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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
document, the description in the body of document has higher priority.
1. The MCUSs’ operation at power-on

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

When a reset is performed by an external reset pin, pins of the MCUs that use the reset pin are
undefined 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 valid.

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 LS| 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
another clock while the program is in progress, wait until the clock is stable.
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An SFR (Special Function Register) is a control register for periperal circuits (IP).

The SFR addressses 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

i) SAMCR register address is 32 bits wide from the address 0x0000 _ 0004 (Base Address(0x00000000) + unique
address (0x0004)).

7E) The register shown above is an example for explanation purpose and not for demonstration 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
functions.

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 1 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
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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

i£) The Type is divided into three as shown below.

R/W READ WRITE
R READ
W WRITE

c. Data descriptopn
Meanings of symbols used in the SFR description are as shown below.
* x:channel numbers/ports

¢ n,m:bit numbers

d. Register descriptoption
Registers are described as shown below.

¢ Register name <Bit Symbol>
Exmaple: 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
2013/06/04 1 First Release
2013/08/30 2 Contents Revised
2014/11/17 3 Contents Revised
2021/10/15 4 Contents Revised
2022/03/31 5 Contents Revised
2022/06/01 6 Contents Revised







Table of Contents

Introduction: Notes on the description of SFR (Special Function Register) under this
specification

TMPM375FSDMG
L1 FEATULES.......ooeoiimiiiiiiiiiii ettt ettt ettt ettt et e bt et e bt e smeesaeesanesanesaneeas 1
1.2 BIoCK DIAGIam........c.cooiiiiiiiiiiiiiiiicreee ettt s 4
1.3 Pin Layout (TOP VIEW).......cocoiiiiiiiiiiiiiiieeec ettt ettt ettt st et 5
1.4 Pin names and FUNCLONS..............ccccooiiiiiiiiiieee et 6
TLAU T SOTEEA DY POTT...eietiieieiietieteie ettt ettt et s bt e e st e b e b e s e st et e e b et e st es et enseneene et et ensenees et enseneenesnenteneenensenean 6
1.5 Pin Numbers and Power Supply Pins.............ccccoiiiiiiiiiieceeeec e 8

2. Processor Core

2.1 Information on the ProCeSSOI COTE..............ccoeeiiiiieriiieeriieerotieeereeesteeesteeesereeesseeessseeessseessssees 9

2.2 Configurable OPLIONS...............ccoocviiiiiiiiiiieciie et ertee et ee et e s eeesbeeesbeeesbeessaeesssaeessseesssseens 9

2.3 Exceptions/ INEIrTUPLONS................cccoeeiiiiiiiiiiieeieeeiee et eite e ee e e sreesbeessteeestaeessaeesneenenens 10
2.3.1  Number Of INTEITUPE INPULS. .....cueuirietiiitetiietet ettt ettt ettt b et ettt es et e b et et e st e st e st st ebes et eteneebeseneanene 10
2.3.2  Number of Priority Level INTEITupt BItS........cccoieeiiiiieiiieieieiee ettt ettt ettt 10
233 SYSTICK.crioeoveeeeeeeeeeee oo e e e e oo e e e ee s e oo 10
234 SYSRESETREQ.......oo..ooiooooeoooeeeeeoeeeeeeeeeooseeeeeeeoee e eeeees e ee e e oo e e eeee e eeeeeses oo eeeee e eeeeeee e eeeeeeee 10
2355 LOCKUP....ooooooooe oo oo oo e oo e s eee oo 10
2.3.6  AUXIHArY Fault STAtUS TEGISTET. .. cueuirteuiuiitetirieteiitete ettt ettt bbbt b et bbb e et e b e st st e b e e be st etenestebenenne 10

2.4 VIS ...c..oiiiiiiii e e e e e — e e e e e ttb e e e e etbe e e e e ataaeeeattaaeeeatraeeeanraeas 11

2.5 PoWer MANA@EIMENL.................ccccvieieiieeriieetieesteesteeestreesteeesseessseeeseeesssessssesessseesssessssseessees 11

2.0 EXCIUSIVE ACCESS.......ooiiiiiiiiiiiiiiiie ettt ettt e e et e e et e e e e e tbeeeeeabaeeeeeaabeeeeeatbeeaeeareeaeennseeas 11

3. Memory Map

R Y 01100 o 0\ Y« TSRS 13
30,1 TMPMB375FSDMG MEIMOTY MAP........ooveoeeooeeeeeeeeeeeeeeeeeeoeseseeeeeeeseeeseeessesesseseseeseseeeeseeeeseseeeeseseesseseeseseeeeeseseseeseseesenee 13
3.2 Details 0f SFR QUea.............coooiiiiiiiiiiiiie et e e e e e e e e 14

4. Reset Operation

A1 Cold RESEL..........omiiiii et ettt ettt ettt e h e ettt he e sate e beesaeeea 18
4.1.1  Reset by power-on-reset circuit (not using RESET PIN.....cccceiiiiiiiniiiiirieeereeesee ettt 18
4.1.2 RESEE DY RESET PINl..cutiiiiiiiiiiiiiiiiteie ettt ettt et b bttt e st es e s ettt et seeb e e b e s s e e e st ebesaeseetenteneeseebenne 19

.2 WAITIIFUP. ...ttt et ettt h e b e s a e e e et e et e e bt e e bt e bt e saeesaeesateenbeenbeebeesbeesaeesateaas 20
42,1 RESEE DIUIALION. ...ttt b b et eh bt s b et e st eb e b e seem e e bt e bt s s et eb e eb et e nseneebeebe st et eseebense s eneebene 20

B3 AFEEY T@SCL......ceeiieeiieieee ettt ettt b et ettt e b e e bt e sht e et e et e e beeeheeeaneea 20



5. Clock / Mode Control
5.1 F@ALUIES.......oooiiiiiiiiiiii ettt ettt ettt e s bt e st e ettt e bt e e sabe e e beeebteesabeesbeeeanes
5.2 REGISLETS........oouiieiiiiii ettt ettt ettt e et et esa e et e bt e at e e be e bt e e at e e bt e bt e enteebeenneeen
5201 REEISTET LIST. .ottt ettt sttt h ettt ettt e e
5.2.2  CGSYSCR (SyStem CONIOL TEZISTET)..cueureuieuirtenieiieterteiesietertesteseetesteeeseetebeseese st esteseesessesseseesessenseseesesseseneesesensenessensenes
5.2.3  CGOSCCR (OsCillation CONIOl TEGISET).....c.erutruirtererienietieierieeterte st et estese et et eetestesteste e et eseesessesseseseneeneeseesesseesensenseneenes
524 CGSTBYCR (Standby control register)...
5.2.5  CGPLLSEL (PLL SeleCtion REGISTEI).....c..erueuieuiriirieieiietiiteieiiett sttt sttt sttt sttt ss s ae st s seeneeneeneseesenes
5.3 CIOCK COMLIOL.......coeiiiiiiiiiiiiiee ettt ettt e sab e s eabeesba e e sabeesateeeabaes
5301 CLOCK TYPC.uutinieiieiietitetestet ettt et e ettt sttt e st ettt e et en e eb e e be s s e e e st e st ee e e e ea s essenees e ek e s e s emeenees e ss et en s en e ene e e et et et en e et e benne e enes
5.3.2 Initial Values after Reset..
5.3.3  ClOCK SYSEEIM DIAGIAIM. ....c..cueiuiruiitiieieiieieeteete ettt ettt ettt st et e et esees e s e s e st es e ebeesessemeeneesess e et enteneenteseebeseneeneeseesesseneenes
5.3.4  Clock Multiplication CircUit (PLL)......cceoerieieiiireiteeetet ettt ettt sttt e s e bt sae s ente e st eneeseesesseneenes
534.1 Stability time
5.3.42  The sequence of PLL setting
5.3.5 Warm-up function..
5.3.6  System Clock.............
5.3.7  Prescaler CLOCK COMIIOL........c.coiiiiuiuiiiiiiiieietceri ettt ettt ettt ettt a et e s et b et s e seeaenenens 35
5.4 Modes and Mode Transitions................cocoiiiiiiiiiiiniiiniie ettt et e e 36
541 MOAE TTANSIHIONS. ....cuvviuiriiiiieieieieteiete ettt ettt s b e et e s s et et se e s s e e e e bt s s et saeue st s et esesaeseseasesenesaeneneas 36
5.5 0peration MOde.............cccooouiiiiiiiiiiiiiiiteeet ettt sttt e 36
5.5.1  NORMAL MOG@......coiiiiiiiiiiiiicieietee ettt ettt a et st a et st s et s e bt ea et s e bt st esesaeseseasetenesaeseneas 36
5.6 Low Power Consumption MOdes................ccceiiriiniiiiiiininieineetenesie ettt 37
5.6.1  IDLE Mode......ccoovuiuininrieinieicinieccnnne .37
5.6.2  STOP mode.......ccooovueuiininiininiccnnnns .38
5.6.3 Low power Consumption Mode Setting... .39
5.6.4  Operational Status in Each MOde.........c.oouiiiiiiiiiiiiiiiiiiiiece ettt ettt 39
5.6.5 Releasing the Low Power Consumption MOGE..........cccoucueirieuiiiiiiininieineieieieeieeee sttt 40
5.6.6
5.6.7  Clock Operation in Mode TTANSIHION. .......ccccueuiiriiueiriitiirieieieetee ettt ettt s et s e e ae e seeneneas 43
5.6.7.1  Transition of operation modes : NORMAL — STOP — NORMAL
6. Internal High-speed Oscillation Adjustment Function
6.1 Structure... .
I 2 T (SRR
6.2.1  REEISTET 1St cuteuiuiieiieietete ettt b ettt s b ettt et st e b et e b e st st e b stk a e st e b sttt e bt et be sttt be st benens
6.2.2  TRMOSCPRO (PIOECE TEISET). ... cuevetereuieteuiietesiirtetentatetesestetesetetesestebesentstebeteteses e tebenttebes et eteseneaseseneeteseneasesenesaesenens
6.2.3  TRMOSCEN (ENADIE FEGISIET)...c.eveuiteuiuirieiirieteiirieteietes ettt sttt sttt et sttt eat st s et bes et ebe et e s et etesestebeneebesensebenesenens
6.2.4 TRMOSCINIT (Initial trimming value monitor register)
6.2.5 TRMOSCSET (Trimming value SEttNE TEGISTET).......cerurueriiriereirieteiirietesiirteterteteteserteteseetebes et etesesesbesesestebesesseseseseesenens
6.3  Operational DesCriPLioN.................occiiiiiiiiiiiiie ettt et e e eaeessaeessseesnseesnneeas
6.3.1  OULINE. ...ttt ettt ettt b et bbbttt b et bbb st b Rt b et be st ek a e bbb bt b sttt n et b benen
6.3.2  Adjustment range.........coceeueeererueuenenieueiriereenieeeseereeennene
6.3.3  Internal Oscillation Frequency Measurement using TMRB
7. Exceptions
Tl OVEIVIBW.....ceiiiiiiiiiiiieiicete ettt ettt sttt sttt st st sttt sat e st e st sae e saeesaeeseeesanenae 51
T L1 EXCOPUOMN LYPES.eiuviueeuiruinierietertentestetesteseesessestesessesseneesesseneasessenseseesessensesessensesessenseseesensententesenseneasessenseseasenseneesensensenessensenes 51
7.1.2  HanAUNG FIOWCRATT......c..ciiiiiiiiieieieeee ettt ettt ettt et be b e s e st et e e s e s eseeseesessenseneenease st enaeneenessensenes 52

il

7.1.2.1  Exception Request and Detection

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

7.1.2.4  Exception exit

7.2 ReSet EXCEPLIOMS. .....c...ooiiiiiiiiiiiiii ettt ettt et e s bt e sbbeesbteesbeeesaee 58



7.3 Non-Maskable Interrupts (NIVIL)............cooiiiiiiiiiiie ettt eee e 58

A N T <SR 58
S T 117 113U 59
T.5.1 INEETTUPE SOUICES. ...cuveuieiitinteiiiiertetet ettt ettt ettt sttt ettt ettt et et s ae st et b e b et es e et et eseeuesa et eb e b et eat ettt st euesae e eseebenaeneenenenee 59

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
7.5.2  INterrupt HANAINE. ..c.ooveiiieiiiiciiitc ettt sttt ettt bbbttt et b ettt a e 63
7.52.1  Flowchart
7.5.2.2  Preparation
7.5.2.3  Detection by Clock Generator
7.5.2.4  Detection by CPU
7.5.2.5  CPU processing
7.5.2.6  Interrupt Service Routine (ISR)

7.6 Exception / Interrupt-Related Registers..................ccccoooeviniiiiniiiiniececee e, 69
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  Vector Table Offset Register
7.6.2.11  Application Interrupt and Reset Control Register
7.6.2.12  System Handler Priority Register
7.6.2.13  System Handler Control and State Register
T.6.3  CLOCK ENETAIOL TRGISLETS. ....vveuittiiirieteiitetetertet et ettt ettt ettt eae st b st ettt et eb et st ebe et e b st st e b sttt eb et et ebes e st ebe st st ebebe e ebeseneas 83
7.6.3.1  CGIMCGA (CG Interrupt Mode Control Register A)
7.6.3.2  CGICRCG (CG Interrupt Request Clear Register)
7.6.3.3  CGNMIFLG (NMI Flag Register)
7.6.3.4  CGRSTFLG (Reset Flag Register)

8.

Digital Noise Filter Circuit (DNF)

8.1 ConfIGUIALION. .........coeiiiiiiiiiiiiiii ettt et sttt st 89

8.2 Registers........ ...90

82,1 REGISTET ST ...ttt ettt ettt s e bbb 90
8.2.1.1  NFCKCR (Noise Filter Control Register)
8.2.1.2  NFENCR (Noise Filter Enable register)

8.3 Operation Description.
8.3.1  COMTIGUIATION. ...ttt ettt st a bt b et s e bt eb et st bt sese st saese e sene s enesennnene
8.3.2  Operation
8.3.3  Noise Filter Usable Operation Mode
8.3.4  Precautions on Use of STOP Mode...
8.3.5 Minimum Noise Filtering Time

9.

Input / Output Ports

0.1 POt FUNCHOMS. ..........oooiiiiiiiiiiie ettt e e et e e et e e e et e e e e eateeeeetbeeeeeataeeeenrens
Q.11 FUNCHON TESt.utuiitiititeiieiietietit ettt ettt et et et et et eteete et e st eseeseesessessesees e s essesseseesessensesees e sesseseeseesessesseneesesenseneeseesensenseseasanne
9.1.2  Port Registers Outline
9.1.3  Port States in STOP Mode....

0.2 POIt fUNCLIOMS. ......ooooviiiiiiiiiiiiiiii et e e e e et e e e e e eeeeeeeeeeeeeeeeas

9.2.1  POTt B (PB3 0 PBO)...iiiiiiiiiiecet ettt ettt ettt ettt
9.2.1.1  Port B register
9.2.1.2  PBDATA (Port B data register)
9.2.1.3  PBCR (Port B output control register)

il



9.2.14  PBFRI (Port B function register 1)
9.2.1.5  PBFR2 (Port B function register 2)
9.2.1.6  PBFR3 (Port B function register 3)
9.2.1.7  PBFR4 (Port B function register 4)
9.2.1.8  PBFRS5 (Port B function register 5)
9.2.1.9  PBOD (Port B open drain control register)
9.2.1.10  PBPUP (Port B pull-up control register)
9.2.1.11  PBPDN (Port B pull-down control register)
9.2.1.12  PBIE (Port B input control register)

0.2.2 POIt E (PEO 10 PE2)...uiiiiiiiiiiitieie ettt sttt et sttt ettt sttt ettt be et 108
9.2.2.1  Port E register
9.2.22  PEDATA (Port E data register)
9.2.2.3  PECR (Port E output control register)
9.2.24  PEFRI (Port E function register 1)
9.2.2.5  PEFR2 (Port E function register 2)
9.2.2.6  PEFR3 (Port E function register 3)
9.2.2.7  PEFR4 (Port E function register 4)
9.2.2.8  PEFRS (Port E function register 5)
9.2.2.9  PEOD (Port E open drain control register)
9.2.2.10  PEPUP (Port E pull-up control register)
9.2.2.11  PEPDN (Port E pull-down control register)
9.2.2.12  PEIE (Port E input control register)

0.2.3  POIT F (POt et sttt st b et b et st bttt b et b ettt b et et be e naene 117
9.2.3.1  Port F register
9.2.3.2  PFDATA (Port F data register)
9.2.3.3  PFCR (Port F output control register)
9.2.3.4  PFFRI (Port F function register 1)
9.2.3.5  PFFR2 (Port F function register 2)
9.2.3.6  PFFR4 (Port F function register 4)
9.2.3.7  PFFRS (Port F function register 5)
9.2.3.8  PFOD (Port F open drain control register)
9.2.3.9  PFPUP (Port F pull-up control register)
9.2.3.10  PFPDN (Port F pull-down control register)
9.2.3.11  PFIE (Port F input control register)

0.2.4  POIt G (PGO 10 PGO)...veniiiiiieieetceeete ettt sttt sttt b et s b ettt st bttt be st et be st naene 126
9.24.1  Port G register
9.2.42 PGDATA (Port G data register)
9.2.43  PGCR (Port G output control register)
9.2.44  PGFRI (Port G function register 1)
9.2.45  PGFR2 (Port G function register 2)
9.2.4.6  PGOD (Port G open drain control register)
9.2.4.7  PGPUP (Port G pull-up control register)
9.2.4.8  PGPDN (Port G pull-down control register)
9.2.49  PGIE (Port G input control register)

0.2.5  POIT T (PJO 10 PJ7).uiiieiiieieeeeee ettt ettt et sttt st b ettt b ettt 132
9.2.5.1  Port J register
9.2.52  PIJDATA (Port J data register)
9.2.5.3  PJCR (Port J output control register)
9.2.54  PJOD (Port J open drain control register)
9.2.5.5  PJPUP (Port J pull-up control register)
9.2.5.6  PJPDN (Port J pull-down control register)
9.2.5.7  PJIE (Port J input control register)

0.2.6  POIt K (PKO t0 PKI).cuuiiiiiiiiiiiieiiistet ettt ettt sttt et sttt st b ettt eb st b ettt be sttt naene 136
9.2.6.1  Port K register
9.2.6.2 PKDATA (Port K data register)
9.2.6.3  PKCR (Port K output control register)
9.2.6.4  PKOD (Port K open drain control register)
9.2.6.5  PKPUP (Port K pull-up control register)
9.2.6.6  PKPDN (Port K pull-down control register)
9.2.6.7  PKIE (Port K input control register)

0.2.7  POIt M (PMO 10 PIMI) ..ottt sttt sttt sttt st b ettt be et bt naene 140
9.2.7.1  Port M register
9.2.7.2  PMDATA (Port M data register)
9.2.7.3  PMCR (Port M output control register)
9.2.7.4  PMOD (Port M open drain control register)
9.2.7.5  PMPUP (Port M pull-up control register)
9.2.7.6  PMPDN (Port M pull-down control register)
9.2.7.7  PMIE (Port M input control register)

9.3  Block Diagrams of POITS...............c.ccoovriiiiiiiiiiieeie ettt e et ete e are e sreessneeeenes
93.1
932
93.3
93.4
93.5
93.6

Type FT5...

iv



037 TYPE FTOoooooeoeeeeeeeeeeeeeeeee e eeesesesssee s emmessseseee et emerssseseees oo s rerereerereee 150

9.4 Appendix Port Setting List................cccoiriiiiiiiiiie e 151
9.4.1 Port B Setting........cococcevvereennnne.
9.42  Port E Setting..
9.43  Port F Setting..
9.4.4  Port G Setting
045 POTE J SELUNG....c.vitetiieteitetiiet ettt ettt ettt b et bbb ettt b st b et e bbb et se b et b bttt a ettt b et b et
9.4.6  Port K Setting.
9.47  Port M Setting....

