bus free), set [2CxCR2<I2CM> to "1" for enable
the 12C.

Next, write "1" to 2CxCR1<ACK]> and "0" to 2CxCRI<NOACK>. Writing "000" to I2CxCR1<BC
[2:0]> at the time.

These setting enable acknowledge operation, slave address match detection and general call detection
and set the data length to 8§ bits. and set "tHIGH" and "tLOW" in I2CxCRI1<SCK>.

Then, program I12CxAR by specifying a slave address at <SA[6:0]> and an address recognition mode
at <ALS>. (<ALS> must be cleared to "0" when using the addressing format).

To configure the I2C Bus Interface as a slave receiver, ensure that the 12C bus interface pin is at
"High" first.

Finally, write "0" to [2CxCR2<MST, TRX, BB>, "1" to 2CxCR2<PIN>, "00" to [2CxCR2<SWRES
[1:0]> to configure the device as a slave receiver.

14.5.1.2  Generating the Start Condition and a Slave Address

Before generating the start condition or slave address, execute the following operations: check the bus
free condition (I2CxSR<BB> = 0); set "1" to 2CxCR1<ACK>, and write data that contains a slave ad-
dress of 2CxDBR and the direction bit. When "1" is written to I2CxCR2<TRX>, [2CxCR2<BB>, and
[2CxCR2<PIN>, the slave address and direction bit are output to the I2C bus. Note that the time of
tHIGH is required until the SCL pin falls after the start condition.

Subsequently, an INTI2C interrupt occurs on the falling edge of the 9th clock of SCL to clear
[2CxSR<PIN> to "0". At this time, SCL should be pulled "Low" level while I2CxSR<PIN> is "0". Only
when the slave device returns an acknowledge signal, the direction of [2CxSR<TRX> is changed by hard-
ware according to the direction bit at the timing when an INTI2C interrupt request occurs. If an acknowl-
edge signal is not returned, [2CxSR<TRX> is not changed.

\
SDA pin '_\/A6XA5XA4XA3XA2XA1XA0XR/W/

Slave address and direction bit  AAcknowledgeysignal

r

Start condition ,

INTI2C interrupt |
request

Figure 14-17 Generating the Start Condition and a Slave Address

14.5.1.3 Transferring a Data Word

At the end of a data word transfer, the INTI2Cx interrupt is generated to test 2CxSR<MST> to deter-
mine whether the 12C is in the master or slave mode
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(1)  Master mode (I2CxSR<MST> = "1")

Test <TRX> to determine whether the 12C is configured as a transmitter or a receiver.

(@)  Transmitter mode (I2CxSR<TRX> = "1")
Check acknowledge from the receiver using the [2CxSR<LRB> flag.

If <LRB> is "0", that means the receiver requires further data. If the next data to be transmitted
has eight bits, the data is written into 2CxDBR. If the data has different length, 2CxCR1<BC>
and I2CxCR1<ACK> are programmed and the transmit data is written into 2CxDBR.

Writing the data makes <PIN> to "1", causing the SCL pin to generate a serial clock for transfer-
ring a next data word, and the SDA pin to transfer the data word.

Note that even if the receiver requests the next data, a stop condition can be issued.

After the transfer is completed, the INTI2C interrupt request is generated, [2CxSR<PIN> is
cleared to "0", and the SCL pin is pulled to the "Low" level.

To transmit more data words, test 2CxSR<LRB> again and repeat the above procedure.

[2CxSR <LRB> ="1" means the receiver does not request the data; therefore, the transmitter gener-
ates a stop condition (described later) to stop data transfer.

Note that even if the receiver requests the next data, data can be transmitted.

SCLX pin 1 2 3 4 5 6 7 8 9
Write to I2CXDBR j
SDAX pin \ b7 X b6 X Ds X p4 X D3 X D2 X DL X DO ‘/\_écrf_/'

Acknowledgement

from receiver
<PIN>

INTI2CX ﬂ|_|
interrupt request

Master output
- = = = Slave output

Figure 14-18 <BC[2:0]>= "000",<ACK>= "1" (Transmitter Mode)

(b) Receiver mode (I2CxSR<TRX> = "0")

If dummy data (0x00) is written to I2CxDBR, or "1" is set to [2CxCR2<PIN>, a 1-word transfer
clock and acknowledge signal are output.

After an INTI2C interrupt indicating the completion of reception occurs, read receive data from
12CxDBR.

If the data has different length, set 2CxCR<BC> again and set [2CxCR<ACK> to "1", and then
Write the I2CxDBR to "0x00" or set the <PIN> to "1".

(Data that immediately after the slave address is transmitted is undefined.)
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read I2CDBR
SCL pin | 9 1 2 3 4 5 6 7 8 9
Y
. ,,----\II----\II----\,,----\,,----\II----\II----\,,----\,,--- ------ ----\
SDA pin ) V D7 N D6 N D5 N D4 N D3 N D2 N DI N DO \ ACK ANextD7)
\ LY LAY LAY LAY LY LAY LAY LAY v ’

[epp——

ACK signal to
<PIN> transmitter
INTI2C
interrupt
request

)

write 12CIR<ISIC>="1" Master output
- = - - Slave output

- - [—— - - - [—— - -

Figure 14-19 [2CxCR1<BCJ2:0]>= "000",I2CxCR1<ACK>= "1" (Receiver Mode)

(c) The last word Received (I2CxSR<TRX>=0)

To determine the last word, perform the pseudo-communication without an acknowledge signal.
The process flows are described below:

To terminate the data transmission from the transmitter, <ACK> must be cleared to "0" immediate-
ly before reading the last data word.

Before Received the last data, following procedure is required to terminate the data transmission
from the transmitter.

1. Read the received data from I2CxDBR
2. Set 2CxOP<MFACK> to 1 for the NACK transmission

3. Write the Dummy data (0x00) into I2CxDBR to set the 2CxCR2<PIN> as "1".

When "1" is set to [2CxCR2<PIN>, 1 - word transfer is started in NACK transmission. After 1-
word transfer is complete, proceed with the following process:

1. Read the received data from I2CxDBR.

2. Generate the STOP condition, Terminates the data transmission.
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|
|
9:123456789
SCL(Bus)

_\ £D7 {D6 §D5 §D4 JD3 §D2 §D1 §DO0 ;i NACKIo
SDA(Bus) k g REREReRL g E

[ . i transmitter

[2CSR<PIN>

After read Data,
INTI2C :Af Set I2COP<MFACK>=1, then Write
. dummy date(0x00) to I2CDBR
interrupt Request

Write “17 toT

|
!
|
12CST<I2C> !

Figure 14-20 Terminating Data Transmission in the Master Receiver Mode

(2) Slave mode (I2CxSR<MST>=0)

In the slave mode, the normal slave mode processing or the processing as a result of Arbitration
Lost is carried out.

In the slave mode, the 12C generates the INTI2Cx interrupt request on following status.

when I2CxCR1<NOACK> is "0", the received slave address matches I2CxAR<SA> address
when [2CxCR1<NOACK> is "0", the 12C has received a general-call address

when a data transfer has been completed in response to a received slave address matching
or a general-call in master mode.

If the 12C detects Arbitration Lost in the master mode, it switches to the slave mode. Upon
the completion of data word transfer in which Arbitration Lost is detected, the INTI2C inter-

rupt request is generated.

Table 14-5 shows the operation of interrupt requests and I2CxSR<PIN> after arbitration lost

Table 14-5 The operation of INTI2C interrupt requests and I2CxSR<PIN> after arbitration lost.

In master mode, detecting the Arbitration Lost [ In Master transmitter mode, detecting the Arbi-
when sending the Slave address. tration Lost when sending the Data.

INTI2C When a word transmission is completed, INTI2C interrupt is generated.

Interrupt request

I2CxSR<PIN> Clear I2CxSR<PIN> to "0".

The INTI2C interrupt request is generated, [2CxSR<PIN> is cleared to "0", and the SCL pin is
pulled to the "Low" level.

When data is written to or read from [2CxDBR or when I2CxSR<PIN> is set to "1", the SCL pin
is released after a period of tLOW.

[2CxSR<AL><TRX><AAS> and <ADO0> are tested to determine the processing required.

"Table 14-6 Processing in Slave Mode" shows the slave mode states and required processing.
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Table 14-6 Processing in Slave Mode

<TRX> <AL> <AAS> | <ADO> State Processing
Arbitration Lost is detected while the slave address
1 1 0 was being transmitted and the 12C received a slave
address with the direction bit "1" transmitted by an-
other master. Set the number of bits in a data word to <BC[2:0]>
and write the transmit data into 12CxDBR.
In the slave receiver mode, the 12C received a
1 0 slave address with the direction bit "1" transmitted
1 by the master.
Test LRB. If it has been set to "1", that means the re-
0 ceiver does not require further data. Set <PIN> to 1
. and reset <TRX> to O to release the bus. If <LRB>
In the slave transmitter mode, the 12C has comple- - .
0 0 ted a transmission of one data word has been reset to "0", that means the receiver re-
’ quires further data. Set the number of bits in the da-
ta word to <BC[2:0]> and write the transmit data to
the I12CxDBR.
Arbitration Lost is detected while a slave address is
1 110 being transmitted, and the 12C receives either a Write the 12CxDBR (a dummy data "0x00" to set
slave address with the direction bit "0" or a general- [ I2CxCR2<PIN> to 1, or write "1" to <PIN>.
call address transmitted by another master.
1
_— . . The serial bus interface circuit is in slave mode.
o | o e e e | Tesor,car e 2CASREAL 00" To et
fer is terminated ’ to I2CxSR<PIN>, write dummy data (0x00) to
0 ’ 12CxDBR.
In the slave receiver mode, the 12C received either | Write the I2CxDBR (a dummy data "0x00" to set
1 1/0 a slave address with the direction bit "0" or a general- | I2CxCR2<PIN> to 1, or write "1" to <PIN>.
0 call address transmitted by the master.
. Set the number of bits in the data word to
0 1/0 Ian r?fesii)\l: orfe:eg;et; nv:/%(:g' the 12C has completed I2CxCR1<BC> and read the received data from
p ’ 12CxDBR, write dummy data (0x00) to I2CxDBR.

Note:In salve mode, if I2CxAR<SA[6:0]> is set to "0x00" a START byte (0x01) of the 12C bus standard is re-
ceived, a slave address match is detected and I2CxSR<TRX> is set to "1". Not set I2CxAR<SA> to "0x00".
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14.5.1.4  Generating the Stop Condition

When [2CxSR<BB> is "1", writing "1" to 2CxCR2<MST, TRX, PIN> and "0" to <BB> causes the
I2C to start a sequence for generating the stop condition on the bus.

Do not alter the contents of <MST, TRX, BB, PIN> until the stop condition appears on the bus.
If another device is holding down the SCL bus line, the 12C waits until the SCL line is released.
After that, the SDA pin goes "High", and then causing the stop condition to be generated for a "tygy"

The stop condition can be checked using the monitor pin I2CxSR<BB> for the bus

[2CCR2<MST>=1
:gggsg:ggﬁi ! If SCLis pulled “Low” by another device,
12COR2<PIN>=1 Astop condition is generated after SCL is released.
' . /— Stop condition
scL P
(Actual signal state) L
P R Gl

SCL .
(Master drive request)

SDA )\
I2CCR2<PIN> j

12CSR<BB> |

Figure 14-21 Generating the Stop Condition

14.5.1.5 Procedure of Repeated START

Repeated Start is used when a master device changes the data transfer direction without terminating
the transfer to a slave device.

Repeated START is an operation that occurs after an ACK/NACK output caused by an INTI2C interrupt.

I2CxOPT<SREN> should be set until the clock stretch function is cleared after the occurrence of inter-
rupts.

The procedure of generating a repeated Start in the master mode is described below.

Set I2CxOPT<SREN>=1 when [2CxSR<BB>=1, and write a slave address and direction bit to the data
buffer.

After that, write "1" to [2CxCR2<MST>, <TRX>, <PIN>, and <BB> to output a start condition on the
12C bus.

Note:Do not set "0" to I2CxCR2<PIN> when [2CxOPT<SREN>=1
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"1"—>|2CCR2<TRX>
"1"—|2CCR2<BB>

"1"—|2CCR2<MST>
"1"—12CCR2<PIN> }

"1"—>|2COPT<SREN>

Write int Start Condition
[2CDBR [

SCL(Bus) / \ | / J

SCL(Pin) .) : )

SDA(Pin) T\ E

I2CSR<LRB> /

loCsR<BB> / ___________________________________________ & ______________________
| 4

I2CSR<SREN> | |

Figure 14-22 Timing Chart of Generating a Repeated Start

14.5.1.6 DMA Transfer using DMA

Data can be transferred using DMA in 12C mode. But one master device and one slave device are connec-
ted to a bus line and the number of transfer data is decided beforehand.

In I12C bus mode, when an INTI2C interrupt occurs, a DMA request occurs almost simultaneously (af-
ter 1 clock); therefore consecutive transfer can be executed between I2CxDBR (data buffer) and the mem-
ory using DMA transfer.

A DMA request for transmission and reception are separately executed.
Set enable or disable to the DMAC control register for transmission and reception before using the DMA.

To transfer data using DMA, the number of bytes to be transferred should be preliminarily specified
on the both transmission and reception.

If arbitration lost occurs during 12C transfer, the INTI2CAL interrupt and the INTI2C interrupt occurs,
then the communication stops. A DMA request does not occur.

To open the pins(I2CxSR<PIN>) by reading I2CxDBR in receiver mode, set "1" to 2CXIE<SELPINCD>.

(1)  How to transfer data in master mode

1. Generate start condition and slave address.
2. Check <LRB> and <TRX> in interrupt service routine of INTI2C after output slave address.

3. When <LRB>is "1", output a stop condition and complete the transferring because no
slave Device which has the sent slave address is on the bus.

4. When <LRB> is "0", check <TRX> because slave device which has the sent slave address
is on the bus. The proceeding is depended on <TRX>.
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(@) When <TRX> is "1" (Transmitter mode)

a.

Set DMA such as transfer bit width, burst size and the total transferring number, etc. Sub-
tract 1 from the number of data to be transmitted. And enable to receive DMA request
of INTI2C with 2CXIE<DMAI2CTX>.

Write the first data into [2CxDBR. Start transmit the first data by this writing

Start DMA transfer by the DMA request of INTI2C which is after the completed transfer-
ring. And transmit the 2nd data and following data.

When the specified the number of DMA transfer (N-1 times) ends, a DMA transfer end
interrupt occurs. Change the settings to ignore a DMA request reception in this inter-
rupt service routine. (Set the [2CXIE<DMARI2CTX> to "0".)

Generate stop condition to stop transmission at the interrupt service routine of INTI2C.

(b)  When <TRX> is "0" (Receiver mode)

a.

Set DMA such as transfer bit width, burst size and the total transferring number, etc. Sub-
tract 2 from the number of data to be transmitted. And enable to receive DMA request
of INTI2C by [2CXIE<DMARI2CRX>.

Read dummy data from [2CxDBR. Start receive the first data by this reading.

Start DMA transfer by the DMA request of INTI2C which is after the completed receiv-
ing. And receive the 2nd data and following data.

When the specified the number of DMA transfer (N-2 times) ends, a DMA transfer end
interrupt occurs. Change the settings to ignore a DMA request reception in this inter-
rupt service routine. (Set the [2CXIE<DMARI2CRX> to "0").

Set "1" to <MFACK> to generate a NACK signal by an INTI2C interrupt that occurs
at (n-1) data reception, and read then receive data from [2CxDBR.

Generate stop condition to stop transmission at the interrupt service routine of INTI2C

(2) How to transfer data in Slave mode

1. Receive start condition and slave address.

2. Check I2CxSR<TRX> in interrupt service routine of INTI2C after receive slave address

3. Check <TRX>. The proceeding is depended on <TRX>.

(@) When <TRX> is "1" (Transmitter mode)

a.

Set DMA such as transfer bit width, burst size and the total transferring number, etc. Sub-
tract 1 from the number of data to be transmitted. And enable to receive DMA request
of INTI2C By I2CXIE<DMARI2CTX>.

Write the first data into I2CxDBR. This device can be received a clock from a master de-
vice and start transmit the first data by this writing.

Start DMA transfer by the DMA request of INTI2C which is after the completed transfer-
ring. And transmit the 2nd data and following data.

When the specified the number of DMA transfer (N-1 times) ends, a DMA transfer end
interrupt occurs. Change the settings to ignore a DMA request reception in this inter-
rupt service routine.(set 2CXIEKDMAI2CTX> to "0")

Wait stop condition from a master device without writing a data at the service routine
of INTI2C.
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(b)  When <TRX> is "0" (Receiver mode)

a.

Set DMA such as transfer bit width, burst size and the total transferring number, etc. Sub-
tract 2 from the number of data to be transmitted. And enable to receive DMA request
of INTI2C By [2CXIE<DMARI2CRX>.

Read dummy data from I2CxDBR. Start receive the first data by this reading.

Start DMA transfer by the DMA request of INTI2C which is after the completed receiv-
ing. And receive the 2nd data and following data.

When the specified the number of DMA transfer (N-2 times) ends, a DMA transfer end
interrupt occurs. Change the settings to ignore a DMA request reception in this inter-
rupt service routine. (Set [2CxIEXDMARI2CRX to "0")

Set "1" to <MFACK> to generate a NACK signal by an INTI2C interrupt that occurs
at (n-1) data reception, and read then receive data from [2CxDBR.

Wait stop condition from a master device without writing a data at the service routine
of INTI2C
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14.6 12C Address Match Wake Up Function

When the 12C block is used in slave mode, if the frame address on the I2C bus matches a self-address (slave ad-
dress) in low-power consumption mode (STOP1), an interrupt (INTI2CS) occurs to clear low-power consumption
mode.

14.6.1 Configuration

Register Control

SDA For Slave(Wakeup)
12C Block

Hod

SCL C

12C Block
Main

Address match
Interrupt

CLiT
I

INTX
Timing  —————>| INTIF
Interrupt

Interrupt

e

Figure 14-23 Wake-up Function Block

14.6.2 Description of Operation

14.6.2.1 Clock Stretch Function

After the MCU confirms the match of slave addresses in slave mode, it returns an ACK and then per-
forms the clock stretch operation that pulls the SCL to "Low".
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_____ )
[\ R[Lﬂf_

clock stretching

(92}
=
\
w
%
<
w
=3
=]

SCL :

Figure 14-24 Clock stretch Function

Note: If the MCU enters low-power consumption mode during the clock stretch operation, the 12C bus main-
tains locked state, so that the address match wakeup function cannot be used.

14.6.2.2 Operation flow of the Address Match Wakeup Function

Figure 14-25 shows the operation flow described below:

1. When the MCU detects an address match, the MCU returns an ACK to generate INTI2CS.
2. Low-power consumption mode is released, and the MCU starts the clock stretch function.

3. In interrupt service routine after low-power consumption mode is released, the interrupt re-
quest is cleared with 2CSWUCRI<INTEND>.

4. The clock stretch function is cleared with I2CSWUPCRI1<I2RES>.
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SDA | \ : | Bit7 x Bit6 x R/WXACK/NACKX

- ACK response

' ' clock stretchin
SCLM ’ \ [ \ g | Release clock stretching
1 1
DS - f

1 1
(4)Release by

(Ajgg‘rfsr;“rﬁ’qg?:ﬁ:éaﬁO” by I2CSWUPCR1<I2RES>.

~N

INTI2C

(2)Released Low Power /

Cpngumption mode (3)Clear interrupt to write into

with interrupt generation I2CSWUPCR1<INTEND> from "1" to "0".
Operation mode

------------------------------------------ | L EEEEEEEEEEEEELEEEEEELEEEEEEREEED o
LowPower mode Normal mode

Figure 14-25 Address match Wakeup Function

Note 1: When the MCU performs the address match wakeup function, the 12C bus is locked until the MCU returns to
the normal operation.

Note 2: When I2CSWUPCR1<INTEND> is changed to "0" from "1" in interrupt service routine, the 12C information is
transmitted to the main block from the wakeup block.

Note that the detection conditions for slave addresses and general call must be the same when the ad-
dress match wakeup function is used.

I2CAR<SA>= I2CSWUPCR2<WUPSA1>; same address, detection condition

12CAR2<SA2>=12CSWUPCR3<WUPSA2>; same address, detection condition

Setting contents of 2CCR1<ACK>, <NOACK> & [2COP<MFACK> is as same as
I2CSWUPCR1<ACK>, <SGCDI>.
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14.6.2.3 Timing

Send ACK/NACK depend on the register when address matched.

SDA ADR[6] /| ADR[5] R/W | ACKINACK

SCL

INTI2C

When address matched, Generate interrupt and :

Clock stretch. : :
Clear the interrupt request by CPU

Cleat Clock Stretch by CPU.

Figure 14-26 Address match Wakeup Function

Note: The master only sends an ACK signal. The device selects an ACK signal or NACK signal and then
sends it.
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14.6.2.4

Operation and setting flow (example)

<Initial setting> Wakeup block side setting to enter STOP1 mode.

Set SCL/SDA pin.
(Set the PAO to SCL, set the PA1 to SDA)

PAFR1[1:0]="11".

Interrupt setting (INTI2CS)

Set NVIC register

(Set for the interrupt)

Set interrupt control register (INTIF)
STOP1INT_xxx<INTxxxEN>="1"

(Return from Power off Mode by the INTI2CS)

\d

Release the 12CBUS reset.
I2CSWUPCR1<I2RES>="0"

Set Slave address.

I2CSWUPCR2<SA> = "******* (any value)
12CSWUPCR3<SA2>= "******" (gny value)

\

Operate 12C communication

Note: The register can be written during the reset operation caused by I2CSWPCR1<I2RES>="1" even

when reset operation continues

The setting for the 12C main block should be completed before the MCU enters low-power consump-
tion mode (STOP1). Communications after the address match wakeup function does not work properly un-

less the following registers are set.

12CCR1<BC><ACK><NOACK>,<SCK>

[2CPRS<PRSCK>
[2COP<NFSEL><MFACK>

I2CAR2<SA2><SA2EN> ; any value

I2CIE ; set usage function

2016/6/27



14. 12C Bus Interface
146 12C Address Match Wake Up Function TMPMO066FWUG TMPM067FWQG TMPMO068FWXBG

<When Generating Interrupt>

INTI2CS interrupt

* return from power off mode
Y
Write into 2CSWUPCR1<INTEND> from "1" to "0"

Disable Interrupt

Y
Read 2CSR<TRX> <BB> <PIN> <LRB>
Set I2CAR<ALS>= 0, I2CCR2<I2CM>=1

0 : Receive
ifTRX=17

Receive or Transmit

1 : Transmit

Write the transmit data
I2CDBR<DBJ7:0]>

<
<

A

Release Interrupt

Clear 12C circuit block.
I2CSWUPCR1<INTEND>="1"

Clear INTIF
STOP1INT_100<INT100NCLR>="1"
STOP1INT_100<INT100PCLR>="1"

Clear NVIC

Clear pending interrupt

Y

Enable Interrupt

Y

Release the clock stretch
I12CSWUPCR1<I2RES>="1"

Notice of clearing the interrupt

Make sure to clear the circuit along the following order: 12C circuit, INTIF, and then NVIC. If the or-
der is not correct, interrupt factors remain; therefore, the interrupts occur again.
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15. Toshiba Serial Peripheral Interface (TSPI)

15.1 Outline

TSPI is a serial interface that can communicate in synchronous full-duplex communication. It has SPI and SIO
modes, so that it can perform high-speed serial transfer between various peripheral devices.

TSPI has chip select signal pins (TSPIxCSO and TSPIxCSIN), a serial clock signal pin (TSPIxSCK) and serial
transmit and receive data signal pins (TSPIXTXD and TSPIxRXD).

Data length can be arranged by 1 bit from 7 bits (with parity) to 32 bits (without parity).
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Table 15-1 Outline

SPI mode SPI mode SIO mode SIO mode
Parameter

(Master) (Slave) (Master) (Slave)
Communication mode Transmit and receive/transmit/receive
Transfer mode Single/burst (2 to 255 frames)
Serial clock maximum fre- fc/2 fo/2 fc/2 fo/2
quency
TSPIXSCK Output Input Output Input
TSPIxCSO Output - - -
TSPIXCSIN - Input Unused Unused

Output level setting of

TSPIXTXD at idle High, Low, last bit data holding, Hi-z

Output level setting of
TSPIXTXD when underrun er- - High, Low - High, Low
ror occurs

TSPIXCSO polarity selection Negative logic/positive

logic
TSPIXCSIN polarity selection } Negative logic/positive ) )
logic
TSPIXSCK polarity selection "L" at idle/"H" at idle
Transfer order MSB first/LSB first
Data length Settable by 1 bit
8 to 32 bits (no parity)
7 to 31 bits (parity exists)
TSPIXCS valid—
o Settable - -

TSPIXSCK valid time
Transfer completion—

. A Settable - -
TSPIXCS invalid time
Interval time between frames Settable
TSPIXCS invalid—

o Settable
TSPIXCS valid time
Adds parity With/without
Transmit FIFO empty detec- Exists
tion
Receive FIFO full detection Exists
Parity error detection Exists
Overrun error detection . .
; - Exists - Exists

Underrun error detection

Reached to fill level of receive FIFO

DMA request X .
Reached to fill level of transmit FIFO
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15.2 Block Diagram

Prescaler
oTO > 2| 4] 8 |16]32]64]128]256]512]

vl

oT1 @T2 @T4 @T8 @T16 @T32 @T64 @T128 ¢T256

TSPIXBR<BRCK[3:0]>

TSPIxBR

¢T1 —
: <BRS[3:0]>

¢T2 e —
oT4 —>
T8 ———>

+2 |——> Clock —>{ ] TSPIXSCK

J0100]9S

®T16 T control
eT32 ——>
oT64 ——>
@T128 ——>
: Baud rate
—_—
¢T256 H L Generator
DMAdlear | e
TSPIx transmission)
MA clear —
(TSPIx reception) |
DMA request . |
gSPIx fransmission) DMA Transmit counter 00
MA request control
i - 31 0
(TSPIx reception) Data length Transmit FIFO | | - - 1 TSPIXTXD
control counter (16-bitx8) Shift register
Interrupt request ¢ T
INTEXERR |
oo
INTEXTX control
INTEXRX < J»[]TSPIXCSO/TSPIXCSIN
31 0
Data register Csci(r:g:iirOI
o, | Lilrsencsor
Receive control
Data length Receive FIFO 3 >
—{ Receive FIFO [ TSPXRXD
control counter (16-bitx8) Shift register 1
| Receive counter I

Figure 15-1 Block diagram of TSPIx
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15.3 Registers

15.3.1 Register List

The following table lists the control registers and addresses.

For details of base address, refer to "Peripheral function base address map" of "Memory Map" Chapter.