10. 16-bit Timer / Event Counters (TMRB)
TO1  OUEINE.......oooiiiiii ettt ettt ettt e sttt e bb e e ettt e sabt e e sabeesbaeesabaeesaees 155
10.2 Differences in the Specifications...............c..cociriiiiiiiniiiii e 156
10.3  ConfIGUIALION..........oc.oiiiiiiiiiiiiiteet ettt ettt st 157
1004 REGISTET'S. .......oouiiiiitieet ettt ettt et a e et e bt e s te e et e e bt e sabeeabeeebeeenbeebeesaeeenneans 158
10.4.1  Register list according to channel... 158
10.4.2  TBxEN(Enable register)........... 159
10.4.3  TBXRUN(RUN FEZISLET)....cueeutrueeeuietertenieitetetentetesteseetessessentesessessesesseseestesessenteseesensesessesseneesesenseseasensensesessensesessenseneasn 160
10.4.4  TBXCR(CONIIOL TEZISTET)......vuiiieuiieteuiieieiiieteie ettt ettt e et e s et eaese e bt sa s een s e saeneenen 161
10.4.5 TBxMOD(Mode register)................ 162
10.4.6  TBxFFCR(Flip-flop control register)..... ettt neene 163
10.4.7  TBxST(Status register)..........c.coccceuevee
10.4.8  TBxIM(Interrupt mask register)
10.4.9  TBXUC(UD COUNLET CAPLUIE TEZISLET)....eveureueerietiteneenteseteneesestesestesessesseseesessesseseesensenseneaseesenseneasensensenessessensesessesseneases 166
10.4.10 TBxRGO(Timer register 0)
10.4.11 TBxRGI(Timer register 1)
10.4.12 TBXCPO(CAPLULE TEEISIEL 0)......eveuietirtiieiieteieeietesteteteete st et eteetestesesaesteseesessenees e et enseneesesseneeseasensene et enseneasessenseseasenseneas 168
10.4.13  TBXCPI(CAPLULE TEEISIET 1)...euiiiuietiitiieiieieieieie sttt ettt sttt s et et e e st et et e st s st st en e et e b e s ene et enseneesesseneeseebenseneas 168
10.5 Description of Operations for Each Circuit..................ccccocoiiniininiininicceee 169
FO.5.1  PIESCANCT....coouiiiiiiiiicc s
10.5.2  UP-COUNLET (UC ).ttt sttt sttt ettt s ettt se s e e e e st es e s s e s es e eb e b e s esees et e s entes e tensentesensenteneenesseneeneebesseneenin
10.5.3  Timer registers (TBxRGO, TBxRG1).
10.54 Capture.......cceeeeeeereeneeieereseeeesees
10.5.5  Capture register (TBxCPO, TBxCP1).
10.5.6  Up counter capture register (TBxUC)
10.5.7  Comparators (CPO, CP1)......ooiiiieiiiieietetestee ettt ettt ettt ettt et s et et e st e st ss et eneesess e s eseesesae st eneeseebenseneenn
10.5.8  Timer Flip-flop (TBxFF0)
10.5.9  Capture interrupt (INTCAPXO, INTCAPXL)....ccuioiiieirieieieie ettt ettt ettt ettt st ssese e esesnesseneenes 174
10.6 Description of Operations for Each Mode...............c..ccccooiiiiininiininininccceceee 175
10.6.1  16-bit Interval TimeEr MOGE. .......couirieiriirieietieteie ettt e a sttt ettt et st st e e st ebe s s et es e be s e st sneseneesesneneas 175
10.6.2  16-bit Event Counter Mode...........cooeveerineenienieieineeene 175
10.6.3  16-bit PPG (Programmable Pulse Generation) Output Mode...........cccccvruruennnnee. et 176
10.6.4  External trigger Programmable Pulse Generation Output Mode (PPG)........c.ccoociiiiiiiniciniiicinccecceceeeeee 178
10.7 Applications using the Capture Function..............c..cc.coocoiiiiviinininiininncceeene 179
10.7.1  One-shot pulse output triggered by an external pulse... 179
10.7.2  Pulse Width MEASUIEIMENL.......c.ccueuiuiiiiiiiieieiiieteieeeeei ettt ettt sae et see et e sae e sesesesesnenenesnesenesnesenenees LO |
11. Serial Channel (SIO/UART)

TLoL  OVEIVIEW. ..ottt et e b e sttt e bt sae e et esbe e sat e e beesbeesaeeenbees 183
11.2 Difference in the Specifications of SIO Modules.................cceeevireriiercieriieeie e 184
T1.3  ConfIBUIAtiON. ........cc.ooiiiiiiiiiiieieee ettt sttt et e e naees 185
11.4  Registers DeSCription...............cccooviiiiiiiiiiiieie et e e s e enes 186
11.4.1  Registers List.............. .186
11.42  SCXEN (Enable Register).. 187
11.4.3  SCXBUF (BUTEr REGISET).....cueeueuiuiiieiiiieieiiieteietete ettt ettt ettt bttt st bttt b ettt b et se e st ebenenes 187
11.4.4  SCXCR (CONIOL REGISTEI). c..veueuveiinieiiuirtetiietetirtetetetes et ettt ettt es st b et eb et eb et beseae et et ete st st e be st sbebeseebeneabeseeebeneanes 189
11.45  SCXMODO (Mode Control REGISET 0)......c.eueirieuiirieieiinieieiirieieieirietetet ettt ettt ettt et st be ettt saebe s sbebenenes 191



11.4.6  SCXMODI1 (Mode Control REZISLET 1).....ccceueuiiriiuiiriiiiinieieiiisiei ettt ettt ettt ettt
11.47  SCxMOD2 (Mode Control REZISLET 2).....c.coueuiuiririeiiirieieirinieiiisteieertetei sttt ettt ettt ettt st sa bt seebesene e
11.4.8 SCxBRCR (Baud Rate Generator Control REGISET).......c.ocueueirieiiirinieiiiinieieiinirieicieteiei ettt sseseeneene
11.49 SCxBRADD (Baud Rate Generator Control Register 2)...
11.4.10  SCXFCNF (FIFO Configuration REGISET).......ccueueueuiririeirinieiiirieieiistetetetetee sttt ettt es e ee
11.4.11  SCXRFC (Receive FIFO Configuration REGISET).......ccueueuiriruiuiririiirieiiinieiiireeteetet ettt ettt sttt saeseesnene
11.4.12  SCXTFC (Transmit FIFO Configuration Register) ..
11.4.13  SCxRST (Receive FIFO Status Register)....
11.4.14  SCXTST (Transmit FIFO Status REZISTEI)......c.cerieueuiririeiiiniiieiiirieiccnteteiertete ettt ettt ettt et eenenens

11.5 Operation in Each MOde...............c.cooooiiiiiiiiiieie ettt
B G D 2T T ) 1
11.6.1 Data Format List...

T1.6.2  Parity COMIIOL .c.oueuiiiiiiietiiirtcte ettt ettt b ettt eb ettt b et b et b st bea e st e bt b bt et st stebenenene
11.6.2.1  Transmission
11.6.2.2  Receiving Data

11.6.3  STOP Bit LENGtN.....c.iuimiuiiiiiii ettt ettt ettt bbb et et ebebenan 204
117 CloCK CONIOL..........ooooeeiiiiieiieeee et et e e e et e e e e tbe e e e eeraeeeesnsraeeeennreeas 205

11.7.1  Prescaler.......ccccecevverueveinrennnns

11.7.2  Serial ClOCK GENEIAtION CIICUIL......cveveureririeierieteiteietietestestestetessesteseeseesessesseseesessesseseesessenseseesesessessasessensesessessenseseasens 206

11.7.2.1  Baud Rate Generator
11.7.2.2  Clock Selection Circuit
11.7.3  Transmit/Receive Buffer and FIFO...........cccouiiiiiiiiiiinicce ettt ettt et s 210
11.7.3.1  Configuration
11.7.3.2  Transmit/Receive Buffer
11.7.3.3  Initialize Transmit Buffer
11.7.3.4  FIFO

B 1) L P ¥ SRS
B O (1)l TS S
T1.9.1 OERR FIAZ..eooooeieeeeeeeeeeeeesee e ssssosssssssss s

11.9.2 PERR Flag..
11.9.3  FERR Flag..

T1.10  RECEIVE. .. ..ottt ettt e et e e e ettt e e e e s abaeeeesataaeeeesssaeeeenssseeeeanssseeesnsreeens
T1.10.1  RECEIVE COUNLET.....cuieuietiiiieiieiiettetetestesteteetessetesteteetessessessesseseesesessesseseesesessenseseeseasessensesseseesassensenseseesaabensenseneesensens 214
11.10.2  RECEIVE CONIOL UNt...uiiiuieiietiieieiieteietietest ettt tete e ste e tee et et esessessesessassesaesessessesaesesseseasessesseseasenseseesesessesessensasene 214

11.10.2.1  I/O interface mode
11.10.2.2  UART Mode
T1.10.3  RECEIVE OPCIALION. ....c.cueuvtinitciiteieiitetetetet ettt ettt ettt sttt b bttt es et b e s et eb et et e s et et e bt st eb e st b ebea e st ebe e beb et etesesaebesenene 214
11.10.3.1  Receive Buffer
11.10.3.2  Receive FIFO Operation
11.10.3.3 /O interface mode with SCLK output
11.10.3.4  Read Received Data
11.10.3.5  Wake-up Function
11.10.3.6  Overrun Error

1111 TramSIUISSION.........ccccuiiiiiiiiii ettt et e et e e et eeeibe e e e e aree e e ataeeeeeraeesensseeeennrseeeenrenas
11.11.1  Transmission Counter...
T1.11.2  TranSmiSSION CONLIOL.....c.eieietiitirieteieieteetetet et eteete st et esteteetesseseseeseeseesessesseneeseesessessenseseesessassensensessesensensenseseasensens

11.11.2.1  1/O Interface Mode
11.11.2.2  UART Mode
L1113 TransSmit OPEIAtiON........cc.e.ecerieueuirirueterieteteiirteteeeste sttt ettt bt eaestebe st beb et et ebes et et ese et ebes et et ese e beseaesaebesetesebentebesensanene 219
11.11.3.1  Operation of Transmission Buffer
11.11.3.2  Transmit FIFO Operation
11.11.3.3 /O interface Mode/Transmission by SCLK Output
11.11.3.4  Level of TXDx pin after the last bit is output in I/O interface mode
11.11.3.,5  Under-run error
11.11.3.6  Data Hold Time In the I/O interface SCLK input mode

11.12  Handshake funcCtion.................ocoviiiiiiiiiiiiiiccee et
11.13 Interrupt/Error Generation Timing.
L1131 RECEIVE INEEITUDES. c.vviiattiiiitetcietet ettt ettt sttt ettt b et b b bbbt b bt st e bttt eb et et benesnene

11.13.1.1  Single Buffer / Double Buffer
11.13.1.2  FIFO

T1.13.2 TIAnSIMIE IMEEITUPES..c.ecveuetetiitetitetetertet ettt ettt sttt et bttt eb et b st eb et et ebesaebes et e b et et esea e et eb e st eb et beb et etebestebenenene 225
11.13.2.1  Singe Buffer / Double Buffer
11.13.2.2  FIFO

L1133 EITOT GENEIALION. ...c.euvtiuitiiiitetcaietetettet ettt ettt et st eb ettt eae s b et bbbt bbbttt eb et e b s ea e st e b et ebebes b et e b et et ebentabeb et etebentanene 226
11.13.3.1  UART Mode
11.13.3.2 /O Interface Mode

T1.14  SOFEWALE RESEL........oovvviiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeee e 226

vi



11.15 Operation in Each IMOde................ccocoiiiriiiiiiiiiiiiie ettt eeee s 227

11.15.1  Mode 0 (I/O INLEITACE MOME).....ecueeriierierietieiiiteteiett et etest et et eteeteste st e seesessesbesseseeseesessesseneeseeseesessensessesessessensenseneess 227
11.15.1.1  Transmitting Data
11.15.1.2  Receive
11.15.1.3  Transmit and Receive (Full-duplex)
11.15.2  Mode 1 (7-bit UART IMOAE).....ccueuiirieiiieiiiiniiieiirtetetstet ettt ettt ettt b et es ettt sttt st b bt ettt e b sesaebe s 238
11.15.3  Mode 2 (8-bit UART mode)..
11,154 Mode 3 (9-bit UART MOAE).....ccucueririeiiirieiinieteiirietctstetetrtet et ettt ettt s et b ettt s et s bt ettt e b sesaebenenen 239
11.154.1  Wakeup function
11.15.42  Protocol

12. Serial Bus Interface (I12C/S10)

12,1 ConfIGUIAtION..........ouiiiiiiiiiiiiieteee ettt sttt st s 242

12,2 REGISTEY ...ttt ettt ettt ettt bt e st e e bt e s bt e e bt e e sabe e e bt e e sabeeenbaeenates 243
12.2.1  Registers for €aCh CRHANNEL...........ccoiiiiiiieiei ettt sttt ettt b et et e st e st se et et e e eneenis 243

12.3 I12C Bus Mode Data FOrmat.................ooooiviiiiiiiiiiiiiiieeeeeeeeeeeeeee e 244

12.4 Control Registers in the I2C Bus Mode..............ccccoiririiiniininiiiinienieceseseeee e 245
12.4.1  SBICRO(Control register 0)

12.4.2  SBICRI(Control register 1)
12.4.3  SBICR2(Control register 2)

12,44 SBISR (Statis REZISTET)......eueeuiitiieieiietiiteeteiet ettt ettt sttt sttt ettt sesee et e e st es e et e s ensenees e be s eneeneesensenseneenin

12.4.5  SBIBRO(Serial bus interface baud rate register 0).. .

12.4.6  SBIDBR (Serial bus interface data buffer TeZIStEr)........cceriririiriiiiriiieeereeee e 250

1247 SBII2CAR (I2CDUS QdAIESS TEEISET)....ccuerveueerietirieienietiteteiestestestetestesteseesessesseneesessesseseeseesenseneeseesensenessesseneeseesesseneenn
12.5 Control in the I12C Bus Mode...

1251 SEIIAL CLOCK. ...ttt ettt b et ettt s b et b et s e e

12.5.1.1  Clock source
12.5.1.2  Clock Synchronization

12.5.2  Setting the Acknowledgement IMOME. ..........cceriiiriiirieieieteeee ettt ettt ettt s et st e e e s besbenseneenes 253

12.5.3  Setting the Number of Bits per Transfer............. 253

12.54  Slave Addressing and Address Recognition Mode. 253

12.5.5  Operating mode..........cocceeeueuirerieeninueinicenieeeeneeene 253

12.5.6  Configuring the SBI as a TranSmitter O @ RECEIVET........cvviriiiieiitiiieiei ettt 254

12.5.7  Configuring the SBI as @ MaSter OF @ SIAVE........ccueiriiriiiiiiieietirieste ettt ettt st s et s enenean 254

12.5.8  Generating Start and Stop Conditions.......

12.5.9  Interrupt Service Request and Release......

12.5.10  Arbitration Lost Detection Monitor............

12.5.11  Slave Address Match Detection Monitor.

12.5.12  General-call DeteCtion IMOMNILOT. ........ccueeieiiiiieetieitieteetesteeteetesteeteesesseeseesseeseessessesseessesseessessesseessesesseessessesseessensessennen

12.5.13  Last Received Bit Monitor

12.5.14  Data Buffer Register (SBIDBR)........coctiiiiiiiiieietiiteiteeee ettt ettt et ettt be st et e st st seeste s eneeneens

12.5.15 Baud Rate Register (SBIBRO)........ccueouiieieiiitirieieieie ettt sttt st s ettt e s et n e st e bt ss et e s eneeneenin

12.5.16  SOTEWAIE RESEL......c.eieiiiiiciiieiciciret ettt sttt st e bbbt n et sa b e s
12.6 Data Transfer Procedure in the I2C Bus Mode..................ccceeeviiieniiieiiie e 259

12.6.1  DeVICE INIHIAIZALION. .....eiuiititiieieiieteet ettt ettt st sttt ettt e et e st es e e st s s e s enseneeneeseeb e s et enteseenessessensenseneenn 259

12.6.2  Generating the Start Condition and a SIave AdAIEss..........cccvviiuiiriiiiiiniiiieieceree et 259

12.6.2.1  Master mode
12.6.2.2  Slave mode
12.6.3  Transferring @ Data WOTA........co.cuiiiiiiiiiiiciceee ettt ettt s 261
12.6.3.1 Master mode (<MST> = "1")
12.6.3.2  Slave mode (<MST> = "0")

12.6.4  Generating the StOP CONAItION. ........eouiiiiiiiieietieeret ettt ettt ettt e s e et ettt e s e st st e et e ae st ssesseneeseebesseneenen
12.6.5  RESAIT PTOCEAUIE. ... .cueeeiiiieiietieiee ettt ettt ettt ae st et s b e s s et e st e b e s ene e st et et eneene st eneeneenenseneenn

12.7 Precautions on Use of Multi-master...

12.8 Control register of SIO MoOde.............c..cocooviiriiiiiiiniiiiieeeeee et
12.8.1  SBICRO(CONIOL TEEISIEL 0)......eeuiuititiienieiietieterteetet et ettt st et es et esessestessensese et eesess e s enteseeseeseebensenseneeseesessesenseneeneenen
12.8.2  SBICRI(CONLIOL TEZISTET 1)..uiiuiiuiiuiriieiiieieietieteei ettt ettt sttt es e bt s s et e et es e eseebeebese et ensenteneeseebessenseneeneeneanen
12.8.3  SBIDBR (Data DULFET TEGISLET).......ccueuiuiieiiieieiiieieiteieicieteieri ettt ettt e ettt ea et s e s se b
12.8.4  SBICR2(Control register 2)..

12.8.5  SBISR (Statts REZISTET)......cueetiruirieieiietiiteeteiet ettt ettt ettt sttt ettt et e et ae sttt e e st es e et et en s ene et e be s eneeneesesenseneenen
12.8.6  SBIBRO (Baud rate TEZIStET 0).......c.cueerieueuiririeiiieieiiirieteeeteieteietee st seses st sae e s et see s s ese e s e st eaeseseesese e saeneneenen

12.9 Control in SIO mode

vii



1291 SEIIAL CLOCK. ... uvviiieiiiciittei ettt bbbt b et b et et b et eb et b et b et sa e bt st bttt se bt 275
12.9.1.1  Clock source
12.9.1.2  Shift Edge

12.9.2 TTANSTET IMOAES. ... ettt ettt etttk ettt ettt et et st bttt b et et b et st e bt e b bt et e st 277
12.9.2.1 8-bit transmit mode
12.9.2.2  8-bit receive mode
12.9.2.3  8-bit transmit/receive mode
12.9.2.4  Data retention time of the last bit at the end of transmission

13. 12-Bit Analog-to-Digital Converter

13.1 Functions and fEatUres.................ccoeiiiiiiiiiiiieiie ettt et ettt eee s
13.2 BIOCK DHAGIaIN.......co.eiiiiiiiiiiiiiiee ettt st
13.3 LSt Of REGISTEI'S. .......ceeiiiiiiiiiiiei ettt ettt ettt et ettt e te e s
13.4 Register DesCriptions..............cccoooiiiiiriiiiiiiiiirte ettt
13.4.1  ADXCLK (Clock Setting REZISLET).......c.eourueuiriiueiirieiiieieicirieicietete ettt ettt st es et st
13.42 ADxMODO (Mode Setting Register 0) .
13.43  ADXMODI1 (Mode Setting REZISTEI 1) ...c.evuiiieieiieiieiieieiterieeiete ettt ettt ettt et et se st eseeresnennen
13.4.4 ADxMOD?2 (Mode Setting REZISLET 2) ......c.oriiuiirieiiiiiiieieiiieieietee sttt et
13.4.5 ADxMOD3 (Mode Setting Register 3) ........
13.4.6  ADxCMPCRO(Monitoring Setting Register 0).
13.47 ADxCMPCRI1(Monitoring Setting Register 1)........
13.4.8 ADxCMPO(Conversion Result Compare ReISter 0)............ccovueuiuiririiiriiieirieiiinieicee ettt 293
13.49 ADxCMPI1(Conversion Result Compare ReGISTEr 1)........cc.civiiiiiririiiniiiiiieiiiniccee et 293

13.4.10 ADXxREGO(Conversion Result Register 0)
13.4.11 ADxREGI1(Conversion Result Register 1)
13.4.12  ADxREG2(Conversion Result Register 2)
13.4.13  ADXREG3(Conversion Result Register 3)..
13.4.14  ADxREG4(Conversion Result Register 4)..
13.4.15 ADxREGS5(Conversion Result Register 5)..
13.4.16 ADxREG6(Conversion Result Register 6)
13.4.17  ADXREG7(Conversion Result Register 7)
13.4.18  ADXREGS8(Conversion Result Register 8)..
13.4.19 ADxREG9(Conversion Result Register 9)
13.420 ADxREG10(Conversion Result Register 10)
13.421 ADxREGlI1I(Conversion Result Register 11)
13.4.22  PMD Trigger Program REZISIETS. ......cccuiruerierieiriirtiitesieietiet et sttt ettt et st ettt es e ete et et e e eseeseeneseeeteseneeneeseasessennen

13.422.1  ADxPSEL6 to ADXxPSEL11(PMD Trigger Program Number Select Register 6 to 11)

13.4.22.2  ADxPINTSO to 5(PMD Trigger Interrupt Select Register 0 to 5)

13.4.22.3  ADxPSETO to 5(PMD Trigger Program Register 0 to 5)

13.4.23  ADXTSETO03 / ADXTSET47 / ADXTSETS811 (Timer Trigger Program RegiSters) ..........ccccceevevinccrncccnccnenencns

13.424  ADxSSETO03 / ADxSSET47 / ADxSSET811( Software Trigger Program Registers )

13.4.25 ADxASETO03 / ADXASET47 / ADXASET811( Constant Conversion Program Registers )..........cccccecevecnvrcninncncne 330
13.5  Operation Descriptions...............cccooiiiriiiiiiieniiieieeteneet ettt saeens 334

13.5.1  Analog Reference VOLAZES.......c.ccoouiuiiriiiiiiiciiieieetrietce ettt et sttt 334

13.5.2  Starting AD Conversion

13.5.3  AD Conversion Monitoring FUNCHOM. .........ccouiuiiiiiiiiiriicirctceie ettt st 335
13.6 Timing chart of AD CONVEISION............ccciriiiriiiiiniiiiirieeteeeteree et 336

13.6.1  SOftWAre triGZET COMVETSION. . c..iutiuieiietietirtetenieeeetteteetesteseestesteueeseetesseses e et eesesse et esseneeseeseasessesenseseenesseesensenseneeneasessennen 336

13.6.2  Constant Conversion

13.6.3  AD CONVEISION DY tIIZEET .. eeueitiitiieiietieteieiiete ettt et et st et ettt et et et e et et e st es e et eneeseeseesenteseebe st eneeseebeseneeneesenseneenensen 338
13.7  Usage EXAMPIES..........cooooiiiiiiiiiiiiiiiec ettt ettt e 340

13.7.1  Successive Conversion Using One PMD1(Three Shunts) and One ADC...........cccccoriuioircenineininecrieeeneee e 340

13.7.2  Successive Conversion Using One PMD1 (One Shunt) and One ADC.........c.cccooeiriiiiininiciinincineceneeeneee e 341

14. Motor Control Circuit (PMD: Programmable Motor Driver)

14.1 PMD Input/Output Si@NAIS.............c.ooviiiiiiiieiiieeieeceeeee et e sere e s e seeeeeens 345
14.2 PMD Circuit configuration...................cccviriiiieiiiiiiie et 346
14.3  PMD REZISEELS........c.eeieiiieiiieeiie et eee ettt et e et eeste e et e e teeesteessseessseesnseesnseeansseessseensses 347

viii



14.3.1 PMDIMDEN(PMD Enable Register)
14.3.2  PMDIPORTMD(Port Output Mode Register)..
14.3.3 PMDIMODESEL (Mode Select Register)..