Register name (x= Channel number) Address (Base+)
TSPI control register 0 TSPIXCRO 0x0000
TSPI control register 1 TSPIXCR1 0x0004
TSPI control register 2 TSPIXCR2 0x0008
TSPI control register 3 TSPIXCR3 0x000C
TSPI baud rate register TSPIXBR 0x0010
TSPI format control register 0 TSPIXFMTRO 0x0014
TSPI format control register 1 TSPIXFMTR1 0x0018
Reserved - 0x001C to 0x00FF
TSPI data register TSPIXDR 0x0100
Reserved - 0x0104 to OxO1FF
TSPI status register TSPIxSR 0x0200
TSPI error flag register TSPIXERR 0x0204
Reserved - 0x0208 to OXOFFF

Note 1: Do not access the register which is described as "Reserved" in the above table.

Note 2: Registers except TSPIXCRO<SWRST>, TSPIXCR1<TRXE>, TSPIXxDR and TSPIxSR cannot be set when
TSPIXSR<TSPISUE> is "1".
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15.3.2 TSPIXCRO (TSPI Control Register 0)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol SWRST - - - - - TSPIE
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31-8 - R Read as "0".
7-6 SWRSTI[1:0] w TSPI software reset (Note)
Software reset occurs by writing "10" — "01".
If "10" — "01" is consecutively written to <SWRST[1:0]> bit, software reset occurs. Software reset initial-
izes control registers, transmit/receive FIFO, transmit/receive shift registers and all internal circuits. Howev-
er, <TSPIE> bit is not initialized.
5-1 - R Read as "0".
0 TSPIE R/W TSPI operation control
0: Stop
1: Operation
<TSPIE> controls a whole operation of TSPI to start/stop (clock shutdown). When <TSPIE>=0(stop) is set,
a clock is not fed into TSPI internally. Set <TSPIE>=1(operation) to start operation first. Then perform initial-
ization and communications.
<TSPIE> is not initialized by software reset.

Note: Completion of software reset takes two clocks after an instruction is executed.
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15.3.3 TSPIXCR1 (TSPI Control Register 1)

31

30 29 28 27 26 25 24

bit symbol -

After reset 0

bit symbol -

After reset 0

14 13 12 11 10 9 8

bit symbol -

TRXE TSPIMS MSTR TMMD - CSSEL

After reset 0

0 0 1 1 1 0 0

6 5 4 3 2 1 0

bit symbol

FC

After reset 0

Bit

Bit Symbol

Type

Function

31-15

Read as "0".

14

TRXE

R/W

Communication control (Note)
0 : Communication stops
1 : Communication is enabled.

Full duplex mode/transmission mode

If valid data exists in the transmit FIFO or shift register, transmission starts. If valid data does not exist in
the transmit FIFO or shift register, transmission does not start. To start communications, write data to trans-
mit FIFO or write transmit data when communications are enabled. If this bit is set as disable during transmis-
sion, the transmission will stop after the ongoing frame will complete and the setting will become disable.

Receive mode :

Once this bit is enabled, reception immediately starts. If this bit is set to disable during reception, reception
will stop after the ongoing frame is complete and the setting is becomes disable.

TSPIMS

R/W

Communication mode selection
0 : SPI mode
1 : SIO mode

MSTR

R/W

Master/slave selection
0 : Slave operation
1 : Master operation

11-10

TMMDI[1:0]

R/W

Transfer mode selection

00 : Prohibited

01 : Transmit only

10 : Receive only

11 : Full-duplex mode (Transmit/receive)

If only the transmit setting is done, a process circuit for TSPIXRXD stops. If only the reception setting is
done, a process circuit for TSPIXTXD stops.

Read as "0".

CSSEL

R/W

Selection of TSPIXCSO
0 : TSPIXCSO is valid.
1: Reserved.

7-0

FC[7:0]

R/W

Sets number of transfer frames
0 : Prohibited

1 : Single transfer

2 to 255 : Burst transfer

Note:<TRXE> is not cleared to "0" as long as CPU write "0" in single transfer. However, in the case of
burst transfer, <TRXE> is automatically cleared to "0" after the specified numbers of burst transfers
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are complete. If burst transfer is executed again, check if TSPIXSR<TSPISUE> bit returns to "0"
then write "1" to <TRXE>.
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15.3.4 TSPIXCR2 (TSPI Control Register 2)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol TIDLE TXDEMP - - - - -
After reset 1 1 1 0 0 0 0 1

15 14 13 12 11 10 9 8
bit symbol TIL RIL
After reset 0 0 0 0 0 0 0 1

7 6 5 4 3 2 1 0
bit symbol INTTXFE INTTXWE INTRXFE INTRXWE - INTERR DMATE DMARE
After reset 0 0 0 0 0 0 0 1

Bit Bit Symbol Type Function
31-24 - R Read as "0".
23-22 TIDLE1:0] R/W Fixed output value function control when TSPIXTXD idles.
00 : Hi-z
01 : Last data in previous transfer
10 : Fixed to low
11 : Fixed to high
TXDEMP R/W Fixed output value function control when TSPIXxTXD Andorrans.
21 0 : Fixed to low
1 : Fixed to high
20-17 - R Read as "0".
16 - R/IW Write as "0".
15-12 TIL[3:0] R/W Transmit Fill level setting
Transmit FIFO interrupt occurrence condition (Note)
18 RIL[3:0] R/W Receive Fill level setting
Receive FIFO interrupt occurrence condition (Note)
7 INTTXFE R/W Transmit FIFO interrupt control
0 : Disabled
1 : Enabled
6 INTTXWE R/W Transmit completion interrupt control
0 : Disabled
1 : Enabled
5 INTRXFE R/W Receive FIFO interrupt control
0 : Disabled
1 : Enabled
4 INTRXWE R/W Receive completion interrupt control
0 : Disabled
1 : Enabled
3 - R Read as "0".
2 INTERR R/W Error interrupt control
0 : Disabled
1 : Enabled
1 DMATE R/IW Transmit DMA control
0 : Disabled
1 : Enabled
0 DMARE R/W Receive DMA control
0 : Disabled
1 : Enabled

Note: Set the fill level within available values shown in "Table 15-5 Data format and settable fill level".
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15.3.5 TSPIXCR3 (TSPI Control Register 3)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol - - - - - - TFEMPCLR RFFLLCLR
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31-2 - R Read as "0".
1 TFEMPCLR w Clears transmit buffer
0 : Invalid
1: Clear
By writing "1" to <TFEMPCLR>, the internal pointer of transmit FIFO and pointer of transmit shift register
are initialized. Since contents of transmit FIFO and transmit shift register are not affected on the initializa-
tion, data remains the previous condition in which transmit buffer is cleared.
0 RFFLLCLR w Clears receive buffer
0 : Invalid
1: Clear
By writing "1" to <RFFLLCLR>, the internal pointer of receive FIFO is empty and the internal pointer of re-
ceive shift register is initialized. Since contents of transmit FIFO and transmit shift register are not affected
on the initialization, data remains the previous condition in which transmit buffer is cleared.
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15.3.6 TSPIXBR (TSPI Baud Rate Register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol BRCK BRS
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-8 - R Read as "0".
7-4 BRCK[3:0] R/W Input clock selection for baud rate generator
0000 : ¢TO 0101 : ¢T16
0001 : @T1 0110 : @T32
0010 : T2 0111 : ¢T64
0011 : T4 1000 : @T128
0100 : T8 1001 : @T256
1010 to 1111:
Prohibited
3-0 BRS[3:0] R/W Sets a division ratio of baud rate generator "N".
0000 :16 0110: 6 1100 : 12
0001 : 1 0111 :7 1101 : 13
0010: 2 1000 : 8 1110 : 14
0011:3 1001 :9 1111 : 15
0100 : 4 1010 :10
0101:5 1011 :11

Table 15-2 Baud rate setting (sample)

Setting value | . . . ) Serial clock frequency
of BRS[3:0] Division ratio (MHz @ fo=24MHz)

0000 0000 32 0.75

0000 0001 2 12

0000 0010 4 6

0000 0011 6 4

0000 0100 8 3

0000 0101 10 24
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15.3.7 TSPIXFMTRO (TSPI Format Control Register 0)

31 30 29 | 28 | o | 2 25 24
bit symbol DIR - FL
After reset 1 0 0 0 1 0 0 0
23 22 21 20 19 18 17 16
bit symbol FINT - - FW
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol - CKPOL CSINT - CSOPOL
After reset 1 1 0 0 0 1 0 0
7 6 5 4 3 2 1 0
bit symbol CSSCKDL SCKCSDL
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31 DIR R/W Transfer direction
0 : LSB first
1 : MSB first
30 - R Read as "0".
29-24 FL[5:0] R/W Sets a frame length.

Sets a data length of one frame including a parity bit.
00_1000 : 8 bits
00_1001 : 9 bits

01_1111 : 31 bits
10_0000 : 32 bits
Other than the above is prohibited.

23-20 FINT[3:0] R/W Interval time between frames in the burst transfer.
0000: 0

0001 : 1 x TSPIXSCK cycles

0010 : 2 x TSPIXSCK cycles

0111 : 14 x TSPIXSCK cycles
1111 : 15 x TSPIXSCK cycles

19-15 - R Read as "0".

14 CKPOL R/W Serial clock polarity
0 : TSPIXSCK level is "L" at idle.
1 : TSPIXSCK level is "H" at idle.

13-10 CSINT[3:0] R/W TSPIXCSO invalid—TSPIxCSO valid time (Minimum idle time)
0000: Prohibited

0001 : 1 x TSPIXSCK cycles

0010 : 2 x TSPIXSCK cycles

0111 : 14 x TSPIXSCK cycles
1111 : 15 x TSPIXSCK cycles

9 - R/W Reserved.

8 CSOPOL R/IW Polarity of TSPIXCSO
0: Negative logic
1: Positive logic

7-4 CSSCKDL[3:0] | R/W TSPIXCSO valid—TSPIxSCK valid time (Serial clock delay)
Valid only in master mode.
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Bit Bit Symbol Type Function

0000 : 1 x TSPIXSCK 0110 : 7 x TSPIxSCK 1100 : 13 x TSPIXSCK
0001 : 2 x TSPIXSCK 0111 : 8 x TSPxISCK 1101 : 14 x TSPIXSCK
0010 : 3 x TSPxSCK 1000 : 9 x TSPIXxSCK 1110 : 15 x TSPIXSCK
0011 : 4 x TSPIXSCK 1001 : 10 x TSPIXSCK 1111 : 16 x TSPIXSCK
0100 : 5 x TSPIXSCK 1010 : 11 x TSPIXSCK
0101 : 6 x TSPIXSCK 1011 : 12 x TSPIXSCK

3-0 SCKCSDL[3:0] | R/W Transfer is complete—TSPIxCSO invalid time (TSPIXCSO negate delay)

Valid only in master mode.
0000 : 1 x TSPIXSCK 0110 : 7 x TSPIXSCK 1100 : 13 x TSPIXSCK
0001 : 2 x TSPIXSCK 0111 : 8 x TSPIXxSCK 1101 : 14 x TSPIXSCK
0010 : 3 x TSPIXSCK 1000 : 9 x TSPIXSCK 1110 : 15 x TSPIXSCK
0011 : 4 x TSPIXSCK 1001 : 10 x TSPIXSCK 1111 : 16 x TSPIXSCK
0100 : 5 x TSPIXSCK 1010 : 11 x TSPIXSCK
0101 : 6 x TSPIXSCK 1011 : 12 x TSPIXSCK

Note:Whenever <TSPISUE> is "0", all data in FIFO are discarded if <FL[5:0]> is changed remaining data in FIFO.
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15.3.8 TSPIXFMTR1 (TSPI Format Control Register 1)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol - EHOLD - - VPE VPM
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-7 - R Read as "0".
6-4 EHOLD R/W Sets a last bit holding time of TSPIXTXD pin in SIO slave mode.
000: 2/fc
001: 4/fc
010: 8/fc
011: 16/fc
100: 32/fc
101: 64/fc
110: 128/fc
111: Reserved
3-2 - R Read as "0".
1 VPE R/W Parity function
0 : Disabled
1 : Enabled
0 VPM R/W Parity mode selection
1 : Odd parity
0 : Even parity
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15.3.9 TSPIXDR (TSPI Data Register)

31 | s | 29 | 28 27 26 25 24
bit symbol TSPIDR
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol TSPIDR
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol TSPIDR
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol TSPIDR
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31-0 TSPIDR[31:0] R/W If th(i)s register is written, data is written to transmit FIFO; if this register is read, data is read from receive
FIFO.
[Write] : Access to transmit FIFO
[Read]: Access to receive FIFO

Note 1: Do not write data to this register when transmit FIFO is full.
Note 2: Do not read data from this register when receive FIFO is empty.
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15.3.10 TSPIxSR (TSPI Status Register)

31 30 29 28 27 26 25 24
bit symbol TSPISUE - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol TXRUN TXEND INTTXWF TFEMP TLVL
After reset 0 0 0 1 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol RXRUN RXEND INTRXFF RFFLL RLVL
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31 TSPISUE R TSPI modify status flag

0 : Setting is enabled to modify.
1 : Setting is disabled to modify.

If <TSPISUE> is "0", TSPI is not transmitting or receiving, thus the register setting can be modified.
<TSPISUE> is "0" in the following conditions:

1.Reset is input.

2.Software reset occurs.

3.In the single transfer mode, the time when current transferring frame is finished when
TSPIXCR1<TRXE>="0" is set.

4.In the burst mode, the timing when specified number of transfers is finished.

5.The time when current transferring frame is finished when TSPIXCR1<TRXE>="0" is set during burst trans-
fer.

However, even if above conditions are satisfied, <TSPISUE> does not become "0" if transmit FIFO or re-
ceive shift register is full. To set <TSPISUE>="0", read receive FIFO and transfer a receive value in the re-
ceive shift register to receive FIFO.

30-24 - R Read as "0".

23 TXRUN R Transmit shift operation flag
0 : Stop
1 : Operation

A status flag indicates the transmit shift operation is ongoing.
Combination of <TXRUN> and <TFEMP> bits indicates the following status.

<TXRUN> | <TFEMP> Conditions
0 Stop or wait for next transmission
0 1 Completed transmission and
transmit FIFO is empty.
1 - Under transmission
<TXRUN> is set when data exists in the transmit shift register even if data does not exist in the transmit
FIFO.
22 TXEND R/W Transmit completion flag
[Read]
0: -
1 : Transmit is complete.
[Write]

1 : Flag is cleared.

A flag that is set at the time when transmission is complete. This flag is set at the last frame (TSPIXCSO
is negated) in the single transfer or burst transfer. By writing "1" to this bit, it is cleared. If setting by transmis-
sion completion and clearing by writing "1" occur simultaneously, setting receives a higher priority.
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Bit

Bit Symbol

Type

Function

21

INTTXWF

R/W

Transmit FIFO interrupt flag
[Read]

0: No interrupt

1: Interrupt occurs

[Write]

0; Don't care

1 : Flag is cleared.

This bit is set when remaining data in the transmit FIFO reaches to a TIL value from a fill level setting val-
ue (TIL)+1. This bit is cleared by writing "1".

20

TFEMP

Transmit FIFO empty flag
0 : Data exists in FIFO.
1: Empty

When transmit FIFO is empty, "1" is set.
If transmit data is written to transmit FIFO, this bit is automatically cleared to "0".

19-16

TLVL[3:0]

Transmit FIFO fill level status

Indicates the current value of transmit FIFO fill level (number of data). Stages of FIFO varies depending
on the length of frame. Table 15-5 shows the display range.

Read as "0".

RXRUN

Receive operation flag
0 : Stop
1 : Operation

A status flag indicates the receive shift operation is ongoing.
Combination of <RXRUN> and <RFFLL> indicate the following status

<RXRUN> | <RFFLL> Conditions

0 Stop or wait for next reception

0 1 Receive FIFO is FULL and recep-
tion is complete.

1 - Receiving is ongoing.

RXEND

R/W

Receive completion flag
[Read]

0: -

1 : Receiving is complete.

A flag that is set at the time when reception is complete. This flag is set at the last frame (TSPIxCSO is ne-
gated) in the single transfer and burst transfer.

[Write]
0 : Don'’t care
1: Flag is cleared.

This bit is cleared by writing "1". If setting by reception completion and clearing by writing "1" occur simulta-
neously, setting receives a higher priority.

INTRXFF

R/W

Receive FIFO interrupt flag
[Read]

0: No interrupt

1: Interrupt occurs

[Write]

0: Don't care

1 : Flag is cleared.

This bit is set when remaining data in the receive FIFO reaches to a RIL value from a fill level setting val-
ue (RIL)-1. This bit is cleared by writing "1".

RFFLL

Receive FIFO full flag
0 : A space exists in FIFO
1: Full

Indicates receive FIFO is full.
This bit is automatically cleared if data is read from receive FIFO.

3-0

RLVL[3:0]

Receive FIFO fill level status
Indicates the current value of receive FIFO fill level (number of data).
Stages of FIFO varies depending on the length of frame. Table 15-3 shows the display range on <TLVL>.
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Table 15-3 Current value of Fill level depending on the range of <TLVL>/<RLVL>

FIFO configuration

Frame
length FIFO stages Range of <RlL\'/L> when re- Range of <TIT\{L> when
ceiving transmitting
8 to 16bit 8 stages Oto8 0to8
17 to 32bit 4 stages Oto4 0to4
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15.3.11 TSPIXERR (TSPI Error Flag Register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol - - - - UDRERR OVRERR PERR -
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol - - - -

After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function

31-12 - R Read as "0".

11 UDRERR R/W Underrun error flag
[Read]
0 : No error
1 : Error exists
[Write]
0: Don't care
1: Flag is cleared.
This bit is set when an underrun error occurs. This bit is cleared by writing "1". Do not
clear it during transmission/reception.

10 OVRERR R/W Overrun error flag
[Read]
0 : No error
1 : Error exists
[Write]
0: Don’t care
1 : Flag is cleared.
This bit is set when an overrun error occurs. This bit is cleared by writing "1". Do not clear
it during transmission/reception.

9 PERR R/W Parity error flag
[Read]
0 : No error
1 : Error exists
[Write]
0: Don’t care
1 : Flag is cleared.
This bit is set when a parity error occurs. This bit is cleared by writing "1". Do not clear it
during transmission/reception.

8-0 - R Read as "0".
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15.4 Operation Description

15.4.1 Data Format

If TSPIXFMTRO is set, transfer directions (MSB/LSB first), a frame length and existence of parity are deter-
mined.

Note:When the parity function is valid, data length is 31 bits at maximum.

(a) No parity bit

v
Lo | o1 o2 | NN [one]on
' /7

o ]
Frame length = Data length '

O
=)

(b) Parity bit exists

yavl
[ oo for oz ]| NN fonafon
: =4 :
- N

< >
H Data length H

o

Frame length

Figure 15-2 Data format schematic
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15.4.1.1 Data Format without Parity
If a parity bit is not added, the length of frame must be the same as the length of data.
For example, if the length of data is 10-bit, set "10" to TSPIXFMTRO<FL[5:0]>.

If a parity bit is not added, data in the transmit FIFO is transferred remaining unchanged to the shift reg-
ister.

(1) MSB First Transfer (32-bit data, without parity, 32-bit frame length)
Figure 15-3 shows a transmit/receive operation (without parity, MSB first, 32-bit data length).

In the transmission, data in the transmit FIFO is copied to D31 through DO in the shift register.
Transmit data copied to shift register is transferred sequentially from D31 through DO on serial clock.

In the reception, receive data is stored in the DO of the shift register. Shift operation repeats on se-
rial clock. If the shift register stores 32-bit reception data, data is copied to receive FIFO.

<Transfer starts>

: Bit31 , Bit
Iﬁﬁ:g?ﬁansmission) | D31 | D30 | D29 | D28 | D27 | D26 | D25 | D24 | D23 | D22 | g | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO |
: ) (MSB) 77 (LSB)

l l

Shift register |D31|D30|D29|D28|D27|D26|D25|D24|D23|D22| <\|Ds [o7 ] ps [os [oa]osfo2]o
: 7

1 | DO |
(MSB) 7 55) :
<Transfer completed>
: Bit31 L, Bito E
i Shift register |D31|D30|D29|D28|D27|D26|D25|D24|D23|D22| \\ | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO | §
: (MsB) 77 )
_ 1 , |
(TSQL‘PRRecepﬁon) | D31 | D30| D29 | D28 | D27 | D26 | D25 | D24 | D23 | D22 | \\ | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO |
: ' (sB) 77 )

Figure 15-3 MSB first (32-bit data without a parity bit)
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(2) MSB First Transfer (16-bit data without a parity bit, 16-bit data frame length)
Figure 15-4 shows a transmit/receive operation (without parity, MSB first, 32-bit data length).

In the transmission, data in the transmit FIFO is copied to D15 through DO in the shift register.
Transmit data copied to shift register is transferred sequentially from D15 through DO on serial clock.

In the reception, receive data is stored in the DO of the shift register. Shift operation repeats on se-
rial clock. If the shift register stores 16-bit reception data, data is copied to receive FIFO.

<Transfer starts>
Bit15 , Bit0
D15|D14|\\|Ds|D7|De|Ds|D4|Ds|Dz|D1|Do|

* (Write: Transmission)

§ wsB) 77 (LsB)
éutput IJ l 1
Cowes | - [ ] ( Tor [ [ o | o [ o [ [ [ [ o]
: (MSB) 77 (LsB)

: <Transfer completed>

: Bit15
(MSB)
e Y > o T S T o [ o [ o [ [ [o [0 [ ]
: (MSB) 77 (LSB)

&|D8|D7|D6|D5|D4|D3|D2|D1
7

\\Va N
FUUJ
LINE

Figure 15-4 MSB first (16-bit data without a parity bit)
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(3) LSB First Transfer (32-bit data without a parity bit, 32-bit frame length)
Figure 15-5 shows a 32-bit data length transmit/receive operation when parity function is disabled.

In the transmission, data in the transmit FIFO is sorted bit by bit when the data is copied to the
shift register. Transmit data copied to shift register is transferred from DO until reaching 32-bit shif-
ted data on serial clock.

In the reception, receive data is stored in the DO of the shift register. Shift operation repeats on se-
rial clock. If the shift register stores 32-bit reception data, data is sorted bit by bit and copied to re-

ceive FIFO.
<Transfer starts>
: Bit31 , Bit0
(valfi’t'::[’ﬁansmission) | D31 | D30 | D29 | D28 | D27 | D26 | D25 | D24 | D23 | D22 | \ | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO |
: (MSB) /77 (LSB)

——

Shift register |D0|D1|D2|D3|D4|D5|D6|D7|D8ID9| <\|D23|D24|D25|D26|D27|D28|D29|D30|D31|
: 7

(LSB) 7 (MSB)

: <Transfer completed>

: Bit31 , B0
§ shift register | DO | D1 | D2 | D3 | D4 | D5 | D6 | D7 | D8 | D9 | g |D23 | D24 | D25 | D26 | D27 | D28 | D29 | D30 | D31 | §
5 7 i

(LSB) 7/ (MSB)
(ngfsecepﬁon) | D31 | D30 | D29 | D28 | D27 | D26 | D25 | D24 | D23 | D22 | < | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO |
: (MSB) 77 (LSB)

Figure 15-5 LSB first (32-bit data without a parity bit)

2016/6/27 Page 370



TMPM066FWUG TMPM067FWQG TMPMO068FWXBG

(4) LSB First Transfer (16-bit data without a parity bit, 16-bit frame length)

Figure 15-6 shows a 16-data length transmit/receive operation (without a parity bit, MSB first, 32-
bit data length).

In the transmission, data in the transmit FIFO is sorted bit by bit when the data is copied to the
shift register. Transmit data copied to shift register is transferred from D15 until reaching to 16-bit shif-
ted data on serial clock.

In the reception, receive data is stored in the DO of the shift register. Shift operation repeats on se-
rial clock. If the shift register stores 32-bit reception data, data is sorted bit by bit and copied to re-
ceive FIFO.

<Transfer starts>
Bit15 Bit0

é ‘
e Y < o1 S T o [ o [0 [ o [ o [0 [ [0 [ ]
: (MsB) 77 (LsB)

Shift register t| DO | D1 | D2 | D3 | D4 | D5 | D6 | D7 | D8 | D9 | <\ |D14|D15_
: (LSB) 77 (MSB)

Input |

i <Transfer completed>

: Bit15 , {7 Bit0
Shift register | DO | D1 | D2 | D3 | D4 | D5 | D6 | D7 | D8 | D9 | \\ |D14|D15_
: (LSB) 77 (MSB)

e Y -+ o T S T o [ [ o [ o [ o [ [o2 [0 [ ]
: (MSB) 77 (LSB)

Figure 15-6 LSB first (16-bit data without a parity bit)
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15.4.1.2 Data Format with a Parity Bit
If a parity bit is added, frame length is specified as a data length including a parity bit.
When data length is 10-bit, set "11" to TSPIXFMTRO<FL[5:0]>.

If a parity is used, a parity bit is automatically added to data in the transmit FIFO and the data is cop-
ied to shift register.

A parity bit is also automatically deleted from receive data in the shift register and the data is copied
to receive FIFO.
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(1) MSB first transfer (31 bits data with parity, 32-bit frame length.)

Figure 15-7 shows a 31-bit data length transmit/receive operation (with a parity bit, MSB first, 31-

bit data length). A frame length is 32-bit data length including a parity bit.

In the transmission, data D30 through DO in the transmit FIFO are copied to D31 through D1 in
the shift register. At the same time, a parity is calculated using data D31 through D1 in the shift reg-

ister. The result is stored in the DO in the shift register.

Subsequently, transmit data in the shift register and parity data are sequentially transferred from

D31 through DO in the shift register on serial clock

In the reception, receive data is stored in the DO of the shift register. Shift operation repeats on se-
rial clock. If the shift register stores 32-bit reception data, data is copied to receive FIFO except a par-

ity bit.

<Transfer starts>
Bit31 Bit0

(Tvsﬁt';[’ﬁansm‘smn) - D30 | D29 [ D28 | D27 | D26 [ D25 | D24 [ 023 [ 22 | ([ o8 [ o7 [ o6 [ o5 [ o4 [ s [ o2 | b1 | o]
(MSB) 4// LSB)
----------- /
|D30|D29|D28|D27|D26|D25|D24|D23|D22|D21| g\ | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO |~*P |
| - |
Shift register |D30|D29|D28|D27|D26|D25|D24|D23|D22|D21| (( [o7]os]os[oafos]oa]oroo]r]
(MSB) 77 (LSB)
<Transfer completed>
Bit31 Bit0
Shift register |D30|D29|D28|D27|D26|D25|D24|D23|D22|D21| \\ | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO | 3
(MSB) 4 (LsB)

\

Input

(TFfeF:;PFTecepﬁon) - D30 [ D29 [ 28 [ D27 [ D26 [ o2s [ p24 [ D23 [p22 ] N ['os [ o7 [ o6 [ os [ o4 [oa Jo2] ot [ oo |
77 )

(MSB) (LsB
Vertical parity flag

Figure 15-7 MSB first (31-bit data with a parity)
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()

: <Transfer starts>

i TSPIXDR
: (Write: Transmission)

MSB first transfer (15 bits data with parity, frame length is 16bit.)

Figure 15-8 shows a 15-bit data length transmit/receive operation (with a parity bit, MSB first, 15-
bit data length). A frame length is 16-bit data length including a parity bit.

In the transmission, data D14 through DO in the transmit FIFO is copied to D15 through D1 in
the shift register. At the same time, a parity is calculated using data D14 through DO. The result is stor-
ed in the DO in the shift register.

Subsequently, transmit data in the shift register and parity data are sequentially transferred from
D31 through DO in the shift register on serial clock

In the reception, receive data is stored in the DO of the shift register. Shift operation repeats on se-
rial clock. If the shift register stores 32-bit reception data, data is copied to receive FIFO except a par-
ity bit.

Bit31 Bit14 Bit0

*mqmﬂ gg|Ds|D7|Ds|Ds|D4|Ds|Dz|D1|Do|
(MSB) /7 (LSB)

/ Parity calculation) "~~~ _ /
.

*DM'DB'DQ' gg|D7|Ds|Ds|D4|Da|Dz|D1|Do| P|
77

NE J |

Shift register

<Transfer completed>

Shift register

i TSPIXDR
:  (Read: Reception)

#D14|D13|D12| ((Jo7[os]os o4 oso2]ot Joor]
(MSB) 77 (LSB)

Bit15 Bit0
#D14|D13|D12|gg|D7|Ds|D5|D4|Ds|D2|D1|Do|P
(MSB) 77 (LSB) :
*m”mﬂgg|Ds|D7|De|Ds|D4|Da|Dz|D1|DO|@
(MSB) 77 (LSB)

Vertical parity flag <Vi

Figure 15-8 MSB first (15 bits data with parity)
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(3) LSB first transfer (31 bits data with parity; frame length is 32bit)

Figure 15-9 shows a 31-bit data length transmit/receive operation (with a parity bit, LSB first, 31-
bit data length).

In the transmission, data D30 through DO in the transmit FIFO is sorted bit by bit and the data is cop-
ied to bit 31 through bit 1 in the shift register. At the same time, a parity is calculated using data
D30 through DO. The result is stored in the DO in the shift register.

Consequently, transmit data in the shift register and a parity data are sequentially transferred
from D31 to DO in the shift register on serial clock

In the reception, receive data is stored in the DO of the shift register. Shift operation repeats on se-
rial clock. If the shift register stores 31-bit reception data, only data excluding a parity bit is copied
to receive FIFO.

i <Transfer starts>

: Bit31 Bit
Z-V?lﬁtlg:[)‘ﬁansmission) - D30 | D29 | D28 | D27 | D26 | D25 | D24 | D23 | 022| g\ | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO |
: (MSB) 4// LSB)

_____________________ Parity calculation
-

|P |D30|D29|D28|D27|D26|D25|D24|D23 D22| KK|D8|D7|D6|D5|D4|D3|D2|D1|D0|

Shift register |DO|D1|D2|D3|D4|D5|D6|D7|D8ID9| ( [ o23 | p24 [ p25 [ p26 | D27 [ D28 [ 2o [ 3o [ P ]
: 7

(LSB) /7 (MSB)
<Transfer completed>
: Bit31 Bit0
i Shift register [po ot [o2]ps[oafos]os]o7]os]oo]| (N [p2s]pesa]o2s|pze]oer [p2s]p2e]oz0] P
: (LSB) 77 (MSB)

|P |D30|D29|D28|D27|D26|D25|D24|D23|D22| KK|D8|D7|D6|D5|D4|D3|D2|D1|D0 |@
77 :

-D30|D29|D28|D27|D26|D25|DZ4|D23|D22| KK|08|D7|DG|D5|D4|D3|D2|D1|D0|
(MSB) 77 (LSB)

Vertical parity flag

TSPIXDR
¢ (Read: Reception)

Figure 15-9 LSB first (31 bits data with parity)
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(4) LSB first transfer (15-bit data with a parity bit, 16-bit frame length)

Figure 15-10 shows a 15-bit data length transmit/receive operation (with a parity bit, LSB first, 15-
bit data length). A frame length is 16-bit data length including a parity bit.

In the transmission, data D14 through DO in the transmit FIFO are sorted bit by bit and the data
is copied to D17 from D31 in the shift register. At the same time, a parity is calculated using data
D14 through DO. The result is stored in the D16 in the shift register.

Subsequently, transmit data in the shift register and parity data are sequentially transferred from
D31 through D16 in the shift register on serial clock

In the reception, receive data is stored in the DO of the shift register. Shift operation repeats on se-
rial clock. If the shift register stores 16-bit reception data, only data excluding a parity bit is copied
to receive FIFO.

i <Transfer starts>
Bit31 Bit15 Bit0

o R -+ T S T [ [0 [ o [ [ [ o2 [ o [ ]
H (MSB) (LSB)

A4

------------------

P
: *PlDMlRR|D8|D7|D6|D5|D4|D:§|D2|D1|D0|
EShiftregisler |Do|D1|Dz|Ds|D4|Dﬁ|Ds|D7|Ds|DQ|\\|D14|P_
(LSB) (MSB)

<Transfer completed> Bitts {7 oo

H i i

i Shift register |Do|D1|Dz|Ds|D4|Ds|Ds|D7|Ds|Dg|\\|D14|P_

(LSB) 77 (MSB)
#P|D14|\\|Ds|D7|Ds|D5|D4|Da|Dz|D1|Do|

R Y > T [ | [ o [ [ [ o [ o]

Vertical parity flag

Parity calcufation

Figure 15-10 LSB first (15 bits data with parity)
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15.4.2 Transfer Format

TSPI has one chip select signal outputs (TSPIxCSO) that enable communication with one type of external

slave devices.

It also has one chip select signal (TSPIxCSIN) that enables communication with one type of master device.

A polarity of serial clock can be selected.

In the SPI mode, a polarity of TSPIXCSO and the generation timing can also be selected.

TSPIXTXD is selected in the idle mode, in which no communication is made.

15.4.2.1

Polarity of TSPIXCS Signal and Generation Timing
TSPIxCSO can select its polarity.
A logic of TSPIXCSO is set by TSPIXFMTRO<CSOPOL>.

If TSPIXFMTRO<CSOPOL> is set to "0", negative logic is selected.; if TSPIXFMTRO<CSOPOL> is set

to "1", positive logic is selected.

A generation timing of TSPIXCSO can be set. The following four timings are settable.

Serial clock delay

ta is a delay time from the time when TSPIxCSO is asserted until the transmit clock
(TSPIxSCK) changes. To set a serial clock delay time, set TSPIXFMTRO<CSSCKDL>.

TSPIxCSO negate delay

tg is a delay time from the time when TSPIXCSO is negated after serial transfer comple-
tion. To set a TSPIxCSO negate delay time, set TSPIXFMTRO<SCKCSDL>.

Interval time between frames in the burst transfer

tc is an interval time between frames in the burst transfer. To set an interval time between
frames, set TSPIXFMTRO<FINT>.

Minimum idle time

tp is a minimum wait time from the time when TSPIxCSO is negated and then until TSPIxC-
SO is asserted again. To set minimum idle time, set TSPIXFMTRO<CSINT>.
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Figure 15-11 Transfer format and timing adjustment

2016/6/27 Page 378



TMPM066FWUG TMPM067FWQG TMPMO068FWXBG

15.4.2.2 Polarity of Clock
To select a polarity of clock, set TSPIXFMTRO<CKPOL>.

If TSPIXFMTRO<CKPOL>="0" is set, TSPIxSCK outputs Low during idle period and the first clock
edge is a rising edge.

If TSPIXFMTRO<CKPOL>="1" is set, TSPIxSCK outputs High during idle period and the first clock
edge is a falling edge.

15.4.2.3 TSPIXTXD Output during Idle

A level of TSPIXTXD output during idle period can be selected by TSPIxCR2<TXIFV[1:0]>.

Table 15-4 TSPIXTXD output during idle period

TSPIXCR2<TXIFV[1:0]> Output
00 Hi-Z
Previously transferred data is
01
held.
10 Low
11 High

After reset, if the setting that holds the last data of previous transfer is selected, TSPIXTXD outputs High.

TSPIXCR2<TXIFV[1:0]> = “10” : Example of outputting low at idle

' '
Idle period ' Active period 1 |dle period
>l >
<CSnPOL>=0
TSPIXCSn ' '
<CSnPOL>=1 ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
| I i |
' '
<CKPOL>=0 : :
f T
TSPIXSCK ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '

' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
| |
<CKPOL>=1 ' '

TSPIXTXD  Eied to 0" / :X E :X E :X E :X E iX E :X E :X E :X E é\ Fixed to “0”

(Undefined)

N N A S NN N N S
bttt ottty

Figure 15-12 Idle period in SPI mode and the transmit pin status
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TSPIXCR2<TXIFV[1:0]> = “10” : Example of outputting low at idle

Idle period ' Active period 1+ Idle period
sle »le
L) P
| |

Half clock shifted
of TSPIXSCK | | | | | | | | | | | | | | | | |
.

1

<CKPOL>=0 | l | l | l | l | l | l | I | '
[E— I | I t+

TSPIXSCK i : : : : : : : : : : : : : : : ;
' . : . : . : . : . : . : . : . '

<CKPOL>=1 | | | | | | | | | | | | | | | I

| : : : : : : : : : : : : : : : H

B e
S BN EDEE S SN

ttot ottt

Figure 15-13 Idle period in SIO mode and the transmit pin status
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15.4.3 Buffer Structure

A transmit buffer and receive buffer are independent respectively. Each buffer has a double-buffering struc-
ture consisting of FIFO and shift register.

There are transmit FIFO and receive FIFO. Each FIFO is 16-bit width and 8-stage. Settable FIFO level var-
ies depending on the data length.

Shift register is 32-bit length.

Table 15-5 Data format and settable fill level

Settable fill level
Data Transmit FIFO Receive FIFO
TSPIXCR2<TIL[3:0]> TSPIXCR2<RIL[3:0]>
7 to 16bit Oto7 1t08
17 to 32bit Oto3 1t04

Note:Set a value within a settable fill level. If a value outside of settable fill level is set, the operation is not guaran-
teed.

15.4.3.1 Data Length and FIFO Operation
Data register is 32-bit width. FIFO of TSPI adjusts data to 32-bit width for most efficient DMA transfer.

The following describes FIFO operation taking example of reception. Transmission is the same opera-
tion except data direction.

Received data are indicated as fO and f1 in each frame. f0 indicates the first frame; f1 indicates the sec-
ond frame.

Also, an upper byte and lower byte in one frame indicate as f1(H) and f1(L) respectively.

(1) Data length 7 to 16bit
If 7- to 16-bit data length are used, 1 stage of FIFO is used for storing 1 frame data.

FIFO is 8 stages that can store data up to 8 stage levels.

Data register FIFO Shift register
Read operation
= . 0 L g 31 1615 0
First : f le&—— v |j— 0F.......... K
| - - FISRR o re ] <— TPk
Second | f1 J------ >
Third | 2 e 3
------- 4
Fourth | 3 |" s
6
7

Figure 15-14 Operation in 7- to 16-bit data length

Input data to TSPIXRXD is captured by shift register.

When a certain frame length is transferred, if FIFO has space, received data in shift register is cop-
ied to FIFO. Data is stacked in FIFO in the order starting from f0, f1, f2, f3, f4, £5, {6 and 7.
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If DMAC or CPU reads data register, a content of the stage in receive FIFO directed by receive
FIFO pointer is read.

On the first read operation, the first stage (f0) of FIFO is copied to the lower 16 bits in the data reg-
ister. Upper 16 bits in data register become undefined.

Receive FIFO pointer is incremented by one and directs the second stage of FIFO.
On the second read operation, flis copied to lower 16 bits in the data register.
Receive FIFO pointer is incremented by one and directs the third stage of FIFO.

In the subsequent frames, receive pointer is incremented on reading operations, and each data is cop-
ied to lower 16 bits in the data register.
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()

Read operation 54

First

Data length 17 to 32bit
If 17- to 32-bit data length are used, 2 stages of FIFO are used for 1 frame.

FIFO is 8 stages that can store four-frame data up to 4 stage levels.

Data register FIFO Shift register

16 15 0
T L : 31 1615 0

f0(H) f0(L)

ff0(H)> F1(H)> f2(H)> f3(H) o(L)> F1(L)> f2(L)> f3(L) | <€— TSPIXRXD

f(H) (L)

2(H) 2(L) f1(H) }
- { 2(L) }
13(H) i f3(L) h\

Figure 15-15 Operation in 17- to 32-bit data length

Input data to TSPIXRXD is captured in the shift register.

When a certain frame length is transferred, if FIFO has space, received data in shift register is cop-
ied to FIFO. Data is stacked in FIFO in the order starting from fO(L), fO(H). In the next frame, data
is copied and stacked in the FIFO in the order starting from f0, f1, f2, f3, f4, £5, 6 and 7.

If DMAC or CPU reads data register, a content of the stage in receive FIFO directed by receive
FIFO pointer is read.

On the first read operation, the first stage (f0) of FIFO is copied to the lower 16 bits in the data reg-
ister. A content in the second stage fO(H) of FIFO is copied to upper 16 bits in data register.

Receive FIFO pointer is incremented by two and directs the 3rd stage of FIFO.

On the second read operation, f1 is read the same as f0. Receive FIFO pointer directs 5th stage
of FIFO.

In the subsequent frames, receive pointer is incremented by two on reading operations, and fm(L)
data is copied to lower 16 bits in the data register; fm(H) data is copied to upper 16 bits in the data reg-
ister.
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15.4.4 Interrupt Request
TSPI has three types of interrupts which are receive interrupts, transmit interrupts and error interrupts.

Each interrupt is output consisting of some signals related to interrupts. They are enabled/disabled respective-
ly.

Table 15-6 Interrupt events and requests

Interrupt request interrupt event Enable register
Receive completion interrupt TSPIXCR2<INTRXWE>
Receive interrupt
Receive FIFO interrupt TSPIXCR2<INTRXFE>
Transmit completion interrupt TSPIXCR2<INTTXWE>
Transmit interrupt
Transmit FIFO interrupt TSPIXCR2<INTTXFE>

Parity error interrupt

Error interrupt Overrun error interrupt TSPIXCR2<INTERR>

Underrun error interrupt

Transmit completion interrupt

TSPIXCR2<INTTXWE>
INTEXTX
Transmit FIFO interrupt

TSPIXCR2<INTTXFE>

Receive completion interrupt

TSPIXCR2<INTRXWE>
INTEXRX
Receive FIFO interrupt

TSPIXCR2<INTRXFE>

o

Vertical parity error

Overrun error

INTEXERR { ,

Underrun error
TSPIXCR2<INTPERR>

Aﬂﬂ

Figure 15-16 Interrupt events & requests
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15.4.4.1 Transmit Completion Interrupt/Receive Completion Interrupt

Both in the single transfer and burst transfer, when a transmit completion interrupt occurs when TSPIxC-
SO is negated in transmission or full-duplex communications.

Both in the single transfer and burst transfer, when receive completion interrupt occurs when TSPIxC-
SO is negated in reception or full-duplex communications.

15.4.42 Transmit FIFO Interrupt/Receive FIFO Interrupt

A transmit FIFO interrupt occurs when the following conditions are met.

TSPIxSR<TLVL][3:0]> is greater than transmit FIFO interrupt condition (Fill level) specified
in TSPIxCR2<TIL[3:0]> by one.

Data is transferred from transmit FIFO to transmit shift register. Fill level of transmit FIFO is de-
creased by one and the level is changed to the same value of transmit interrupt generation con-
dition (Fill level).

A transmit FIFO interrupt occurs when the following conditions are met.

TSPIxSR<RLVL[3:0]> is less than receive interrupt generation condition (Fill level) specified
in TSPIxCR2<RIL[3:0]> by one.

Data is transferred from receive shift register to receive FIFO. Fill level of receive FIFO is in-
creased by one and the level is changed to the same value of receive interrupt generation condi-
tion (Fill level).

15.4.4.3  Error Interruption

(1)  Parity Error Parity
A parity error interrupt is an interrupt that occurs when a parity error occurs.

If a parity is enabled, a parity is calculated using received data that is received 1 bit previous to
the last data of the frame.

A received parity bit as the last bit of frame is compared. If they don’t match, a parity error inter-
rupt occurs.

An interrupt generation timing is the timing at which receive frame data is stored in the receive
FIFO.
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(2)  Overrun error interrupt and underrun error interrupt
An underrun and overrun errors occur in the slave mode.

An underrun error occurs when data does not exist in the transmit FIFO after data in the shift reg-
ister is transferred completely, if next transfer clock is input.

An overrun error occurs when receive FIFO is full and receive shift register contains data, if next
transfer clock is input.

Data in the frame where an overrun occurs is not received. Thus, contents of receive FIFO and re-
ceive shift register are not updated.

! Active period I Idle period ! Active period
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1
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i | 1 1
! ! !
1
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TSPIXCS input 1

! i 1
i : i P
A — HH - | 1 1 1 H .
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<TFEMP> ;
1

<TUR>

[ENNNPE S N S S
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c
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Interrupt of over run error

Figure 15-17 Overrun error and under run error
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15.4.5 DMA Request

A transmit DMA request occurs when a value of TSPIxXSR<TLVL[3:0]> indicating current value of fill lev-
el is equal or less than transmit interrupt generation condition (Fill level) specified in TSPIXCR2<TIL[3:0]>.
If TSPIxSR<TLVL[3:0]> is still equal or less than the fill level after complication of DMA transfer, a trans-
mit DMA request occurs again.

A receive DMA request occurs when a value of TSPIXSR<RLVL][3:0]> indicating current value of fill lev-
el is equal or greater than receive interrupt generation condition (Fill level) specified in TSPIXCR2<RIL[3:0]
>, If TSPIxSR<RLVL[3:0]> is still equal or greater than TSPIxCR2<RIL[3:0]> after complication of DMA
transfer, a receive DMA request occurs again.
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15.4.6 Transfer Mode

A transfer mode consists of two modes; single and burst transfer. Single transfer can transfer one frame of
data; burst transfer can transfer multiple frames of data.

Transfer mode is set by the frame specified in TSPIXCR1<FC[7:0]>.

15.4.6.1  Single Transfer
Single transfer is the mode that can transfer one frame.

In the SPI mode, if one frame transfer is complete, TSPIXCSO is surely negated.

15.4.6.2 Burst Transfer
Burst transfer is the transfer mode that can consecutively transfer multiple frames.

In the SPI mode, TSPIxCSO keeps asserted condition while specified frames are transferring.

15.4.7 SIO/SPI mode
SIO mode and SPI mode are in TSPI.

Transfer mode is specified by TSPIXCR1<TSPIMS>.

15.4.7.1 SPI mode
If TSPIXCR1<TSPIMS> is clear to "0", TSPI operates in SPI mode.

In SPI mode, one master device can be connected with one slave device via TSPIxCLK, TSPIxCSO,
TSPIxCSIN, TSPIXTXD, TSPIxXRXD.

15.4.7.2 SIO mode
If TSPIxCRI<TSPIMS> is clear to "1", TSPI operates in SIO mode.

In SIO mode, one master device can be connected with one slave device via TSPIXCLK, TSPIXTXD,
TSPIXxRXD.

15.4.8 Master / Slave
TSPI operates as Master (the device output clock) or Slave (the device input clock).
TSPI operates as Master if TSPIXCRI<MSTR> is "0".

TSPI operates as Slave if TSPIXCRI<MSTR> is "1".

15.4.8.1  Operation as Slave in SPI mode

TSPI receives a chip select signal input via TSPIXCSIN pin and operates synchronously with
TSPIxCLK. If a chip select signal is invalid, TSPIxSCK is ignored.

15.4.8.2 Operation as Master in SPI mode
TSPI outputs a chip select signal from TSPIxCSO and outputs a clock from TSPIxSCK.
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TSPI operates synchronously with TSPIxSCK.

15.4.8.3 Operation as Slave in SIO mode

TSPI receives a clock from TSPIxSCK and operates synchronously with TSPIxSCK.

15.4.8.4 Operation as Master in SIO mode

TSPI outputs a clock from TSPIXSCK and operates synchronously with TSPIxSCK.
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15.5 TSPI Control

15.5.1 Reset

TSPI is initialized by reset or software reset.
To perform a software reset, consecutively write "10"—"01" to TSPIXCRO<SWRST[1:0]>.

Control register, transmit/receive FIFO, transmit/receive shift register and internal circuits are wholly initial-
ized by software reset except TSPIXCRO<TSPIE>.

Note: Software reset operation needs two clocks after the instruction is issued.

Table 15-7 Initialized registers by software reset

Register name Symbol name
TSPIXCRO No registers
TSPIXCR1 <TRXE>
TSPIxCR2 <TIL><RIL><INTTXFE><INTTXWE><INTRXFE><INTRXWE><INTERR><DMATE><DMARE>
TSPIXCR3 No registers
TSPIXBR No registers
TSPIXFMTRO No registers
TSPIXFMTR1 No registers
TSPIXDR No registers
TSPIXSR <TSPISUE><TXRUN><TXEND><INTTXWF><TFEMP>
<TLVL><RXRUN><RXEND><INTRXFF><RFFLL><RLVL>
TSPIXERR <UDRERR><OVRERR><PERR>

15.5.2 Initial Setting of TSPI
To set TSPI, set "1" to TSPIXCRO<TSPIE>.

Subsequently, confirm if TSPIxXSR<TSPISUE> is "0". Then set communication mode, transfer mode or trans-
fer format, if necessary.

15.5.3 Start/Stop Transfer

There are two ways to start transfer in full duplex communication mode and transmit mode.

1. After TSPIXCRI<TRXE>="1" is set to enable the communication, write data to data register
TSPIXDR.

2. After writing data to data register TSPIXDR, set TSPIXCRI<TRXE>="1" to enable the communica-
tion.

In the receive mode, set TSPIXCRI<TRXE>="1" to start reception immediately.

To stop transfer, set "0" to TSPIxXCRI<TRXE>. Both in the single and burst transfer, a frame of transfer
in progress continues operation until the frame is completely transferred.

If a transfer is stopping, TSPIXSCK, TSPIxCSO and TSPIXTXD are in the idle mode.

If a transfer is re-enabled after the transfer was stopped in the burst mode, the transfer re-starts its opera-
tion from the beginning of the burst transfer that was stopped

Table 15-8 shows a details of start/stop operation in the communication mode and tranfer mode respectively.
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Table 15-8 Transfer starting and stopping operation in each mode setting

communi-
cation
mode

Transfer mode

Communication start timing

Transfer stop timing

Full duplex

Single transfer

A transfer starts if TSPIXCR1<TRXE> bit is "1" and valid da-
ta exists in the transmit FIFO. Either condition can start trans-
ferring.

When receive buffer (receive FIFO and receive shift register)
is full, next frame cannot be transferred. When reading re-
ceive FIFO data, if data in the receive shift register is automat-
ically transferred to FIFO, the shift register is determined as
not full and a transfer is automatically re-started.

In transmission/reception, if this bit is set to stop, a transfer
is stopped after a frame in progress is complete.

Burst transfer

A transfer starts if TSPIXCR1<TRXE> bit is "1" and valid da-
ta exists in the transmit FIFO. Either condition can start trans-
ferring.

In the burst transfer mode, if specified number of burst trans-
fers are complete, TSPIXCR1<TRXE> bit returns to "0". If a
burst transfer is performed again, set "1" to
TSPIXCR1<TRXE> after the confirmation that
TSPIXSR<TSPISUE> bit was returned to "0".

If data in the transmit FIFO runs out during specified num-
ber of burst transfers, TSPIXCSO stays asserted. A transfer
automatically re-starts at a point when valid data is written
to the transmit FIFO.

If a receive buffer (receive FIFO and receive shift register) is
full, next frame cannot be transferred. At this time, TSPIxC-
SO stays asserted. When reading receive FIFO data, if data
in the shift register is automatically transferred to FIFO, shift
register is determined as not full and a transfer is automatical-
ly re-started.

In transmission/reception, if this bit is set to stop, a transfer
is stopped after a frame in progress is complete.

Transmis-
sion mode

Single transfer

A transfer starts If TSPIXCR1<TRXE> bit is "1" and valid da-
ta exists in the FIFO. Either condition can start transferring.

In transmission/reception, if this bit is set to stop, a transfer
is stopped after a frame in progress is complete.

Burst transfer

A transfer starts if TSPIXCR1<TRXE> bit is "1" and valid da-
ta exists in the transmit FIFO.Either condition can start trans-
ferring.

To perform burst transfer again, set "1" to <TRXE> after the
confirmation that TSPIXSR<TSPISUE> bit was returned to "0".

If data in the transmit FIFO runs out during specified num-
ber of burst transfers, TSPIXCSO stays asserted. A transfer
automatically re-starts at a point when valid data is written
to the transmit FIFO.

In transmission/reception, if this bit is set to stop, a transfer
is stopped after a frame in progress is complete.

Receive
mode

Single transfer

A reception starts if receive buffer (receive FIFO and receive
shift register) is not full.

If receive buffer is full, serial clock stops and next frame can-
not be transferred. When reading receive FIFO data, if data
in the shift register is automatically transferred to FIFO, the
shift register is determined as not full and a transfer is auto-
matically re-started.

In reception, if this bit is set to stop, a transfer is stopped af-
ter a frame in progress is complete.

Burst transfer

A reception starts if receive buffer (receive FIFO and receive
shift register) is not full.

If receive buffer is full, next frame cannot be transferred.
When reading receive FIFO data, if data in the shift register
is automatically transferred to FIFO, the shift register is deter-
mined as not full and a transfer is automatically re-started.
TSPIXCSO stays asserted until a transfer starts again.

If burst transfer is performed again, set "1" to <TRXE> after
TSPIXSR<TSPISUE> bit was returned to "0".

In reception, if this bit is set to stop, a transfer is stopped af-
ter a frame in progress is complete.
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15.6 Communication Mode

15.6.1 Full Duplex Communication Mode

Figure 15-18 shows an operation example of full duplex communication in single transfer (32-bit frame
length, no parity, one-stage of FIFO).