14.3.4  Pulse Width MOAUIAtION CITCUIL........ccveieiietiieietietiiterietetete et et teteetessesteseeseesessesseseeseesessessessesaesessensenseseesessensenseneas 351

143.41 PMDIMDCR (PMD Control Register)

143.42 PMDICNTSTA (PWM Counter Status Register)
143.43 PMDIMDCNT(PWM Counter Register)

143.44 PMDIMDPRD(PWM Period Register)

143.45 PMDICMPU ( PWM Compare Registers of U Phase )
143.4.6 PMDICMPV (PWM Compare Registers of V Phase)
143.47 PMDICMPW (PWM Compare Registers of W Phase)

14.3.5 Conduction Control Circuit....

363

143.5.1  PMDIMDPOT (PMD Output Setting Register)
143.52 PMDIMDOUT(PMD Conduction Control Register)
14.3.6  Protection Control CITCUIL........ccucuiiiiiiiiiiiiiiiieicieieicieecc ettt 368
143.6.1  EMG Protection Circuit
143.6.2 PMDIEMGREL (EMG Release Register)
143.6.3 PMDIEMGCR (EMG Control Register)
143.6.4 PMDIEMGSTA (EMG Status Register)
14.3.6.5 OVYV Protection Control Circuit (OVV Input Block)
14.3.6.6 PMDIOVVCR (OVV Control Register)
14.3.6.7 PMDIOVVSTA (OVV Status Register)
14.3.7  Dead Time CIICUIL........cooieiiriiiiiiiiiiiiiieieieetete ettt bbbttt 377
143.7.1 PMDIDTR (Dead Time Register )
14.3.8  Sync Trig@er Generation CITCUIL..........ccerurueueririeueririetiirtetetetet ettt ettt ettt b et b et et bes et b ese st ebe s et et esesaebesentstebeseanenene 379
143.8.1  PMDITRGCMPO (Trigger Compare Registers 0)
143.8.2 PMDITRGCMPI1 (Trigger Compare Registers1)
143.8.3  PMDITRGCMP2 (Trigger Compare Registers 2)
143.8.4 PMDITRGCMP3 (Trigger Compare Registers 3)
14.3.8.5 PMDITRGCR (Trigger Control Register)
143.8.6  PMDITRGSYNCR (Trigger Update Timing Setting Register)
143.8.7 PMDITRGMD (Trigger Output Mode Setting Register)
14.3.8.8  PMDITRGSEL (Trigger Output Select Register)

15. Vector Engine (VE+)

I15.1  OVEIVIBW. ..ottt ettt et ettt et e b e et ebe e bt et ebeeneeaeenneeane 391

15.1.1  Features

15.1.2  Key Specifications.. ..392
15.2 Configuration..... ...392

15.2.1 Interaction among Vector Engine, Motor Control Circuit and A/D CONVEITET..........c.cecurueueirueuiririereiriereerereeenenens 393
153 List Of REISTETS......c..oouiiiiiiiiiiiiiieree ettt sttt 394

15.3.1  List of Registers
15.3.2  VE Control Registers.

153.2.1
15322
15323
15324
153255
153.2.6
153.2.7
15328
153.2.9
15.3.2.10
15.3.2.11
153.2.12
153.2.13
153.2.14
15.3.2.15
15.3.2.16

15.3.3  Common Registers

VEEN (VE Enable/Disable Register)
VECPURUNTRG (CPU Start Trigger Selection Register)
VETASKAPP (Task Selection Register)
VEACTSCH (Operation Schedule Selection Register)
VEREPTIME (Schedule Repeat Count)
VETRGMODE (Start Trigger Mode)
VEERRINTEN (Error Interrupt Enable/Disable)
VECOMPEND (VE Forced Termination)
VEERRDET (Error Detection)
VESCHTASKRUN (Schedule Executing Flag/Executing Task)
VETMPREGO (Temporary Register 0)
VETMPREG! (Temporary Register 1)
VETMPREG?2 (Temporary Register 2)
VETMPREG3 (Temporary Register 3)
VETMPREG4 (Temporary Register 4)
VETMPREGS (Temporary register 5)

15.3.3.1 VETADC (ADC Start Wait Setting Register)
15.3.4  Channel-SpeCifiC REGISLETS. .. .coueiueuieiiieieiieieieiete ettt sttt ettt e a e s e et e st b e b et es e et et e st sse st eneesesbenseneeeen 410
15341  VEMODEI (Task Control Mode Register)
15.3.42  VEFMODEI(Flow Control Register)
15.3.43  VETPWMI(PWM period rate Register)
15.3.44  VEOMEGAI(Rotation speed Register)
15.3.45  VETHETAI(Motor phase Register)
15.3.4.6  VECOSI1/VESIN1/VECOSM1/VESINMI(SIN/COS registers)
15.3.4.7  VEIDREF1/VEIQREF1(d-axis/q-axis Current Reference Registers)

X



15.3.4.8  VEVDI/VEVQI(d-axis/q-axis Voltage Registers)

15.3.4.9  VECIDKII/VECIDKP1/VEVCIQKI1/VECIQKP1(PI Control Coefficient Registers)
15.3.4.10  VEVDIHI/VEVDILHI/VEVQIHI/VEVQILH1(PI Control Integral Term Registers)
15.3.4.11  VEMCTLFI(Status flags Register)

15.3.4.12  VEFPWMCHG! (PWM Switching Speed Setting Register)

15.3.4.13  VEMDPRDI1(PWM period Register)

15.3.4.14  VEMINPLSI(Minimum pulse width setting Register)

15.3.4.15  VESECTORI1/VESECTORMI(Sector information Register)

15.3.4.16  VEIAOI/VEIBO1/VEICO1(Zero-Current Registers)

15.3.4.17  VEIAADCI1/VEIBADCI/VEICADCI(Current ADC Result Registers)

15.3.4.18  VEVDCI1/VEVDCLI(Supply Voltage Register)

15.3.4.19  VEIDI/VEIQI(d-axis/q-axis Current Registers)

15.3.420 VECMPUI / VECMPV1/ VECMPWI(PWM Duty Register)

15.3.421  VEOUTCRI(6-Phase Output Control Register)

15.3.422  VETRGCRCI(Synchronizing trigger correction value Register)

15.3.423  VETRGCMPO1/VETRGCMP11(Trigger timing setting Register)

15.3.424  VETRGSELI(Synchronizing trigger selection Register)

15.3.425  VEEMGRSI1(EMG return control Register)

15.4 Description of OPerations.................cccooeiiiiiiiiieiiiie et eieeeete e eieeesaeeseeeeesaeessneeesnns 455

15.4.1  Schedule ManagemeNnt...........c.cerveueueririeuinirieieit ettt ettt ettt es sttt b ettt bkt st et ae bt st b st st e bt et e b st st ebenenea 455
15.4.1.1  Schedule Control
15.4.1.2  Start Control
1542 SUMMATY OF TASKS.....cuiiiiiteiiieieiirieiet ettt ettt b ettt ettt b ettt st e b et a bt beb et st bt st e b bt et se e 458
15.4.2.1  Current Control (Task 5)
15.4.2.2  SIN/COS Computation (Task 6)
15.4.2.3  Output Voltage Transformation (Coordinate axis Transformation/Phase Transformation)
15.4.2.4  Output Control
15.4.2.5  Trigger Generation
15.4.2.6  Input Processing
15.4.2.7  Input Current Transformation (Phase Transformation/Coordinate axis Transformation)
15.4.2.8  Miscellaneous Tasks

15.5 Combinations of VE Channel, ADC Unit and PMD Channel...........................ccccceuunnnn. 474

16.

Op-Amps (AMP)

16.1  COonfIGUIALION. .........cooiiiiiiiiiiiiiitiet ettt sttt sttt e e eaaens 475

16.2  ReGISter LiSt..........ccooiiiiiiiiie ettt ettt ettt et 476

L6.2.1  OPm0IMPS..ceiuiiiiiiieiiiitcieitetet ettt ettt s et s e s bt b et a bRt b et a bkt a sttt s et e bt s et et h et et s et et 476
16.2.1.1  AMPCTLD ( Amp D Control Register)

16.3  OPEIALION.........coiiiiiiiiiiiiiieeee ettt sttt et b ettt et bttt sbe et bt et sbeen
16.3.1  Basic Operation

17.

Encoder Input Circuit (ENC)

D R B 0 1111 111 L= RO
17.2 Differences between ChANMEIS...............ooooeeeeeeeeeeeeeeeeeee e
17.3  BIOCK DHAGIAIMI...........oooiiiiiiiiiieciee ettt e et e et e e e e s b e e ssseessseeenseeesneennnas

) R S 2 3 L 1 S
L1741 LSt OF REZISTEIS. .cueteuiieiiiieieiieiet ettt ettt b bbbttt b et b et b bt e b e st e s et et e st sa e b et b e b e e ebe st b esene et esesaenenea
17.4.2  ENTNCR(Encoder Input Control Register)
17.43 ENRELOAD(Encoder Counter Reload Register)
17.4.4  ENINT(Encoder Compare Register)

17.4.5 ENCNT (Encoder Counter)

17.5 Operational DeSCription................coooiiiiiiiiiiiecie ettt e e eeeeeseneeeens
17.5.1  Encoder mode
17.5.2  Sensor mode

17.5.2.1 Event Count Mode
17.5.2.2  Timer count mode

17.5.3  THMET MOMAC.....cuietieieiietieteetetietestett ettt ettt ete et ete st et eseesesseseesessese et e sesseseesessessesessess et e s et essesansesseseesansesaesesensesesensesaasensas 4388

TT7.0  TUNCHON........ooeeeiieeeeeee e s e s e e s e s e s eeeesaseeesesesaaeaesaeeaeeeeeeeeeaens 489

17.6.1  MOde OPETAtION OULIIE. ...c..cviuiteiiieieiirieteiet ettt b ettt ettt b et b et be st e et e st st e b et b st eb et be st ebesesbenenea 489
17.6.1.1 ~ Encoder mode
17.6.1.2  Sensor mode (event count)




17.6.1.3  Sensor mode (Timer count)
17.6.1.4  Timer mode
17.6.2  Counter and interrupt generate operation when <CMPEN> = L.........ccccoviiiniinniiniiiccicneeseccneiceere e 494
17.6.2.1  Encoder mode
17.6.2.2  Sensor mode (event count)
17.6.2.3  Sensor mode (Timer count)
17.6.2.4  Timer mode
17.6.3  Counter and interrupt generate operation when <CMPEN> = 0.........ccccoeiiniiinniiiniininieiinceneceiecnereeereeeeaene 496
17.6.3.1  Encoder mode
17.6.3.2  Sensor mode (event count)
17.6.3.3  Sensor mode (Timer count)
17.6.3.4  Timer mode

17.6.4  ENCOder TOtAtiON ITECLION. . ..eiveuierietirteierietiteteetetietet et eteetet et eseesebesteseesesseseeseesessesaeseesessenseseeseesensesaesensenseseesasanseneas 498

17.6.5  COUNLET CICUIL...vivirierietieteitetetieteetesteteteetesteteseetessessesseseesessassesaeseesessesseseeseesansesaeseesesessesseseesensenseneesesensessesessensanseneas 499
17.6.5.1  Operation Description

17.6.0  TIEEITUPL. c.vititineieettetet ettt ettt ettt ettt e b bbbt b e bt sa e ee et ea et et e st ea e eb e b e s et st ebe e bt se e s eneebesaesaemsenneneen 500

17.6.6.1  Operational Description

18. Power-on-Reset Circuit (POR)

T8.T  SHFUCIUIC. ...ttt ettt e e e e e e e e e e e e e e e e et e e e e e e e e e e e e e e e s esaeeaaeasasesesesenasenesessssasanenens 501
T8.2  TFUNCHION. ...t ssssssssmnssnensssnannnnn 502

19. Low Voltage Detection Circuit (VLTD)

TO.1  SHUCEIUTE......cueiiiiiiiieieeee ettt ettt ettt ettt et e bt st eateeateeaeeeatesateeaee 503

R o4 L1 SRS 504
19.2.1  Register LiSt...ccccvveirnieerineiecreneecenenes .504
19.2.2  VDCR (Voltage detection control register).. .504

19.3  Operation DeSCription...............cocciiiiiiiiiiiiiiiieeee et e eae e e re e e sseeeens 505
TO.3.1  COMIOL itttk ettt 505
19.3.2  FUNCHOM. ...ttt bbbt bbbttt ettt ettt et b bbbt 505

19.3.2.1  Enabling/disabling the voltage detection operation
19.3.2.2  Selecting the detection voltage level

20. Ocsillation Frequency Detector (OFD)

20.1 Block diagram

20.2  REGISTEI'S. ....coeiiiiiiiieeiie ettt ettt ettt e ettt e eb et e st e e aee e s bt e e s atee e atee e bt e e sabe e e abee e bbeesabeeeebeeene

20.2.1  REGISTET LiSt...iuieuietiteiieiieieteiietestet ettt te ettt s b et e st ete e st ene st e s eeseesessenees e s ensene et et eneeseesentene et enseneaneesenseseenesentesesenteneas
20.2.1.1  OFDCRI (Oscillation frequency detection control register)
20.2.1.2  OFDCR2 (Oscillation frequency detection control register 2)
20.2.1.3  OFDMNPLLOFF (Lower detection frequency setting register (In case of PLL OFF))
20.2.14  OFDMNPLLON (Lower detection frequency setting register (In case of PLL ON))
20.2.1.5 OFDMXPLLOFF (Higher detection frequency setting register (In case of PLL OFF))
20.2.1.6  OFDMXPLLON (Higher detection frequency setting register (In case of PLL ON))

20.3 Operational DesCrPLION.............cc.ooiiiiiiiiiiiiieeie ettt sttt et e saeeesabeesabeeeas 516
20.3.1  SEELIE.c.eutteeeeteeteeeetettet ettt et ettt e et et e e te e e s e bt e s e st e st et e e b e s e st e s e R e s et en e ek e R et e st eR e b e s et e st ek e hea s e Rt es e be s enten e he b et eneetebennenean 516
20.3.2  OPCIALION. ...c.eeuieuieeieiieteteietteteete st etesteseese st e seseese et eesesseneeseeseasessenseseeseeseesensestenees e sensensene et e s e st e st entes e b e et e e enteseeneesenseneeneas 517
20.3.3  Detection Frequency...... S18
20.3.4  Available Operation Mode........... 519
20.3.5  Example of Operational PrOCEAUIE...........ocvruirieieiriieieiecet ettt ettt st e et e s et ebe st eneeseesenseneeneesensenseneas 519

21. Watchdog Timer(WDT)

211 ConfIGUIAtION.........cocuiiiiiiiiiii ettt b e bt st sttt et e eaeas 521
212 REEISTET ...ttt ettt et e bt bt s a e ettt e bt e bt e bt e sttt eateentean 522

xi



21.2.1  WDMOD(Watchdog Timer Mode REZISIET) ......c.covueirirreiiririiiirinieiiirieiereeteietseei sttt et ettt eas 522

21.22  WDCR (Watchdog Timer Control REZISTEI)......cc.c.eoiruiiririeiiriiiiiriiieirieieeete ettt ettt sttt s 524
21.3 Operations..............ccceevveeeneenen. ....525

21.3.1  Basic Operation.................. .525

21.3.2  Operation Mode and Status... .525

21.4 Operation when malfunction (runaway) is detected..................c.cooovvierriieniiiiniiieiieeen 526
21.4.1  INTWDT INtEITUPE SENMETALION. ......cueuiterieiieteiitrteteat ettt tetesestetebeststebesestebes et et ebe et be s et et sttt ebeatsaebesentetebe e bebestanesenes 526
21.4.2  Internal TESEt GEMETATION. .....c.cuvuiuiiiiiiiiiiieiiit ettt ettt sttt 527

D BT 1) 111 1) I ) SRR 528
21.5.1  Watchdog Timer Mode Register (WDMOD)......c.cceioiriiuiinieiiinieierinieietetceeseeteittet et sttt esseb et st esenes 528
21.5.2  Watchdog Timer Control Register(WDCR). .528
2153 SEHHNE EXAMPLE......cuiiitiriieiiiitei ettt ettt ettt b et b ettt b et bbbttt bt bbbttt b e st b bttt enes 529

21.5.3.1  Disabling control

21.5.3.2  Enabling control

21.5.3.3  Watchdog timer clearing control
21.5.3.4  Detection time of watchdog timer

22. Flash Memory Operation

220 FFALUIES........cconieiiiieeee et e e ettt e e e e e e e e ata e e e e e e e eeettaeeeaaeeeeeeasaaeeaaeeeeenassraaeeeas 531
22.1.1  Memory Size and CONFIZUIATION. .......cccc.iuiirieuiiricieieteiee ettt ettt s et se e ae e eneaes 531
22.1.2 FUNCHOM 1.ttt ettt sttt ettt st s ettt e e st e st es et e s em e es et e s e s emeeb e b e s enses e es e eseeseneen e en e ee et et entene et e nte e eneeneenenne

22.1.3  Operation Mode....
22.1.3.1 Mode Description
22.1.3.2  Mode Determination
22,14 MEMOTY MAPD....co ittt ettt sttt a et ettt s h et e a et e b et s st a e et
22.1.5  Protect/Security Function
22.1.5.1  Protect Function
22.1.5.2  Security Function
22,110 REGISIET ...ttt ettt sttt h ettt st e bt e bt s ettt e neais 536
22.1.6.1  Register List
22.1.6.2  FCCR (Flash Interface control register)
22.1.6.3  FCSR (Flash status register)
22.1.64  FCSECBIT (Security bit register)
22.1.6.5  FCPSRA (Flash protect status register)

22.2  Detail of Flash MemOTY............ccocoiiiiiiiiiiiiiieie ettt 539
22.2.1  Function........cocccceeeeencencncnnne ..539
22.2.2  Operation Mode of Flash Memory. ..539
22.2.3  Hardware Reset.........ccoecueunnnee .539
2224 How to EXecute COMMAN.........ccociuiiiiiiiiiiieiiieicereic ettt eaeaes 540

22.2.5  Command DESCIIPHION. .......c.coiriiueiirieiiirieieietetet ettt ettt ettt a et b ettt b et s et e s aeses e st e s s e enenes 540
22.2.5.1  Automatic Page Program
22.2.52  Automatic Chip Erase
22.2.53  Automatic Block Erase
22.2.54  Automatic Protect Bit Program
22.2.5.5  Auto Protect Bit Erase
222.5.6 ID-Read
22.2.5.7 Read Command and Read/reset Command (Software Reset)
22.2.6  ComMMANA SEQUEIICE. ... ....cueuuiuiietiiieteieirteterte ettt sttt e et se s e ae st ses et et se s ea e st e e b et seseaesaese e s s et et eaeseeseseeneseanenenes 544
22.2.6.1  Command Sequence List
22.2.6.2  Address Bit Configuration in the Bus Cycle
22.2.6.3  Block Address(BA)
22.2.64  How to Specify Protect Bit (PBA)
22.2.6.5 ID-Read Code (IA, ID)
22.2.6.6  Example of Command Sequence
22277 FLOWCRATT. ...t s 548
22.2.7.1  Automatic Program
22272  Automatic Erase

22.3 How to Reprogram Flash using Single Boot Mode..............cc..cccccociriiniinininniiiieeee. 550
22301 MOAE SELUNG......ceiiiiiieiiiirieicie ettt ettt sttt a ettt ekttt neae e eeneaes 550
2232 INterface SPECIFICATION. .....c.cuiiiiiuiiiieiiiieeteitt ettt ettt st e e ne s 550
22.3.3  Restrictions on INternal MEMOTIES. ..........couiuiiiiiiiiiiiiiiciiiicccc e 551
22.3.4  Operation COMMEANG........ccooiiuiuiiriiiiieieieiit ettt ettt ettt st s s e st ea et s et et s e b st e saese st s s seneaenes 551

22.3.4.1  RAM Transfer
22.3.42  Flash Memory Chip Erase and Protect Bit Erase

22.3.5 Common Operation regardless of COMMANG...........ccccurueuiriiiiiiiiiinieiiieceee ettt 552
22.3.5.1  Serial Operation Mode Determination

Xii



22.3.5.2  Acknowledge Response Data
22.3.5.3  Password Determination
22.3.54  CHECK SUM Calculation

22.3.6  Transfer Format at RAM Transfer...........cccooiiiiiiiiiiiiiiccic e
22.3.7  Transfer Format of Flash memory Chip Erase and Protect Bit Erase..

22.3.8  Boot Program Whole FIOWCHAIT..........cccouiiiiriiiiiiiiiiiei ettt

22.3.9 Reprogramming Procedure of Flash using reprogramming algorithm in the on-chip BOOT ROM..........cccecueueee 564

2239.1  Step-1
22392  Step-2
22393  Step-3
22394  Step-4
22395  Step-5
223.9.6  Step-6

22.4 Programming in the User Boot Mode................c.oooiiiiiiiiiiiieiiieeie e 567

22.4.1  (1-A) Procedure that a Programming Routine Stored in Flash memory..........ccccoeoveinincincineinncnccnececee 567
224.1.1  Step-1
22.4.1.2  Step-2
22.4.1.3  Step-3
224.1.4  Step-4
22.4.1.5  Step-5
224.1.6  Step-6
22.42  (1-B) Procedure that a Programming Routine is transferred from External HOSt .........coccoovevininicininincnccnccnenne 571
22421  Step-1
22422  Step-2
22423  Step-3
22424  Step-4
22425  Step-5
22426  Step-6

23. Debug Interface

23.1  Specification OVeIVIEW.............ccceoiiiiiiiiiiiiiiiieeeeert ettt ettt 575

23.2 Features Of SWUI-DP...........ooooiiiiiii et e e e e e 575

23.3 Features OF ETIVL.........coooiiiiiiiii ettt e e e e e e e e e e e s s eeaaaaeeeeeeean 575

23.4 PN FUNCHIONS. .........oooiiiiiiiiiiiiiie et e ettt e e e e e e e e e e e e e e e e ssnaaaeeeeeeeeaas 576

23.5 Connection with a Debug TooL............c...ccccoiiiiiiiiiniiiiee e 577
23.5.1  HOW tO CONNECL.....ccveerierireerieieeeieeiereeeesae e

23.5.2  When use general purpose port.
23.6 Peripherals operation during HALT mode.................ccoooiiiiiiniiiiiiiieieee e 577

24. Port Section Equivalent Circuit Schematic

24.1 PB31t06, PEQ 102, PGO 0 6.......c..cceoviiieiiiieiiienicecce et 579
242 PJO 107, PKO 0 1......cooioiiiiiiiiieiieeee ettt s 579
243 PFO.......ooiiie e e e st 580
244 PMO 0 ..ottt et et 580
245 XTI, X2i oo et ettt e st sa e s reea et nnes 581
24,6 RESET ..ottt sttt st et 581
24T IMODKE.........ooiiiiiie ettt et st e e ettt ne e n e ne s 581
24.8 VREFHB, VREFLB.............cccociiiiiiiiiiiiictcecet ettt 581
24.9 VOUTIS, VOUTS......cooiieiee ettt sttt st st 582

25. Electrical Characteristics

25.1 Absolute Maximum Ratings..............ccccooviiiiiiiiiiiiiie ettt 583
25.2 DC Electrical CharacteriStics (1/2).........ccuueiiieiiiiiiieiiiieeeeiieeeeeieee e e e e vree e s evveee s 584

xiii



25.3

25.6.2  Serial Channel Timing (SIO)
25.6.2.1  I/O Interface mode

25.6.3  Serial Bus INterface (I2C/STO)....ccueieiriirierieiieiesieeeieetetet ettt et et et et sae st e seebesseseeseesensesseseesensesaessssasessesessesenaesenne 587
25.6.3.1 12C Mode
25.6.3.2  Clock-Synchronous 8-Bit SIO mode

25.0.4  EVENE COUNLT......eiuiitiiiiieiiitertetettete st ettt ettt ettt ettt st et ese et be e et bt b e b et esteb e b et e st es e et e s et es e et e b ensenteseenenneneeneenenne 590
25.6.5
25.6.6
25.6.7  DebUZ COMMUNICATION. ....etetiuiiiteiitetettrtetettt ettt et ettt et tes st s et ese st et es et et es e st beseateteb e st et sea e st ebe et ebes e st ebentatebeseanerenes 592

25.6.7.1  AC measurement condition
25.6.72  SWD Interface
25.6.7.3  JTAG Interface

25.6.8  Flash CRaraCteriStiCS. . cueiueierieterieietietitetetteteste et ete st et eteetesaesaeseese st eseeseesessesseseesensesseseesensessesessesseseesessanseseesessensenaesenne 593
25.6.9 0N CHIP OSCILLALOL. .....eueuttiaietiiirtcietiet ettt ettt ettt ettt b et eb et bbbt st ebe s e bbbt etenes 593
25.6.10  EXEEINAL OSCILALOT. .....ecviieiieiietiieietietieteiet ettt ettt ettt et eteste st et esessesseseesessessesaesessesseseeseesessesseseasesenseseesensensesaesense 593
25.77  Oscillation CirCUiL.................ocoiiiiiiiiiii e e et e e e e ar e e e e e ar e e e e eaareeeeeas
25.7.1  Recommended Ceramic OSCIIIAIOT.........c.eiieieiiieiirtiieieietcete ettt sttt et ettt be e e seeseeseesessessenseseesessensenne 594

DC Electrical Characteristics (2/2) ..........ooooviiiiiieiiiee et 585

25.4 12-bit ADC Electrical CharacteriStics .................cccccooeiiiiiimiiiiiieeieeeeeee e 585

25.5 Op-Amps Electrical CharacteriStics.................ccocouvieiiiiniiiiiiiiie et 585

25.6 AC Electrical CharacteriStiCs................cooovvvriiiiiiiiiiiiiieeeeeee e 586
25.6.1  AC measurement condition..........

26. Package Dimensions

Xiv



To s H I BA TMPM375FSDMG
CMOS 32-Bit Microcontroller

TMPM375FSDMG

TMPM375FSDMG is a 32-bit RISC microprocessor series with an ARM® Cortex®-M3 microprocessor

core. Features of the TMPM375FSDMG are as follows:

1.1 Features

1. ARM Cortex-M3 microprocessor core
a. Improved code efficiency has been realized through the use of Thumb®-2 instruction.

* New 16-bit Thumb instructions for improved program flow
+ New 32-bit Thumb instructions for improved performance

* New Thumb mixed 16-/32-bit instruction set can produce faster, more efficient code.

b. Both high performance and low power consumption have been achieved.
[High performance]
+ 32-bit multiplication (32 x 32 = 32bit) can be executed with one clock.
+ Division takes between 2 and 12 cycles depending on dividend and devisor
[Low power consumption]
+ 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. On Chip program memory and data memory
On-chip RAM : 4Kbyte
On-chip FlashROM : 64Kbyte

3. 16-bit timer (TMRB) : 4 channels
16-bit interval timer mode
16-bit event counter mode
Input capture function
16-bit PPG output
External trigger PPG output

4. Watchdog timer (WDT) : 1 channel
Watchdog timer (WDT) generates a reset .

5. Power On reset function (POR)

6. Voltage detect function (VLTD)
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1.1 Features TMPM375FSDMG

7. Oscillation frequency detect function (OFD)

8. Vector engine (VE+) : lunit
Calculation circuit for motor control
Corresponding to 1 motors

9. Programmable motor driver (PMD) : 1channels
3phase complementary PWM generator
Synchronous AD convert start trigger generator
Emergency protective function (EMG )

10. Encoder input circuit (ENC) : 1channels
Correspond to incremental encoder (AB / ABZ)
Rotation direction detection
Counter for absolute position detection
Comparator for position detection
Noise filter
3 phase sensor input

11. General-purpose serial interface(SIO/UART) : 2channels
Either UART mode or synchronous mode can be selected (4byte FIFO equipped)(1channel)
UART mode (1channel)

12. Serial bus interface (I2C/SIO) : 1 channel

Either I12C bus mode or synchronous mode can be selected.

13. 12 bit AD converter (ADC) : lunits ( Analog input : 4 channel )
Start by the internal trigger : TMRB interrupt / PMD trigger
Constant conversion mode
AD monitoring 2ch
Conversion speed 2 psec (@ADC conversion clock = 40 MHz)

14. OP-Amp(AMP) : 1 channel

8 gain can be selected

15. Input/ output ports (PORT) : 21 pins
1/O pin : 21pins

16. Interrupt source

Internal 29 factors : The order of precedence can be set over 7 levels. (except the watchdog timer in-
terrupt)
External 3 factors : The order of precedence can be set over 7 levels.

17. Standby mode
Standby modes : IDLE, STOP
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To s H I BA TMPM375FSDMG

18. Clock generator (CG)
On-chip PLL (quadruple or quintuple)
Clock gear function : The high-speed clock can be divided into 1/1, 1/2, 1/4, 1/8 or 1/16.

19. Endian

Little endian

20. Internal high-speed oscillation circuit : 10 MHz

21. Maximum operating frequency : 40 MHz

22. Operating voltage range
+ DVDDS5B = 3.9V to 5.5V (fsys=40MHz)
(4.5V to 5.5V : All function operating)
(3.9V to 4.5V : Restrictions of Electrical Characteristics on 12bit-ADC, Flash writing, etc. )

23. Temperature range
-40 °C to 105 °C (except during Flash writing/erasing)
0 °C to 70 °C (during Flash writing/erasing)

24. Package
SSOP30 (5.6 mm x 9.7 mm , 0.65 mm pitch)
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1.2 Block Diagram TMPM375FSDMG

1.2 Block Diagram
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Figure 1-1 TMPM375FSDMG block diagram
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TOSHIBA

TMPM375FSDMG

1.3 Pin Layout (Top view)

The pin layout of TMPM375FSDMG is a figure below.

TMPM375FSDMG

AVSSB/VREFLB/AMPVSS
A1B9/PJ6

AINB10/PJ7
AINB11/PKO
AINB12/PK1
AVDD5B,/VREFHB,/AMPVDD5
MODE

U0/PGO

X0/PG1

VO/PG2

YO/PG3

WO0/PG4

___ 70/PG5
EMG,/OVV/PG6

RESET

W N —

Sl B LW — O © oo Jo O~

O

PEO/ENCA/TXDO

PE1/ENCB/RXDO/TB4 IN

DVDD5B

PM1/X2

DVSSB

PMO/X1

VOUT15

VINREGS5

VOUT3 o
PE2/ENCZ/SCLKO/CTSO/ INT7/ (SCLO)
PFO/TB71N/B0OOT/SDAO,/S00/TXD1/INTG
PB6,/TB70UT/TDI/SCLO/SI0/RXD1/INT6
PB5,/TDO/SWV/SCKO/ (SDAO)
PB4,/TCK/SWCLK/ (TXD1)
PB3/TMS/SWD10/ (RXD1)

Figure 1-2 Pin Layout(SSOP30)
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1.4 Pin names and Functions TMPM375FSDMG

1.4 Pin names and Functions

Table 1-1 sorts the input and output pins of the TMPM375FSDMG by pin or port. Each table includes alternate
pin names and functions for multi-function pins.

1.4.1 Sorted by Port

Table 1-1 Pin Names and Functions Sorted by Port (1/2)

Input /
PORT Type Pin No. Pin Name Out- Function
put
. PB3 lfe} 1/O port
Function/ .
PORT B Deb 16 TMS/SWDIO lfe} Debug pin
ebu
g (RXD1) | Receiving serial data
. PB4 lfe} 1/O port
Function/ .
PORT B Deb 17 TCK/SWCLK lfe} Debug pin
ebu
g (TXD1) (0] Sending serial data
PB5 110 1/O port
Function/ TDO/SWV (0] Debug pin
PORT B 18 .
Debug SCKO 110 Serial clock
(SDAO) /10 12C data input/output
PB6 lfe} 1/O port
TDI | Debug pin
Function/ SI10/SCLO 110 Serial data input / 12C clock input/output
PORT B 19
Debug TB70UT (0] 16bit Timer output
INT6 | External Interrupt input pin
RXD1 | Receiving serial data
PEO 110 1/0 port
PORT E Function 30 TXDO 0} Sending serial data
ENCA | A-phase input pin
PE1 110 1/0 port
. RXDO | Receiving serial data
PORT E Function 29 - i
ENCB | B-phase input pin
TB4IN | Inputting the 16bit timer capture trigger
PE2 /o 1/0 port
SCLKO /o Serial clock input/ output
) CTSO Handshake input pin
PORT E Function 21 | . .
ENCZz | Z-phase input pin
INT7 /o External Interrupt input pin
(SCLO) 12C clock input/output
PFO 110 110 port
TB7IN | Inputting the 16bit timer capture trigger
Function/ SO0/SDA0 ] Serial data output / 12C data input/output
PORT F 20 BOOT I BOOT mode pin. (note) This pin goes into single boot mode by sampling "Low"
Control ) .
at the rise of a RESET signal.
TXD1 o) Sending serial data
INTC | Interrupt input pin
. PGO /10 1/0 port
PORT G Function 8 .
uo (0] U-phase output pin
. PG1 110 1/0 port
PORT G Function 9
X0 (0] X-phase output pin
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Table 1-1 Pin Names and Functions Sorted by Port (2/2)

Input /
PORT Type Pin No. Pin Name Out- Function
put
. PG2 lfe} 1/0 port
PORT G Function 10 .
VO (0] V-phase output pin
) PG3 110 1/O port
PORT G Function 11 .
YO (0] Y-phase output pin
. PG4 lfe} 1/0 port
PORT G Function 12 i
W0 (0] W-phase output pin
. PG5 110 1/0 port
PORT G Function 13
Z0 (0] Z-phase output pin
PG6 lfe} 1/0 port
PORT G Function 14 EMG1 | Emergency status detection input
owVv [ Overvoltage Detection input
. PJ6 lfe} 1/O port
PORT J Function 2
AINB9 | Analog input
. PJ7 110 1/0 port
PORT J Function 3 .
AINB10 | Analog input
. PKO 110 1/0 port
PORT K Function 4
AINB11 | Analog input
. PK1 lfe} 1/O port
PORT K Function 5
AINB12 | Analog input
Function/ PMO 110 1/O port
PORTM 25 . .
Clock X1 | Connected to a high-speed oscillator
i PM1 110 1/0 port
PORTM Function/ 97 P _ .
Clock X2 o Connected to a high-speed oscillator
Mode pin
- Control 7 MODE | .
(note) MODE pin must be connected to GND.
. [ Reset input pin
- Function 15 RESET [ . L .
(note) With a pull-up and a noise filter (about 30ns (typical value))
- PS 26 DVSSB - GND pin
- PS 28 DVDD5B - Power supply pin
- PS 23 VINREG5 - Power supply pin
- PS 24 VOUT15 - Power supply pin
- PS 22 VOUT3 - Power supply pin
AVSSB AD converter: GND pin (Note 1)
- PS 1 VREFLB - Supplying the AD converter with a reference power supply.
AMPVSS Op-Amp GND pin
AVDD5B Supplying the AD converter with a power supply. (Note2)
- PS 6 VREFHB - Supplying the AD converter with a reference power supply.
AMPVDD5 Supplying the Op-Amp with a power supply.

Note 1: AVSS must be connected to GND even if the AD converter is not used.
Note 2: Must be connected to power supply even if AD converter is not used.
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1.5 Pin Numbers and Power Supply Pins TMPM375FSDMG

1.5 Pin Numbers and Power Supply Pins

Table 1-2 Pin Numbers and Power Supplies

Power supply Voltage range Pin No. Pin name
PB,PE,PF,PG,PM
DVDD5B 28 _
4510 5.5V RESET,MODE
AVDD5B 3.9 to 4.5V(note) 6 PJ,PK
VINREGS5 23 -

Note: Function operation has restriction. For detail , refer to the Electrical Characteristics.

Table 1-3 On-chip Regulator output pin

Pin name Pin No. remark

VOUT15 must be connected to DVSS
VOUT15 19 through 3.3 to 4.7uF capacitor for supply
power to internal circuit.

VOUT3 must be connected to DVSS
VOUT3 17 through 3.3 to 4.7uF capacitor for supply
power to internal circuit.

Note:VOUT15 and VOUT3 must be connected with the same value of capacitors. The IC outside can not have
the power supply from VOUT15 and VOUTS3.
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2.

21

Processor Core

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

Information on the processor core
The following table shows the revision of the processor core in the TMPM375FSDMG.

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:

Product Name

Core Revision

TMPM375FSDMG

r2p1

2.2 Configurable Options

Feature Configure option
EPB ‘Tv‘vo Iiterelll comparators
Six instruction comparators
DWT Four comparators
IT™M Present
MPU Absent
ETM Present
AHB-AP Present
AHB Tra(t::rfl\:::rocell In- Absent
TPIU Present
wiC Absent
Debug Port JTAG / Serial wire
Bit Band Present
constant AHB control Absent

The TXO03 series has a high-performance 32-bit processor core (the ARM Cortex-M3 processor core). For infor-
mation on the operations of this processor core, please refer to the "Cortex-M3 Technical Reference Manual" is-
sued by ARM Limited.This chapter describes the functions unique to the TX03 series that are not explained in
that document.

The Cortex-M3 core has optional blocks. The optional blocks of the revision r2p1 are ETM™ and MPU. The fol-
lowing table shows the configurable options in the TMPM375FSDMG.
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2. Processor Core

2.3 Exceptions/ Interruptions TMPM375FSDMG

2.3 Exceptions/ Interruptions

Exceptions and interruptions are described in the following section.

2.3.1

23.2

233

234

2.3.5

2.3.6

Number of Interrupt Inputs
The number of interrupt inputs can optionally be defined from 1 to 240 in the Cortex-M3 core.

TMPM375FSDMG has 32 interrupt inputs. The number of interrupt inputs is reflected in <INTLINESNUM
[4:0]> bit of NVIC register. In this product, if read <INTLINESNUM][4:0]> bit, 0x00 is read out.

Number of Priority Level Interrupt Bits
The Cortex-M3 core can optionally configure the number of priority level interrupt bits from 3 bits to 8 bits.

TMPM375FSDMG has 3 priority level interrupt bits. The number of priority level interrupt bits is used
for assigning a priority level in the interrupt priority registers and system handler priority registers.

SysTick
The Cortex-M3 core 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.

SYSRESETREQ

The Cortex-M3 core outputs SYSRESETREQ signal when <SYSRESETREQ> bit of Application Inter-
rupt and Reset Control Register are set.

TMPM375FSDMG provides the same operation when SYSRESETREQ signal are output.

LOCKUP

When irreparable exception generates, the Cortex-M3 core outputs LOCKUP signal to show a serious er-
ror included in software.

TMPM375FSDMG does not use this signal. To return from LOCKUP status, it is necessary to use non-mask-
able interruput (NMI) or reset.

Auxiliary Fault Status register

The Cortex-M3 core provides auxiliary fault status registers to supply additional system fault information
to software.

However, TMPM375FSDMG is not defined this function. If auxiliary fault status register is read, always
"0x0000_0000" is read out.

2022/06/01
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2.4 Events

The Cortex-M3 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.

TMPM375FSDMG does not use event output signals and event input signals. Please do not use SEV instruc-
tion and WFE instruction.

2.5 Power Management

The Cortex-M3 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

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

TMPM375FSDMG 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."

2.6 Exclusive access

In Cortex-M3 core, the DCode bus system supports exclusive access. However TMPM375FSDMG does not
use this function.
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2.6 Exclusive access TMPM375FSDMG
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3. Memory Map

3.1 Memory Map

The memory maps for TMPM375FSDMG are based on the ARM Cortex-M3 processor core memory map. The
internal ROM, internal RAM and special function registers (SFR) of TMPM375FSDMG are mapped to the Code,
SRAM and peripheral regions of the Cortex-M3 respectively. The special function register (SFR) means the con-
trol registers of all input/output ports and peripheral functions. The SRAM and SFR areas are all included in the

bit-band region.

The CPU register area is the processor core’s internal register region.

For more information on each region, see the "Cortex-M3 Technical Reference Manual".

Note that access to regions indicated as "Fault" causes a memory fault if memory faults are enabled, or causes

a hard fault if memory faults are disabled. Also, do not access the vendor-specific region.

3.1.1  TMPM375FSDMG Memory Map

Figure 3-1 shows the memory map of the TMPM375FSDMG.

OXFFFF_FFFF

0xE010_0000
OxEOOF_FFFF

0xE000_0000

0x4200_0000
Ox41FF_FFFF

Ox41FF_F000
Ox41FF_EFFF

0x4008_0000
0x4007_FFFF

0x4000_0000

0x2000_1000
0x2000_0000

0x0000_FFFF

0x0000_0000

Vendor-Specific

CPU Register Region

Fault

SFR

Fault

SFR

Fault

Internal RAM (4K)

Fault

Internal ROM (64K)

Figure 3-1 Memory Map
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3. Memory Map
3.2 Details of SFR

area

TMPM375FSDMG

3.2

Details of SFR area

Table 3-1shows the details of the SFR area.

Do not access a reserved area in Table 3-1. See the chapter of each peripheral function for details.

Table 3-1 Details of SFR

Start Address End Address Peripheral
0x4000 _ 0000 0x4000 _033F PORT
0x4000 _ 0340 0x4000_FFFF Reserved

0x4001_0000 0x4001_01FF TMRB

0x4001_0200 0x4001_03FF Reserved
0x4001_0400 0x4001_043F ENC
0x4001_0440 0x4001_FFFF Reserved
0x4002_0000 0x4002_007F 12C/SI0
0x4002_0080 0x4002_00FF SIO/UART
0x4002_0100 0x4003_01FF Reserved
0x4003_0200 0x4003_02FF ADC
0x4003_0300 0x4003_0417 Reserved
0x4003_0418 0x4003_041F AMP
0x4003_0420 0x4003_FFFF Reserved
0x4004_0000 0x4004_003F WDT
0x4004_0040 0x4004_01FF Reserved
0x4004_0200 0x4004_022F CG
0x4004_0230 0x4004_02FF Reserved
0x4004_0300 0x4004_030F TRM
0x4004_0310 0x4004_07FF Reserved
0x4004_0800 0x4004_083F OFD
0x4004_0840 0x4004_08FF Reserved
0x4004_0900 0x4004_093F VLTD
0x4004_0940 0x4004_FFFF Reserved
0x4005_0000 0x4005_01FF VE
0x4005_0200 0x4005_047F Reserved
0x4005_0480 0x4005_04FF PMD
0x4005_0500 0x4005_FFFF Reserved
0x4006_0000 0x4006_0007 DNF
0x4006_0008 0x4007_FFFF Reserved
0x4008_0000 O0x41FF_EFFF Hard fault
0x41FF_FO000 0x41FF_FO3F FLASH
0x41FF_F040 0x41FF_FFFF Reserved
Table 3-2 Base Address List
Peripheral Name Base Address SFR
Prot B 0x4000 _0040 PORT
Port E 0x4000_0100 PORT
Port F 0x4000_0140 PORT
Port G 0x4000_0180 PORT

2022/06/01
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Table 3-2 Base Address List

Port J 0x4000_0240 PORT

Port K 0x4000_0280 PORT

Port M 0x4000_0300 PORT

TMRB 0 0x4001_0000 TMRB

TMRB 4 0x4001_0100 TMRB

TMRB 5 0x4001_0140 TMRB

TMRB 7 0x4001_01CO0 TMRB
I ENC 0 | 0x4001_0400 | ENC I
I SBI 0 | 0x4002_0000 | SBI I

SIO UART 0 0x4002_0080 SIO / UART
SIO UART 1 0x4002_00C0 SIO / UART

I ADC | 0x4003_0200 | ADC I
I AMP D | 0x4003_0418 | AMP I
I WDT | 0x4004_0000 | WDT I
I CG | 0x4004_0200 | CG I
I OSCTRIM | 0x4004_0300 | TRM I
I OFD | 0x4004_0800 | OFD I
I LvD | 0x4004_0900 | LVD I
I VE | 0x4005_0000 | VE I
I PMD 1 | 0x4005_0480 | PMD I
I DNF | 0x4006_0000 | DNF I
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4.

Reset Operation

The following are sources of reset operation.

Power-on-reset circuit (POR)

Voltage Detection Circuit (VLTD)

RESET pin (RESET)

Watch-dog timer (WDT)

Oscillation frequency circuit (OFD)

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

To recognize a source of reset, check CGRSTFLG in the clock generator register described in Chapter of "Excep-
tion".

Detail about the power-on-reset circuit, the power detection circuit, the watch-dog timer and the oscillation fre-
quency detection circuit, refer to each chapter.

A reset by <SYSRESETREQ> is referred to "Cortex-M3 Technical Reference Manual".

Note:Once reset operation is done, internal RAM data is not assured.
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4.1 Cold Reset TMPM375FSDMG

4.1 Cold Reset

When turning-on power, it is necessary to take a stable time of built-in regulator, built-in Flash memory and in-
ternal high-speed oscillator into consideration. TMPM375FSDMG has a function to insert a stable time automatical-
ly.

4.1.1 Reset by power-on-reset circuit (not using RESET pin)

Once power voltage is beyond the release voltage of power-on-reset, power counter starts operation, and
then after approximately 3.2ms internal reset signal is released.

Power-on-reset circuit operation is referred to Section of "Power-on-reset circuit (POR)".

Power setup time
(3ms MAX.)

Power voltage operation range

Power-on-reset release voltage ; CPU fetch starts

ov

—

RESET pin

Power-on detection signal

Power-on counter

PP

[ > !

Approximately 3.2ms (tPWUP)

Internal reset signal

Figure 4-1 Reset Operation by Power-on Circuit
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4.1.2 Reset by RESET pin

The reset using the RESET pin will be effective after the power-on counter finishes. And if RESET pin is
set to "High" within 3.2ms after power-on reset signal becomes "High", the reset process will be the same as
the power-on described in 4.1.1.

Power setup time

Power voltage operation range

Power-on-reset release voltage i CPU fetch starts

ov

—

1 \ i
H 3.2ms (tPWUP) 1 If an external reset is generated ahead of this timing,
< ». a reset process will be the same as the internal power-on-reset.