TSPIXCR1<TRXE>
TSPIXDR

(Transmit FIFO) /x q

Transmit shift register

TSPIXCS0 (Negative logic)
TSPIXSCK

TSPIXCH2<TXIFV[1:0]> /U - X H x | x H x X 1 x x
TSPIXTXD a0 ' ' '

=10 dbined ]P0 A PP p : : :
TSPIXRXD X R:D”XRDI”'1X X:[EX X X
(Receive FIFO) \ | B B | | H
Receive shift register \ I X X X X X X

\

TSPIXSR<TLVL[3:0]> 0 1 0
TSPIXSR<RLVL[3:0]> 0 /
Transmit FIFO interrupt / T
Transmit completion {

interrupt \ \\
Receive FIFO interrupt
Receive completion \

interrupt \

Transmit DMA request T

Receive DMA request

Figure 15-18 Operation example of full duplex communication

a. Write "1" to TSPIxCR1<TRXE> to enable communication
b. Write data to TSPIxXDR

If data is written to TSPIXDR, the data is written to the stage of FIFO directed by internal transmit
FIFO pointer.
d. Because one stage of data is buffered in transmit FIFO, TSPIxXSR<TLVL> becomes "1".

Buffered data in transmit FIFO is copied to the shift register, so that TSPIXSR<TLVL> becomes
"0". After a serial clock delay time (ta) specified by TSPIXFMTRO<CSSCKDL> has elapsed,
TSPIxSCK starts outputting serial clock.

f. Because TSPIXSR<TLVL> changes to "0" from "1", a transmit FIFO interrupt (or transmit DMA re-
quest) occurs.
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g. On the last rising edge of serial clock, all bits of receive data are captured by receive shift register

and copied to receive FIFO. After a CS negate delay time (tb) specified by

TSPIXFMTRO<SCKCSDL> has elapsed after the last rising edge of serial clock, TSPIxCSO is nega-
ted so that a transmit completion interrupt and receive completion interrupt occur.

h. Because one stage of receive FIFO is buffered, TSPIxXSR<RLVL> becomes "1".

i. Because TSPIxSR<RLVL> changes to "1" from "0", a receive FIFO interrupt (or receive DMA re-
quest) occurs.

j- Until a minimum idle time (td) specified by TSPIXFMTRO<CSINT> has elapsed after TSPIxCSO
is negated, serial transfer does not start and TSPIxCSO remains negated. After a minimum idle
time (td) has elapsed, TSPIxCSO is asserted and serial transfer starts.

15.6.2 Transmit Mode

Figure 15-19 shows an operation example of single transfer (32-bit frame length, no parity, one-stage of
FIFO) in the transmit mode.

TSPIXCR1<TRXE>

TSPIXDR

(Transmit FIFO)

Transmit shift register

TSPIxCSO0 (Negative logic)

\%

TSPIXSCK :
TSPIXCH2<TXIFV[1:0]> [Of- :

TSPIXTXD :“105 < [ 1>/ . X TDn XTDn-1 X X::X X X X TDo ’ TOn xTDn-1 X

defined

TSPIXRXD Don' t care

(Receive FIFO) \ \

Receive shift register \ I ” \

TSPIXSR<TLVL[3:0]> o Y 0 ” \X ] 0

TSPIxSR<RLVL[3:0]>

Transmit FIFO interrupt

Transmit completion

interrupt

Receive FIFO interrupt

Receive completion

interrupt

Transmit DMA request

Receive DMA request

a. Write "1" to TSPIXCR1<TRXE> to enable the communications.

Figure 15-19 Operation example of transmit mode

b. Write data to TSPIxDR.
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If data is written to TSPIxDR, data is written to a stage of FIFO directed by internal transmit FIFO
pointer.

Because one stage of data is buffered to transmit FIFO, TSPIxXSR<TLVL> becomes "1".
Because buffered data in transmit FIFO is copied to the shift register, TSPIxXSR<TLVL> becomes

"0". After a serial clock delay time (ta) specified by TSPIXFMTRO<CSSCKDL> has elapsed,
TSPIxSCK starts outputting serial clock.

Because TSPIXSR<TLVL> changed to "0" from "1", a transmit FIFO interrupt (or transmit DMA re-
quest) occurs.

Until a minimum idle time (td) specified by TSPIXFMTRO<CSINT> has elapsed after TSPIxCSO
is negated, serial transfer does not start and TSPIXCSO remains negated. After a minimum idle
time (td) has elapsed, TSPIxCSO is asserted and serial transfer starts.
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15.6.3 Receive Mode

Figure 15-20 shows an operation example of single transfer (32-bit length, no parity, one stage of FIFO)
in receive mode.

TSPIXCR1<TRXE> \

TSPIXDR

\

(Transmit FIFO)

Transmit shift register

TSPIxCSO (Negative logic)

. / ;

TSPIXSCK : g = W
SRR R / S

TSPIXRXD X REDnXRD:n.1X X:[[X X Fi:Dn XRféan
(Receive FIFO) ! ! : X ! : :
: : [ :

Receive shift register X X X ’ X X X X ‘ : / X X_

|

TSPIXSR<TLVL[3:0]>

-«
<~

TSPIxSR<RLVL[3:0]>

Transmit FIFO interrupt

Transmit completion

interrupt

Receive FIFO interrupt

Receive completion

interrupt

Transmit DMA request

Receive DMA request

Figure 15-20 Operation example in receive mode

Write "1" to TSPIXCRI<TRXE> to enable the communications. Since receive FIFO is not full,
TSPIxCSO is immediately asserted and serial clock transfer starts.

After a serial clock delay time (ta) specified by TSPIXFMTRO<CSSCKDL> has elapsed, serial
clock starts outputting from TSPIxSCK.

On the last rising edge of serial clock, all bits of receive data are captured in the receive shift regis-
ter and the data is copied to receive FIFO.

Because one stage data is buffered to receive FIFO, TSPIxXSR<RLVL> becomes "1".

Because TSPIxSR<RLVL> changed to "1" from "0", a receive FIFO interrupt (or receive DMA re-
quest) occurs.

After a CS negated delay time (td) specified by TSPIXFMTRO<SCKCSDL> has elapsed after the
last rising edge of serial clock, TSPIxCSO is negated and a receive completion interrupt occurs.

Until a minimum idle time (td) specified by TSPIXFMTRO<CSINT> has elapsed after TSPIxCSO
is negated, serial transfer does not start and TSPIXCSO remains negated. After a minimum idle
time (td) has elapsed, TSPIXCSO is asserted and serial transfer starts if receive FIFO is not full.
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16. USB Device Controller (USBD)

This section describes about USB device controller.

An endpoint is described as EP in this section.

16.1 Outline

1. Conforming to Universal Serial Bus Specification Rev.2.0.
2. Supports Full-Speed (Low-Speed is not supported).

3. USB protocol processing

4. Detects SOF/USB RESET/SUSPEND/RESUME.

5. Generates and checks packet IDs.

6. Checks CRCS5. Generates and checks CRC16.

7. Supports 4 transfer modes (Control/Interrupt /Bulk/ Isochronous).

8. Supports 5 EPs.

Table 16-1 Endpoints

EPO: Control 64byte x 1 FIFO
EP1: Control / Interrupt / Bulk / Isochronous (IN) 64byte x 2 FIFO
EP2: Control / Interrupt / Bulk / Isochronous (OUT) 64byte x 2 FIFO
EP3: Control / Interrupt / Bulk / Isochronous (IN) 64byte x 2 FIFO
EP4: Control / Interrupt / Bulk / Isochronous (OUT) 64byte x 2 FIFO

9. Supports Dual Packets Mode (except for EP 0)

10. Interrupt source signals to the interrupt controller: INTUSB, INTUSBWKUP
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16.2 System Structure

The USB device controller consists of the USB-Spec2.0 device controller (hereinafter called UDC2) and the
bus bridge (hereinafter called UDC2AB) which connects the UDC2 and the AHB bus.

In this section, "16.2.1 AHB Bus Bridge (UDC2AB)" describes the configuration of the UDC2AB, and "16.2.2
Toshiba USB-Spec2.0 Device Controller (UDC2)" describes that of the UDC2.

Clock mode
Control
USBDCLK fsys
T
USBD AHB
Y 2 A
ubDC2 CLK U UDC2AB CLK_H AHB
Slave
I/F
PVCI _’I AHB Slave I< >
DMAC_WO
UsB USB -
Gy |/ O < > Ol EPINT 4 %H J:E
Note2) o EP1 PVAG RO § AHB
EZ @D]]] o || ME
[0)
1 (e v
1
> INTUSB
Interrupt
Controller > INTUSBWKUP

Note1) TMPMO066/067/068 has USB 1/0 which can be used for Full Speed mode not Low speed

mode.
The word "PHY" in this section should be read as USB 1/0.

Figure 16-1 Block diagram of the USB device controller
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16.2.1 AHB Bus Bridge (UDC2AB)

UDC2AB is the bus bridge between the Toshiba USB-Spec2.0 device controller (hereinafter called UDC2)

and the AHB.

UDC2AB has the DMA controller that supports the AHB master transfer and controls transfer between the

specified address on the AHB and the Endpoints-FIFO (EP I/F) in the UDC2.

AHB
A
UDC2AB AHB
ubC2 Slave
I/F
[PvCI j[¢—F»| AHBSEave |
EPO DMAC_WO
USB | ysB _ » [ >
b 1% | | 0| [ | [EPINT U]]]H 2
UTMI mlilZ w d l
O EP1 PvAC RO 1] <
3 AHB
EP2 gﬂm 2
D
I )8 v
1
» INTUSBD
Interrupt
Controller > INTUSBWKUP

Figure 16-2 UDC2AB Block Diagram
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16.2.1.1 Functions and Features

UDC2AB has the following functions and features:

1. Connections with UDC2

There is no specific restriction on the EP configuration for the UDC2 to be connected. How-
ever, the DMA controller in UDC2AB (AHB master function) can be connected with one Rx-
EP and one Tx-EP. Accesses to other EPs (including EP0O) should be made through PVCI I/F
of UDC?2 using the AHB slave function. Please note the EPx_FIFO register of a UDC2 EP in
master transfer with the DMA controller cannot be accessed through PVCI I/F.

If the maximum packet size of the EP to be connected with the AHB master read function
is an odd number, there are some restrictions on the usage. See "(3) Setting the maximum pack-
et size in Master Read transfers”" for more information.

2.  AHB functions

AHB master and AHB slave functions are provided.
a. AHB master function

There are two DMA channels available for the USB device controller. One channel is al-
located to the Rx-Ep and the Tx-Ep each.

Table 16-2 AHB Master Functions

Single Burst (INCR/INCRS8) transactions Supported

Split transaction Supported

Little Endian Supported

Protection Control Supported

Early Burst Termination Supported
Address bus width 32-bit
Data bus width 32-bit

Byte Word Transaction Supported
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The image of Endian conversion is as shown below.

Little Endian

WORD access
HWDATA[31:0/HRDATA[31:0]

Data
Address +3 +2 + 1 +0

44 33 22 11
BYTE access
Data HWDATA[31:0//HRDATA[31:0]
Address +3 +2 + 1 +0

11
22
33
44

Figure 16-3 Image of Endian conversion in AHB Master function
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b. AHB Slave Function
Specification of the AHB Slave function.

Little Endian Supported
Single transaction Supported
Address width 32-bit
Data width 32-bit
Transaction in bytes or words Supported

The image of Endian conversion is as shown below.

Little Endian

WORD access
HWDATA[31:0]/HRDATA[31:0]

Data
Address +3 +2 + 1 +0

44 33 22 11
BYTE access
Data HWDATA[31:0//HRDATA[31:0]
Address +3 +2 + 1 +0

1"
22
33
44

Figure 16-4 Image of Endian conversion in AHB Slave function

16.2.1.2  Configuration

UDC2AB mainly consists of the AHB Slave function that controls the access to the UDC2AB internal reg-
isters and UDC?2 registers (UDC2 PVCI I/F) and the AHB Master function that controls the DMA access
to the UDC2 EP I/F.

The AHB Master function has two built-in channels; Master Read Channel (AHB to UDC2) and Mas-
ter Write Channel (UDC2 to AHB), which enable DMA transfer between the EP I/F of Rx-EP and Tx-EP
of UDC2. Each channel has two built-in 8-word buffers (four in total).

16.2.1.3  Clock Domain

fsys provided by the clock/mode control circuit is connected to CLK _H of the UDC2AB. fsys stops or
starts according to the low-power consumption mode of the TMPM066/067/068.

Since CLK H is not provided during the fsys being stopped in the low-power consumption mode, IN-
TUSB will not be generated.

Therefore, to detect the connection and disconnection of the VBUS, an interrupt needs to be selected
from a External Interrupt generated by the VBUS pin and INTUSB when CLK_H starts or CLK_H stops.
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Refer to "16.5.5.2 Sequence of USB Bus Power (VBUS) Connection/Disconnection” for more informa-
tion.

USBDCLK provided from clock / mode control circuit is connected to CLK U of UDC2. USBDCLK
stops or starts according to the register. To stop or start CLK U by detecting status such as suspend and re-
sume, configure clock / mode control circuit using software.
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16.2.2 Toshiba USB-Spec2.0 Device Controller (UDC2)

UDC2 controls the connection of USB functions to the Universal Serial Bus. UDC2 automatically process-
es the USB protocol and its PHY-end interface can be accessed via UTML

1. SIEC (Serial Interface Engine Control) block

This block manages the protocol in USB. Its major functions are:
Checks and generates PIDs
Checks and generates CRCs
Checks device addresses

2. IFM block

This block controls SIEC and EPs. Its major functions are:
Writes the received data to the relevant EPs when received an OUT-Token.
Reads the transmit data from the relevant EPs when an IN-Token is received.
Controls and manages the status of UDC2.0.

3. PVCI-I/F block
This block controls reading and writing between IFM and external register access bus (PVCI).

PVCI bus accesses via UDC2AB.

4. EPO block

This block controls sending and receiving data in Control transfers. When sending or receiving da-
ta with DATA-Stage of Control transfers, you should access the FIFO in this block via PVCI-I/F.

5. EPx block

This block controls sending and receiving data of EPx (x = 1 to 4). FIFO can be directly ac-
cessed via the EP-I/F. The EP-I/F can make burst transfers.

Please note there are two EPs; one for sending (EPTX) and another for receiving (EPRX). Direc-
tion of EPs (send/receive) will be fixed on a hardware basis.
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AHB
A
UDC2AB AHB
ubDC2 Slave
DMAC_WO0
USB ~
USB oll= , U]]]B >
O utmi | m)| 2 " {15 P
Q) pvAC RO || < AHB
|:|:|:|:| D Master
ﬂ 2] I/F
[0 |2
EP3 - v
1
» INTUSBD
Interrupt
Controller 1 1 5 |NTUSBWKUP

Figure 16-5 Block diagram of UDC2

16.2.2.1 Features and Functions

The main features and functions are as follows:

1. Complies with Universal Serial Bus Specification Rev. 2.0.

2. Complies with Full-Speed (FS) (not complies with Low-Speed).
3. USB protocol processing

4. Detects SOF/USB_RESET/SUSPEND/RESUME.

5. Generates and checks packet IDs.

6. Checks CRCS. Generates and checks CRC16.

7. Supports 4 transfer modes (Control/Interrupt/Bulk/Isochronous).
8. Supports up to 8 EPs.

9. Supports Dual Packet Mode ( EP 0 excluded)

10. EP 1 to 7 can directly access FIFO (EP-I/F)

11. Complies with USB 2.0 Transceiver Macrocell Interface (UTMI) (8 bits @ 48 MHz)

16.2.2.2  Specifications of Flags

The UDC2 core outputs various events on USB as flags when they occur. This section discusses those
flags.
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Note:

USB_RESET

Asserts "High" while receiving USB_RESET. Since UDC?2 returns to the Default-State by re-
ceiving USB_RESET, the application also needs to return to the Default-State.

In Full-Speed operation, UDC2 asserts this flag when SEO on the USB bus was recognized
for 2.5 s or longer. Then, after UDC2 has driven Chirp-K for about 1.5 ms the flag will be deas-
serted when either one of the following states was recognized:

a. Chirp from the host (K-J-K-J-K-J) was recognized.
b. 2 ms or longer has passed without recognizing Chirp from the host (K-J-K-J-K-J).

While the time when the host begins Chirp and the driving time of Chirp-K and Chirp-J depend on the host, as-
serting period of the USB_RESET flag is around 1.74 ms to 3.5 ms.

2.

INT SETUP

In Control transfers, asserts "High" after receiving the Setup-Token. When this interrupt is rec-
ognized, the software should read the Setup-Data storage register (8 bytes) to make judgment
of request. This interrupt will be deasserted by writing 1 into the UDFS2INT<i_setup>.
UDFS2INT should be cleared at the point the interrupt was recognized.

INT_STATUS_NAK

In Control transfers, when the host proceeds to the STATUS-Stage and transmits packets
while UDC?2 is processing the DATA-Stage (before issuing the "Setup Fin" command),
UDC2 will return "NAK" and asserts this flag to "High". When this interrupt is recognized,
the software should issue the "Setup_Fin" command from the Command register to make the
STATUS-Stage of UDC2 end. This interrupt will be deasserted by writing 1 into the
UDFS2INT<i_status_nak>. UDFS2INT should be cleared at the point the interrupt was recog-
nized.

INT STATUS

In Control transfers, asserts "High" after finishing the STATUS-Stage normally. This inter-
rupt will be deasserted by writing 1 into the UDFS2INT<i_status>. UDFS2INT should be
cleared at the point the interrupt was recognized.

INT_EPO

In the DATA-Stage of Control transfers, asserts "High" when "ACK" was sent or received
(when the transaction finished normally). This interrupt will be deasserted by writing 1 to the
UDFS2INT<i_ep0>. UDFS2INT should be cleared at the point the interrupt was recognized.
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INT_EP

In EPs other than EP 0, asserts "High" when "ACK" was sent or received (when the transac-
tion finished normally). In that case, which EP the transfer was made can be identified by check-
ing UDFS2INTEP. This interrupt will be deasserted by writing 1 into the UDFS2INT<i_ep>,
or by writing 1 into all bits set in UDFS2INTEP. UDFS2INT should be cleared at the point
the interrupt was recognized.

INT RX_ZERO

"High" is asserted when Zero-Length data is received. In Control transfers, however,
"High" is asserted only when Zero-Length data is received in the DATA-Stage. It will not be as-
serted when Zero-Length data is received in the STATUS-Stage. Which EP has received the da-
ta can be identified by reading the UDFS2CMD<rx_nulpkt ep> or checking UDFS2INTRXO.
This interrupt will be deasserted by writing 1 into the UDFS2INT<i_rx_data0>, or by writing
1 into all bits set in UDF2INTRX0. UDFS2INTRXO should be cleared at the point the inter-
rupt was recognized.

INT_SOF

Asserts "High" when SOF was received. This interrupt will be deasserted by writing 1 into
the UDFS2INT<i_osf>. UDFS2INT should be cleared at the point the interrupt was recognized.

SOF is a packet indicating the start of a frame. It is transmitted from the host to devices ev-
ery 1ms in the Full-Speed transfers.

INT NAK

In EPs other than EP 0, asserts "High" when NAK is transmitted. In that case, which EP
has transmitted the NAK can be identified by checking UDFS2INTNAK. This interrupt will
be deasserted by writing 1 into the UDFS2INT<i_nak>, or by writing 1 into all bits set in
UDFS2INTNAK. By default, this flag will not be asserted when NAK was transmitted. There-
fore, you should write 0 into the relevant EP of UDFS2INTNAKMASK to release the mask in
order to use this flag.

Commands to EP

This section describes about the commands to be issued by UDFS2CMD<com> for the EP specified
by UDFS2CMD<ep>.

0x0 : Reserved
Not to be specified.

0x1 : Setup_Fin
Should be issued only for EPO.

This is a command for setting the end of DATA-Stage in Control transfers. As UDC2 contin-
ues to send back "NAK" to the STATUS-Stage until this command is issued, the command
should be issued when the DATA-Stage finishes or INT _STATUS NAK was received.

During Control-WR transfer, read all data received during the Data-Stage first, and then Issue the Setup-Fin com-

0x2 : Set DATAO
Can be issued to EPs except EP0O. Should not be issued to EPO.
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A command for clearing toggling of EPs. While toggling is automatically updated by
UDC?2 in normal transfers, this command should be issued if it needs to be cleared by software.

0x03 : EP_Reset
Can be issued to any EP.

A command for clearing the data and status of EPs. Issue this command when you want to re-
set an EP in such cases as setting EPs of Set Configuration and Set Interface or resetting the
EP by Clear Feature. This command will reset the following 5 points:

a. Clear the UDFS2EPOSTS<toggle> / UDFS2EPxSTS<toggle> to DATAO.
b. Clear the UDFS2EPOSTS<status> / UDFS2EPxSTS<status> to Ready.

c. Clear the UDFS2EPOMSZ<dset> / UDFS2EPxMSZ<dset> and the UDFS2EPODSZ /
UDFS2EPxDSZ.

d. Clear UDFS2EPOMSZ<tx0 data>/ UDFS2EPxMSZ<tx Odata>.
Clear the UDFS2EPxSTS<disable>.
UDC?2 makes toggling control by hardware for every transfer. If this command is issued
when a transfer of EPs is in progress, toggling of the relevant EP will also be cleared which
may cause the synchronization with the host be lost. As in the case of receiving requests as men-

tioned above, the command should be issued when it is possible to make synchronization with
the host.

0x4 : EP_Stall
Can be issued to EPs except EP0O. Should not be issued to EPO.

A command for setting the status of EPs to "Stall". Issue this command when you want to
set the status of an EP to "Stall" in such cases as stalling an EP by Set Feature. When this com-
mand is issued, "STALL" will be always sent back for the EP set. However, the Stall status of
EPO will be cleared when the Setup-Token is received.

This command should not be issued for EPs where Isochronous transfers are used, since trans-
fers are made without Handshake in Isochronous transfers. Even if this command is issued for
EPs where Isochronous transfers are set (by UDFS2EOxSTS<t type>), "STALL" will not be
sent back.

0x5 : EP_Invalid
Can be issued to EPs except EP0. Should not be issued to EPO.

A command for setting the status of EPs to "Invalid". Please issue this command when disa-
bling EPs that will not be used when using Set Config or Set Interface to set EPs. When this
command is issued, the EPs set will make no response. This command should not be issued
while transfers of each EP are in progress.

0x6 : Reserved
Not to be specified.

0x7 : EP_Disable
Can be issued to EPs except EP0. Should not be issued to EPO.

A command for making an EP disabled. When this command is issued, "NAK" will be al-
ways sent back from the EP set. This command should not be issued for EPs where Isochro-
nous transfers are used, since transfers are made without Handshake in Isochronous transfers.
Even if this command is issued for EPs where Isochronous transfers are set (by
UDFS2EPxSTS<t_type>), "NAK" will not be sent back.

0x8 : EP_Enable
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10.

11.

12.

13.

14.

15.

Can be issued to EPs except EP0. Should not be issued to EPO.

A command for making an EP enabled. Issue this command to cancel the disabled status set
by "EP_Disable" command.

0x9 : All_ EP_Invalid
Setting for EP is invalid.

A command for setting the status of all EPs other than EPO to "Invalid". Issue this com-
mand when you want to apply the "EP_Invalid" command for all EPs. Issue this command
when processing Set Configuration and Set Interface like the "EP Invalid" command.

0xA : USB_Ready
Should be issued only for EPO.

A command for making connection with the USB cable. Issue this command at the point
when communication with the host has become effective after confirming the connection with
the cable. Pull-Up of USBDP will be made only after this command is issued, and the status
of cable connection will be sent to the host.

Please note that the device state of UDC2 (UDFS2ADR<configued> <addressed> <de-
fault>) will be set to "Default" when this command was issued.

0xB : Setup_Received
Should be issued for EPO.

A command for informing UDC?2 that the SETUP-Stage of a Control transfer was recog-
nized. Issue this command after accepting the INT SETUP interrupt and the request code was
recognized. As UDC2 continues to send back "NAK" to the DATA-Stage/STATUS-Stage un-
til this command is issued, the command should be issued at the end of the INT _SETUP inter-
rupt processing routine.

0xC : EP_EOP
Can be issued to any EP.

A command for informing UDC2 that the transmit data has been written. Issue this com-
mand when transmitting data with byte size smaller than the maximum transfer bytes (FIFO ca-
pacity of the EP or MaxPacketSize, whichever smaller). Issuing this command will set the Da-
ta set flag and the data will be sent back to IN-Token from the host. It should not be used
when setting Zero-Length data or data of MaxPacketSize.

0xD : EP_FIFO_Clear
Can be issued to any EP.

A command for clearing the data of an EP. The UDFS2EPxMSZ<dset> and the
UDFS2EPxDSZ will be cleared at the same time. Issue this command when you want to clear
the data currently stored in the FIFO before transmitting the data to the host and set the latest da-
ta, for instance in Interrupt transfers. If this command is issued while accessing the EP-I/F, the
FIFO of the EP will not be successfully cleared. When issuing this command, epx_val of EP-1/
F should be set to 0 before issuing.

0xE : EP_TX ODATA
Can be issued to any EP.

A command for setting Zero-Length data to an EP. Issue this command when you want to
transmit Zero-Length data. In the case of transmitting Zero-Length data in Bulk-IN transfers
and others to indicate the final transfer, read UDFS2EPxDSZ and confirm it is 0 (no data ex-
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ists in the FIFO of EPx) before setting this command. In the case of writing data from EP-I/F,
set this command after the data was written and epx_val became 0. When this command was
set, UDFS2EPxMS<tx_0Odata> of the EP will be set.

Set the next data when the UDFS2EPxMS<tx_0data> is confirmed to be 0. During Isochro-
nous-IN transfer, Zero -Length data is automatically transferred to the IN-Token if data is not
set in the FIFO of EP. Do not issue this command.

16. OxF : Reserved
Not to be specified.

Settings for the following commands will be suspended when issued during a USB transfer, which will
be executed after the USB transfer has finished. Suspension of the command will take place for each EP.

0x2: Set DATAO
0x3: EP_Reset

0x4: EP_Stall

0x5: EP_Invalid

0x7: EP_Disable

0x8: EP_Enable

0x9: All_EP_Invalid
0xD: EP_FIFO_Clear
OxE: EP_TX ODATA

Therefore, when commands were issued successively for the same EP while a USB transfer is in pro-
gress, commands will be overwritten and only the one last issued will be valid. If you need to issue com-
mands to an EP successively, poll UDFS2EPxSTS / UDFS2EPxDSZ to confirm that the command has be-
come valid before issuing next ones. Also, when making an access to the EP-I/F immediately after clear-
ing the FIFO using the EP_Reset/EP_FIFO_Clear command, poll UDFS2EPxDSZ to confirm that the com-
mand has become valid before resuming the access to the EP-I/F.

For EP 0, the following commands will be invalid until the Setup_Received command is issued after re-
ceiving the Setup-Token:

Ox1: Setup_Fin

0x2: Set DATAO
0x3: EP_Reset

0x4: EP_Stall

0xC: EP_EOP

0xD: EP_FIFO_ Clear
OxE: EP_TX O0DATA

When the "EP_Stall" command was set to EPx, "Stall" will be set to the UDFS2EPxSTS<status>.
When EP_Disable was set, 1 will be set to the UDFS2EPxSTS<disable>. When these two commands
(EP_Stall and EP_Disable) were set to the same EPx and the status becomes "Stall" with
UDFS2EPxSTS<disable> = 1, "STALL" will be transmitted in the transfer.

When the "EP_Invalid" command was set to EPx, "Invalid" will be set to the UDFS2EPxSTS<status>.
When the two commands (EP_Invalid and EP_Disable) were set to the same EPx and the status becomes
"Invalid" with UDFS2EPxSTS<disable> = 1, no response will be made in the transfer.

When UDFS2EPxSTS<disable> is 1 and UDFS2EPxMSZ<tx 0data> is 1, Zero-Length data will be trans-
mitted once in the transfer. After the Zero-Length data was successfully transferred, "NAK" will be transmit-
ted.
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16.3 How to connect with the USB bus
The circuit below shows how to connect TMPMO066/067/068 with the USB bus.
Input the VBUS signal to VBUS pin to detect the connection of the USB power (VBUS).

The Pull-Up process using the pull-up resistor of the USBDP and the in-line damping resistor to the USBDM
are required. Also, a ON/OFF control using a port needs to be added to the pull-up resistor. The pull-up resistor
should be disconnected when voltage is not applied to the VBUS.

If DP and DM are unstable, we recommend to add a pull-down resistor to R;.

TMPMO066/067/068
| _VBUS_ VBUS
VDD
VDD
SW Port
Rpu .
= | DP(D+) | o — 1 |useop
_ R
2 o |- MO ’ —1{USBDM
| _GND _ |
RPDERPD L| || ng R,

Figure 16-6 Connection example of the USB bus and TMPM066/067/068.

Note:R1=500kQ or higher (recommended value), Rs=33Q (recommended value), Rpy=1.5kQ (recommended value)
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16.4 Registers
The register map of the USBD consists of registers for setting the UDC2AB and that for the UDC2.
When the registers for setting UDC2 are accessed, UDC2AB automatically accesses UDC2 via PVCI I/F.

The register for setting the UDC2AB is 32-bit width. The register for setting the UDC2 is 16-bit width, which
is allocated to [15:0]. [31:16] is allocated to the read-only, for indefinite values.

16.4.1 UDC2AB Register

16.4.1.1 UDC2AB Register list

BaseAddress=0x4000_8000

Register name Address(Base+)
Interrupt Status Register UDFSINTSTS 0x0000
Interrupt Enable Register UDFSINTENB 0x0004
Master Write Timeout Register UDFSMWTOUT 0x0008
UDC?2 Setting Register UDFSC2STSET 0x000C
DMAC Setting register UDFSMSTSET 0x0010
DMAC Read Request Register UDFSDMACRDREQ 0x0014
DMAC Read Value Register UDFSDMACRDVL 0x0018
UDC2 Read Request Register UDFSUDC2RDREQ 0x001C
UDC2 Read Value Register UDFSUDC2RDVL 0x0020
- Reserved 0x0024 to 0x0038 (note 2)
Arbiter Setting Register UDFSARBTSET 0x003C
Master Write Start Address Register UDFSMWSADR 0x0040
Master Write End Address Register UDFSMWEADR 0x0044
Master Write Current Address Register UDFSMWCADR 0x0048 (note 1)
Master Write AHB Address Register UDFSMWAHBADR 0x004C
Master Read Start Address Register UDFSMRSADR 0x0050
Master Read End Address Register UDFSMREADR 0x0054
Master Read Current Address Register UDFSMRCADR 0x0058 (note 1)
Master Read AHB Address Register UDFSMRAHBADR 0x005C
- Reserved 0x0060 to 0x007C (note 2)
Power Detect Control Register UDFSPWCTL 0x0080
Master Status Register UDFSMSTSTS 0x0084
Timeout Count Register UDFSTOUTCNT 0x0088 (note 1)
- Reserved 0x008C to 0x1FC

Note 1: Be sure to make Read accesses via UDFSDMACRDREQ.
Note 2: Those shown as "Reserved" above are prohibited to access. Read / Write is prohibited to those "Reserved" areas.
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16.4.1.2 UDFSINTSTS (Interrupt Status Register)
&l 30 29 28 27 26 25 24
. . int_ int_dmac_ int_udc2_
bit symbol - - int_mw_rerror - -
powerdetect reg_rd reg_rd
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
) ) int_mr_ep_ int_mr_end_ int_mw_ int_mw_ int_mw_end_ | int_mw_set_
bit symbol | int_mr_ahberr i -
dset add ahberr timeout add add
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
. int_usb_ . int_suspend_
bit symbol - - - - - int_usb_reset
reset_end resume
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
. ) . ) . ) ) int_status_ .
bit symbol int_nak int_ep int_ep0 int_sof int_rx_zero int_status K int_setup
na
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31-30 - R Read as undefined.
29 int_mw_rerror R/W Will be set to 1 when the access to the EP has started Master Write transfer during the setting of common
bus access (UDFS2EPxSTS<bus_sel> is 0).(UDFS2EPxSTS<bus_sel> is 0)
0: Not detected
1: EP read error occurred during master write.
28 int_ R/W When the status of VBUSPOWER input of UDC2AB changed, it is set to "1".
powerdetect 0:No changed
1:Status changed
27-26 - R Read as undefined.
25 int_dmac_ R/W Will be set to 1 when the register access executed by the setting of UDFSDMACRDREQ is completed and
reg_rd the value read to UDFSDMACCRDVL is set.
0: Not detected.
1:Register read completed.
24 int_udc2_reg_ | R/W Will be set to 1 when the UDC2 access executed by the setting of UDFSDMACRDREQ is completed and
rd the value read to UDFSDMACRDLYV is set.
Also set to 1 when Write access to the internal register of UDC2 is completed.
0: Not detected.
1: Register read/write completed.
23 int_mr_ahberr R/W This status will be set to 1 when the AHB error has occurred during the operation of Master Read transfer.
After this interrupt has occurred, the Master Read transfer block needs to be reset by the UDFSMST-
SET<mr_reset >.
0: Not detected.
1: AHB error occurred.
22 int_mr_ep_dset | R/W Will be set to 1 when the FIFO of EP for UDC2 Tx to be used for Master Read transfer becomes writable
(not full).
0: FIFO is not writable
1: FIFO is writable
21 int_mr_end_ R/W Will be set to 1 when the Master Read transfer has finished.
add 0: Not detected
1: Master Read transfer finished
20 int_mw_ahberr | R/W This status will be set to 1 when the AHB error has occurred during the operation of Master Write transfer.
After this interrupt has occurred, the Master Write transfer block needs to be reset by UDFSMSTSET<mw_re-
set>.
0: Not detected.
1: AHB error occurred.
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Bit Bit Symbol Type Function
19 int_mw_ R/W This status will be set to 1 when time-out has occurred during the operation of Master Write transfer.
timeout 0: Not detected.
1: Master Write transfer timed out.
18 int_mw_end_ R/W Will be set to 1 when the Master Write transfer has finished.
add 0: Not detected.
1: Master Write transfer timed out.
17 int_mw_set_ R/W Will be set to 1 when the data to be sent by Master Write transfer is set to the corresponding EP of Rx
add while the Master Write transfer is disabled.
0: Not detected.
1: Master Write Transfer address request.
16-11 - R Read as undefined.
10 int_usb_reset_ | R/W Indicates whether UDC2 has deasserted the usb_reset signal.
end The timing in which UDC2 sets the UDC2 register to the initial value after USB_RESET is after the usb_re-
set signal is deasserted. To detect this timing, use this bit.
The status of the usb_reset signal can be checked using UDFSPWCTL<usb_reset>.
0: UDC2 has not deasserted the usb_reset signal after this bit was cleared.
1: Indicates UDC2 has deasserted the usb_reset signal.
9 int_usb_reset R/W Indicates whether UDC2 has asserted the usb_reset signal. The status of the usb_reset signal can be
checked using UDFSPWCTL<usb_reset>.
0: UDC2 has not asserted the usb_reset signal after this bit was cleared.
1:Indicates UDC2 has asserted the usb_reset signal.
8 int_suspend_ R/W Asserts 1 each time the suspend_x signal of UDC2 changes. The status can be checked using the
resume UDFSPWCTL<suspend_x>.
0:Status has not changed.
1: Status has changed.
7 int_nak R The int_nak signal of UDC2 can be directly read. To clear it, clear the corresponding bit of UDFS2INT or
UDFS2INTNAK of UDC2.
6 int_ep R The int_ep signal of UDC2 can be directly read. To clear it, clear the corresponding bit of UDFS2INT or
UDFS2INTEP.
5 int_ep0 The int_ep0 signal of UDC2 can be directly read. To clear it, clear the corresponding bit of UDFS2INT.
4 int_sof The int_ep0 signal of UDC2 can be directly read. To clear it, clear the corresponding bit of UDFS2INT.
3 int_rx_zero The int_rx_zero signal of UDC2 can be directly read. To clear it, clear the corresponding bit of UDFS2INT
or UDFS2INTRXO.
2 int_status The int_status signal of UDC2 can be directly read. To clear it, clear the corresponding bit of UDFS2INT.
1 int_status_nak The int_status_nak signal of UDC2 can be directly read. To clear it, clear the corresponding bit of UDFS2INT.
0 int_setup R The int_setup signal of UDC2 can be directly read. To clear it, clear the corresponding bit of UDFS2INT.
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The connection between the output signals of UDC2 and the bits [10:9] and [7:0]of this register is

shown below.

ubDC2

UDC2AB

UDFSINTSTS

v

bit10:int_usb_reset_end

USB_RESET

> bit9:int_usb_reset
INT_NAK

> bit7:int_nak
INT_EP

bit6:int_ep

INT_EPO

> bit5:int_ep0
INT_SOF

»  bit4:int_sof
INT_RX_ZERO

> bit3:int_rx_zero
INT_STATUS

INT_SETUP_NAK

»l  bit2:int_status

INT_SETUP

»  bit1:int_setup_nak

Figure 16-7 Connection between the flag output signals and interrupt bits.

A 4

bit0:int_setup
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16.4.1.3 UDFSINTENB(Interrupt Enable Register)
31 30 29 28 27 26 25 24
. power_ dmac_reg_ udc2_reg_
bit symbol - - mw_rerror_en - -
detect_en rd_en rd_en
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
) mr_ep_ mr_end_ mw_ahberr_ mw_ mw_end_ mw_set_
bit symbol | mr_ahberr_en X -
dset_en add_en en timeout_en add_en add_en
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
. usb_reset_ suspend_
bit symbol - - - - - usb_reset_en
end_en resume_en
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31-30 - R Read as undefined.
29 mw_rerror_en R/W Controls the mw_rerror interrupt.
0: Disable
1: Enable
28 power_detect_ | R/W Controls the power_detect interrupt.
en 0: Disable
1: Enable
27-26 - R Read as undefined.
25 dmac_reg_ R/W Controls the dmac_reg_rd interrupt.
rd_en 0: Disable
1: Enable
24 udc2_reg_ R/W Controls the udc2_reg_rd interrupt.
rd_en 0: Disable
1: Enable
23 mr_ahberr_en R/W Controls the mw_ahberr interrupt.
0: Disable
1: Enable
22 mr_ep_dset_en | R/W Controls the mr_ep_dset interrupt.
0: Disable
1: Enable
21 mr_end_ R/W Controls the mr_end_add interrupt.
add_en 0: Disable
1: Enable
20 mw_ahberr_en | R/W Controls the mw_ahberr interrupt.
0: Disable
1: Enable
19 mw_ R/W Controls the mw_timeout interrupt.
timeout_en 0: Disable
1: Enable
18 mw_end_ R/W mw_end_add interrupt.
add_en 0: Disable
1: Enable
17 mw_set_ R/W mw_set_add interrupt.
add_en 0:Disable
1: Enable
16-11 - R Read as undefined.
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Bit Bit Symbol Type Function
10 usb_reset_ R/W usb_reset_end interrupt.
end_en 0: Disable
1: Enable
9 usb_reset_en R/W usb_reset interrupt.
0: Disable
1: Enable
8 suspend_ R/W suspend_resume interrupt.
resume_en 0: Disable
1: Enable
7-0 - R Read as undefined.
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16.4.1.4 UDFSMWTOUT(Master Write Timeout Register)

31 | s | 2 | 28 | 22 | 2 25 24
bit symbol timeoutset
After reset 1 1 1 1 1 1 1 1
23 22 21 20 19 18 17 16
bit symbol timeoutset
After reset 1 1 1 1 1 1 1 1
15 14 13 12 11 10 9 8
bit symbol timeoutset
After reset 1 1 1 1 1 1 1 1
7 6 5 4 3 2 1 0
bit symbol timeoutset timeout_en
After reset 1 1 1 1 1 1 1 1
Bit Bit Symbol Type Function
311 timeoutset R/W The setting should not be changed during the Master Write transfer. Timeout occurs when the number of
times CLK_U was set is counted after the data of Master Write (Rx) EP is exhausted.
The timeout counter comprises 32 bits of which upper 31 bits can be set by timeoutset [31:1] of this regis-
ter, while the lowest bit of the counter is set to 1.
As CLK_U is 48 MHz, approximately 20 [ns] to 89 [s] can be set as a timeout value.
While CLK_U stopped (PHY is being suspended and so on), no timeout interrupt will occur as the counter
does not work.
0 timeout_en R/W Used to enable Master Write timeout. It is set to Enable by default.
The setting should not be changed during the Master Write transfer.
0: Disable
1: Enable
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16.4.1.5 UDFSC2STSET(UDC2 Setting Register)

31 | s | 2 | 28 | 27 26 25 24
bit symbol -

After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol -

After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol -

After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol - eopb_enable - - - tx0

After reset 0 0 0 1 0 0 0 0

Bit Bit Symbol Type Function

31-5 - R Read as undefined.

4 eopb_enable R/W Used to enable Master Read EOP. It is set to Enable by default. The setting should not be changed dur-
ing the Master Read transfer.

If this bit is 0, the final data transfer to UDC2 will not take place when the last word is 1 byte. If the last
word is 2 bytes, the final data transfer to UDC2 will take place when epx_w_eop = 0.

If this bit is 1, the final data transfer to UDC2 will take place when epx_w_eop = 1 regardless of byte num-
ber of the last word.

Note: See the section"16.5.4.1 Master Read transfer" for more information.

0: Master Read EOP Disabled.

1: Master Read EOP Enabled.

3-1 - R Read as undefined.

0 tx0 R/W Used to transmit NULL packets at an EP connected to the Master Read operation side. Only valid when
the UDFSMSTSTS<mrepempty> is 1, otherwise this bit is ignored. It will be automatically cleared to 0 af-
ter writing.

Setting 1 to this bit will assert the epx_tx0data signal of the UDC2 EP-I/F and the value of 1 is retained dur-
ing the transmission of NULL packets. After this bit is set, next data setting for Tx-EP should not be made un-
til it is cleared.

0: No operation

1: Transmits NULL packets.
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16.4.1.6 UDFSMSTSET(DMAC Setting Register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol - - - - - - - m_burst_type
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol - mr_reset mr_abort mr_enable - mw_reset mw_abort mw_enable
After reset 0 0 0 0 0 0 0 0
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Bit Bit Symbol Type Function
31-9 - R Read as undefined.
8 m_burst_type R/W Selects the type of HBURST[2:0] when making a burst transfer in Master Write/Read transfers. The type of

burst transfer made by UDC2AB is INCR8 (burst of 8 beat increment type). Accordingly, 0 (initial value)
should be set in normal situation. However, in case INCR can only be used as the type of burst transfer
based on the AHB specification of the system, set 1 to this bit. In that case, UDC2AB will make INCR trans-
fer of 8 beat.

Please note the number of beat in burst transfers cannot be changed.

Setting of this bit should be made in the initial setting of UDC2AB. The setting should not be changed after
the Master Write/Read transfers started.

Note: UDC2AB does not make burst transfers only in Master Write/Read transfers. It combines burst trans-
fers and single transfers. This bit affects the execution of burst transfers only.

0: INCR8
1: INCR
7 - R Read as undefined.
6 mr_reset R/W Initializes the Master Read transfer block of UDC2AB. However, as the FIFOs of EPs are not initialized,

you need to access the UDFS2CMD of UDC2 to initialize the corresponding EP separately from this reset.
This reset should be used after stopping the Master operation.

This bit will be automatically cleared to 0 after being set to 1. Subsequent Master Read transfers should
not be made until it is cleared.

0: No operation
1: Reset

5 mr_abort w Controls Master Read transfers. Master Read operations can be stopped by setting 1 to this bit.

When aborted during transfers, transfer of buffers for Master Read to UDC?2 is interrupted and the <mr_ena-
ble> bit is cleared, stopping the Master Read transfer.

Aborting completes when the <mr_enable> bit is disabled to 0 after setting this bit to 1.
0: No operation
1: Abort

4 mr_enable R/W Controls Master Read transfers. Enabling should be made when setting the transfer address is completed.
It will be automatically disabled as the master transfer finishes. Since Master Read operations cannot be dis-
abled with this register, use the <mr_abort> bit if the Master Read transfer should be stopped.

0: Disable
1: Enable
3 - R Read as undefined.
2 mw_reset R/W Initializes the Master Write transfer block. However, as the FIFOs of EPs are not initialized, you need to ac-

cess the UDFS2CMD of UDC2 to initialize the corresponding EP separately from this reset.
This reset should be used after stopping the Master operation.

This bit will be automatically cleared to 0 after being set to 1. Subsequent Master Write transfers should
not be made until it is cleared.

0: No operation
1: Reset

1 mw_abort w Controls Master Write transfers. Master Write operations can be stopped by setting 1 to this bit.

When aborted during transfers, transfer of buffers for Master Write from UDC2 is interrupted and the <mw_en-
able> bit is cleared, stopping the Master Write transfer. Aborting completes when the <mw_enable> bit is dis-
abled to 0 after setting this bit to 1.

0:No operation
1: Abort

0 mw_enable R/W Controls Master Write transfers. Enabling should be made when setting the transfer address is completed.
It will be automatically disabled as the master transfer finishes. Since Master Write operations cannot be dis-
abled with this register, use the <mw_abort> bit if the Master Write transfer should be stopped.

0: Disable
1: Enable
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16.4.1.7 UDFSDMACRDREQ(DMAC Read Request Register)
31 30 29 28 27 26 25 24
bit symbol dmardreq dmardclr - - - - - -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol dmardadr - -
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31 dmardreq R/W The bit for requesting read access to the DMAC registers. Setting this bit to 1 will make a read access to
the address specified by <dmardadr>. When the read access is complete and the read value is stored in
the UDFSDMACRDVL, this bit will be automatically cleared and the UDFSINTSTS<dmac_reg_rd> will be
set to 1.
0: No operation
1: Issue a read request
30 dmardclr R/W The bit for forcibly clearing the register read access request associated with DMAC. Setting this bit to 1
will forcibly stop the register read access request by <dmardreq> and the value of <dmardreq> will be
cleared to 0. After the forced clearing completes, this bit will be automatically cleared.
0: No operation
1: Issue forced clearing
29-8 - R Read as undefined.
7-2 dmardadr[5:0] R/W Sets the address of the register (upper 6 bits) to be read. It should be set in combination with the <dmar-
dreg> mentioned above.
Any one of the following addresses should be set:
0x48: Read the UDFSMWCADR.
0x58: Read the UDFSMRCADR.
0x88: read the UDFSTOUTCNT.
1-0 - R Read as undefined.

Note:Do not set "0" to the

<dmardreg> and <dmardclr> at the same time.

Note:Before writing into UDC2 register, Make sure that the <dmardreg> and <dmardclr> is "0".
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16.4.1.8 UDFSDMACRDVL(DMAC Read Value Register)
) 29 R 26 25 24
bit symbol dmardata
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol dmardata
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol dmardata
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol dmardata
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31-0 dmardata[31:0] | R This register stores the data requested by UDFSDMACRDREQ. This register should not be accessed
when the UDFSDMACRDREQ<dmardreg> is set to 1.

Page 423

2016/6/27



16. USB Device Controller (USBD)

16.4 Registers

TMPM066FWUG TMPM067FWQG TMPMO068FWXBG

16.4.1.9 UDFSUDC2RDREQ(UDC2 Read Request Register)

31 30 29 28 27 26 25 24
bit symbol udc2rdreq udc2rdclr - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol - - - - - - udc2rdadr
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol udc2rdadr - -
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function

31 udc2rdreq R/W The bit for requesting read access to the UDC2 registers. Setting this bit to 1 will make a read access to
the address set in the udc2rdadr bit. When the read access is complete and the read value is set to UDFSD-
MACRDVL, this bit will be automatically cleared and the UDINTSTS<int_udc2_reg_rd> bit of Interrupt Sta-
tus register will be set to 1.

During a write access to UDC2 registers, it works as a status bit which indicates the access being made to
display the value of 1. Subsequent accesses to UDC2 registers should not be made while this bit is set to
1.

(AHB error response will be occured.)

0: No operation

1: Issue a read request

30 udc2rdclr R/W The bit for forcibly clearing the read/write access request of UDC2 registers. Setting this bit to 1 will forci-
bly stop the register read request/UDC2 write access by udc2rdreq and the value of udc2rdreq will be 0. Af-
ter the forced clearing completes, this bit will be automatically cleared to 0. When interrupted, the read and
write values during the access will not be secured.

0 : No operation
1 : Issue forced clearing

29-10 - R Read as undefined.

9-2 udc2rdadr[7:0] | R/W Set the address of the UDC2 register [9:2] to be read. Refer to "16.4.1.1 UDC2AB Register list" for informa-
tion about the register address of the UDC2. The offset addresses in the above register table (0x0200 to
0x0334) are reliant. Set it with the above udc2rdreq.

1-0 - R Read as undefined.

Note:Before writing into UDC2 register, Make sure that the <udc2rdreq> and <udc2drclr> is "0".

Note:Do not set "0" to the <udc2rdreq> and <udc2rdclr> at same time.

Note:When the <udc2rdreq>=1 or <udc2rdclr>=1, AHB error response will be occurred after writing into
the UDC2 register.
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16.4.1.10 UDFSUDC2RDVL(UDC2 Read Value Register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol udc2rdata
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol udc2rdata
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-16 - R Read as undefined.
15-0 udc2rdata[15:0] [ R This register stores the data requested by UDFSDMACRDREQ. This register should not be accessed
when the UDFSUDC2RDREQ <udc2rdreq> is set to 1.
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16.4.1.11  UDFSARBTSET(Arbiter Setting Register)
31 30 29 28 27 26 25 24
bit symbol abt_en - - abtmod - - - -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol - - abtpri_w1 - - abtpri_w0
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol - - abtpri_r1 - - abtpri_r0
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31 abt_en R/W Enables the arbiter operation when making an access between DMAC and AHB.
0 should be set to this bit when setting the <abtmod>, <abtpri_w1>, <abtpri_w0>, <abtpri_r1> and <abt-
pri_r0> of this register.
Be sure to set this bit to 1 before starting a DMA access.
0: Disable (DMA access not allowed)
1: Enable
30-29 - R Read as undefined.
28 abdmod R/W Sets the mode of arbiter. Write access is only available when the <abt_en> bit is set to 0.
If O is set to this bit, access rights to the AHB bus will be given in a round-robin fashion regardless of the val-
ues set to each <abtpri_w1>, <abtpri_w0>, <abtpri_r1> and <abtpri_r0> bit.
If 1 is set to this bit, access rights to the AHB bus will be given in accordance with the access priority
based on the values set to each <abtpri _ w1>, <abtpri _ w0>, <abtpri _ r1> and <abtpri _ r0> bit.
0: Round-robin
1: Fixed-priority
27-14 - R Read as undefined.
13-12 abtpri_w1 R/W Set the priority of DMA accesses for Master Write 1 when the fixed priority mode is selected. Write access
is only available when the <abt_en> bit is set to 0.
Priority ranges from 00 (highest) to 11 (lowest).
11-10 - R Read as undefined.
9-8 abtpri_w0 R/W Set the priority of DMA accesses for Master Write 0 when the fixed priority mode is selected. Write access
is only available when the <abt_en> bit is set to 0.
Priority ranges from 00 (highest) to 11 (lowest).
7-6 - Read as undefined.
5-4 abtpri_r1 Set the priority of DMA accesses for Master Read 1 when the fixed priority mode is selected. Write access
is only available when the <abt_en> bit is set to 0.
Priority ranges from 00 (highest) to 11 (lowest).
3-2 - R Read as undefined.
1-0 abtpri_r0 R/W Set the priority of DMA accesses for Master Read 0 when the fixed priority mode is selected. Write access
is only available when the <abt_en> bit is set to 0.
Priority ranges from 00 (highest) to 11 (lowest).
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Note:Be sure to set different priority values for the <abtpri_w1>, <abtpri_w0>, <abtpri_r1>, and <abt-
pri_r0> bits. If the same priority values are set, you will not be able to set 1 to <abt_en>.

(1)

Relationship of DMAC and the priority area of the Arbiter setting register

Current UDC2AB specification supports one DMAC for Master Write (DMAC WO0) and one
DMAC for Master Read (DMAC_RO). The second DMAC for Master Write (DMAC_W1) and the sec-
ond DMAC for Master Read (DMAC_R1) are not supported.

Accordingly, setting priority for DMAC_W1 and DMAC_RI1 has virtually no meaning, but you
should be sure to set different priority values for the abtpri_wl, abtpri_wO, abtpri_rl, and abtpri_r0

bits as mentioned above.

There will be no problem to set values for the corresponding register areas of an unpackaged
DMAC. The priority areas of Arbiter Setting register correspond with DMAC as shown below.