RESET pin \ § -
Power-on detection signal \

H A4
Internal reset signal \

Figure 4-2 Reset Operation by RESET pin
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4.2 Warm-up TMPM375FSDMG

4.2 Warm-up

421 Reset Duration

To do reset TMPM375FSDMG, the following condition is required; power supply voltage is in the operation-
al range; RESET pin is kept "Low" at least for 12 system clocks by internal high frequency oscillator. After RE-
SET pin becomes "High", internal reset will be released.

4.3 After reset

After reset, the control register of Cortex-M3 and the peripheral function control register (SFR) are initialized. Sys-
tem debug component registers (FPB, DWT, and ITM) of the internal core, CGRSTFLG in the clock generator
and FCSECBIT in the Flash related 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 circuit should be set if necessary.
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5. Clock / Mode Control

5.1 Features

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

There is also the low power consumption mode which can reduce power consumption by mode transitions.
This chapter describes how to control clock operating modes and mode transitions.

The clock/mode control block has the following functions:

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

Controls the warm-up timer

In addition to NORMAL mode, the TMPM375FSDMG can operate in six types of low power mode to reduce pow-
er consumption according to its usage conditions.
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5.2 Registers

TMPM375FSDMG

5.2 Registers

5.2.1 Register List
The following table shows the CG-related registers and addresses.
Base Address = 0x4004_0200
Register name Address (Base+)
System control register CGSYSCR 0x0000
Oscillation control register CGOSCCR 0x0004
Standby control register CGSTBYCR 0x0008
PLL selection register CGPLLSEL 0x000C
Reserved - 0x0010
2022/06/01 Page 22
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5.2.2 CGSYSCR (System control register)

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 1

bit symbol - - - FPSEL - PRCK
After reset 0 0 0 0 0 0 0 0

bit symbol - - - - - GEAR
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function

31-18 - R Read as "0".

17-16 - R/IW Write as "01".

15-13 - R Read as "0".

12 FPSEL R/W Selects fperiph source clock
0: fgear

1: fc

11 - R Read as "0".

10- 8 PRCK[2:0] R/W Prescaler clock
000: fperiph
001: fperiph/2
010: fperiph/4
011: fperiph/8
100: fperiph/16
101: fperiph/32
110: Reserved
111: Reserved

Specifies the prescaler clock to peripheral I/O.
7-3 - R Read as "0".

2-0 GEAR[2:0] R/W High-speed clock (fc) gear
000: fc

001: Reserved

010: Reserved

011: Reserved

100: fc/2

101: fc/4

110: fc/8

111: fc/16
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5.2 Registers

TMPM375FSDMG

5.2.3 CGOSCCR (Oscillation control register)

31

.0 | 20 | 8 | 2 26 25 24

bit symbol

After reset 1

0 0 0 0 0 0 0

23

22 21 20 19 18 17 16

bit symbol

WUODR WUPSEL2 HOSCON OSCSEL

After reset 0

0 0 0 0 0 0 1

14 13 12 11 10 9 8

bit symbol -

After reset 0

0 0 0 0 0 0 0

6 5 4 3 2 1 0

bit symbol -

WUPSEL1

After reset 0

0 0 0 0 0 0 0

Bit

Bit Symbol

Type

Function

31-20

WUODR[11:0]

R/IW

Specifies count time of the warm-up timer.

19

WUPSEL2

R/IW

Clock source for Warm-up timer(WUP)

0: Internal (OSC2)

1: External (OSC1)

Select source clock for warm-up timer between external oscillator (OSC1) and internal oscillator (OSC2).

18

HOSCON

R/W

Port M or external oscillator (X1/X2) (Note)
0: PORT M

1: External oscillator (X1/X2)

Specifies Port M or X1/X2.

When the external oscillator (OSC1) is used, Port M registers (PMCR/PMPUP/PMPDN/PMIE) should be dis-
abled. After reset, the port M registers are disabled.

17

OSCSEL

R/W

Selection of high-speed oscillator
0: Internal (OSC2)
1: External (OSC1)

Select high-speed oscillator between external oscillator (OSC1) and internal oscillator (OSC2). Confirm <OS-
CSEL> become "1" then halt the OSC2 immediately after switching over to OSC1. Do not select OSC2
again after switching to OSC1.

16

XEN2

R/IW

High-speed oscillator2 (Internal)

0: Stop

1:Oscillation

Specifies operation of the high-speed oscillator 2 (OSC2).

15-12

R/IW

Write as "0".

11-10

Read as "0".

R/W

Write as "0".

XEN1

R/W

High-speed oscillator1 (External)

0: Stop

1:Oscillation

Specifies operation of the high-speed oscillator 1 (OSC1).

R/IW

Read as "0".

WUPSEL1

R/W

Clock source for Warm-up timer
Write as "0".

PLLON

R/IW

PLL operation

0: Stop

1: Oscillation

Specifies operation of the PLL.

It stops after reset.Setting the bit is required.

2022/06/01
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Bit Bit Symbol Type Function

1 WUEF R Status of warm-up timer (WUP)

0: Warm-up completed.

1: Warm-up operation

Enable to monitor the status of the warm-up timer.

0 WUEON w Operation of warm-up timer

0: don't care

1: Starting warm-up

Enables to start the warm-up timer.

(Note) Do not write "1" to <WUEON>, at the setting of returning from stop mode with automatic warming-
up. When warming-up is started by software (SWUOEN> = "1" ), please monitor <WUEF> and confirm warm-
ing-up is completed. After <WUEN> turn to "0" operation mode can be changed to stop mode.

Note:When the <HOSCON?> is set to "1", the all registers for Port M can not be accessed and the read da-
ta from these registers are always "0". If one of the Port M registers except PMDATA and PMOD is
not equal to the initial value, the <HOSCON> can not be set to "1".
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5.2 Registers

TMPM375FSDMG
5.2.4 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 - - - - - - - DRVE
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol - - - - - - - RXEN
After reset 0 0 0 0 0 0 0 1

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

Bit Bit Symbol Type Function
31-18 - R Read as "0".
17 - R/W Write as "0".
16 DRVE R/W Pin status in STOP mode
0: Inactive
1: Active
15-10 - R Read as "0".
9 - R/W Write as "0".
8 RXEN R/W High-speed oscillator operation after releasing the STOP mode.
Write as "1".
7-3 - R Read as "0".
2-0 STBY[2:0] R/W Low power consumption mode
000: Reserved
001: STOP
010: Reserved
011: IDLE
100: Reserved
101: Reserved
110: Reserved
111: Reserved
To enter the STOP mode, disable the oscillation (OSC1 or OSC2) which is unused as system clock.
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5.2.5 CGPLLSEL (PLL Selection Register)

Specifies use or disuse of the clock multiplied by the PLL.

"fosc" is automatically set after reset. Resetting is required when using the PLL.

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 PLLSET1 - PLLSETO
After reset 1 1 0 1 0 0 0 0

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

Bit Bit Symbol Type Function
31-16 - R Read as "0".
15-12 PLLSET1[3:0] | R'W Write as "1101".
11 - R Read as "0".
10-1 PLLSETO[9:0] | R'W PLL multiple setting
Write as a follow setting when it is used 8MHz external clock.
5 PLL: "01_0001_0011".
Write as a follow setting when it is used 10MHz external clock.
4 PLL: "01_0000_1111".
Note: Do not set any values other than those shown above setting.
0 PLLSEL R/W Use of PLL
0: fosc use
1: PLL Use

Page 27

2022/06/01




5. Clock / Mode Control
5.3 Clock control

TMPM375FSDMG

5.3 Clock control

5.3.1 Clock Type

Each clock is defined as follows :

fosc1
fosc2
fosc
fpLL

fc
fgear
fsys
fperiph
@TO

The high-speed clock fc and the prescaler clock ¢TO are dividable as follows.

: Clock input from external high-speed oscillator (X1 and X2)
: Clock input from internal high-speed oscillator

: High-speed clock specified by CGOSCCR<OSCSEL>

: Clock octupled by PLL (x 5 or 4)

: Clock specified by CGPLLSEL<PLLSEL> (high-speed clock)
: Clock specified by CGSYSCR<GEAR[2:0]>

: The same clock as fgear (system clock)

: Clock specified by CGSYSCR<FPSEL>

: Clock specified by CGSYSCR<PRCK][2:0]> (Prescaler clock)

High-speed clock : fc, fc/2, fc/4, fc/8, fc/16

Prescaler clock : fperiph, fperiph/2, fperiph/4, fperiph/8, fperiph/16, fperiph/32

5.3.2 Initial Values after Reset

Reset operation initializes the clock configuration as follows.

High-speed oscillator 1 (External) : Stop

High-speed oscillator 2 (Internal)  : Oscillating
PLL (Phase locked loop circuit) : Stop
High-speed clock gear : fc (no frequency dividing)

Reset operation causes all the clock configurations to be the same as fogco.

fc = fosc2

fsys = fc (= fosc2 )

fperiph = fc ( = fosc2 )

@TO = fperiph ( = fosc2 )
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5.3.3 Clock system Diagram

Figure 5-1 shows the clock system diagram.

CGOSCCR<WUEON>
CGOSCCR<WUODR[11:0]>

Warm-up timer

AD conversion clock

»
>

OFD monitoring clock

CGOSCCR CGSYSCR<FPSEL>
<WUPSEL2> +
A
3 fperiph
;E (to Peripheral 1/0)
CGOSCCR<PLLON> ”
CGOSCCR Stops after releasing reset fgear
<XEN2> >
Starts oscillation after reset A _D? [AHB-Bus 1/0]
. y CPU, ROM, RAM,
Internal BOOT ROM
oscillator | fosc2 1/2 | 1/4 1 1/8 |1/16 [10-Bus 1/0]
TMRB, WDT, VE, PMD,
CGSYSCR SIO, ADC, PORT, OFD,
CGPLLSEL <GEAR[2:0]> ENC, VLTD
CGOSCCR <PLLSEL>
X1 O— External <OSCSEL>
x2 (O—{ oscillator foscl
(/32 +|[SysTick external refference clock]
CGOSCCR L ~1 cpu
<XEN1>

Stops oscillation after reset

Y

ﬂ ¢TO

fperiph

— 112 [ 174 | 18 [116]1/32]

CGSYSCR
<PRCK[2:0]>

Y

Figure 5-1 Clock Block Diagram

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

[Peripheral I/O prescaler input]
TMRB, SIO, SBI
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5.3.4 Clock Multiplication Circuit (PLL)

This circuit outputs the fpy 1 clock that is quadruple or quintuple of the high-speed oscillator output clock
(fosc.) As a result, the input frequency to oscillator can be low, and the internal clock be made high-speed.

The PLL is disabled after reset. To enable the PLL, set "1" to the CGOSCCR<PLLON> bit and set "1" to
the CGPLLSEL<PLLSEL>. Then fpy 1 clock output is quadruple or quintuple of the high-speed oscillator

(fosc).

The PLL requires a certain amount of time to be stabilized, which should be secured using the warm-up func-
tionor other methods.

5.3.4.1  Stability time

The PLL requires a certain amount of time to be stabilized, which should be secured using the warmup
function or other methods.

When the <PLLON> is set to "1" and operation starts, it is necessary to take approximately 200us as
the Lock-up time.

The <PLLON> is first made "0" when the multiplying value is changed and PLL is stopped. When the
multipling <PLLSEL> value is changed, the <PLLON> is set to "1" after approximately 100us elapses as
initialization time of PLL, and the state of PLL starts. Afterwards, please secure the Lock-up time as PLL
stability time.
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5.3.4.2 The sequence of PLL setting

The following shows PLL setting sequence after reset.

Operation flow Notes

Initial value after reset Need stable high-speed oscillation and

power supply voltage.
CGOSCCR<PLLON>= “0”" (PLL Stopped)
CGPLLSEL<PLLSEL>= “0” (fosc selected)
CGSYSCR<GEAR>= “1/1” (clock gear)

Y

Enable PLL operation (1)

It takes approximately 100us
CGOSCCR<PLLSET0>= multiplying value for the PLL initialization time.

Y

Enable PLL operation (2)

It takes approximately 200ps
CGOSCCR<PLLON>= “1” (PLL active) for the PLL to be stabilized.

Y

PLL operation selected

CGOSCCR<PLLSEL>= “1” (PLL input)

Y

It is possible to use the clock mulitpied .

Figure 5-2 PLL setting sequence after reset

Note:When you stop PLL, please check that it is the register CGPLLSEL<PLLSEL> = "0" after setting
up the CGPLLSEL<PLLSEL> = "0". Then, please set up CGOSCCR<PLLON> = "0" (PLL stoped).

Note: After setting PLL multiplying value, to keep CGOSCCR<PLLON>="0"(PLL stop) over 100us is nee-
ded as the PLL initializing stable time.
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5.3.5 Warm-up function

The warm-up function secures the stability time for the oscillator and the PLL with the warm-up timer.
The warm-up function is used when returning from STOP mode. For detail function, describes in "5.6.6 Warm-

up".

Note: Do not shift to STOP mode, during operating warm-up timer.

In this case, an interrupt for returning from the low power consumption mode triggers the automatic timer
count. After the specified time is reached, the system clock is output and the CPU starts operation.

In STOP modes, the PLL is disabled. When returning from these modes, configure the warm-up time in con-
sideration of the stability time of the PLL and the internal oscillator.

How to configure the warm-up function.

1. Specify the count up clock
Specify the count up clock for the warm-up counter in the CGOSCCR<WUPSEL2>.

Specify the count up clock for the warm-up counter in the CGOSCCR<WUPSEL1> and <WU-
PSEL2> bit. Write "0" to <WUPSEL1> and write "0" or "1" to <WUPSEL2>. "0" specifies inter-
nal oscillator and "1" specifies external oscillator.

2. Specify the warm-up counter value

The warm-up time can be selected by setting the CGOSCCR<WUODR[11:0]>.

The following shows the warm-up setting and example.

Setting value of warm-up time

Warm-up cycles =
Input cycle by frequency(s)

<example 1>Setting 5 ms of warm-up time with 8MHz oscillator

Setting value of warm-up time 5ms
= = 40,000cycles = 0x9C40
Input cycle by frequency(s) 1/8MHz

Drop the last 4 bits, set 0x9C4 into the CGOSCCR<WUPTJ[11:0]>.

3. Confirm the start and completion of warm-up

The CGOSCCR<WUEON><WUEF> is used to confirm the start and completion of warm-up
through software (instruction).

Note: The warm-up timer operates according to the oscillation clock, and it may contain errors if there is any fluctua-
tion in the oscillation frequency. Therefore, the warm-up time should be taken as approximate time.
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The following shows the warm-up setting.

<example> Securing the stability time for the PLL (fc = fosc1)

CGOSCCR<WUPSEL1> = "0" : Write "0" to CGOSCCR<WUPSEL1>
CGOSCCR<WUPSEL2> = "1" : Specify the clock source for warm-up timer
CGOSCCR<WUODR[11:0]> = "0x9C4" : Warm-up time setting

Refer to 5.3.6 for the procedure of switching over from the internal oscillator to the external oscillator.
CGOSCCR<WUEON>="1" : Enable warm-up counting (WUP)
Read CGOSCCR<WUEF> : Wait until the state becomes "0" (warm-up is finished)
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5.3.6 System Clock

The TMPM375FSDMG offers high-speed clock as system clock. System clock is selectable from internal os-
cillator or external oscillator. After reset, internal oscillator is enabled and external oscillator is disabled. The
high-speed clock is dividable.

Input frequency from X1 and X2 : 8 MHz to 10MHz
Internal oscillator frequency : 10MHz
+ Clock gear : 1/1, 1/2, 1/4, 1/8, 1/16 (after reset : 1/1)

Table 5-1 Range of high-speed frequency (unit : MHz)

After reset Clock gear (CG) : PLL = ON Clock gear (CG) : PLL = OFF
Input freq. N{ln ofper— Mte_\x. cf)per- (PLL =
ating freq. | ating ireq. OFF{”C)G = 11 12 | s | 18 | 16 | 11 12 | 14 | 18 | 1116
8 8 40 20 10 5 2.5 8 4 2 1 -
0OScC1
10 1 40 10 40 20 10 5 25 10 5 25 1.25 -
0OSC2 10 10 40 20 10 5 2.5 10 5 2.5 1.25 -

Note 1: PLL=ON/OFF setting: available in CGOSCCR<PLLON>.

Note 2: Switching of clock gear is executed when a value is written to the CGSYSCR<GEAR[2:0]> register. The ac-
tual switching takes place after a slight delay.

Note 3: ."-" : Reserved
Note 4: Do not use 1/16 when SysTick is used.

The following are the procedure of switching over from the internal oscillator to the external oscillator.

1. Disables port M registers (PMCR/PMPUP/PMPDN/PMIE). After reset, these registers are disabled.

2. CGOSCCR<WUODR[11:0]> = "Warm-up time" . Set Warm-up time.
3. CGOSCCR<HOSCON> ="1" : Switch over from the port M to oscillator connection pins..
4., CGOSCCR<XEN1> ="1" : Enable the external oscillator.
5. CGOSCCR<WUPSEL2> = "1" ':[eSrpecify the external oscillator clock as source clock for warm-up coun-
6. CGOSCCR<WUEON>="1" : Enable warm-up counting (WUP)
Read CGOSCCR<WUEF> : Wait until the state becomes "0" (warm-up is finished)
7. CGOSCCR<OSCSEL> ="1" : Switch the system clock to the external oscillator.
8. Read CGOSCCR<OSCSEL> : Confirm CGOSCCR[17]<OSCSEL> become "1".
(External oscillator is selected.)
9. CGOSCCR<XEN2> ="0" : Internal oscillator is disabled.

With setting CGOSCCR<HOSCON> to "1", rewriting the portM registers (PMDATA/PMCR/PMOD/
PMPUP/PMPDN/PMIE) are prohibited.
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5.3.7 Prescaler Clock Control

Each peripheral function has a prescaler for dividing a clock. As the clock ¢TO to be input to each prescal-
er, the "fperiph" clock specified in the CGSYSCR<FPSEL> can be divided according to the setting in the
CGSYSCR<PRCK]2:0]>. After the controller is reset, fperiph/1 is selected as ¢TO.

Note: To use the clock gear, ensure that you make the time setting such that prescaler output @Tn from
each peripheral function is slower than fsys (¢Tn < fsys). Do not switch the clock gear while the tim-
er counter or other peripheral function is operating.
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5.4 Modes and Mode Transitions

541 Mode Transitions

The NORMAL mode use the high-speed clock for the system clock .

The IDLE and STOP modes can be used as the low power consumption mode that enables to reduce pow-
er consumption by halting processor core operation.

Figure 5-3 shows mode transition diagram.

For a detail of sleep-on-exit, refer to "Cortex-M3 Technical Reference Manual".

Reset

Reset has been performed.

Interrupt Y Interrupt
(Note) (Note)
IDLE mode > ~<
(Stops CPU) NORMAL mode ooP mode.
(Selectable 10 Operation) | ¢ 5 | (Halts all circuit)
Instruction/ Instruction/
sleep on exit sleep on exit

Figure 5-3 Mode Transition Diagram

Note: The warm-up is needed. The warm-up time must be set in NORMAL mode before changing to
STOP mode. Regarding warm-up time, refer to "5.6.6 Warm-up".

5.5 Operation Mode

As an operation mode, NORMAL is available. The features of NORMAL mode are described in the following sec-
tion.

5.5.1 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.
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5.6 Low Power Consumption Modes

The TMPM375FSDMG has two low power consumption modes: IDLE and STOP. To shift to the low power con-
sumption mode, specify the mode in the system control register CGSTBYCR<STBY[2:0]> and execute the WFI
(Wait For Interrupt) instruction.In this case, execute reset or generate the interrupt to release the mode. Releasing
by the interrupt requires settings in advance. See the chapter "Exceptions" for details.

Note 1: The TMPM375FSDMG does not offer any event for releasing the low power consumption mode. Transition to
the low power consumption mode by executing the WFE (Wait For Event) instruction is prohibited.

Note 2: The TMPM375FSDMG does not support the low power consumption mode configured with the SLEEPDEEP
bit in the Cortex-M3 core. Setting the <SLEEPDEEP> bit of the system control register is prohibited.

The features of each mode are described as follows.

5.6.1 IDLE Mode

Only the CPU is stopped in this mode. Each peripheral function has one bit in its control register for ena-
bling or disabling operation in the IDLE mode. When the IDLE mode is entered, peripheral functions for
which operation in the IDLE mode is disabled stop operation and hold the state at that time.

The following peripheral functions can be enabled or disabled in the IDLE mode. For setting details, see
the chapter on each peripheral function.

16-bit timer / event counter (TMRB)
Serial channel (SIO/UART)

Serial bus interface (I12C/SIO)
Watchdog timer (WDT)

Vector Engine (VE+)

Note:WDT should be stopped before entering IDLE mode.
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5.6.2 STOP mode

All the internal circuits including the internal oscillator are brought to a stop in the STOP mode.

By releasing the STOP mode, the device returns to the preceding mode of the STOP mode and starts opera-
tion.

The STOP mode enables to select the pin status by setting the CGSTBYCR<DRVE>. Table 5-2 shows the
pin status in the STOP mode.

Table 5-2 Pin States in the STOP mode

Pin name 110 <DRVE> =0 <DRVE> =1
Not RESET, MODE Input only o
port voUT15, VOUT3 Output only o
X1 Input only x
X2 Output only "High" level output
T™MS
TCK
Input o)
TDI
Enabled when data is valid.
TDO/SWV Output ] . )
Disabled when data is invalid.
SWCLK Input o
Port
Input o
SWDIO Enabled when data is valid.
Output . L .
Disabled when data is invalid.
Enabled when data is valid.
uo, Vo, W0, X0, Y0,20 Output ) . )
Disabled when data is invalid.
INT6, INT7, INTC Input o
Other function pins other Input x o
than the above or the
ports that are used as gen- Output X °
eral purpose ports.

o : Input or output enabled.
x : Input or output disabled.

2022/06/01 Page 38



To s H I BA TMPM375FSDMG

5.6.3 Low power Consumption Mode Setting

The low power consumption mode is specified by the setting of the standby control register
CGSTBYCR<STBY[2:0]>.

Table 5-3 shows the mode setting in the <STBY[2:0]>.

Table 5-3 Low power consumption mode setting

CGSTBYCR
Mode

<STBY[2:0]>
STOP 001
IDLE 011

Note: Do not set any value other than those shown above in <STBY[2:0]>.

5.6.4 Operational Status in Each Mode

Table 5-4 shows the operational status in each mode.