AHB Master Logical Block

AHB Master
7y T
1 1
R TR v N S
DMAC_WO | iDMAC_W1: |DMAC_RO| ! DMAC_R1!
x I----‘-___.a "'"'I'"""
Y v 1 ALS : AN
'/' ':____I _____ v \\'___!____\_s\
EP1 |+ EPx ! EP2 ' EPy 1%
’ " e e === ] L A‘ ...... a4
abtpri_wo | abtpri w1 abtpri_ro abtpri_r1

The priority of Arbiter Setting Register

Figure 16-8 Relationship between DMAC and priority areas

Page 427

2016/6/27



16. USB Device Controller (USBD)

16.4  Registers TMPM066FWUG TMPMO067FWQG TMPMO068FWXBG

16.4.1.12 UDFSMWSADR(Master Write Start Address Register)

31 | s | 2 | 28 | 22 | 2 25 24
bit symbol mwsadr
After reset 1 1 1 1 1 1 1 1
23 22 21 20 19 18 17 16
bit symbol mwsadr
After reset 1 1 1 1 1 1 1 1
15 14 13 12 11 10 9 8
bit symbol mwsadr
After reset 1 1 1 1 1 1 1 1
7 6 5 4 3 2 1 0
bit symbol mwsadr
After reset 1 1 1 1 1 1 1 1
Bit Bit Symbol Type Function
31-0 mwsadr[31:0] R/W Set the start address of Master Write transfer. However, as this master operation only supports address in-
crements, values lower than the UDFSMWEADR should be set.

16.4.1.13 UDFSMWEADR(Master Write End Address Register)

31 | 30 | 29 | 28 | 27 | 26 25 24
bit symbol mweadr
After reset 1 1 1 1 1 1 1 1
23 22 21 20 19 18 17 16
bit symbol mweadr
After reset 1 1 1 1 1 1 1 1
15 14 13 12 11 10 9 8
bit symbol mweadr
After reset 1 1 1 1 1 1 1 1
7 6 5 4 3 2 1 0
bit symbol mweadr
After reset 1 1 1 1 1 1 1 1
Bit Bit Symbol Type Function
31-0 mweadr[31:0] R/W Set the end address of Master Write transfer. However, as this master only supports address increments, val-
ues above the UDFSMWSADR should be set.
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16.4.1.14 UDFSMWCADR(Master Write Current Address Register)

31 | s | 2 | 28 | 2z | 2 | 2 24
bit symbol mwcadr
After reset 1 1 1 1 1 1 1 1
23 22 21 20 19 18 17 16
bit symbol mwcadr
After reset 1 1 1 1 1 1 1 1
15 14 13 12 11 10 9 8
bit symbol mwcadr
After reset 1 1 1 1 1 1 1 1
7 6 5 4 3 2 1 0
bit symbol mwcadr
After reset 1 1 1 1 1 1 1 1
Bit Bit Symbol Type Function
31-0 mwcadr[31:0] R Displays the addresses to which transfers from EPs to the Master Write buffers have been currently comple-
ted in Master Write transfers. This can be used in case a timeout interrupt has occurred or an error occur-
red during the transfer process.
This address is incremented at the point when the data is set from the EP to the Master Write buffer,
while the data will reside inside the target device or the Master Write buffer during the Master Write trans-
fer process until the displayed address.

16.4.1.15 UDFSMWAHBADR(Master Write AHB Address Register)

31 | 30 | 29 | 28 | 27 | 26 | 25 24
bit symbol mrsadr
After reset 1 1 1 1 1 1 1 1
23 22 21 20 19 18 17 16
bit symbol mrsadr
After reset 1 1 1 1 1 1 1 1
15 14 13 12 11 10 9 8
bit symbol mrsadr
After reset 1 1 1 1 1 1 1 1
7 6 5 4 3 2 1 0
bit symbol mrsadr
After reset 1 1 1 1 1 1 1 1
Bit Bit Symbol Type Function
31-0 mrsadr[31:0] R Displays the address where the transfer to the target device has completed in Master Write transfer. This
can be used in case a timeout interrupt has occurred or an error occurred during the transfer process.
This address is incremented at the point when the data is set to the target device, while the data will re-
side inside the target device or during the Master Write transfer process until the displayed address.
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16.4.1.16 UDFSMRSADR(Master Read Start Address Register)

31 | s | 2 | 28 | 22 | 2 25 24
bit symbol mrsadr
After reset 1 1 1 1 1 1 1 1
23 22 21 20 19 18 17 16
bit symbol mrsasr
After reset 1 1 1 1 1 1 1 1
15 14 13 12 11 10 9 8
bit symbol mrsadr
After reset 1 1 1 1 1 1 1 1
7 6 5 4 3 2 1 0
bit symbol mrsadr
After reset 1 1 1 1 1 1 1 1
Bit Bit Symbol Type Function
31-0 mrsadr[31:0] R/W Set the start address of Master Read transfer. However, as this master only supports address increments, val-
ues lower than the UDFSMWEADR should be set.

16.4.1.17 UDFSMREADR(Master Read End Address Register)

31 | 30 | 29 | 28 | 27 | 26 25 24
bit symbol mreadr
After reset 1 1 1 1 1 1 1 1
23 22 21 20 19 18 17 16
bit symbol mreadr
After reset 1 1 1 1 1 1 1 1
15 14 13 12 11 10 9 8
bit symbol mreadr
After reset 1 1 1 1 1 1 1 1
7 6 5 4 3 2 1 0
bit symbol mreadr
After reset 1 1 1 1 1 1 1 1
Bit Bit Symbol Type Function
31-0 mreadr[31:0] R/W Set the end address of Master Read transfer. However, as this master only supports address increments, val-
ues above the UDFSMRSADR should be set.
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16.4.1.18 UDFSMRCADR(Master Read Current Address Register)
) 29 R 26 25 24
bit symbol mrcadr
After reset 1 1 1 1 1 1 1 1
23 22 21 20 19 18 17 16
bit symbol mrcadr
After reset 1 1 1 1 1 1 1 1
15 14 13 12 11 10 9 8
bit symbol mrcadr
After reset 1 1 1 1 1 1 1 1
7 6 5 4 3 2 1 0
bit symbol mrcadr
After reset 1 1 1 1 1 1 1 1
Bit Bit Symbol Type Function
31-0 mrcadr[31:0] R Displays the address to which transfers from the target device to the EP have been currently completed in
Master Read transfers. This address is incremented at the point when the data is set from the Master
Read buffer to the EP, while the data will reside inside the FIFO for the EP during the Master Read trans-
fer process until the displayed address.
16.4.1.19 UDFSMRAHBADR(Master Read AHB Address Register)
31 | 30 29 28 | 27 26 25 24
bit symbol mrahbadr
After reset 1 1 1 1 1 1 1 1
23 22 21 20 19 18 17 16
bit symbol mrahbadr
After reset 1 1 1 1 1 1 1 1
15 14 13 12 11 10 9 8
bit symbol mrahbadr
After reset 1 1 1 1 1 1 1 1
7 6 5 4 3 2 1 0
bit symbol mrahbadr
After reset 1 1 1 1 1 1 1 1
Bit Bit Symbol Type Function
31-0 mrahbadr[31:0] | R Displays the address where the transfer from the target device to UDC2AB has completed in Master Read

transfer. This address is incremented at the point when the data is set from the target device, while the da-
ta will reside inside the buffer or the FIFO for the EP during the Master Read transfer process until the dis-
played address.
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16.4.1.20 UDFSPWCTL(Power Detect Control Register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol wakeup_en mg?ey__vl:/(le(ljp phy_resetb suspend_x phy_suspend pw_detect pw_resetb usb_reset
After reset 0 1 1 0 0 1 0
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Bit Bit Symbol Type Function
31-8 - R Read as 0.
7 wakeup_en R/W Set this bit to 1’ if you want to shift the TMPM066/067/068 to low-power consumption mode to stop

CLK_H when the USB is suspended.

If this bit is set to '1’, the WAKEUP signal will be asserted to 0 asynchronously when the suspended sta-
tus (<suspend_x>=1) is cancelled. This allows TMPM066/067/068 to resuming from the low-power consump-
tion mode using INTUSBWKUP.

Refer to "16.5.7 Suspend / Resume" for more information about how to use this bit.
0: Do not assert the WAKEUP signal.
1:Assert the WAKEUP signal.

6 phy_remo- R/W This bit is used to perform the remote wakeup function of USB. Setting this bit to 1 makes it possible to as-
to_wkup sert the udc2_wakeup output signal (wakeup input pin of UDC2) to 1. However, since setting this bit to 1
while no suspension is detected by UDC2 (when suspend_x = 1) will be ignored (not to be set to 1), be
sure to set it only when suspension is detected. It will be automatically cleared to 0 when resuming the
USB is completed (when suspend_x is deasserted). See also "1.3.24.8 Suspend / Resume" for more informa-
tion on using this bit.

Refer to "16.5.7 Suspend / Resume" for more information about how to use this bit.
0: No operation
1: Wakeup

5 phy_resetb R/W Setting this bit to 0 will make the PHYRESET output signal asserted to 1. The PHYRESET signal can be
used to reset PHY. Since this bit will not be automatically released, be sure to clear it to 1 after the speci-
fied reset time of PHY.

0: Reset asserted
1: Reset deasserted

4 suspend_x R Detects the suspend signal (a value of the suspend_x signal from UDC2 synchronized).
0: Suspended (<suspend_x> = 0)
1: Unsuspended (<suspend_x> = 1)

3 phy_suspend R/W Setting this bit to 1 will make the PHYSUSPEND output signal asserted to 0 (CLK_H synchronization). It
can be used as a pin for suspending PHY.

Setting this bit to 1 makes the UDC2 register and UDFSDMACRDREQ not accessible.

It will be automatically cleared to 0 when resumed (when suspend_x of UDC2 is deasserted).
Refer to "16.5.7 Suspend / Resume" for more information about how to use this bit.

0: Not suspended.

1: Suspended

2 pw_detect R Indicates the status of the VBUSPOWER input of the UDC2AB.
0: USB bus disconnected (VBUSPOWER = 0)
1: USB bus connected (VBUSPOWER = 1)

1 pw_resetb R/W Software reset for UDC2AB(See "16.5.1 Reset" for details). Setting this bit to 0 will make the PW_RE-
SETB output pin asserted to 0.

Resetting should be made while the master operation is stopped.
Since this bit will not be automatically released, be sure to clear it.
0: Reset asserted.

1: Rest deasserted.

0 usb_reset R The value of the usb_reset signal from the UDC2 synchronized.
0: usb_reset = 0

1: usb_reset = 1
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16.4.1.21 UDFSMSTSTS(Master Status Register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol - - - mrepempty mrbfemp mwbfemp mrepdset mwepdset
After reset 0 0 0 1 1 1 0 0

Bit Bit Symbol Type Function

31-5 - R Reset as undefined.

4 mrepempty R This is a register that indicates the EP for UDC2Rx is empty. Ensure that this bit is set to 1 when sending
a NULL packet using the UDFSC2STSET<tx0>. (This bit is the eptx_empty input signal with CLK_H synchro-
nization.)

0: Indicates the EP contains some data.
1: Indicates the EP is empty.

3 mrbfemp R Indicates whether or not the buffer for the Master Read DMA in UDC2AB is empty.

0: Indicates the buffer for the Master Read DMA contains some data.
1: Indicates the buffer for the Master Read DMA is empty.

2 mwbfemp R Indicates whether or not the buffer for the Master Write DMA in UDC2AB is empty.

0: Indicates the buffer for the Master Write DMA contains some data.
1: Indicates the buffer for the Master Write DMA is empty.

1 mrepdset R This bit will be set to 1 when the data to be transmitted is set to the Tx-EP of UDC2 by Master Read DMA
transfer, making no room to write in the EP. It will turn to 0 when the data is transferred from UDC2 by the
IN-Token from the host. While this bit is set to 0, DMA transfers to the EP can be made. (This bit is the
eptx_dataset input signal with CLK_H synchronization.)

0: Data can be transferred into the EP.
1: There is no space to transfer data in the EP.

0 mwepdset R This bit will be set to 1 when the data received is set to the Rx-EP of UDC2. It will turn to 0 when the en-
tire data was read by the DMA for Master Write. (This bit is the eprx_dataset input signal with CLK_H synchro-
nization.)

0: No data exists in the EP.
1: There is some data to be read in the EP.
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16.4.1.22 UDFSTOUTCNT(Timeout Count Register)
31 | s | 2 R 26 25 24
bit symbol tmoutent
After reset 1 1 1 1 1 1 1 1
23 22 21 20 19 18 17 16
bit symbol tmoutent
After reset 1 1 1 1 1 1 1 1
15 14 13 12 11 10 9 8
bit symbol tmoutent
After reset 1 1 1 1 1 1 1 1
7 6 5 4 3 2 1 0
bit symbol tmoutent
After reset 1 1 1 1 1 1 1 1
Bit Bit Symbol Type Function
31-0 tmoutent[31:0] | R This is used for debugging. Values of the timer can be read when the UDFSMWTOUT<timeout_en> is ena-
bled. It will be decremented each time CLK_U is counted after the EP for Master Write (Rx-EP) becomes
empty.
This register cannot be read by directly specifying the address. In order to read it, set a value to the UDFSD-
MACRDREQ and then read the value from UDFSDMACRDVL.

16.4.2 UDC2 Register

16.4.2.1 UDC2 Registers

BaseAddress=0x4000_8000

Register name Address(Base+)
UDC Address-State Register UDFS2ADR 0x0200
UDC2 Frame Register UDFS2FRM 0x0204
- Reserved 0x0208
UDC2 Command Register UDFS2CMD 0x020C
UDC2 bRequest-bmRequest Type Register UDFS2BRQ 0x0210
UDC2 wValue register UDFS2WVL 0x0214
UDC2 windex Register UDFS2WIDX 0x0218
UDC2 wLength Register UDFS2WLGTH 0x021C
UDC2 INT Register UDFS2INT 0x0220
UDC2 INT EP Register UDFS2INTEP 0x0224
UDC2 INT EP Mask Register UDFS2INTEPMSK 0x0228
UDC2 INT RX DATAO Register UDFS2INTRX0 0x022C
UDC2 EPO MaxPacketSize Register UDFS2EPOMSZ 0x0230
UDC2 EPO Status Register UDFS2EPOSTS 0x0234
UDC2 EPO Datasize Register UDFS2EPODSZ 0x0238
UDC2 EPO FIFO Register UDFS2EPOFIFO 0x023C
UDC2 EP1 MaxPacketSize Register UDFS2EP1MSZ 0x0240
UDC2 EP1 Status Register UDFS2EP1STS 0x0244
UDC2 EP1 Datasize Register UDFS2EP1DSZ 0x0248
UDC2 EP1 FIFO Register UDFS2EP1FIFO 0x024C
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BaseAddress=0x4000_8000

Register name Address(Base+)
UDC2 EP2 MaxPacketSize Register UDFS2EP2MSZ 0x0250
UDC2 EP2 Status Register UDFS2EP2STS 0x0254
UDC2 EP2 Datasize Register UDFS2EP2DSZ 0x0258
UDC2 EP2 FIFO Register UDFS2EP2FIFO 0x025C
UDC2 EP3 MaxPacketSize Register UDFS2EP3MSZ 0x0260
UDC2 EP3 Status Register UDFS2EP3STS 0x0264
UDC2 EP3 Datasize Register UDFS2EP3DSZ 0x0268
UDC2 EP3 FIFO Register UDFS2EP3FIFO 0x026C
UDC2 EP4 MaxPacketSize Register UDFS2EP4MSZ 0x0270
UDC2 EP4 Status Register UDFS2EP4STS 0x0274
UDC2 EP4 Datasize Register UDFS2EP4DSZ 0x0278
UDC2 EP4 FIFO Register UDFS2EP4FIFO 0x027C
UDC2 EP5 MaxPacketSize Register UDFS2EP5MSZ 0x0280
UDC2 EP5 Status Register UDFS2EP5STS 0x0284
UDC2 EPS5 Datasize Register UDFS2EP5DSZ 0x0288
UDC2 EP5 FIFO Register UDFS2EP5FIFO 0x028C
UDC2 EP6 MaxPacketSize Register UDFS2EP6MSZ 0x0290
UDC2 EP6 Status Register UDFS2EP6STS 0x0294
UDC2 EP6 Datasize Register UDFS2EP6DSZ 0x0298
UDC2 EP6 FIFO Register UDFS2EP6FIFO 0x029C
UDC2 EP7 MaxPacketSize Register UDFS2EP7MSZ 0x02A0
UDC2 EP7 Status Register UDFS2EP7STS 0x02A4
UDC2 EP7 Datasize Register UDFS2EP7DSZ 0x02A8
UDC2 EP7 FIFO Register UDFS2EP7FIFO 0x02AC
- Reserved 0x02B0 to 0x32C
UDC2 INT NAK Register UDFS2INTNAK 0x0330
UDC2 INT NAK MASK Register UDFS2INTNAKMSK 0x0334

Reserved

0x0338 to Ox03FC

hibited to these areas.

Note 2: The registers are initialized by reset_x or USB_reset.

Note 1: Those shown as "Reserved" above and the area from 0x0400 to OxOFFF are prohibited to access. Read / Write is pro-
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16.4.2.2 How to access the UDC2 register
The bits 15-0 of the AHB data bus of UDC2AB are connected to the UDC data bus.
The bit31-16 are read-only (read value: undefined).

Make a WORD (32-bit) access for both write and read. (However, a BYTE (8-bit) access may be
made for Write accesses to the EPx_FIFO register. Details will be described later).

It will take some time to complete an access for both write and read.

Be sure to begin subsequent accesses after the previous UDC2 register access is completed, using the
int_udc2 reg rd interrupt. (You can also use the UDFSUDC2RDREQ<udc2rdreq> to confirm the access
status when reading.)

Write access

When making a write access to the UDC2 register, write it directly in the relevant address.

Read access

When making a read access to the UDC2 register, use UDFSUDC2RDREQ and
DFSUDC2RDVL.

First, you set the address to access to the UDFSUDC2RDREQ and then read the data from
the UDFSUCS2RDVL for reading. You cannot read the data directly from the address shown
in the "16.4.2.1 UDC2 Registers".

EPx_FIFO register

When making a write access to the EPx_FIFO register, a lower 1-byte access may be re-
quired in UDC2 PVCI I/F. In such a case, make a BYTE access to the lower 1 byte for UDC2AB.

If a lower 1-byte access is required when making a read access, make an access via UDF-
SUDC2RDREQ as usual and read the data from UDFSUDC2RDVL. In that case, the access
to UDFSAUDC2RDVL can be either by WORD or BYTE.

Reserved Register in UDC2

Do not make any access to registers of EPs not supported by UDC2 to be connected and to
"Reserved" registers. (In case those registers are accessed, the access from UDC2AB to UDC2
itself will take place. It will be a Dummy write to UDC2 in case of write accesses. In case of
read accesses, the read data from UDC2 (udc2 rdata) will be an indefinite value and the indef-
inite value will be set to the UDFSUDC2RDVL.)

Accesses when UDC2 is suspended
When UDC?2 is in the suspended status, register accesses to UDC2 become unavailable if
the clock (= CLK_U) supply from clock/mode control circuit is stopped. Make no register access-

es to UDC?2 in such cases. If the UDC2 register is accessed when the UDFSPWCTL<phy_sus-
pend> is set to 1, an AHB error will be returned.
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Access flow diagram for UDC2 register is shown below.

AHB UDC2AB
UDC2AB
uDC2
(1)Write to UDC2 address | | ___._.
PVCI Write
~eao ] Access Register
___________ ->
A Access 7"
(2)Generate INTUSBD ,+" | completed
(or refer to UDFSINTSTS P
<int_udc2_reg_rd>) | | __.----"7"
< “ 7]

Figure 16-9 Write Access Flow Diagram of the UDC2 Register

AHB UDC2AB UDC2AB
UDFSUDC2RDREQ uUDC2
oo PVCI Read
(1) Generate read access " 13 UuDC2 Register Access
(Write access to kLN i
UDFSUDC2RDREQ) Address ‘\\ Register
T >
/7 7T~ |Complete,-1-
. “~|Access
(2)Generate INTUSBD I it
(or refer to UDFSINTSTS - UDC2RDVL | . ‘
<int_udc2_reg_rd>) -1 -1
< 4 "1 _Read value
g4
(3) Confirm read result
(Read access

UDFSUDC2RDVL)

Figure 16-10 Read Access Flow Diagram of the UDC2 Register
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16.4.2.3 UDFS2ADR(Address-State register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol stage_err ep_bi_mode cur_speed suspend configured addressed default
After reset 0 0 0 0 0 0 0 1

7 6 5 4 3 2 1 0
bit symbol - dev_adr
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function

31-16 - R Read as undefined.

15 stage_err R/W Indicates whether Control transfers finished normally up to the STATUS-Stage. 1 will be set when the Setup-
Token is received in DATA-Stage/STATUS-Stage or in the case of "STALL" transmission. When set, it will
be cleared when the next Control transfer has been finished normally.

0: Other than above conditions.
1: Received the Setup-Token in DATA-Stage/STATUS-Stage or "STALL" transmission.

14 ep_bi_mode R/W Selects whether to use the EP bidirectionally as a driver. Setting this bit to 1 will enable an EP number to
be used bidirectionally in USB communication.

0: Single direction
1: Dual direction

13-12 cur_speed[1:0] [ R Indicates the present transfer mode on the USB bus.
00: Reserved
01: Full-Speed
10: Reserved
11: Reserved

11 suspend R Indicates whether or not UDC2 is in suspended state.
0: Normal
1: Suspend

10 configured R/W Set the present device state of UDC2. This should be set in accordance with the request received from
the host. Please note that you should not set 1 to more than one bit.

9 addressed R/W 001: default (to be set when the DeviceAddress = 0 was specified by the Set_address request in Default /

Address state (this will be set by the hardware when USB_RESET is received))
8 default R/W 010: addressed (to be set when ConfigurationValue = 0 was specified by the Set_configuration request af-
ter the Set_address request finished normally and in the Address/Configured state).
100: configured (to be set when the Set_configuration request is received).

7 - R Read as undefined.

6-0 dev_adr[6:0] R/W Sets the device address assigned by the host. The device address should be set after Set_address has fin-
ished normally (after STATUS-Stage finished normally).
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16.4.2.4 UDFS2FRM(Frame register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol create_sof - f_status - frame
After reset 0 0 1 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol frame
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function

31-16 - R Read as undefined.

15 create_sof R/W Sets whether to generate the SOF flag internally when the SOF from the host is unavailable due to a bus er-
ror. This should be set if you wish to synchronize frames by SOF in Isochronous transfers. If enabled, the in-
ternal frame time counter will operate and the SOF flag will be output even when the SOF-Token could not
be received successfully.

0: Generates no flag

1: Generates a flag

14 - read as undefined.

13-12 f_status[1:0] Indicates the status of the frame number.

00: Before: Will be set if the Micro SOF/SOF was not received when 1frame-time (Full-Speed:1 ms) has
passed after receiving the Micro SOF/SOF when <create_sof> is enabled. In the Frame register, the
frame number received in the last Micro SOF/SOF has been set.

01:  Valid: Will be set when the Micro SOF/SOF was received. Indicates a valid frame number is set in
the Frame register.

10:  Lost: Indicates that the frame number maintained by the host is not synchronized with the value of
UDFS2FRM. Accordingly, this will be set in the following cases:

1. When the system was reset or suspended.

2. If the next Micro SOF/SOF was not received when 2 frame-time (Full-Speed: 1 x 2 ms) has
passed after receiving the previous Micro SOF/SOF when <create_sof> is enabled.

Also note that transition to the Lost status only happens after the system was reset or when it is suspen-
ded if <create_sof> is disabled.

11 - R Read as undefined.

10-0 frame[10:0] R Indicates the frame number when SOF is received.

This will be valid when <f_status> is "Valid".

Should not be used if <f_status> is "Before" or "Lost" as correct values are not set.
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16.4.2.5 UDFS2CMD(Command register)
31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol int_toggle - - - rx_nulpkt_ep
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol ep com
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31-16 - R Read as undefined.
15 int_toggle R/W Makes the DATA-PID toggle when Handshake is not received in Interrupt-IN transfers.
0: Do not toggle when not received
1: Toggle when not received as well
14-12 - Read as undefined.
11-8 rx_nulpkt_ep Indicates the receiving EP when Zero-Length data is received.
[3:0] When the INT_RX_ZERO flag is asserted, read this bit to check to which EP it was asserted. Once Zero-
Length data is received and the EP number is retained, the value of this register will be retained until Zero-
Length data is received next time or hardware reset is made. If there is more than one EP of OUT direc-
tion, this bit will be renewed each time Zero-Length data is received. In that case, UDFS2INTRXO0 can be
used to identify which EP has received the data.
7-4 ep[3:0] R/W Sets the EP where the command to be issued will be valid. (Do not specify an EP not existing.)
3-0 com[3:0] R/W Sets the command to be issued for the EP selected in ep[3:0]. Refer to "16.2.2.3 Commands to EP" for

more information.
0x0: Reserved

0x1: Setup_Fin

0x2: Set_DATAO
0x3: EP_Reset

0x4: EP_Stall

0x5: EP_Invalid

0x6: Reserved

0x7: EP_Disable
0x8: EP_Enable

0x9: All_EP_Invalid
0xA: USB_Ready
0xB: Setup_Received
0xC: EP_EOP

0xD: EP_FIFO_Clear
OxE: EP_TX_ODATA
OxF: Reserved
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16.4.2.6 UDFS2BRQ(bRequest-bmRequest Type register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol request
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol dir req_type recipient
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-16 - R Read as undefined
15-8 request[7:0] R Indicates the data of the second byte received with the Setup-Token (bRequest field).
7 dir R Indicates the data of the first byte received with the Setup-Token (bmRequestType field).
Direction of Control transfers.
0: Control-WR transfer
1: Control-RD transfer
6-5 req_type[1:0] R Type of requests
00: Standard request
01: Class request
10: Vendor request
11: Reserved
4-0 recipient[4:0] R Requests are received by
0_0000: Device
0_0001: Interface
0_0010: EP
0_0011: etc.
0_0100-1_1111: Reserved
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16.4.2.7 UDFS2WVL(wValue register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol value
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol value
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-16 - R Read as undefined.
15-8 value[15:8] R Indicates the data of the fourth byte received with the Setup-Token (wValue (High) field).
7-0 value[7:0] R Indicates the data of the third byte received with the Setup-Token (wValue (Low) field).
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16.4.2.8 UDFS2WIDX(wIndex register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol index
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol index
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-16 - R Read as undefined
15-8 index[15:8] R Indicates the data of the sixth byte received with the Setup-Token (windex (High) field).
7-0 index[7:0] R Indicates the data of the fifth byte received with the Setup-Token (windex (Low) field).
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16.4.2.9 UDFS2WLGTH(wLength register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol length
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol length
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-16 - R Read as undefined
15-8 length[15:8] R Indicates the data of the eighth byte received with the Setup-Token (wLength (High) field).
7-0 length[7:0] R Indicates the data of the seventh byte received with the Setup-Token (wLength (Low) field).
Page 445 2016/6/27



16. USB Device Controller (USBD)
16.4 Registers

TMPM066FWUG TMPM067FWQG TMPMO068FWXBG

16.4.2.10 UDFS2INT(INT register)
31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol m_nak m_ep m_ep0 m_sof m_rx_data0 m_status m_status_nak m_setup
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol i_nak i_ep i_ep0 i_sof i_rx_data0 i_status i_status_nak i_setup
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31-16 - R Read as undefined.
15 m_nak R/W Sets whether or not to output <i_nak> to the INT_NAK pin.
0: output
1: no output
14 m_ep R/W Sets whether or not to output <i_ep> to INT_EP pin.
0: output
1: no output
13 m_ep0 R/W Sets whether or not to output <i_ep0> to INT_EPO pin.
0: output
1: no output
12 m_sof R/W Sets whether or not to output <i_sof> to INT_SOF pin.
0: output
1: no output
1 m_rx_data0 R/W Sets whether or not to output <i_rx_data0> to INT_RX_ZERO pin.
0: output
1: no output
10 m_status R/W Sets whether or not to output <i_status> to INT_STATUS pin.
0: output
1: no output
9 m_status_nak R/W Sets whether or not to output <i_status_nak> to INT_STATUS_NAK pin.
0: output
1: no output
8 m_setup R/W Sets whether or not to output <i_setup> to INT_SETUP pin.
0: output
1: no output
7 i_nak R/W This will be set to 1 when NAK is transmitted by EPs except EPO.
(EPs to which you wish to output the INT_NAK flag can be selected using UDFS2INTNAKMASK). Writing
1 to this bit will make each bit of UDFS2INTNAK cleared to 0.
6 i_ep R/W This will be set to 1 when transfers to EPs other than EPO have successfully finished
(EPs to which you wish to output the flag can be selected using UDFS2INTNAKMASK). Writing 1 to this
bit will make each bit of UDFS2INTEP cleared to 0.
5 i_ep0 R/W This will be set to 1 when the transfer to EPO has successfully finished.
4 i_sof R/W This will be set to 1 when the SOF-token is received or after 1 frame-time was counted in the create_sof
mode.
3 i_rx_data0 R/W This will be set to 1 when Zero-Length data is received. (EPs to which you wish to output the flag can be se-
lected using UDFS2INTNAKMASK). Writing 1 to this bit will make each bit of UDFSINTTRXO cleared to 0.
This will not be set to 1 when Zero-Length data is received in the STATUS-Stage of Control-RD transfers.
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Bit Bit Symbol Type Function

i_status R/W This will be set to 1 when the STATUS-Stage has successfully finished in Control transfers at EPO. (This
will be set to 1 when Zero-Length data is received in the STATUS-Stage and successfully finished in Control-
RD transfers, and when Zero-Length data is transmitted in the STATUS-Stage and successfully finished in
Control-WR transfers.)

i_status_nak R/W This will be set to 1 when the packet of STATUS-Stage is received in the Control-RD transfers at EPO.
When this bit was set which means the DATA-Stage has finished, set the "Setup-Fin" command by the
UDFS2CMD to make the stage of UDC2 proceed to the STATUS-Stage. When receiving the data having
the size of an integral multiple of MaxPacketSize (64 bytes) in the DATA-Stage of Control-WR transfers,
Zero-Length data may be received to indicate the end of the DATA-Stage. After that, as the end of the DATA-
Stage can be recognized by this i_status_nak when receiving the In-token in the STATUS-Stage, make
UDC2 proceed to the STATUS-Stage.

i_setup R/W This will be set to 1 when the Setup-Token was received in Control transfers at EPO.
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16.4.2.11  UDFS2INTEP(INT_EP register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol i_ep7 i_ep6 i_ep5 i_ep4 i_ep3 i_ep2 i_ep1 -
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function

31-16 - R Read as undefined.

15-8 Reserved R/IW Write as "0".

7-1 i_ep7 toi_ep1 | RIW Flags to indicate the transmitting/receiving status of EPs (except for EPO).
The relevant bit will be set to 1 when the transfer to EPs other than EPO has successfully finished. (EPs to
which you wish to output the int_ep flag can be selected using UDFS2INTEPMSK.).
0: No data transmitted/received.
1: Some data transmitted/received

0 - R/IW Read as undefined.
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16.4.2.12 UDFS2INTEPMSK(INT_EP_MASK register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol m_ep7 m_ep6 m_ep5 m_ep4 m_ep3 m_ep2 m_ep1 m_ep0
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function

31-16 - R Read as undefined.

15-8 Reserved R/IW Write as "0".

7-0 m_ep7 to R/W Mask control of flag output.

m_ep0 0 : output
1: no output
Sets whether or not to output flags of UDFS2INTEP and UDFS2INTRXO to the int_ep pin and the
int_rx_zero pin respectively. When an EP is masked, each bit of UDFS2INTEP will be set when the trans-
fer of the relevant EP has successfully finished, but the int_ep pin will not be asserted. Similarly, when an
EP is masked, each bit of UDFS2INTRXO0 will be set when Zero-Length data is received at the relevant
EP, but the int_rx_zero pin will not be asserted. However, bit 0 is only valid for UDFS2INTRXO0.
(1) How to use UDFS2INT / UDFS2INTEP / UDFS2INTEPMSK

An example of using UDFS2INT / UDFS2INTEP / UDFS2INTEPMSK is provided for EP1 to 3.

1. When using EP 1 and EP 2 with DMA (EP I/F) and using only EP3 via PVCI-I/F

<i_ep> Used as the interrupt source of EP3. This bit is also used when clearing.
UDFS2INT
<m_ep> | Used as the mask of the interrupt source of EP3.
<i_ep1> | Don't care
UDFS2INTEP <i_ep2> | Don't care
<i_ep3> | Don't care
<m_ep1> | Set 1 to mask the bit.
UDFS2IN- .
TEPMSK <m_ep2> | Set 1 to mask the bit.
<m_ep3> | Write 0.

2. When using EP2 and EP3 via PVCI-I/F and using EP1 with DMA

After initialization, set 1 to UDFS2INTEPMSK of the EP to be used with DMA to
mask it. When making interrupt responses for more than one EPs, be sure to use UDFS2IN-

TEP. Ignore UDFS2INT<i_ep> and always enable <m_ep> as 0.
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Do not clear the source using UDFS2INT<i_ep>. After the interrupt has occurred, you
need to check UDFS2INT and UDFS2INTEP to determine the source. When clearing the
source, use each source bit of UDFS2INT interrupt to clear it.

<i_ep> Write as 0.
UDFS2INT

<m_ep> | Write as 0.

<i_ep1> | Don't care

UDFS2INTEP <i_ep2> | Used as the interrupt source of EP2. This bit is also used when clearing.

<i_ep3> | Used as the interrupt source of EP3. This bit is also used when clearing.

<m_ep1> | Set 1 to mask the bit.

UDFS2IN- : . waye
TEPMSK <m_ep2> | Used as the mask of the interrupt source of EP2. Write as "0".

<m_ep3> | Used as the mask of the interrupt source of EP3. Write as "0".
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16.4.2.13 UDFS2INTRXO(INT_RX_DATAO register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol rx_d0_ep7 rx_d0_ep6 rx_d0_ep5 rx_d0_ep4 rx_d0_ep3 rx_d0_ep2 rx_d0_ep1 rx_dO_ep0
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-16 - R Read as undefined.
15-8 Reserved R/IW Write as "0".
7-0 rx_d0_ep7 to R/W Flags for indicating Zero-Length data received at EP
rx_d0_ep0 0:No Zero-Length data received

1:Zero-Length data received

The relevant bit will be set to 1 when EPs have received Zero-Length data. (EPs to which you wish to out-
put the int_rx_zero flag can be selected using UDFS2INTEPMSK)
For bit 0 (EP 0), it will be set to 1 only when Zero-Length data is received in the DATA-Stage while process-
ing the request. Since it will not be set when Zero-Length data is received in the STATUS-Stage, use the
int_status flag.
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UDFS2INTEPMSK UDFS2INTEP
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Figure 16-11 Interrupt Status and Mask Register
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16.4.2.14 UDFS2INTNAK(INT_NAK register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol i_ep7 i_ep6 i_ep5 i_ep4 i_ep3 i_ep2 i_ep1 -
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function

31-16 - R Read as undefined.

15-8 Reserved R/IW Write as "0",

7-1 i_ep7 toi_ep1 | RIW Flags to indicate the status of transmitting NAK at EPs (except for EP0)
0: No NAK transmitted
1: NAK transmitted
The relevant bit will be set to 1 when NAK is transmitted by EPs other than EPO. (EPs to which you wish
to output the INT_NAK flag can be selected using UDFS2INTEPMSK.)

0 - R Read as undefined.
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16.4.2.15 UDFS2INTNAKMSK(INT_NAK_MASK register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol m_ep7 m_ep6 m_ep5 m_ep4 m_ep3 m_ep2 m_ep1 -
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function

31-16 - R Read as undefined.

15-8 Reserved R/IW Write as "0".

7-1 m_ep7 to R/W Mask control of flag output

m_ep1 0: output

1: no output
Sets whether or not to output flags of UDFS2INTNAK to the int_nak pin respectively. When EPs are
masked, each bit of UDFS2INTNAK will be set when NAK is transmitted in the transfer of the relevant EP,
but the int_nak pin will not be asserted.

0 - R Read as undefined.
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UDFS2INTNAKMSK UDFS2INTNAK
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Figure 16-12 Interrupt and Status Register
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16.4.2.16 UDFS2EPOMSZ(EPO0_MaxPacketSize register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol tx_Odata - - dset - - - -
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol - max_pkt
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function

31-16 - R Read as defined.

15 tx_Odata R When the "EP_TX_ODATA" command is issued to EPO by UDFS2CMD, this bit will be set to 1 which will
be cleared to 0 after the Zero-Length data has been transmitted.

14-13 - R Read as defined.

12 dset R Indicates the status of UDFS2EPOFIFO. It will be cleared to 0 when the Setup-Token is received.
0: No valid data exists
1: Valid data exists

11-7 - R Read as "0".

6-0 max_pkt[6:0] R/W Sets MaxPacketSize of EPO.
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16.4.2.17 UDFS2EPOSTS(EPO_Status register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol ep0_mask - toggle status -
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function

31-16 - R Read as undefined.

15 ep0_mask R Will be set to 1 after the Setup-Token is received. Will be cleared to 0 when the "Setup_Received" com-
mand is issued. No data will be written into the UDFS2EPOFIFO while this bit is 1.
0: Data can be written into UDFS2EPOFIFO.
1: Data can not be written into UDFS2EPOFIFO.

14 - R Read as undefined.

13-12 toggle[1:0] R Indicates the present toggle value of EP.
00: DATAO
01: DATA1
10: Reserved
11: Reserved

11-9 status[2:0] R Indicates the present status of EPO. It will be cleared to "Ready" when the Setup-Token is received.
000: Ready (Indicates the status is normal)
001: Busy (To be set when returned "NAK" in the STATUS-Stage)
010: Error (To be set in case of CRC error in the received data, as well as when timeout has occurred af-
ter transmission of the data)
011: Stall (Returns "STALL" when data longer than the Length was requested in Control-RD transfers)
100 to 111: Reserved

8-0 - R Read as undefined.
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16.4.2.18 UDFS2EPODSZ(EPO_Datasize register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol - size
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-7 - R Read as undefined.
6-0 size[6:0] R Indicates the number of valid data bytes stored in UDFS2EPOFIFO.
It will be cleared to when the Setup-Token is received.
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16.4.2.19 UDFS2EPOFIFO(EPO_FIFO register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol data
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol data
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-16 - R Read as undefined.
15-0 data[15:0] R/W Used for accessing data from PVCI-I/F to EPO.

For the method of accessing this register, see "16.7.1.1 Control-RD transfer" , "16.7.1.2 Control-WR trans-
fer (without DATA-Stage)" and "16.7.1.3 Control-WR transfer (with DATA-Stage)".

The data stored in this register will be cleared when the request is received (when the INT_SETUP inter-

rupt is asserted).
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16.4.2.20 UDFS2EPxMSZ(EPx_MaxPacketSizeRegister)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol tx_Odata - - dset (note1) - max_pkt
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol max_pkt
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31-16 - R Read as undefined.
15 tx_Odata R When the "EPx_TX_ODATA" command is issued to EPx by UDFS2CMD or Zero-Length data has been set
at EP-I/F, this bit will be set to 1. It will be cleared to O after the Zero-Length data has been transmitted.
14-13 - R Read as undefined.
12 dset R Indicates the status of EPx_FIFO.
0: No valid data exists
1: Valid data exists
11 - R Read as undefined.
10-0 max_pkt[10:0] R/W Sets MaxPacketSize of EPx.
Set this when configuring the EP when Set_Configuration and Set_lInterface are received.
Set an even number for a transmit EP. On USB, when MaxPacketSize of a transmit EP is an odd number,
set an even number to max_pkt and make the odd number of accesses to the EP. (For instance, set 1024
to max_pkt when the MaxPacketSize should be 1023 bytes.)
Note: For details, refer to "16.9.2 Appendix B About Setting an Odd Number of Bytes as MaxPacketSize".

Note 1: The initial value of <dset> after reset is 1 when the EPx is a transmit EP, while it is 0 when the EPx is a re-
ceive EP.

Note 2: The initial value of <dset > after USB_RESET is 1 when the EPx is a transmit EP, while it is "Retain" when
the EPx is a receive EP.
Note 3: x=1to 7
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16.4.2.21

UDFS2EPxSTS(EPx_Status register)

31

30

29

28

bit symbol

After reset

bit symbol

After reset

15

bit symbol

pkt_mode

bus_sel

toggle

status

disable

After reset

0

0

0

7

6

0

bit symbol

dir

t_type

num_mf

After reset

Bit

Bit Symbol

Type

Function

31-16

Read as undefined.

15

pkt_mode

R/W

Selects the packet mode of EPx. Selecting the Dual mode makes it possible to retain two pieces of packet
data for the EPx.

0: Single mode
1: Dual mode

bus_sel

R/W

Select the bus to access to the FIFO of EPx.
0: Common bus access
1: Direct access

13-12

toggle[1:0]

Indicates the present toggle value of EPx.
00: DATAOQ
01: DATA1
10: DATA2
11: MDATA

status[2:0]

Indicates the present status of EPx. By issuing EP_Reset from UDFSCMD, the status will be "Ready."
000: Ready (Indicates the status is normal)
001: Reserved

010: Error (To be set in case a receive error occurred in the data packet, or when timeout has occurred af-
ter transmission. However, it will not be set when "Stall" or "Invalid" has been set.)

011: Stall (To be set when "EP-Stall" was issued by UDFS2CMD.)
100 to 110: Reserved
111: Invalid (Indicates this EP is invalid)

disable

Indicates whether transfers are allowed for EPx. If "Not Allowed," "NAK" will be always returned for the To-
ken sent to this EP.

0: Allowed
1: Not Allowed

dir

R/IW

Sets the direction of transfers for this EP.
0: OUT (Host-to-device)
1: IN (Device-to-host)

6-4

Read as undefined.

3-2

t_type[1:0]

R/W

Sets the transfer mode for this EP.
00: Control

01: Isochronous

10: Bulk

11: Interrupt

num_mf[1:0]

R/W

When the Isochronous transfer is selected, set how many times the transfer should be made in the frames.
00: 1-transaction

01: 2-transaction

10: 3-transaction

11: Reserved
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Note 1: Setting for this register should be made when configuring the EP when Set_Configuration and Set_Interface
are received.

Note 2: x=1to 7

Note 3: Each EP depend on the product specification. For EP1, EP3, EP5, EP7 which is fixed for IN transfers, <dir>
can be set to "1" only. For EP2, EP4, EP6 which is fixed for OUT transfers, dir can be set to "0" only.
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16.4.2.22 UDFS2EPxDSZ(EPx_Datasize register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol - - - - - size
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol size
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-11 - R Read as undefined.
10-0 size[10:0] R Indicates the number of valid data bytes stored in EP1_FIFO. In the Dual Packet mode, the number of da-
ta bytes to be accessed first will be shown.
Note:x=1to 7
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16.4.2.23 UDFS2EPxFIFO(EPx_FIFO register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol data
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol data
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-16 - R 0.
15-0 data[15:0] R/W Used for accessing data from PVCI-I/F to EPx.
Note:x=1to 7
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16.5 Description of UDC2AB operation

16.5.1 Reset
UDC2AB supports software reset by the UDFSPWCTL<pw_resetb>.

It also supports master channel reset (UDFSMSTSET<mr reset>/<mw_reset>) for DMAC master transfers.

Software reset (UDFSPWCTL<pw_resetb>)

Some bits of each register are initialized by hardware reset but not initialized by software reset
with the values retained. As details are provided in the descriptions of each register, refer to
"16.4.1.1 UDC2AB Register list".

When the USB bus power is detected, make software reset as initialization is needed.
Master channel reset (UDFSMSTSET<mr reset><mw_reset>

While the <mw_reset> bit is provided for the Master Write transfer block and the <mr reset> bit
for the Master Read transfer block, only the relevant master blocks are initialized and the

UDC2AB register will not be initialized. For more information on using each reset, see "16.4.1.6
UDFSMSTSET(DMAC Setting Register)".
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16.5.2 Interrupt Signals

There are two interrupt output signals of UDC2AB, INTUSB and INTUSBWKUP.

16.5.2.1  INTUSB Interrupt Signal

Interrupt output signal of INTUSB consists of interrupts generated by UDC2 and that generated by oth-
er sources.

Once the interrupt condition is met, UDC2AB sets the corresponding bit of its UDFSINTSTS. When
that bit is set, INTUSB will be asserted if the relevant bit of UDFSINTENB has been set to "Enable."

When the relevant bit of UDFSINTENB has been set to "Disable," 1 will be set to the corresponding
bit of UDFSINTSTS while INTUSB will not be asserted.

When the relevant bit of UDFSINTENB is set to "Enable" with UDFSINTSTS set, INTUSB will be as-
serted immediately after the setting is made.

Initial values for UDFSINTENB are all 0 (Disable).

Interrupt output signal of INTUSB will not be generated while CLK _H is stopped.

UDFSINTSTS [T =
T 11
(2929 (2924232921129 1941917 [19 9[8] [7]6]5]4[3][2]1]0
[

INTUSBD

UDFSINTENB |_ :
P P s 2 s P PO RS R A S

1
, UDC2 INT_ACK INT_SETUP

: INT EP INT_STATUS NAK
I

1

iINT_EPO| | INT_STATUS
INT_SOFINT_RX_ZERO

Note) The UDC2 flag is masked by UDFS2INT.

Figure 16-13 Relationship of INTUSB and registers
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16.5.2.2 INTUSBWKUP Interrupt
INTUSBWKUP interrupt occurs at the falling edge of the WAKEUP output signal.

WAKEUP will be asserted when the following conditions match:UDFSPWCTL<wakeup_en> is 1 and
the suspended condition is cancelled (UDFSPWCTL<suspend x>=1). WAKEUP will be asserted when
VBUS is disconnected (VBUSPOWER=0) as well.

INTUSBWKUP interrupt occurs regardless of the status of CLK_H.
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16.5.3 Operation Sequence

The operation sequence of UDC2AB is as follows:

1. Hardware reset

2. Set the interrupt signal
Configure the INTUSB interrupt, the INTUSBWKUP interrupt and the VBUS interrupt.

3. VBUS detection (connect) and reset

Refer to "16.5.5.2 Sequence of USB Bus Power (VBUS) Connection/Disconnection" and "16.5.1
Reset" for details.

4. USB enumeration response

Refer to "16.6 USB Device Response" for details.

5. Master Read / Master Write transfer
a. Master Read transfer

Make a Master Read transfer corresponding to the receiving request from the USB host. Re-
fer to "16.5.4.1 Master Read transfer" for details.

b. Master Write transfer
Make a Master Write transfer corresponding to the sending request from the USB host. Re-
fer to "16.5.4.2 Master Write transfer" for details.
6. VBUS detection (disconnect)
The USB bus power supply may be disconnected at any time.
Refer to "16.5.5.2 Sequence of USB Bus Power (VBUS) Connection/Disconnection" for details.
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1. Hardware reset
2. Setting interrupt request

3. Detect the power of
USB bus (Connect) and
initialization

4. USB enumeration respons

Receive request Transmit request

5.b. Master write transfer

Figure 16-14 Operation Sequence

6. Not detect the power o
USB bus (Disconnect)
and initialization

5.a. Master read transfer
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16.5.4 Master Transfer Operation
This section describes the master transfer operation of UDC2AB.

When you start a master transfer, be sure to set the transfer setting of the relevant EP of UDC2
(UDFS2EPxSTS<bus_sel>) to the direct access mode. It is prohibited to start DMAC when it is set to "Com-
mon bus access."

16.5.4.1 Master Read transfer

(1) Master Read mode

There are two modes of the master read mode: EOP enable mode and EOP disable mode.

(@) EOP enable mode

Master Read transfers when UDC2STSET<eopb enable> is set to 1 (Master Read EOP enable)
are described here. Master Read operations will be as follows:

1. Set UDFSMWSADR and UDFSMWEADR.

2. Set the bits associated to the master read operation of UDFSMSTSET and set 1 to
<mr_enable>.

3. UDC2AB starts the data transfer to the EP of UDC2. UDC2 transfers the data to the IN
token from the USB host.

4. When the Master Read transfer reaches the Master Read end address, UDC2AB asserts
the mr_end add interrupt.

5. After the handling by the software ended, return to 1.

About Short packets

If the transfer size (Master Read End Address - Master Read Start Address +1) is
not the same size as the Max packet size, the last IN transfer will be the transfer of
short packets.

Example: In case Master Read transfer size 139 bytes and the Max packet size 64 bytes.
Transfer will take place in:
1st time 2nd time 3rd time

— —

64 bytes 64 bytes 11 bytes
About mr_end_add interrupt

The mr_end_add interrupt occurs when the data transfer to the UDC2 EP is finished.
In order to confirm whether the entire data has been transferred from UDC2 to the
USB host, check the UDFSMSTSTS<mrepempty>.

(b) EOP Disable mode

Master Read transfers when UDC2STSET<eopb_enable > is set to 0 (Master Read EOP disable)
are described here. Master Read operations will be as follows:
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1. Set the register associated to the UDFSMWSADR and UDFSMWEADR.

2. Set the bits associated to the Master Read operation of UDFSMSTSET and set 1 to the
<mr_enable>.

3. UDC2AB starts the data transfer to the EP of UDC2. UDC2 transfers the data to the IN
token from the USB host.

4. When the Master Read transfer reaches the Master Read end address, UDC2AB asserts
the mr end add interrupt. If the FIFO of the EP has reached the MAX packet size dur-
ing Master Read transfer, UDC2 transfers the data to the IN token from the USB host.
However, if it has not reached yet, data will remain in the FIFO to the next transfer.

5. After the handling by the software ended, return to 1.

Note:When UDC2AB is used in the EOP Disable mode, short packets will not be sent out even if
the data string to be sent has been transferred. EOP Disable mode should be used only in
case the size of the data string is a multiple of the maximum packet size.

The mode can be used if the total size of data string is a multiple of the maximum packet size.
For example, the following transfer may be allowed:

Example:
Size of the first Master Read transfer 1100 bytes
Size of the second Master Read transfer  :28 bytes (total of first and second transfer = 128bytes)

Max packet size :64 bytes

A transfer of 64 bytes will be made twice for the IN transfer.

(2) Aborting of Master Read transfer

You can abort Master Read transfers with the following operation.

1. Use UDC2 Command register to set the status of the relevant EP to Disabled (EP_Disa-
ble). (If aborted without making the EP disabled, unintended data may be sent to the USB
host.)

2. In order to stop the Master Read transfer, set 1 (Abort) to UDFSMSTSET <mr_abort>.

3. In order to confirm that the transfer is aborted, check that the UDFSMSTSET<mr_enable>
was disabled to 0. Subsequent operations should not be made while the mr_enable bit is 1.

(Information on the address where the transfer ended when aborted can be confirmed
with Master Read Current Address and Master Read AHB Address registers.)

4. In order to initialize the Master Read transfer block, set 1 (Reset) to UDFSMSTSET<mr_re-
set>.

5. Use the Command register (EP_FIFO_Clear) to initialize the FIFO for the relevant EP.

6. Use the Command register (EP_Enable) to enable the relevant EP.
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(8) Setting the maximum packet size in Master Read transfers

If the maximum packet size of the EP to be connected with the Master Read function of
UDC2AB will be an odd number, there will be following restrictions to which you should pay atten-
tion:

+  Even if the maximum packet size of the EP should be handled as an odd number, the set-
ting of the UDFS2EPxMSZ<max_pkt> should be an even number.

Note: Refer to the "16.9.2 Appendix B About Setting an Odd Number of Bytes as MaxPacketSize" for details.
+  Set the UDC2STSET<eopb enable> to 1 (Master Read EOP enable).

+  Make the transfer size to be specified for one Master Read transfer (Master Read End Ad-
dress - Master Read Start Address + 1) not exceed the maximum packet size of an odd num-
ber.

Example:
Set the maximum packet size of EP (value to pass to the USB host) to be 63bytes.
Make the setting of the UDFS2EPxMSZ<max_pkt> to be 64 bytes.

Keep the transfer size to be specified for one Master Read transfer to 63 bytes or less.

16.5.4.2 Master Write transfer

(1) Master Write Transfer Sequence

Master Write operations will be as follows:

1. Set UDFSMWSADR and UDFSMWEADR.
2. Set the bits associated to the UDFSMSTSET and set 1 to the <mw_enable>.
3. UDC2AB makes a Master Write transfer to the data in the EP received from the USB host.

4. Since the mw_end add interrupt will be asserted when the writing ended to reach the Mas-
ter Write End Address (with no timeout processed), you should make necessary arrange-
ment with the software. UDC2 will return to 1 after receiving the correct packet.

Note: UDC2AB will assert the mw_set_add interrupt when the packet is received normally from the
USB host with the UDFSMSTSET<mw_enable disabled.

(2) Timeout

Master Write transfers would not finish if the OUT transfer from the USB host should stagnate be-
fore reaching the Master Write End Address during the transfer. In order to cope with such circumstan-
ces, you can set the timeout function.

When this timeout function is used, all data stored in the buffer in UDC2AB at the point of time-
out will be transferred to AHB.

Timeout can be processed with the following operation.

1. Make an access to the UDFSMWTOUT before starting a Master Write transfer and set time-
outset (timeout time) to make <timeout en> enabled 1.

2. Start the Master Write transfer in accordance with the instruction in the preceding section.
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3. When the timeout has occurred, the mw_timeout interrupt will be asserted. (The
mw_end_add interrupt will not be asserted.) In that case, the Master Write transfer is not com-
pleted to reach the Master Write End Address. UDC2AB clears the UDFSMSTSET<mw_en-
able> to 0.