Table 5-4 Operational Status in Each Mode

Block NORMAL IDLE STOP
Processor core o x x
1/0 port o o * (Note1)
PMD o o x
ENC o o x
OFD o o x
ADC o o x
VE o x
Sio ° ON/OFF se- -
SBI o lectable for x
TVRB o each module Ny
WDT o x
AMP o o o (Note2)
VLTD o o o (Note2)
POR o o o (Note2)
DNF o o x
CG o o x
PLL o o x
:-Iolrgz-cs)peed oscilla- o o "
o : Operating
x : Stopped

Note 1: It depends on CGSTBYCR<DRVE>.
Note 2: The blocks are not stopped even though the clock is halted.
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5.6.5 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 5-5.

Table 5-5 Release Source in Each Mode

IDLE
Low power consumption mode STOP
(programable)
INT6, 7, C (Note1) o o
INTRXO, 1, INTTXO, 1 o x
INTVCNB o x
INTEMGH1 o x
INTOVV1 o x
INTADBPDB o x
INTTBOO, 40, 50, 70
o x
INTTBO1, 41, 51, 71
Interrupt
Release INTPMD1 o x
source INTCAPO00, 50, 70
o x
INTCAPO1, 51, 71
INTADBCPA, INTADBCPB o x
INTADBSFT o x
INTADBTMR o x
INTENCO o x
INTSBIO o x
NMI (INTWDT) ) x
RESET (RESET pin) o [o]
o : Starts the interrupt handling after the mode is released. (The reset initializes the LSI)
x 1 Unavailable
Note 1: To release the low power consumption mode by using the level mode interrupt, keep the level until the interrupt han-

Note 2:

Note 3:

dling is started. Changing the level before then will prevent the interrupt handling from starting properly.

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 for wake up.

Refer to "5.6.6 Warm-up" about warm-up time.

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 clock generator must be set to detect
the interrupt to be used to release the STOP modes. And the digital noize filter circuit should be
set to disable as well.

Release by Non-Maskable Interrupt (NMI)

There is a watchdog timer interrupt (INTWDT) as a non-maskable interrupt source. INTWDT
can only be used in the IDLE mode.

Note: Notice that the WDT can not be cleared by CPU operation in 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 nor-
mal reset.
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Release by SysTick interrupt
SysTick interrupt can only be used in IDLE mode.

Refer to "Interrupts" for detail.
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5.6.6 Warm-up

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

In the mode transition from STOP to the NORMAL, the warm-up counter is activated automatically. And
then the system clock output is started after the elapse of configured warm-up time. It is necessary to set a 0s-
cillator to be used for warm-up in the CGOSCCR<WUPSEL1><WUPSEL2> (Notel) and to set a warm-up
time in the CGOSCCR<WUODR> before executing the instruction to enter the STOP mode.

Note 1: Always set CGOSCCR<WUPSEL1> to "0".

Note 2: In STOP modes, the PLL is disabled. When returning from these mode, configure the warm-up time in con-
sideration of the stability time of the PLL and the internal oscillator. It takes approximately 200us for the
PLL to be stabilized.

Note 3: Do not write "1" to CGOSCCR<WUEON> bit, at the setting of returning from low consumption mode
with automatic warming-up.

Table 5-6 shows whether the warm-up setting of each mode transition is required or not.

Table 5-6 Warm-up setting in mode transition

Mode transition Warm-up setting
NORMAL — IDLE Not required
NORMAL — STOP Not required
IDLE — NORMAL Not required
STOP — NORMAL Auto-warm-up
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5.6.7 Clock Operation in Mode Transition

The clock operation in mode transition are described Chapter 5.6.7.1.

5.6.7.1  Transition of operation modes : NORMAL — STOP — NORMAL

When returning to the NORMAL mode from the STOP mode, the warm-up is activated automatically.
It is necessary to set the warm-up time before entering the STOP mode.

Returning to the NORMAL mode by reset does not induce the automatic warm-up. Keep the reset sig-
nal asserted until the oscillator operation becomes stable.

WEFI excute/
sleep on exit Release event occurs
) ‘ ! (( .
) )] ] )] )
Mode NORMAL X « i stop (« X NORMAL
fosc | | | | | | It I | | | | | | | | | | | | |
. ) : .
i | 4 ’
Warm-up : ()() T *
fsys ' : !
(System clock) (0 ! (0 I | | | | |
: ) : ) :
System clock stops High-speed clock starts oscillating Warm-up completes.

Warm-up starts System clock starts.
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6. Internal High-speed Oscillation Adjustment Function

TMPM375FSDMG has the internal high-speed oscillation adjustment function.

Note: This adjustment function is not applicable to the reference clock for OFD.

6.1 Structure

The internal oscillation adjustment function uses the pulse width measurement function of 16-bit timer/event coun-

ter (TMRB).

Figure 6-1 shows the function configuration.

Capture Interrupt

Trimming data
set

cPu TMRB  |«—TBxIN
Capture register read
1 Initial vaiue 4 A
read clock
TRMOSCINIT =< Internal
»| High-speed
> TRMOSCSET > Oscillator
TRMOSCEN J

Figure 6-1 Function block diagram
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6.2 Registers

6.2.1 Register list

The control registers and its addresses are as follows.

Base Address = 0x4004 _ 0300

Register name Address(Base+)
Protect register TRMOSCPRO 0x0000
Enable register TRMOSCEN 0x0004
Initial trimming value monitoring register TRMOSCINIT 0x0008
Trimming value setting register TRMOSCSET 0x000C

6.2.2 TRMOSCPRO (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 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-8 - R Read as "0".
7-0 PROTECT[7:0] | RIW Writing register control
0xC1 : Enable
Other than 0xC1 : Desable
When "0xC1" is set, TRMOSCEN, TRMOSCINIT and TRMOSCSET are allowed to write.
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6.2.3 TRMOSCEN (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 - - - - - - - TRIMEN
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-1 - R Read as "0".
0 TRIMEN R/W Trimming control
0 : Disable
1: Enable
When "1" is set, a trimming value of the internal oscillator is switched from a value of TRIMOSCINIT to a val-
ue of TRMOSCSET.
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6.2.4 TRMOSCINIT (Initial trimming value monitor 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 - - TRIMINITC
After reset 0 0 Undifined

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

Bit Bit Symbol Type Function
31-14 - R Read as "0".
13-8 TRIMINITC R/W Initial coarse trimming value
[5:0] Enables to monitor initial coarse trimming value.
7-4 - R Read as "0".
3-0 TRIMINITF[3:0] | R/'W Initial fine trimming value
Enables to monitor initial fine trimming value.

For details about the specific setting and adjustment value of coarse trimming and fine trimming, refer to "Ta-
ble 6-1 Adjustment range".
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6.2.5 TRMOSCSET (Trimming value 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 - - TRIMSETC
After reset 0 0 0 0 0 0 0 0

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

Bit Bit Symbol Type Function
31-14 - R Read as "0".
13-8 TRIMSETC R/W Coarse trimming value setting
[5:0] Sets the coarse trimming value.
7-4 - R Read as "0".
3-0 TRIMSETF[4:0] | RI'W Fine trimming value setting
Sets the fine trimming value.

For details about the specific setting and adjustment value of coarse trimming and fine trimming, refer to "Ta-
ble 6-1 Adjustment range".
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6.3 Operational Description

6.3.1 Outline

Oscillation is adjusted using coarse trimming values and fine trimming values.

The value setting before shipping can be checked with TRMOSCINIT<TRIMINITC> and <TRIMINITF>.
When the value changing, set a new value to TRMOSCSET<TRIMSETC> and <TRIMSETF>. By setting
"1" to TRMOSCEN<TRIMEN>, a setting value of the internal oscillator will be changed.

Note: After reset, writing to TRMOSCSET and TRMOSCEN is prohibited. When writing to these bits,
TRMOSCPRO<PROTECT> must be set to "0xC1".

6.3.2 Adjustment range

In the coarse trimming, —57.6% to +55.8% adjustment by 1.8%-step is feasible. In the fine trimming,
—2.4% to +2.1% adjustment by 0.3%-step is feasible. Table 6-1 shows a adjustment range.

Note:Each step value is assumed based on the typical condition. In the coarse trimming, it has +0.2% mar-
gin of error. In the fine trimming, it has £0.1% margin of error.

Table 6-1 Adjustment range

Coarse trimming Fine trimming
Frequency Frequency
<TRIMSETC> change <TRIMSETF> change
(typ.) (typ.)
011111 +55.8% 0111 +2.1%
000001 +1.8% 0001 +0.3%
000000 +0% 0000 +0%
111111 -1.8% 1111 -0.3%
111110 -3.6% 1110 -0.6%
100000 -57.6% 1000 -2.4%

6.3.3 Internal Oscillation Frequency Measurement using TMRB

To measure a frequency of high-speed oscillator, the pulse width measurement function of TMRB can be
used. First, choose an internal oscillator as a prescaler clock ®T0 of TMRB. Second, input a pulse from
TBxIN. Third, capture an up-counter value at the rising edge of the pulse using the capture function. Finally,
determine the adjustment value using a difference between a frequency of TBXIN calculated with capture val-
ue and the actual frequency.
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7.

71

Exceptions

This chapter describes features, types and handling of exceptions.

Exceptions have close relation to the CPU core. Refer to "Cortex-M3 Technical Reference Manual" if needed.

Overview

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-M3.

For detailed descriptions on each exception, refer to "Cortex-M3 Technical Reference Manual".

Reset

Non-Maskable Interrupt (NMI)
Hard Fault

Memory Management
Bus Fault

Usage Fault

SVCall (Supervisor Call)
Debug Monitor

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, El
indicates hardware handling. ‘:’ indicates software handling.

Each step is described later in this chapter.

Processing Description See

" Detection by CG/CPU " The CG/CPU detects the exception request. Section 7.1.2.1

-

" 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 7.1.2.4

-

| 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)  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 clock genera-
tor. For details, refer to "7.5 Interrupts".

(2) Exception detection
If multiple exceptions occur simultaneously, the CPU takes the exception with the highest priority.

Table 7-1 shows 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.

Table 7-1 Exception Types and Priority

No. Exception type Priority Description
1 Reset -3 (highest) Reset pin, WDT, POR, VLTD, OFD or SYSRETREQ
2 Non-Maskable Interrupt | -2 WDT
3 Hard Fault -1 Z@L&Itot?iti(s:adr}ggltjleex((:’tivate because a higher-priority fault is being han-
4 Memory Management Configurable Exceptilon from the Memory Protection Unit (MPU? (Note 1)
Instruction fetch from the Execute Never (XN) region
5 Bus Fault Configurable Access violation to the Hard Fault region of the memory map
6 Usage Fault Configurable g:li?;ir:\ed instruction execution or other faults related to instruction ex-
7~10 | Reserved -
11 SVCall Configurable System service call with SVC instruction
12 Debug Monitor Configurable Debug monitor when the CPU is not faulting
13 Reserved -
14 PendSV Configurable Pendable system service request
15 SysTick Configurable Notification from system timer
16~ External interrupt Configurable External interrupt pin or peripheral function (Note2)

Note 1: This product does not contain the MPU.

Note 2: External interrupts have different sources and numbers in each product. For details,
see"7.5.1.5 List of Interrupt Sources”.
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Note:

(38) Priority setting

Priority level

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 <PRI n> can be changed, and the number of bits required for setting
the priority varies from 3 bits to 8 bits depending on products. Thus, the range of priority val-
ues you can specify is different depending on products.

In the case of 8-bit configuration, the priority can be configured in the range from 0 to
255. The highest priority is "0". If multiple elements with the same priority exist, the small-
er the number, the higher the priority becomes.

<PRI_n> bit is defined as a 3-bit configuration with this product.

Priority grouping

The priority group can be split into groups. By setting the <PRIGROUP> of the applica-
tion interrupt and reset control register, <PRI_n> can be divided into the pre-emption prior-
ity and the sub priority.

A priority is compared with the pre-emption priority. If the priority is the same as the pre-
emption priority, then it is compared with the sub priority. If the sub priority is the same
as the priority, the smaller the exception number, the higher the priority.

The Table 7-2 shows the priority group setting. The pre-emption priority and the sub pri-
ority in the table are the number in the case that <PRI n> is defined as an 8-bit configuration.

Table 7-2 Priority grouping setting

<PRI_n[7:0]> Number of
<PRIGROUPI[2:0]> i Number of
" i iori re-emption
setting Pre-emption Subpriority P . p subpriorities
field field priorities
000 [7:1] [0] 128 2
001 [7:2] [1:0] 64 4
010 [7:3] [2:0] 32 8
011 [7:4] [3:0] 16 16
100 [7:5] [4:0] 8 32
101 [7:6] [5:0] 4 64
110 ] [6:0] 2 128
111 None [7:0] 1 256

Note:If the configuration of <PRI_n> is less than 8 bits, the lower bit is "0". For the exam-

ple, in the case of 3-bit configuration, the priority is set as <PRI_n[7:5]> and <PRI_n[4:0]
> is "00000".
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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 :

Program Counter (PC)

Program Status Register (xPSR)
r0 to 13

rl2

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
r12
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.After reset, the vec-
tor table is located at address 0x0000 0000 in the Code area.By setting the Vector Table Offset Reg-
ister, you can place the vector table at any address in the Code or SRAM space.

The vector table should also contain the initial value of the main stack.

(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.
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You must always set the first four words (stack top address, reset ISR address, NMI ISR address,
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 Memory Management ISR address Optional
0x14 Bus Fault ISR address Optional
0x18 Usage Fault ISR address Optional
0x1C to 0x28 Reserved
0x2C SVCall ISR address Optional
0x30 Debug Monitor ISR address Optional
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.
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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".

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.

(2) Exception exit sequence

When returning from an ISR, the CPU performs the following operations :

Pop eight registers

Pops the eight registers (PC, xPSR, 10 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 six sources.

Use the Reset Flag (CGRSTFLG) Register of the Clock Generator to identify the source of a reset.

External reset pin

A reset exception occurs when an external reset pin changes from "Low" to "High".
Reset exception by POR
Please refer the chapter "POR Power on Reset circuit" for detail.
Reset exception by VLTD
Please refer the chapter "VLTD Voltage Detection Circuit" for detail.
Reset exception by OFD
Please refer the chapter "OFD Oscillation Frequency Detector" for detail.
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 Re-
set Control Register.

7.3 Non-Maskable Interrupts (NMI)

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

Use the NMI Flag (CGNMIFLG) Register of the clock generator to identify the source of a non-maskable interrupt.

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".

The SysTick Calibration Value Register holds a reload value for counting 10 ms with the system timer. The
count clock frequency varies with each product, and so the value set in the SysTick Calibration Value Register al-
so varies with each product.

Note:In this product, fosc which is selected by CGOSCCR <OSCSEL> by 32 is used as external referrence clock.
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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 interrupts and handles an interrupt request with the highest priority.

Interrupt requests for clearing a standby mode are notified to the CPU via the clock generator. Therefore, appro-
priate settings must be made in the clock generator.

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 that is not used to release standby are directly input to
the CPU (routel).

The peripheral function interrupts used to release standby (route 2) and interrupts from the external inter-
rupt pin (route 3) are input to the clock generator and are input to the CPU through the logic for releas-
ing standby (route 4 and 5).

If interrupts from the external interrupt pins are not used to release standby, they are directly input to
the CPU, not through the logic for standby release (route 6).

Peripheral
function
Interrupt request M
® | cPU
<INTXEN> @
® ¥
»{0
External ©) B—
interrupt [ Port > Exitng [ L
pin standby
» mode
@
Clock generator
Peripheral
function

Figure 7-1 Interrupt Route

Page 59 2022/06/01



7. Exceptions

7.5 Interrupts TMPM375FSDMG

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 clock generator. For these interrupt sources, appropriate settings must be made in the
clock generator in advance. External interrupt sources not used for exiting a standby mode can be used with-
out setting the clock generator.

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 (PXxIE<PxmIE>="(0"), inputs from external interrupt pins are "High". Also, if external in-
terrupts are not used as a trigger to release standby (route 6 of Figure 7-1), input signals from the exter-
nal interrupt pins are directly sent to the CPU. Since the CPU recognizes "High" input as an interrupt, inter-
rupts occur if corresponding interrupts are enabled by the CPU as inputs are being disabled.

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 7-3 shows the list of interrupt sources.

Table 7-3 List of Interrupt Sources

No. Interrupt Source act.ive level CG interrupt.mode
(Clearing standby) control register
0 | INTRXO Serial reception (channel0)
1 INTTXO0 Serial transmit (channel0)
2 | INTRX1 Serial reception (channel1)
3 | INTTX1 Serial transmit (channel1)
4 INTVCNB Vector Engine interrupt B
5 INTEMG1 PMD1 EMG interrupt
6 | INTOVV1 PMD1 OVV interrupt
7 INTADBPDB ADCB conversion triggered by PMD1 is finished
8 INTTB0OO 16bit TMRBO compare match detection 0/ Over flow
9 INTTBO1 16bit TMRBO compare match detection 1
10 | INTTB40 16bit TMRB4 compare match detection 0/ Over flow
11 | INTTB41 16bit TMRB4 compare match detection 1
12 | INTTB50 16bit TMRB5 compare match detection 0/ Over flow
13 | INTTB51 16bit TMRB5 compare match detection 1
14 | INTPMD1 PMD1 PWM interrupt
15 | INTCAPOO 16bit TMRBO input capture 0
16 | INTCAPO1 16bit TMRBO input capture 1
17 | INTCAP50 16bit TMRBS5 input capture 0
18 | INTCAP51 16bit TMRB5 input capture 1
19 [INT6 Interrupt Pin High/Low
CGIMCGA
20 |INT7 Interrupt Pin Edge/Level Selectable
21 | INTADBCPA ADCB conversion monitoring function interrupt A
22 | INTADBCPB ADCB conversion monitoring function interrupt B
23 | INTADBSFT ADC unit B conversion started by software is finished
24 | INTADBTMR ADC unit B conversion triggered by timer is finished
25 | INTENCO Encoder input0 interrupt
26 |[INTTB70 16bit TMRB7 compare match detection 0/ Over flow
27 |INTTB71 16bit TMRB7 compare match detection 1
28 | INTCAP70 16bit TMRBY7 input capture 0
29 | INTCAPT71 16bit TMRB?7 input capture 1
30 [INTC Interrupt Pin High/Low CGIMCGA
Edge/Level Selectable
31 | INTSBIO Serial bus interface
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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.

Active level is set to the clock generator for interrupts which can be a trigger to release standby. Inter-
rupt requests from peripheral functions are set as rising-edge or falling-edge triggered. Interrupt requests
from interrupt pins can be set as level-sensitive ("High" or "Low") or edge-triggered (rising or falling).

If an interrupt source is used for clearing a standby mode, setting the relevant clock generator register
is also required. Enable the CGIMCGx<INTXEN> bit and specify the active level in the
CGIMCGx<EMCGx> bits. You must set the active level for interrupt requests from each peripheral func-
tion as shown in Table 7-3

An interrupt request detected by the clock generator is notified to the CPU with a signal in "High" level.
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7.5.2 Interrupt Handling

7.5.2.1 Flowchart
The following shows how an interrupt is handled.

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

Processing Details See

Set the relevant NVIC registers for detecting interrupts.

Set the clock generator as well if each interrupt source is used to clear a stand-
by mode.

Setting for detection o Common setting
NVIC registers
o setting to clear standby mode

Clock generator "7.5.2.2 Preparation”
Execute an appropriate setting to send the interrupt signal depending on the in-
terrupt type.
setting for sending o Setting for interrupt from external pin
interrupt signal Port

o Setting for interrupt from peripheral function

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

{

Interrupt generation An interrupt request is generated.

Not clearing
standby mode

Clearing
standby mode
1

CG detects interrupt Interrupt lines used for clearing a standby mode are connected to the CPU via "7.5.2.3 Detection by
(clearing standby mode) the clock generator. Clock Generator"

—

The CPU detects the interrupt.

"7.5.2.4 Detection by

CPU detects interrupt. cPU"

The CPU handles the interrupt.
"7.5.2.5 CPU process-

CPU handles interrupt. s

{

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

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

ISR execution

{

Return to preceding
program

Program for the ISR.

Details

Clear the interrupt source if needed.

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 clock generator, you must follow the order indicated here not to cause any unexpec-
ted interrupt. First, configure the precondition. Secondly, clear the data related to the interrupt in the
clock generator 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 registers setting

3. Preconfiguration (1) (Interrupt from external pin)

4. Preconfiguration (2) (Interrupt from peripheral function)
5. Preconfiguration (3) (Interrupt Set-Pending Register)

6. Configuring the clock generator

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)

Note 1: PRIMASK register cannot be modified by the user access level.
Note 2: If a fault causes when "1" is set to the PRIMASK register, it is treated as a hard fault.

(2) CPU registers 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 eight bits for assigning a priority level from 0 to 255, but
the number of bits actually used varies with each product.Priority level 0 is the highest priority lev-
el.If multiple sources have the same priority, the smallest-numbered interrupt source has the highest
priority.
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You can assign grouping priority by using the <PRIGROUP> in the Application Interrupt and Re-
set Control Register.

NVIC register

<PRI_n> «— | "prioryty"

<PRIGROUP> «— | "group priority" (This is configurable if required.)

Note:"n" indicates the corresponding exceptions/interrupts.
This product uses three bits for assigning a priority level.

(3) Preconfiguration (1) (Interrupt from external pin)

Set "1" to the port function register of the corresponding pin. Setting PxFRn[m] allows the pin to
be used as the function pin. Setting PxIE[m] allows the pin to be used as the input port.

Port register

PxFRn<PxmFn> — | ""

PxIE<PxmIE> — | ""

Note:x: port number / m: corresponding bit / n: function register number In modes other than
STOP mode, setting PxIE to enable input enables the corresponding interrupt input regard-
less of the PxFR setting. Be careful not to enable interrupts that are not used. Also, be
aware of the description of "7.5.1.4 Precautions when using external interrupt pins".

(4) Preconfiguration (2) (Interrupt from peripheral function)

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

(5) Preconfiguration (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

Interrupt Set-Pending [m] | — | "

Note:m: corresponding bit

(6) Configuring the clock generator

For an interrupt source to be used for exiting a standby mode, you need to set the active level
and enable interrupts in the CGIMCGA register of the clock generator. The CGIMCGA register is ca-
pable 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 CGICRCG register.See "7.6.3.2 CGICRCG (CG Interrupt Request
Clear Register)" for each value.
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Interrupt requests from external pins can be used without setting the clock generator if they are
not used for exiting a standby mode. However, an "High" pulse or "High"-level signal must be in-
put so that the CPU can detect it as an interrupt request. Also, be aware of the description of
"7.5.1.4 Precautions when using external interrupt pins".