4. In UDFSMWCADR, the address to which the transfer has completed to the AHB end can
be confirmed.

Please note that the timeout counter advances during the Master Write transfer with the timeout
function enabled, but the counter will be reset to the preset value when the OUT transfer from the
USB host to the relevant EP is received and begin recounting (see the Figure 16-15). It means that
the time until timeout is "from the point when the last transfer from the USB host to the relevant
EP has occurred during the Master Write transfer to the preset time," rather than "from the point
when the Master Write transfer has begun to the preset time."

If you do not use the timeout function, be sure to set the UDFSMWTOUT<timeout en> to "Disa-
ble 0" before starting the Master Write transfer. In that case, the transfer will not finish until reach-
ing the preset Master Write End Address.

Out Transfer
eprx_dataset / ‘ :g )
: i\ ;
UDFSMWTOUT __ X__33 : : } : X9
mw_enable / A\
UDFSTOUTCNT € ) E)E) C I €9 €69 €9 €9 S EY

Figure 16-15 Example of MW timeout count

(3) Aborting of Master Write transfers

You can abort Master Write transfers with the following operation.

1. Use UDFS2CMD to set the status of the relevant EP to Disable (EP_Disable).
2. In order to stop the Master Write transfer, set 1 (Abort) to the UDFSMSTSET<mw_abort>.

3. In order to confirm the transfer is aborted, check the UDFSMSTSET<mw_enable> was dis-
abled to 0. Subsequent operations should not be made while the <mw_enable> is 1. (Informa-
tion on the address where the transfer ended when aborted can be confirmed with Master
Write Current Address and Master Write AHB Address registers.)

4. In order to initialize the Master Write transfer block, set 1 (Reset) to the UDFSMST-
SET<mw_reset>.

5. Use UDFS2CMD (EP_FIFO_ Clear) to initialize the FIFO for the relevant EP.

6. Use UDFS2CMD to set the status of the relevant EP to Enable (EP_Enable).
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16.5.5 USB Power Management Control

In USB, operations related to power management including detection of USB bus power supply, suspend-
ing and resuming are also prescribed in addition to normal packet transfers. This section discusses about how
to control those operations.

Note:Be sure to see the USB 2.0 Specification for details of operations.

16.5.5.1  Connection Diagram of Power Management Control Signal

Below is a connection diagram of signals related to power management control.

Clock /
Mode Control
USBDCLK fsys
v
CLK_H

USBPON » VBUSPOWER I INTUSB
| PHYRESET ——— INTUSBWKUP
PHYSUSPEND
D+D- +—
USB
UDC2AB
1/0
CLK U
UTMI
uDC2

Figure 16-16 Connection Diagram of Power Management Control Signal
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16.5.5.2  Sequence of USB Bus Power (VBUS) Connection/Disconnection

(1) Connect

If CLK_H is operating, the USB bus power (VBUS) connection is detected using the INTUSB(pow-
erdetect) interrupt and UDFSPWCTL<pw_detect>. If UCLK _H is stopped, the USB power connec-
tion (VBUY) is detected using the External Dinterrupt signal.

After detecting bus power (VBUS), initialize UDC2AB and UDC?2 following sequence.

1. Use the UDFSPWCTL<pw_resetb> to make software reset. (The <pw_resetb> bit is not au-
tomatically released and should be cleared by software.).

2. Make an access to UDC2AB and UDC2 registers to make necessary initial settings.

3. Use UDFS2CMD to issue the USB Ready command. UDC?2 notifies the USB host of the con-
nection via PHY. This condition enables UDC2 to accept USB_RESET from the USB host.

4. Once USB _RESET from the USB host is detected, UDC?2 initializes the registers inside
UDC?2 and enumeration with the USB host becomes available. When USB_RESET is detec-
ted, the usb_reset / usb_reset_end interrupt occurs.

(2) Disconnect

If CLK _H is operating, the USB bus power (VBUS) disconnection is detected using the INTUSB
(powerdetect) interrupt and UDFSPWCTL<pw_detect>. If CLK H is stopped, the USB power
(VBUS) disconnection is detected using the INTUSBWKUP interrupt.

When the disconnection of the USB bus power (VBUS) is detected, each master transfer will not au-
tomatically stop. Then use the pw_resetb bit of Power Detect Control register to make software reset.

16.5.6 USB Reset

USB_RESET may be received not only when the USB host is connected but also at any timing.

UDC2AB asserts the usb_reset / usb_reset_end interrupt when UDC2 has received USB_RESET and re-
turns to the default state. At this time, master transfers will not automatically stop. Use the abort function to
end the transfers. Values are initialized by USB_RESET for some registers of UDC2, while they are retained
for other registers (refer to the section of UDC2).

Resetting of UDC2 registers when USB_RESET is recognized should be made after the usb_reset end inter-
rupt has occurred. This is because UDC?2 initializes UDC2 registers at the time it deasserts the usb_reset signal.
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16.5.7 Suspend / Resume

16.5.7.1  Shift to the suspended state

UDC2AB makes notification of detecting the suspended state of UDC2 by the INTUSB (suspend _re-
sume) interrupt and the UDFSPWCTL<suspend x>.

Since master transfers will not automatically stop in this circumstance, you should use the aborting func-
tion of each master transfer to make forcible termination if needed.

In case PHY needs to be suspended (clock stop) after the necessary processes finished by software,
you can set the UDFSPWCTL<phy_suspend> to make UDC2AB assert PHYSUSPEND which will put
PHY in suspended state.

2016/6/27
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16.5.7.2 Resuming from suspended state (resuming from the USB host)
The procedures to resume from the suspended state is performed based o the condition of the CLK H.

When resuming is recognized, make settings again for restarting master transfers.

1. Stopping the CLK H

The procedures to stop the CLH_H and the signal variation are as shown below.

a bc d e fg hi j k

suspend_x |

<suspend_resume_en>, - l
<power_detect_en> {1

suspend_resume intermupt request N I

<wakeup_en> ; P |

WAKEUP

INTUSBWKUP intermupt request

VBUSPOWER “H”

<pw_detect> “‘H”

power._detect intermupt request

<phy_suspend>
PHYSUSPEND

CGEXTENDOO<USBENA>

CLK_U

CLK_H '

Figure 16-17 Signal operations when suspended and resumed (when CLK_H is stopped)

a. The suspend x of the UDC?2 is asserted to zero by detecting the suspend state on the
USB bus, and the INTUSB(suspend resume) interrupt occurs.

b. The service routine of the INTUSB(suspend resume) interrupt clears the interrupt factor.
Set the UDFSPWCTL<phy_suspend> to "1". Setting the <phy suspend> to "1" asserts
the PHYSUSPEND output signal to "0".
Zero clear the CGEXTENDOO<USBENA> of the clock/mode control circuit to stop
the CLK_U.

d. Set the UDFSPWCTL<wakeup en> to "1". Zero clear the UDFSINTENB<power de-
tect_en><suspend resume en> not to generate the INTUSB(power_detect, suspend_resu-
mu) interrupt.

e. With the INTUSBWKUP interrupt, the operation mode moves into the low-power con-
sumption mode and stops the CLK_H.
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By detecting Resume on the USB bus, the WAKEUP output signal will be asserted to 0
asynchronously.By WAKEUP output signal, INTUSBWKUP occurs and the low-power
consumption mode is cancelled. Then, supply of CLK H starts.

With the supply of CLK H, PHYSUSPEND output signal is automatically asserted to
"1", and <phy_suspend> is zero-cleared.

Set CGEXTENDOO<USBENA> of the clock/mode control circuit to "1" to activate
the CLK_U.
2.5 s after the interrupt is asserted (time required for the signal to stabilize when VBUS
is disconnected) and check UDFSPWCTL<pw_detect>. If the UDFSPWCTL<pw_de-
tect>is "1", WAKEUP is asserted by Resume. If UDFSPWCTL<pw_detect> is "0",
WAKEUP is asserted by disconnection of the VBUS.

To resume, perform the sequences below. To disconnect, perform the sequences of the
"16.5.7.3 Resuming from the suspend state (disconnect)".

Clears the interrupt factor and <wakeup en> to deassert the WAKEUP output signal. Set
<suspend_resume_en> to "1".

Resumes from the suspended state.

2016/6/27
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2. For CLK H to work

The procedures to get the CLK H work and the signal changes are shown as below.

a bc de f

suspend_x | |

<suspend_resume_en> i P i
" L i
suspend_resume intermupt request E 5 T

<wakeup_en>

WAKEUP

INTUSBWKUP interupt request

VBUSPOWER “High”

<pw_detect> “High”

PHYSUSPEND ; ; I
CGEXTENDOO<USBENA> : § i

CLK_U

Figure 16-18 Operation of suspend/resume signals (to get the CLK_H work)

a. INTUSB(suspend resume) interrupt occurs by detecting the suspended state on the USB
bus.

b. Clears the interrupt source in the INTUSB(suspend resume) interrupt service routine.
Set "1" to UDFSPWCTL<phy_suspend>. Setting <phy suspend> to "1" assert the PHYS-
USPEND output signal to "0".
Set CGEXTENDOO<USBENA> of the clock/mode circuit to "0" to stop the CLK_U.
d. The suspend x becomes "1" by detecting resume on the USB bus.
Aslo, PHYSUSPEND output signal is deasserted to "1" by detecting the rising edge of
the suspend x.
INTUSB(suspend_resume) interrupt occurs.
Interrupt source is zero cleared in the service routine of the INTUSB(suspend_resume).
Set CGEXTENDOO<USBENA> of the clock/mode circuit to "1" to get CLK U work.

g. Deasserting the PHYSUSPEND output signal will resume the supply of the CLK _U.
h. Resumes from the suspend state.
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16.5.7.3 Resuming from the suspend state (disconnect)

The procedures to resume from the suspended state (disconnection) and the signal change are shown as

below.
a bocde fg hi j k
suspend_x |
<suspend_resume_en>, |
<power_detect_en> P
suspend_resume intenupt request "

<wakeup_en> | |

WAKEUP I N |
' Voo A= : !
INTUSBWKUP intermupt request EEEERERA

VBUSPOWER IR |

<pw_detect> |

power_detectintermupt request

PHYSUSPEND é é | E E E E E i

CGEXTENDOO<USBENA> | P N |

CLK_U mnnnn: L il

Figure 16-19 Operation of suspend/disconnect signals (to stop CLK_H)

a. 0 is asserted to the suspend_x of the UDC2 by detecting the suspend state on the USB bus
and this generates the INTUSB(suspend_resume) interrupt.

b. Interrupt source is cleared by the service routine of the INTUSB(suspend_resume) interrupt.
c. Set UDFSPWCTL<phy suspend> to "1". Setting the <phy suspend> to "1" asserts the PHY'S-
USPEND output signal to "0".
Set CGEXTENDOO<USBENA>of the clock/mode circuit to "0" to stop the CLK U.

d. Set the UDFSPWCTL<wakeup en> to "1". Zero clear the UDFSINTENB<power de-
tect_en><suspend resume_en> not to generate INTUSB(power detect, suspend resumu) inter-
rupt.

e. With the INTUSBWKUP interrupt, the operating mode moves into the low-power consump-
tion mode to stop the CLK H.

f. If disconnection is detected on the USB bus, the VBUSPOWER pin becomes "0" and the WAKE-
UP output signal will be asynchronously asserted to "0".

g. INTUSBWKUP interrupt is generated by the WAKEUP output signal and low-power consump-
tion mode is cancelled. The supply of CLK H starts.
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h. 2.5 s after the interrupt is asserted (time required for the signal to stabilize when VBUS is discon-
nected), check the UDFSPWCTL<pw_detect>. If UDFSPWCTL<pw_detect> is "1", WAKE-
UP is asserted by resume. If UDFSPWCTL<pw_detect> is "0", WAKEUP is asserted by discon-
nection of VBUS.

i.  If the factor is the resume, perform the sequence written in the "16.5.7.2 Resuming from suspen-
ded state (resuming from the USB host)". If the factor is disconnection, perform the sequence be-
low.

j- Zero clear the <phy_suspend> to deassert the PHYSYSPEND output signal.

Set the CGEXTENDOO<USBENA> of the clock/mode circuit to "1" to get the CLK U
work.Clear the interrupt factor and <wakeup en> to deassert the WAKEUP output signal.

k. Set UDFSPWCTL<pw_resetb> using software, initialize the UDC2AB.

16.5.7.4 Remote wakeup from the suspended state

The procedure of remote wakeup from the suspended state and the signal change are shown below.

suspend_x | - AE

<suspend_resume_en>

<wakeup_en>

WAKEUP

INTUSBWKUP interrupt request

VBUSPOWER “High”

<pw_detect> “High”

power_detect intermupt request

<Py ook wor>

<phy_suspend>

PHYSUSPEND N .
I g

CGEXTENDOO<USBENA>
CLK_U

Figure 16-20 Operation of suspend/remote wakeup signals

a. suspend x of the UDC?2 is asserted to 0 by detecting the suspended state on the USB bus and
the INTUSB(suspend_resume) interrupt occurs.
b. Clears the interrupt source in the service routine of the INTUSB(suspend resume) interrupt.

Set the UDFSPWCTL<phy_suspend> to "1". PHYSUSPEND output signal is asserted to "0"
by setting <phy suspend> to "1"
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Set the CGEXTENDOO<USBENA> of the clock/mode circuit to "0" to stop the CLK _U.

d. When requesting remote wakeup, set the UDFSPWCTL<phy remote wkup> to 1. Setting the
<phy_remote_wkup> to "1" will cause the UDC2 to make a remote wakeup request on the
USB bus. Also, <suspend_x> will be deasserted to 1 asynchronously.

e. Deasserting <suspend x> will cause the INTUSB(suspend_resume) interrupt to occur and the
PHYSUSPEND output signal to be deasserted to 1.

f. Set the CGEXTENDOO<USBENA> of the clock/mode circuit to "1" to get the CLK_U work.
When the CLK U starts operating, <phy remote wkup> is automatically cleared to "0".

g. Clear the interrupt source.
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16.6 USB Device Response

UDC?2 initializes the inside of UDC2 and sets various registers when hardware reset is detected, USB_RESET
is detected, and an enumeration response is made. This section discusses the operations of UDC2 in each status
as well as how to control them externally.

1. When hardware reset is detected

Be sure to reset hardware for UDC2 after the power-on operation. After the hardware reset, UDC2 initi-
alizes internal registers and all EPs are in the invalid status, which means the device itself is "Disconnected."

In order to make the status of UDC2 to "Default," issue the "USB_Ready" command. Issuing this com-
mand will put UDC2 in the "Full-Speed" mode, enable the Pull-Up resistance of USBDP and notify the
host of "Connect".

In this status, only the USB_RESET signal is accepted from the host.

2. When USB RESET is detected

UDC?2 initializes internal registers when Bus Reset (USB_RESET) is detected on the USB signal, put-
ting the device in the "Default" status. In this status only EP 0 gets "Ready" enabling enumeration with
the host.

3. When "Set_address" request is received

By setting 010 to the UDFS2ADR<configured> <addressed> <default> and the received address value
to the <dev_adr> after receiving the "Set address" request, UDC2 will be in the "Addressed" status. Set-
ting for this register should be made after the Control transfer has successfully finished (after the STATUS-
Stage has ended).

Transfers to EPs other than EP 0 cannot be made in this status.
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4. When "Set_configuration" and "Set_interface" requests are received

By setting 100 to the UDFS2ADR<configured> <addressed> <default> after receiving the "Set config-
uration" and "Set _interface" requests, UDC2 will be in the "Configured" status.

In the "Configured" status, you can make transfers to the EP to which status settings have been made.

In order to make the EP "Ready," the following settings should be made:
Set the maximum packet size to UDFS2EPxMSZ
Set the transfer mode to UDFS2EPxSTS
Issue the EP_Reset command to UDFS2CMD

EPs will be available for transmitting and receiving data after these settings have been made.

Figure 16-21 shows the "Device State Diagram".

Ireset_x

Disconnect
(Invalid)
Ireset_x

“usb_ready”
command write

“USB_RESET”
detect

Addressed
assigned

Addressed
Device

deconfigured

Configured

Figure 16-21 Device state diagram

Device
configured
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16.7 Flow of Control in Transfer of EPs

16.7.1 EPO

EPO supports Control transfer and is used as device control for enumeration. EPO supports only Single pack-
et mode.

Control transfers have SETUP-Stage, DATA-Stage and STATUS-Stage

The types of transfer are categorized into the following major types:

Control-RD transfer
Control-WR transfer (without DATA-Stag)
Control-WR transfer (with DATA-Stage)

UDC2 makes control of those three stages by hardware. Flows in each type of transfer are described below.

16.7.1.1  Control-RD transfer

The flow of control in Control-RD transfers is shown below.

\SETUP-Stage | DATA-Stage(IN) .| STATUS Stage
" T QO g
Data flow Host jerud el & ] 6 oo [Z7]
on USB cable uUDC2 @ @ @ Brvansmit data) franemit data) @
INT_SETUP |_|
INT_STATUS |_l

INT_EPO |_| [ ]
EPO_DATASET |

register access . . . ”ﬂ |
—— —
N 1 /7 N
INT-Reg| | INT-Reg Setup-Received INT-Reg [ INT-Reg INT-Reg || INT-Reg INT-Reg || INT-Reg
Read Write 20"‘"‘3"5 Read Write Read Write Read Write
)

Setup-DataStage
Register Read

EPO_FIFO Write
MaxPacketSize

EPO_FIFO Write | | Setup-Fin
(Last data) Command
Generation

Figure 16-22 Flow of the control in Control-RD transfer

The following description is based on the assumption that the UDFS2EPOMSZ<dset> is set to "EPO_DA-
TASET flag".

(1) SETUP-Stage

UDC?2 asserts the INT SETUP flag when it has received the Setup-Token. This flag can be
cleared by writing 1 into the UDFS2INT<i_setup>. In case flags are combined externally, read the
UDFS2INT to confirm which flag is asserted and write "1" into the relevant bit.

Then read Setup-Data storage registers (bRequest-bmRequestType, wValue, windex, and
wLength registers) to determine the request.
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Finally, issue the "Setup Received" command to inform UDC2 that the SETUP-Stage has finish-
ed. Since UDC2 does not allow writing data into the EPO-FIFO before this command is issued, it
will keep returning "NAK" to the IN-Token from the host until the command is issued.

(2) DATA-Stage

Write the data to be transmitted to the IN-Token into the EPO-FIFO. If the byte size of the data
to send is larger than the MaxPacketSize, divide them into groups of MaxPacketSize before writing.
When the number of data reached the MaxPacketSize, the EPO_ DATASET flag is asserted.

When the data have been transmitted to the IN-Token from the host with no problem, UDC2 deas-
serts the EPO DATASET flag and asserts INT EPO. Any data remaining to be transmitted should
be written into the EPO-FIFO.

If the size of the data to be written is smaller than the MaxPacketSize, issue the "EP_EOP" com-
mand to EPO to inform UDC2 that it is a short packet. With this command, UDC2 recognizes the
end of the packet and transmits the short packet data.

Finally, issue the "Setup Fin" command to inform UDC2 that the DATA-Stage has finished.

(3) STATUS-Stage

When the "Setup Fin" command is issued, UDC2 will automatically make Handshake for the STA-
TUS-Stage. When the STATUS-Stage finished with no problem, the INT STATUS flag is asserted.
When received a packet of STATUS-Stage from the host before the "Setup Fin" command is is-
sued, UDC2 will return "NAK" and asserts the INT _STATUS NAK flag. Therefore, if this flag is as-
serted, be sure to issue the "Setup Fin" command.

16.7.1.2  Control-WR transfer (without DATA-Stage)
The flow of control in Control-WR transfer (without DATA-Stage) is shown below.

SETUP-Stage STATUS-Stage(IN)

NP >
b < >

Deta fow {Host &)

on USB cable UDC2 @ @ (DO/;;I/'{;}

INT_SETUP

INT_STATUS

INT_EPO

EPO_DATASET

Register access Il , Il

INT-Reg INT-Reg INT-Reg || INT-Reg
Read Write Read Write

Setup-DataStage
Register Read

issue Setup_Fin
Command
Generation

issue Setup_Received|
Command generation

Figure 16-23 Flow of control in Control-WR transfer (without DATA-Stage)
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(1) SETUP-Stage

Perform the same procedure described in "16.7.1.1 Control-RD transfer".

(2) STATUS-Stage

After issuing the "Setup_ Received" command, make register accesses to UDC2 based on each re-
quest. Issue the "Setup Fin" command when all the register accesses to UDC2 have finished. Subse-
quent processes are basically the same as the STATUS-Stage described in "16.7.1.1 Control-RD trans-
fer". UDC2 will keep on returning "NAK" until the "Setup Fin" command is issued.

Note: While register accesses required for each request are made to UDC2 between 'Issuing the
"Setup_Received" command' and 'Issuing the "Setup_Fin" command', register accesses are
needed after the end of STATUS-Stage in some cases such as Set Address request and
Set Feature (TEST_MODE). Processes required for the standard requests are described in
"16.7.1.5 Processing when standard request".

16.7.1.3  Control-WR transfer (with DATA-Stage)

The flow of control in Control-WR transfer (with DATA-Stage) is shown below.

¢

" gl
DATAfow Host I 8390 [ T 00 [ @
onUSB cable UDC2 © @ © © e

| SETUP-Stage DATA-Stage(IN) ’le STATUS Stage | |

INT_SETUP |_|
INT_STATUS |_[

INT_EPO [ ] ]
EPO_DATASET

Register Access 4””_“”_”_” " ﬂﬂﬂﬂ_ﬂﬂ :
/5= 2 = 5

INT-Reg Setup-Received INT-Reg || INT-Reg INT-Reg WTQRSQ/
rite

Write Command Read Write Read
EPO_FIFO Read EP0_FIFO Read Setup-Fin

INT-Reg
Read

INT-Reg
Read

INT-Reg
Write

Setup-DataStage|
Register Read

Command
Generation

Figure 16-24 Flow of control in Control-WR transfers (with DATA-Stage)

(1) SETUP-Stage

To be processed in the same way of SETUP-Stage as described in"16.7.1.1 Control-RD transfer".

(2) DATA-Stage

When the data is received from the host with no problem, UDC2 asserts the EPO DATASET flag
and asserts the INT _EPO flag. When this flag is asserted, read the data from EPO_FIFO after confirm-
ing the received data size in the UDFS2EPOFIFO, or read the data from EPO_FIFO polling the
EPO_DATASET flag.

When the byte size of received data has been read, UDC2 deasserts the EPO DATASET flag.
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(3) STATUS-Stage

To be processed in the same way as in the STATUS-Stage described in "16.7.1.1 Control-RD trans-
fer".

16.7.1.4 Example of using the INT_STATUS_ NAK flag

When processing requests without DATA-Stage, the INT STATUS NAK flag may get asserted by re-
ceiving STATUS-Stage from the host before clearing the INT SETUP flag after it has been asserted, espe-
cially in High-Speed transfers. In case such multiple interrupts should be avoided as much as possible,
you can use a method to mask the INT STATUS NAK flag for request having no DATA-Stage. In such
case, basically set | to UDFS2INT<m_status_nak>, while 0 should be set only when requests having DATA-
Stage are received. (An example for Control-RD transfers is provided below.)

|SETUP-Stage | DATA-Stage(IN) o STATUS Siegp

"
Data flow Host @ LLLLTEEETT]]
on USB cable UDC2 © @ © ©

INT_SETUP |_|

INT_STATUS_NAK ’—‘
INT_STATUS [ 1
INT_EPO [

EPO_DATASET

LI . I
Pes N //\

INT-Reg| | INT-Reg INT-Reg EPO FIFO Write INT-Reg || INT-Reg INT-Reg [| INT-Reg
Write MaxPacketSizeBytd| Read

Read Write Write Read Write
Setup-DataStage Setup-Received EPO FIFO Write Setup-Fin
register Read Command MaxPacketSizeBytq Command

generation generation

.

Register access

INT-Reg
Read

INT-Reg
Write

Figure 16-25 Example of using the INT_STATUS_NAK flag in Control-RD transfers

(1) SETUP-Stage

After the INT_SETUP flag was asserted, clear the UDFS2INT<i_setup> is set to 1, it should be al-
so cleared.

Then, if the request was judged to have DATA-Stage by reading Setup-Data storage registers, set
the UDFS2INT<m_status nak> to 0. Then issue the "Setup Received" command.

(2) DATA-Stage—STATUS-Stage

When the INT STATUS NAK flag was asserted, the device should also proceed to the STATUS-
Stage. Clear the UDFS2INT<i_status nak> and then issue the "Setup Fin" command. Also, set 1 to
the UDFS2INT<m_status nak> in order to get ready for subsequent transfers.

16.7.1.5 Processing when standard request

Examples of making register accesses to UDC when standard requests are received are provided be-
low. Descriptions of each request are basically provided for each state of the device (Default, Address,
and Configured).

For the information on register accesses common to each request, see 16.7.1.1 , 16.7.1.2 and 16.7.1.3.
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You should note, however, descriptions provided below do not include the entire details of standard re-
quests in USB 2.0. Since methods to access registers may vary depending on each user's usage, be sure
to refer to the USB 2.0 specifications. You should also refer to the USB 2.0 specifications for "Recipi-

ent,”" "Descriptor Types," "Standard Feature Selectors," "Test Mode Selectors" and other terms appear in
the descriptions below.

+ Standard requests for "16.7.1.1 Control-RD transfer".
Get Status Get Description Get Configuration
Get Interface Get Frame

+ Standard requests for "16.7.1.2 Control-WR transfer (without DATA-Stage)".
Clear Feature Set Feature Set Address

Set Configuration Set Interface
+ Standard requests for "16.7.1.3 Control-WR transfer (with DATA-Stage)"

Set Description

Note 1: Descriptions with double underlines refer to register accessed to UDC2.
Note 2: Writing accesses to UDFS2CMD are described in the following manner for simplicity:

(Example 1) When writing 0x0 to UDFS2CMD<ep> and 0x4 to <com>

—]ssue the EP-Stall command to EPQ

(Example 2) When writing the relevant EP to UDFS2CMD<ep> and 0x5 to <com>

—]Issue the EP-Invalid command to the relevant EP

(1) Get Status Request

To meet this request, the status of the specified receiving end (recipient) is returned.

bmRequestType bRequest wValue windex wLength Data
Device
1000_0000 Zero
- Interface, or
1000_0001 GET_STATUS Zero Interface Two ep
1000_0010 EP
_ Status

Common to all states:

If the EP/Interface specified by windex does not exist, issue the EP-Stall command to
EPO.

«  Default state:

Nothing is specified for the operation of devices by the USB 2.0 specifications.
Address state:

<recipient> = Device : Write the information on the device (T