Clock generator register

CGIMCGn<EMCGm> «— | active level

CGICRCG<ICRCG> «— | Value corresponding to the interrupt to be used
CGIMCGN<INTmEN> «— | "" (interrupt enabled)

Note:n: register number / m: 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.

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 [m] — [

Interrupt Set-Pending [m] — ™"

Interrupt mask register

PRIMASK | — | "0"

Note 1: m : corresponding bit
Note 2: PRIMASK register cannot be modified by the user access level.

7.5.2.3 Detection by Clock Generator

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

An edge-triggered interrupt request, once detected, is held in the clock generator. A level-sensitive inter-
rupt request must be held at the active level until it is detected, otherwise the interrupt request will cease
to exist when the signal level changes from active to inactive.

When the clock generator detects an interrupt request, it keeps sending the interrupt signal in "High" lev-
el to the CPU until the interrupt request is cleared in the CG Interrupt Request Clear (CGICRCG) Regis-
ter. 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.
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7.5.2.4 Detection by 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 PC, PSR, r0-r3, r12 and LR 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) Pushing during ISR

An ISR normally pushes register contents to the stack and handles an interrupt as required. The Cor-
tex-M3 core automatically pushes the contents of PC, PSR, r0-r3, r12 and LR to the stack. No extra
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.

(2) Clearing an interrupt source

If an interrupt source is used for clearing a standby mode, each interrupt request must be cleared
with the CG Interrupt Request Clear (CGICRCG) 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. Clearing the interrupt source au-
tomatically clears the interrupt request signal from the clock generator.

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

The CPU's NVIC registers and clock generator registers described in this chapter are shown below with their re-
spective addresses.

7.6.1

Register List

NVIC registers

Base Address = 0xEO00_EO00

Register name Address
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 1 0x0100
Reserved 0x0104
Reserved 0x0108
Interrupt Clear-Enable Register 1 0x0180
Reserved 0x0184
Reserved 0x0188
Interrupt Set-Pending Register 1 0x0200
Reserved 0x0204
Reserved 0x0208
Interrupt Clear-Pending Register 1 0x0280
Reserved 0x0284
Reserved 0x0288

Interrupt Priority Register

0x0400 to 0x0460

Vector Table Offset Register 0x0D08
Application Interrupt and Reset Control Register 0x0D0OC
System Handler Priority Register 0x0D18, 0xOD1C, 0x0D20
System Handler Control and State Register 0x0D24

Clock generator register

Base Address = 0x4004_0200

Register name Address
CG Interrupt Request Clear Register CGICRCG 0x0014
NMI Flag Register CGNMIFLG 0x0018
Reset Flag Register CGRSTFLG 0x001C
CG Interrupt Mode Control Register A CGIMCGA 0x0020

Note:Access to the "Reserved" areas is prohibited.
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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/32) (Note)
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.
Note:In this product, fosc which is selected by CGOSCCR <OSCSEL> by 32 is used as external refer-
rence clock.
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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

5 | 1 | a3 | 2 | a1 | w0 | e | s
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/IW 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

s | 1w | s | 2 | o | w0 | 9 | s
bit symbol CURRENT
After reset Undefined

7 1 s | 5 | + | 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 0 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 1 0 0 1

7 6 5 4 3 2 1 0
bit symbol TENMS
After reset 1 1 0 0 0 1 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 10ms.
29-24 - R Read as 0.
23-0 TENMS R Calibration value

Reload value to use for 10 ms timing (0xC35) by external reffernce clock. (Note)

Note:In the case of a multishot, please use <TENMS>-1.
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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.
Writing "1" to a bit in this register enables the corresponding interrupt. Writing "0" has no effect.
Reading the bits can see the enable/disable condition of the corresponding interrupts.
Note: For descriptions of interrupts and interrupt numbers, see Section "7.5.1.5 List of Interrupt Sources".
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7.6.2.6 Interrupt Clear-Enable Register 1
31 30 29 28 27 26 25 24
bit bol CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA
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 CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA
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 CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA
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 CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA
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 CLRENA R/W Interrupt number [31:0]
[Write]
1: Disabled
[Read]
0: Disabled
1: Enable

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

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.

Note: For descriptions of interrupts and interrupt numbers, see Section "7.5.1.5 List of Interrupt Sources".
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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

Each bit corresponds to the specified number can force interrupts into the pending state and determines
which interrupts 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 Register clears the bit in this register.

Note: For descriptions of interrupts and interrupt numbers, see Section "7.5.1.5 List of Interrupt Sources".
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7.6.2.8 Interrupt Clear-Pending Register 1
31 30 29 28 27 26 25 24
bit bol CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND
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 CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND
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 CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND
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 CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND
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 CLRPEND R/W Interrupt number [31:0]
[Write]
1: Clear pending interrupt
[Read]

0: Not pending

1: Pending

Each bit corresponds to the specified number can force interrupts into the pending state and determines
which interrupts are currently pending.

Writing "1" to a bit in this register clears the corresponding pending interrupt. However, writing "1" has no ef-
fect on an interrupt that is already being serviced. Writing "0" has no effect.

Reading the bit returns the current state of the corresponding interrupts.

Note: For descriptions of interrupts and interrupt numbers, see Section "7.5.1.5 List of Interrupt Sources".
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7.6.2.9 Interrupt Priority Register
Each interrupt is provided with eight bits of an Interrupt Priority Register.

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
0xE000_E414 PRI 23 PRI_22 PRI_21 PRI_20
0xE000_E418 PRI_27 PRI_26 PRI_25 PRI 24
0XE000_E41C PRI_31 PRI_30 PRI_29 PRI_28

The number of bits to be used for assigning a priority varies with each product. This product uses three
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_0 - - - - -
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-29 PRI_3 R/W Priority of interrupt number 3
28-24 - R Read as 0,
23-21 PRI_2 R/W Priority of interrupt number 2
20-16 - R Read as 0,
15-13 PRI_1 R/W Priority of interrupt number 1
12-8 - R Read as 0,
7-5 PRI_O R/W Priority of interrupt number 0
4-0 - R Read as 0,
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7.6.2.10 Vector Table Offset Register

31 | s | 28 | 28 27 26 25 24
bit symbol TBLOFF
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol TBLOFF
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol TBLOFF
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol TBLOFF - - - - - - -
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31-7 TBLOFF R/W Offset value

Set the offset value from the top of the space specified in TBLOFF.

The offset must be aligned based on the number of exceptions in the table. This means that the minimum
alignment is 32 words that you can use for up to 16 interrupts. For more interrupts, you must adjust the align-
ment by rounding up to the next power of two.

6-0 - R Read as 0,
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7.6.2.11  Application Interrupt and Reset Control Register

31 | s | 2 | 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 | ENDIANESS - - - - PRIGROUP
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
) SYSRESET VECTCLR
bit symbol - - - - - VECTRESET
REQ ACTIVE
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31-16 | VECTKEY R/W Register key
(Written) / [Write] Writing to this register requires 0x5FA in the <VECTKEY> field.
VECTKEYSTAT [Read] Read as 0xFAOQ5.
(Read)
15 ENDIANESS R/W Endianness bit: (Note1)
1: Big endian

0: Little endianl

14-11 - R Read as 0,

10-8 PRIGROUP R/W Interrupt priority grouping
000: seven bits of pre-emption priority, one bit of subpriority

001: six bits of pre-emption priority, two bits of subpriority

010: five bits of pre-emption priority, three bits of subpriority

011: four bits of pre-emption priority, four bits of subpriority

100: three bits of pre-emption priority, five bits of subpriority

101: two bits of pre-emption priority, six bits of subpriority

110: one bit of pre-emption priority, seven bits of subpriority

111: no pre-emption priority, eight bits of subpriority

The bit configuration to split the interrupt priority register <PRI_n> into pre-emption priority and sub priority.

7-3 - R Read as 0,
2 SYSRESET R/W System Reset Request
REQ 1=CPU outputs a SYSRESETREQ signal. (note2)
1 VECTCLR R/W Clear active vector bit
ACTIVE 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 VECTRESET R/W System Reset bit

1: reset system.

0: do not reset system.

Resets the system, with the exception of debug components (FPB, DWT and ITM) by setting "1" and this
bit is also zero cleared.

Note 1: Little-endian is the default memory format for this product.

Note 2: When SYSRESETREQ is output, warm reset is performed on this product. <SYSRESETREQ>
is cleared by warm reset.
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7.6.2.

12  System Handler Priority Register
Each exception is provided with eight bits of a 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_7 PRI_6 PRI_5 PRI_4
0xE000_ED18 - - - -
(Usage Fault) (Bus Fault) (Memory Management)
PRI_11 PRI_10 PRI_9 PRI_8
0xE000_ED1C N - - -
- (Svcall)
PRI_15 PRI_14 PRI_13 PRI_12
0xE000_ED20 ) )
- (SysTick) (PendSV) (Debug Monitor)

The number of bits to be used for assigning a priority varies with each product. This product uses three
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_7 - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol PRI_6 - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol PRI_5 - - - - -
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol PRI_4 - - - - -
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-29 PRI_7 R/W Reserved
28-24 - R Read as 0,
23-21 PRI_6 R/W Priority of Usage Fault
20-16 - R Read as 0,
15-13 PRI_5 R/W Priority of Bus Fault
12-8 - R Read as 0,
7-5 PRI_4 R/W Priority of Memory Management
4-0 - R Read as 0,
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7.6.2.13  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 i i i i i USGFAULT BUSFAULT MEMFAULT
ENA ENA ENA
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol SVCALL BUSFAULT MEMFAULT USGFAULT SYSTICKACT | PENDSVACT i MONITOR
PENDED PENDED PENDED PENDED ACT
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol | SVCALLAGT i i i USGFAULT i BUSFAULT MEMFAULT
ACT ACT ACT
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31-19 - R Read as 0,
18 USGFAULT R/W Usage Fault
ENA 0: Disabled
1: Enabled
17 BUSFAUL R/W Bus Fault
TENA 0: Disable
1: Enable
16 MEMFAULT R/W Memory Management
ENA 0: Disable
1: Enable
15 SVCALL R/W SVCall
PENDED 0: Not pended
1: Pended
14 BUSFAULT R/W Bus Fault
PENDED 0: Not pended
1: Pended
13 MEMFAULT R/W Memory Management
PENDED 0: Not pended
1: Pended
12 USGFAULT R/W Usage Fault
PENDED 0: Not pended
1: Pended
11 SYSTICKACT | RIW SysTick
0: Inactive
1: Active
10 PENDSVACT R/W PendSV
0: Inactive
1: Active
9 - R Read as 0,
8 MONITORACT | RIW Debug monitor
0: Inactive
1: Active
7 SVCALLACT R/W SVCall
0: Inactive
1: Active
6-4 - R Read as 0,
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Bit Bit Symbol Type Function
3 USGFAULT R/W Usage Fault
ACT 0: Inactive
1: Active
2 - R Read as 0,
1 BUSFAULT R/IW Bus Fault
ACT 0: Inactive
1: Active
0 MEMFAULT R/W Memory management
ACT 0: Inactive
1: Active

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 Clock generator registers

7.6.3.1

CGIMCGA (CG Interrupt Mode Control Register A)

31

30 29 28 27 26 25

24

bit symbol -

After reset 0

0

22 21 20 19 18 17

16

bit symbol -

EMCG2 EMST2 -

INT2EN

After reset 0

0 1 0 0 0 Undefined

0

14 13 12 11 10 9

8

bit symbol -

EMCG1 EMST1 -

INT1EN

After reset 0

0 1 0 0 0 Undefined

0

6 5 4 3 2 1

0

bit symbol -

EMCGO EMSTO -

INTOEN

After reset 0

0 1 0 0 0 Undefined

0

Bit

Bit Symbol

Type

Function

31-23

Read as 0.

22-20

EMCG2[2:0]

R/IW

active level setting of INTC standby clear request. (101 to 111: setting prohibited)
000: "Low" level

001: "High" level

010: Falling edge

011: Rising edge

100: Both edge

19-18

EMST2[1:0]

active level of INTC standby clear request
00: -

01: Rising edge

10: Falling edge

11: Both edge

17

Reads as undefined.

16

INT2EN

R/IW

INTC clear input
0:Disable
1: Enable

15

Read as 0.

14-12

EMCG1[2:0]

R/W

active level setting of INT7 standby clear request. (101 to 111: setting prohibited)
000: "Low" level

001: "High" level

010: Falling edge

011: Rising edge

100: Both edge

11-10

EMST1[1:0]

active level of INT7 standby clear request
00: -

01: Rising edge

10: Falling edge

11: Both edge

Reads as undefined.

INT1EN

R/IW

INT7 clear input
0: Disable
1: Enable

Read as 0,
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Bit Bit Symbol Type Function
6-4 EMCGO[2:0] R/W active level setting of INT6 standby clear request. (101 to 111: setting prohibited)
000: "Low" level
001: "High" level

010: Falling edge

011: Rising edge

100: Both edge

3-2 EMSTO[1:0] R active level of INT6 standby clear request
00: -

01: Rising edge

10: Falling edge
11: Both edge

1 - R Reads as undefined.
0 INTOEN R/W INT6 clear input

0: Disable

1: Enable

Note 1: <EMSTx> is effective only when <EMCGXx[2:0]> is set to "100" for both rising and falling edge. The active level used
for the reset of standby can be checked by referring <EMSTx>. If interrupts are cleared with the CGICRCG register,
<EMSTx> is also cleared.

Note 2: Please specify the bit for the edge first and then specify the bit for the <INTXEN>. Setting them simultaneously is pro-
hibited.
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7.6.3.2 CGICRCG (CG Interrupt Request 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 - - - ICRCG
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-5 - R Read as 0,
4-0 ICRCGJ4:0] W Clear interrupt requests.
0_0000: INT6 0_1000: Reserved
0_0001: INT7 0_1001: Reserved
0_0010: INTC 0_1010: Reserved
0_0011: Reserved 0_1011: Reserved
0_0100: Reserved 0_1100: Reserved
0_0101: Reserved 0_1101: Reserved
0_0110: Reserved 0_1110: Reserved
0_0111: Reserved 0_1111: Reserved 0_0011 to 1_1111: Reserved
Read as 0.
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7.6.3.3 CGNMIFLG (NMI 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 - - - - - - - -
After reset 0 0 0 0 0 0 0 0

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

Bit Bit Symbol Type Function
31-1 - R Read as 0.
0 NMIFLGO R NMI source generation flag

0: not applicable

1: generated from WDT

Note:<NMIFLG> are cleared to "0" when they are read.
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7.6.3.4 CGRSTFLG (Reset Flag Register)
31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After Power-on 0 0 0 0 0 0 0 0
reset
23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After Power-on 0 0 0 0 0 0 0 0
reset
15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After Power-on 0 0 0 0 0 0 0 0
reset
7 6 5 4 3 2 1 0
bit symbol - - OFDRSTF DBGRSTF VLTDRSTF WDTRSTF PINRSTF PONRSTF
After Power-on 0 0 0 0 0 0 0 1
reset
Bit Bit Symbol Type Function
31-6 - R Read as 0.
5 OFDRSTF R/W OFD reset flag (Note1)
0: "0" is written
1: Reset from OFD
4 DBGRSTF R/W Debug reset flag (Note1)
0: "0" is written
1: Reset from SYSRESETREQ
3 VLTDRSTF R/W VLTD reset flag
0: "0" is written
1: Reset from VLTD
2 WDTRSTF R/IW WDT reset flag
0: "0" is written
1: Reset from WDT
1 PINRSTF R/W RESET pin flag
0: "0" is written
1: Reset from RESET pin
0 PONRSTF R/W Power-on flag
0: "0" is written
1: Reset from power-on reset

Note 1: This flag indicates a reset generated by the SYSRESETREQ bit of the Application Interrupt and Reset Control Regis-
ter of the CPU's NVIC.
Note 2: This product has power-on reset circuit and this register is initialized only by power-on reset. Therefore, "1" is set to
the <PONRSTF> bit in initial reset state right after power-on. Note that this bit is not set by the second and subse-

quent resets and this register is not cleared automatically. Write "0" to clear the register.
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8. Digital Noise Filter Circuit (DNF)

The digital noise canceler circuit can eliminate noise of input signals from external interrupt pins at the certain

range.

8.1 Configuration

External
interrupt pin
(INT6)

External
interrupt pin
(INT7)

External
interrupt pin
(INTC)

INT6 interrupt request

INT7 interrupt request

>

INTC interrupt request

[

g

S Digital noise filter circuit

g

T Noise filter circuit NFENGR<NEENO>

— L’ Filtering >

% NFCKCR<N&) circuit - A

Q

[&]

=

g

T Noise filter circuit NFENGR<NEEN1>

5 NFCKCR<NFCKS> Eii:tcfiit”g > A

<

Q

[&]

=

g

T Noise filter circuit NFENGR<NFEN2>
NFCKCR<NFCKS> Eii:gzriit”g > A

Figure 8-1 Circuit diagram of digital noise filter
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8. Digital Noise Filter Circuit (DNF)

8.2 Registers

TMPM375FSDMG

8.2 Registers

8.2.1

Register List

Base Address = 0x4006_0000

Register name Address(Base+)
Noise filter control register NFCKCR 0x0000
Noise filter enable register NFENCR 0x0004
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8.2.1.1 NFCKCR (Noise Filter 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 - - - - - NFCKS
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-3 - R Read as "0".
2-0 NFCKSJ[2:0] R/W Noise filter clock selection

000: Clock control circuit stops
001: fsys/2 clock output

010: fsys/4 clock output

011: fsys/8 clock output

100: fsys/16 clock output

101: fsys/32 clock output

110: fsys/64 clock output

111: fsys/128 clock output

Note:NFCKCR<NFCKS> setting is specified in NFENCR<NFEN[2:0]>="000".

Note:If external inputs are used to release STOP mode, the noise filter circuit cannot be used. Make
sure to disable the noise filter enable bit of NFENCR register and stop the clock by NFCKCR register.
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8.2.1.2 NFENCR (Noise Filter 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 - - - - - NFEN2 NFEN1 NFENO
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-3 - R Read as "0".
2 NFENC R/W INTC noise filter is enabled.
0: Disabled (Pre-noise filtering output signal and noise filter circuit counter are cleared when releasing
STOP mode.)
1: Enabled (Post-noise filtering output signal)
1 NFEN7 R/IW INT7 noise filter is enabled.
0: Disabled (Pre-noise filtering output signal and noise filter circuit counter are cleared when releasing
STOP mode.)
1: Enabled (Post-noise filtering output signal)
0 NFENG6 R/W INT6 noise filter is enabled.
0: Disabled (Pre-noise filtering output signal and noise filter circuit counter are cleared when releasing
STOP mode.)
1: Enabled (Post-noise filtering output signal)
Note: Some pulses shorter than fsys cannot be filtered noise. Especially, in the case that fsys frequency
is low, noise filtering operation may not be effective.
Note:Before external interrupt signals are enabled, clear the interrupt events and then set the correspond-
ing bit of NFENCR register to be enabled.
Note:If external inputs are used to release STOP mode, the noise filter circuit cannot be used. Make
sure to disable the noise filter enable bit of NFENCR register and stop the clock by NFCKCR register.
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8.3 Operation Description

8.3.1  Configuration
The noise filter circuit consists of the noise filter circuit and interrupt request generation circuit.

It eliminates high level or low level noise from external inputs and then CG detects the rising/falling edge
or signal level (high or low) to determine the signal state in each interrupt signal.

8.3.2 Operation

The noise filter eliminates high and low level noise from the external interrupt input INTX.

A noise filtering time is determined by the input level continuation time specified in NFCKCR<NFCKS>.
If the time is less than 7 clocks, the input is determined as noise. If the time is over 8 clocks, the input is deter-
mined as an invalid signal. However, the determination of an input signal for 7 to 8 clocks varies depending
on the edge timing.

8.3.3 Noise Filter Usable Operation Mode

The noise filter circuit can be used only in the NORMAL mode and IDLE mode.

8.3.4 Precautions on Use of STOP Mode

If STOP mode is used, the noise filter circuit cannot be used due to a stop of fsys clock. If external input
are used to release STOP mode, set the following procedure: Set the interrupt enable bit to be disabled; set
the noise filter enable/disable bit of NFENCR register; and stop the noise filter clock of NFCKCR register.

8.3.5 Minimum Noise Filtering Time

The noise filter circuit determines input levels to send the external interrupt signals if high level or low lev-
el inputs are continued to input over 8 clock periods specified in NFCKCR register.

Table 8-1 Minimum noise filtering time

fsys [MHz]
NFCKCR<NFCKS> Unit
20 32 40
001 0.7 0.44 0.35
010 1.4 0.88 0.7
011 2.8 1.75 1.4
100 5.6 35 2.8 us
101 11.2 7.0 5.6
110 224 14.0 11.2
111 44.8 28.0 22.4
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9.

9.1

9.1.1

Port Functions

Function list

TMPM375FSDMG has 21 ports. Besides the ports function, these ports can be used as I/O pins for periph-

eral functions.

Input / Output Ports

Table 9-1 shows the port function table.

Table 9-1 Port Function List

Port Pin Input /Out- Pull-up Schmitt Ngisg;t?:lil- Pﬁ?gﬁ? — Function pin
put Pull-down Input ter circuit | Open-drain
PORTB
PB3 1/10 Pull-up / Pull-down o - o TMS / SWDIO , (RXD1)
PB4 110 Pull-up / Pull-down o - o TCK / SWCLK , (TXD1)
PB5 110 Pull-up / Pull-down o - o TDO / SWV, SCKO0, (SDA0 / SO0)
PB6 110 Pull-up / Pull-down o o [¢) ;I—ND'I!6 ?5('3)1/ Slo, TB70UT,
PORTE
PEO 1/10 Pull-up / Pull-down o - o TXDO , ENCA
PE1 1/10 Pull-up / Pull-down o - o RXDO , TB4IN, ENCB
PE2 1/0 Pull-up / Pull-down o o o (SSCé_E)(; - CTSO0, ENCZ, INT7,
PORTF
PFO 1/10 Pull-up / Pull-down o o o ;I-NB.I?(I:NTES{'\O /800, BOOT,
PORTG
PGO 1/0 Pull-up / Pull-down o - o) uo
PG1 110 Pull-up / Pull-down o - o X0
PG2 110 Pull-up / Pull-down o - o VO
PG3 110 Pull-up / Pull-down o - [¢) YO0
PG4 1/10 Pull-up / Pull-down o - o WO
PG5 1/0 Pull-up / Pull-down o - [¢) Z0
PG6 110 Pull-up / Pull-down o - o EMG , OV
PORTJ
PJ6 110 Pull-up / Pull-down o - o AINB9
PJ7 110 Pull-up / Pull-down o - o AINB10
PORTK
PKO 110 Pull-up / Pull-down o - [o) AINB11
PK1 110 Pull-up / Pull-down o - o AINB12
PORTM
PMO 1/10 Pull-up / Pull-down o - o X1
PMA1 1/0 Pull-up / Pull-down o - [¢) X2
o : Exist
- : Not Exist
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9. Input / Output Ports
9.1 Port Functions TMPM375FSDMG

9.1.2 Port Registers Outline

The following registers need to be configured to use ports.

PxDATA: Port x data register
To read / write port data.

PxCR: Port x output control register
To control output.

PxIE needs to be configured to control input.

PxFRn: Port x function register n
To set function.

An assigned function can be activated by setting "1".

PxOD: Port x open drain control register
To control the programmable open drain.
Programmable open drain is function to be materialized pseudo-open-drain by setting the PxOD.
When PxOD is set "1",output buffer is disabled and pseudo-open-drain is materialized.
PxPUP: Port x pull-up control register
To control programmable pull ups.
PxPDN: Port x pull-down control register
To control programmable pull downs.
PxIE:Port x input control register

To control inputs.

For avoided through current, default setting prohibits inputs.
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9.1.3 Port States in STOP Mode
Input and output in STOP mode are enabled / disabled by the CGSTBYCR<DRVE> bit.

If PxIE or PxCR is enabled with <DRVE>=1, input or output is enabled respectively in STOP mode.
If<DRVE>=0, both input and output are disabled in STOP mode except for some ports even if PXIE or
PxCR are enabled.

Table 9-2 shows the pin conditions in STOP mode.

Table 9-2 Port conditions in STOP mode

Pin name /10 <DRVE> =0 <DRVE> =1
RESET, MODE Input only o
Not port
VOUT15, VOUT3 Output only o
X1 Input only x
X2 Output only "High" level output
T™MS
TCK Input o
TDI
Enabled when data is valid.
TDO/SWV Output . . ]
Disabled when data is invalid.
SWCLK Input o
Input o
SWDIO Enabled when data is valid.
Port Output . o .
Disabled when data is invalid.
uo
VO
e Enabled when data is valid.
Output . L .
X0 Disabled when data is invalid.
YO
20
INT6, INT7, INTC Input o
Other function pins other Input x o
than the above or the
ports that are used as gen- Output x °
eral purpose ports.

o : Input or output enabled.

x : Input or output disabled.
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9.2 Port functions TMPM375FSDMG

9.2 Port functions

This chapter describes the port registers detail.

This chapter describes only "circuit type" reading circuit configuration. For detailed circuit diagram, refer to
the chapter of "Port Section Equivalent Circuit Schematic".

9.2.1 Port B (PB3 to PB6)

The port B is a general-purpose, 4-bit input / output port.For this port, inputs and outputs can be specified
in units of bits. Besides the general-purpose input / output function, the port B performs the debug interface func-
tion, the serial interface function (SIO/UART), the external signal interrupt input and the 16-bit timer output
function.

Reset initializes PB3, PB4, PB5, PB6 to perform debug interface function.

When PB3 functions as the TMS or SWDIO, input, output and pull-up are enabled. When PB4 functions
as the TCK or SWCLK, input, pull-down are enabled.

When PB5 functions as the TDO or SWV, output is enabled. When PB6 functions TDI, input, pull-up are en-
abled.

To use the external interrupt input for releasing STOP mode, select this function in the PBFR4 and enable
input in the PBIE register. These settings enable the interrupt input even if the CGSTBYCR<DRVE> bit in
the clock / mode control block is set to stop driving of pins during STOP mode.

Note:In modes other than STOP mode, interrupt input is enabled regardless of the PxFR register setting if
input is enabled in PxIE. Make sure to disable unused interrupts when programming the device.

9.2.1.1  Port B register

Base Address = 0x4000_0040

Register name Address(Base+)
Port B data register PBDATA 0x0000
Port B output control register PBCR 0x0004
Port B function register 1 PBFR1 0x0008
Port B function register 2 PBFR2 0x000C
Port B function register 3 PBFR3 0x0010
Port B function register 4 PBFR4 0x0014
Port B function register 5 PBFR5 0x0018
Port B open drain control register PBOD 0x0028
Port B pull-up control register PBPUP 0x002C
Port B pull-down control register PBPDN 0x0030
Port B input control register PBIE 0x0038
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9.2.1.2 PBDATA (Port B data 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 - PB6 PB5 PB4 PB3 - - -
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-7 - R Read as 0.
6-3 PB6 to PB3 R/W Port B data register
2-0 - R Read as 0.

9.2.1.3 PBCR (Port B output 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 - PB6C PB5C PB4C PB3C - - -
After reset 0 0 1 0 1 0 0 0

Bit Bit Symbol Type Function
31-7 - R Read as 0.
6-3 PB6C to PB3C | R'W Output
0: Disable
1: Enable
2-0 - R Read as 0.
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9.2.1.4 PBFR1 (Port B function 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 - PB6F1 PB5F1 PB4F1 PB3F1 - - -
After reset 0 1 1 1 1 0 0 0

Bit Bit Symbol Type Function

31-7 - R Read as 0.
6 PB6F1 R/IW 0: PORT

1: TDI
5 PB5F1 R/IW 0: PORT

1: TDO / SWV
4 PB4F1 R/IW 0: PORT

1: TCK / SWCLK
3 PB3F1 R/IW 0: PORT

1: TMS / SWDIO
2-0 - R Read as 0.
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9.2.1.5 PBFR2 (Port B function 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 - PB6F2 - - - - - -
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-7 - R Read as 0.
6 PB6F2 R/IW 0: PORT
1: SCLO / SI0 (Note)
5-0 - R Read as 0.

Note:Both PB6 pin and PE2 pin are assingned the SCLO function. When this function is used, it should
be set as follows.

SCLO <PB6F2> <PE2F5>
PB6 1 0
PE2 0 1

If <PB6F2> and <PE2F5> are set to "1", the PB6 is
valid for this function.
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9.2.1.6 PBFRS3 (Port B function 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 - PB6F3 PB5F3 - - - - -
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-7 - R Read as 0.
6 PB6F3 R/IW 0: PORT
1: TB7OUT
5 PB5F3 R/IW 0: PORT
1: SCKO
4-0 - R Read as 0.
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9.2.1.7 PBFR4 (Port B function 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 - - - - - - - -
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 - PB6F4 - - - - - -
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-7 - R Read as 0.
6 PB6F4 R/IW 0: PORT
1: INT6
5-0 - R Read as 0.
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9.2.1.8 PBFRS5 (Port B function 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 - - - - - - - -
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 - PB6F5 PB5F5 PB4F5 PB3F5 - - -
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-7 - R Read as 0.
6 PB6F5 R/IW 0: PORT
1: RXD1 (Note)
5 PB5F5 R/IW 0: PORT
1: SDAO / SO0 (Note)
4 PB4F5 R/IW 0: PORT
1: TXD1 (Note)
3 PB3F5 R/IW 0: PORT
1: RXD1 (Note)
2-0 - R Read as 0.

Note:Both PB6 pin and PB3 pin are assingned the RXD1 function, both PB5 pin and PFO pin are assi-
ngned the SDAO/SOO function, moreover, both PB4 pin and PFO pin are assingned the TXD1 func-
tion as well. When these function are used, it should be set as follows.

RXD1 <PB6F5> <PB3F5>
PB6 1 0
PB3 0 1

If <PB6F5> and <PB3F5> are set to "1", the PB6 is
valid for this function.

SDA0/SO0 <PFOF2> <PB5F5>
PFO 1 0
PB5 0 1

If <PFOF2> and <PB5F5> are set to "1", the PFO0 is val-
id for this function.

TXD1 <PFOF5> <PB4F5>
PFO 1 0
PB4 0 1

If <PFOF5> and <PB4F5> are set to "1", the PFO is val-
id for this function.
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9.2.1.9 PBOD (Port B open drain 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 - PB60OD PB50D PB40OD PB30OD - - -
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-7 - R Read as 0.
6-3 PB60OD to R/IW 0 : CMOS
PB30OD 1 : Open-drain
2-0 - R Read as 0.

9.2.1.10 PBPUP (Port B pull-up 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 - PB6UP PB5UP PB4UP PB3UP - - -
After reset 0 1 0 0 1 0 0 0

Bit Bit Symbol Type Function
31-7 - R Read as 0.
6-3 PB6BUP to R/W Pull-up
PB3UP 0: Disable
1: Enable
2-0 - R Read as 0.
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9.2.1.11  PBPDN (Port B pull-down 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 - PB6DN PB5DN PB4DN PB3DN - - -
After reset 0 0 0 1 0 0 0 0

Bit Bit Symbol Type Function
31-7 - R Read as 0.
6-3 PB6DN to R/IW Pull-down
PB3DN 0: Disable
1: Enable
2-0 - R Read as 0.
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9.2.1.12  PBIE (Port B input 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 - PB6IE PB5IE PB4IE PB3IE - - -
After reset 0 1 0 1 1 0 0 0

Bit Bit Symbol Type Function
31-7 - R Read as 0.
6-3 PB6IE to PB3IE | R/'W Input
0: Disable
1: Enable
2-0 - R Read as 0.
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9.2.2 Port E (PEO to PE2)

The port E is a general-purpose, 3-bit input / output port. For this port, inputs and outputs can be specified
in units of bits. Besides the general-purpose input / output function, the port E performs the serial interface func-
tion (SIO / UART), the serial bus interface function (I12C / SIO), the Encoder input function, the external sig-
nal interrupt input and the 16-bit timer input function.

Reset initializes all bits of the port E as general-purpose ports with input, output, pull-up and pull-down dis-
abled.

The Port E have several types of function register. If you use the port E as a general-purpose port, set "0"
to the corresponding bit of the several registers. If you use the port E as other than a general-purpose port,
set "1" to the corresponding bit of the function register. Do not set "1" to the some function registers at the
same time.

To use the external interrupt input for releasing STOP mode, select this function in the PEFR4 and enable in-
put in the PEIE register. These settings enable the interrupt input even if the CGSTBYCR<DRVE> bit in the
clock / mode control block is set to stop driving of pins during STOP mode.

Note:In modes other than STOP mode, interrupt input is enabled regardless of the PxFR register setting if
input is enabled in PxIE. Make sure to disable unused interrupts when programming the device.

9.2.2.1 Port E register

Base Address = 0x4000_0100

Register name Address(Base+)
Port E data register PEDATA 0x0000
Port E output control register PECR 0x0004
Port E function register 1 PEFR1 0x0008
Port E function register 2 PEFR2 0x000C
Port E function register 3 PEFR3 0x0010
Port E function register 4 PEFR4 0x0014
Port E function register 5 PEFRS 0x0018
Port E open drain control register PEOD 0x0028
Port E pull-up control register PEPUP 0x002C
Port E pull-down control register PEPDN 0x0030
Port E input control register PEIE 0x0038

2022/06/01

Page 108



Tos H I BA TMPM375FSDMG

9.2.2.2 PEDATA (Port E data 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 - - - - - PE2 PE1 PEO
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-3 - R Read as 0.
2-0 PE2 to PEO R/W Port E data register

9.2.2.3 PECR (Port E output 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 - - - - - PE2C PE1C PEOC
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-3 - R Read as 0.
2-0 PE2C to PEOC | R/W Output
0: Disable
1: Enable
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9.2.24 PEFR1 (Port E function 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 - - - - - PE2F1 PE1F1 PEOF1
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-3 - R Read as 0.
2 PE2F1 R/IW 0: PORT
1: SCLKO
1 PE1F1 R/IW 0: PORT
1: RXDO
0 PEOF1 R/IW 0: PORT
1: TXDO
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9.2.2.5 PEFR2 (Port E function 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 - - - - - PE2F2 PE1F2 -
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-3 - R Read as 0.
2 PE2F2 RW | 0: PORT
1: CTSO
1 PE1F2 R/W 0: PORT
1: TB4IN
0 - R Read as 0.
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9.2.2.6 PEFRS3 (Port E function 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 - - - - - PE2F3 PE1F3 PEOF3
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-3 - R Read as 0.
2 PE2F3 R/IW 0: PORT
1: ENCZ
1 PE1F3 R/IW 0: PORT
1: ENCB
0 PEOF3 R/IW 0: PORT
1: ENCA
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9.2.2.7 PEFRA4 (Port E function 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 - - - - - - - -
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 - - - - - PE2F4 _ _
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-3 - R Read as 0.
2 PE2F4 R/W 0: PORT
1: INT7
1-0 - R Read as 0.
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9.2.2.8 PEFRS5 (Port E function 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 - - - - - - - -
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 - - - - - PE2F5 - -
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-3 - R Read as 0.
2 PE2F5 R/IW 0: PORT
1: SCLO / SI0 (Note)
1-0 - R Read as 0.

Note:Both PB6 pin and PE2 pin are assingned the SCLO function. When this function is used, it should
be set as follows.

SCLO <PB6F2> <PE2F5>
PB6 1 0
PE2 0 1

If <PB6F2> and <PE2F5> are set to "1", the PB6 is
valid for this function.
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9.2.2.9 PEOD (Port E open drain 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 - - - - - PE20D PE10D PEOOD
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-3 - R Read as 0.
2-0 PE20D to R/IW 0 : CMOS
PEOOD 1 : Open-drain
9.2.2.10 PEPUP (Port E pull-up 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 - - - - - PE2UP PE1UP PEOUP
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-3 - R Read as 0.
2-0 PE2UP to R/IW Pull-up
PEOUP 0: Disable
1: Enable
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9.2.2.11 PEPDN (Port E pull-down 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 - - - - - PE2DN PE1DN PEODN
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-3 - R Read as 0.
2-0 PE2DN to R/IW Pull-down
PEODN 0: Disable
1: Enable

9.2.2.12 PEIE (Port E input 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 - - - - - PE2IE PE1IE PEOIE
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-3 - R Read as 0.
2-0 PE2IE to PEOIE | RIW Input
0: Disable
1: Enable
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9.2.3 Port F (PF0)

The port F is a general-purpose, 1-bit input / output port. For this port, inputs and outputs can be specified
in units of bits. Besides the general-purpose input / output function, the port F performs the serial bus inter-
face function (I12C / SIO), the serial interface function (UART), the 16-bit timer input function and the opera-
tion mode setting.

While a reset signal is in "0"state, the PFO input and pull-up are enabled. At the rising edge of the reset sig-
nal, if PFO is "1", the device enters single mode and boots from the on-chip flash memory. If PFO0 is "0", the de-
vice enters single boot mode and boots from the internal boot program. For details of single boot mode, refer
to Chapter "Flash Memory Operation".

Reset initializes a bit of the port F function registers as general-purpose ports with input, output, pull-up
and pull-down disabled.

After reset sequence, the PFO is disabled with input and pull-up based on initial setting of PFIE and
PFPUP registers.

To use the external interrupt input for releasing STOP mode, select this function in the PFFR4 and enable in-
put in the PFIE register. These settings enable the interrupt input even if the CGSTBYCR<DRVE> bit in the
clock / mode control block is set to stop driving of pins during STOP mode.

Note:In modes other than STOP mode, interrupt input is enabled regardless of the PxFR register setting if
input is enabled in PxIE. Make sure to disable unused interrupts when programming the device.

9.2.3.1 Port F register

Base Address = 0x4000_0140

Register name Address(Base+)
Port F data register PFDATA 0x0000
Port F output control register PFCR 0x0004
Port F function register 1 PFFR1 0x0008
Port F function register 2 PFFR2 0x000C
Port F function register 4 PFFR4 0x0014
Port F function register 5 PFFR5 0x0018
Port F open drain control register PFOD 0x0028
Port F pull-up control register PFPUP 0x002C
Port F pull-down control register PFPDN 0x0030
Port F input control register PFIE 0x0038
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9.2.3.2 PFDATA (Port F data 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 - - - - - - - PFO
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-1 - R Read as 0.
0 PFO R/W Port F data register

9.2.3.3 PFCR (Port F output 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 8 2 1 0
bit symbol - - - - - - - PFOC
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-1 - R Read as 0.
0 PFOC R/W Output
0: Disable
1: Enable
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9.2.34 PFFR1 (Port F function 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 - - - - - - N PFOF1
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-1 - R Read as 0.
0 PFOF1 R/W 0: PORT
1: TB7IN
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9.2.3.5 PFFR2 (Port F function 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 - - - - - - - PFOF2
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-1 - R Read as 0.
0 PFOF2 R/IW 0: PORT
1: SDA0/SOO0 (Note)

Note:Both PB5 pin and PFO pin are assingned the SDA0/SOO function. When this function is used, it
should be set as follows.

SDA0/SO0 <PFOF2> <PB5F5>
PFO 1 0
PB5 0 1

If <PFOF2> and <PB5F5> are set to "1", the PFO0 is val-
id for this function.
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9.2.3.6 PFFR4 (Port F function 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 - - - - - - - -
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 - - - - - - - PFOF4
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-1 - R Read as 0.
0 PFOF4 R/W 0: PORT
1: INTC
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9.2.3.7 PFFR5 (Port F function 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 - - - - - - - -
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 - - - - - - - PFOF5
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-1 - R Read as 0.
0 PFOF5 R/IW 0: PORT
1: TXD1 (Note)

Note:Both PB4 pin and PFO pin are assingned the TXD1 function. When this function is used, it should
be set as follows.

TXD1 <PFOF5> <PB4F5>
PFO 1 0
PB4 0 1

If <PFOF5> and <PB4F5> are set to "1", the PFO0 is val-
id for this function.
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9.2.3.8 PFOD (Port F open drain 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 - - - - - - - PFOOD
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-1 - R Read as 0.
0 PFOOD R/W 0: CMOS
1 : Open-drain
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9.2.3.9 PFPUP (Port F pull-up 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 - - - - - - - PFOUP
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-1 - R Read as 0.
0 PFOUP R/IW Pull-up
0: Disable
1: Enable

9.2.3.10 PFPDN (Port F pull-down 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 - - - - - - - PFODN
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-1 - R Read as 0.
0 PFODN R/W Pull-down
0: Disable
1: Enable
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9.2.3.11  PFIE (Port F input 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 - - - - - - N PFOIE
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-1 - R Read as 0.
0 PFOIE R/IW Input
0: Disable
1: Enable
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9.24 Port G (PGO to PG6)

The port G is a general-purpose, 7-bit input / output port. For this port, inputs and outputs can be specified
in units of bits. Besides the general-purpose input / output function, the port G performs the input/output port

for three-phase motor control (PMD) function.

Reset initializes all bits of the port G as general-purpose ports with input, output, pull-up and pull-down dis-

abled.

9.2.4.1 Port G register

Base Address = 0x4000_0180

Register name Address(Base+)
Port G data register PGDATA 0x0000
Port G output control register PGCR 0x0004
Port G function register 1 PGFR1 0x0008
Port G function register 2 PGFR2 0x000C
Port G open drain control register PGOD 0x0028
Port G pull-up control register PGPUP 0x002C
Port G pull-down control register PGPDN 0x0030
Port G input control register PGIE 0x0038
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9.2.4.2 PGDATA (Port G data 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 - PG6 PG5 PG4 PG3 PG2 PG1 PGO
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-7 - R Read as 0.
6-0 PG6 to PGO R/W Port G data register

9.24.3 PGCR (Port G output 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 - PG6C PG5C PG4C PG3C PG2C PG1C PGOC
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-7 - R Read as 0.
6-0 PG6C to PGOC | R/W Output
0: Disable
1: Enable
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9.2.44 PGFR1 (Port G function 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 - PG6F1 PG5F1 PG4F1 PG3F1 PG2F1 PG1F1 PGOF1
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31-7 - R Read as 0.
6 PG6F1 R/IW 0: PORT
1: EMG

5 PG5F1 R/W 0: PORT
1: Z0

4 PG4F1 R/W 0: PORT
1: WO

3 PG3F1 R/IW 0: PORT
1: YO

2 PG2F1 R/W 0: PORT
1: VO

1 PG1F1 R/W 0: PORT
1: X0

0 PGOF1 R/W 0: PORT
1: U0
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9.2.45 PGFR2 (Port G function 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 - PG6F2 - - - - - -
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-7 - R Read as 0.
6 PG6F1 R/IW 0: PORT
1: OW
5-0 - R Read as 0.
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9.2.4.6 PGOD (Port G open drain 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 - PG60OD PG50D PG40D PG30D PG20D PG10D PGOOD
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-7 - R Read as 0.
6-0 PG60OD to R/IW 0 : CMOS
PGOOD 1 : Open-drain
9.2.4.7 PGPUP (Port G pull-up 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 - PG6UP PG5UP PG4UP PG3UP PG2UP PG1UP PGOUP
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-7 - R Read as 0.
6-0 PG6UP to R/W Pull-up
PGOUP 0: Disable
1: Enable
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9.2.4.8 PGPDN (Port G pull-down 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 - PG6DN PG5DN PG4DN PG3DN PG2DN PG1DN PGODN
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-7 - R Read as 0.
6-0 PG6DN to R/IW Pull-down
PGODN 0: Disable
1: Enable

9.2.4.9 PGIE (Port G input 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 - PG6IE PGS5IE PG4IE PG3IE PG2IE PG1IE PGOIE
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-7 - R Read as 0.
6-0 PGBIE to R/W Input
PGOIE 0: Disable
1: Enable
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9.2.5 Port J (PJ6 to PJ7)

The port J is a general-purpose, 2-bit input / output port. For this port, inputs and outputs can be specified
in units of bits. Besides the general-purpose input / output function, the port J performs the analog input of
the AD converter.

Reset initializes all bits of the port J as general-purpose ports with input, output, pull-up and pull-down dis-
abled.

Note:Unless you use all the bits of port J as analog input pins, the conversion accuracy may be re-
duced.Be sure to verify that this causes no problem on your system.

9.2.5.1 Port J register

Base Address = 0x4000_0240

Register name Address(Base+)
Port J data register PJDATA 0x0000
Port J output control register PJCR 0x0004
Port J open drain control register PJOD 0x0028
Port J pull-up control register PJPUP 0x002C
Port J pull-down control register PJPDN 0x0030
Port J input control register PJIE 0x0038
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9.2.5.2 PJDATA (Port J data 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 PJ7 PJ6 - - - - - -
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-8 - R Read as 0.
7-6 PJ7 to PJ6 R/W Port J data register
5-0 - R Read as 0.

9.2.5.3 PJCR (Port J output 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 PJ7C PJ6C - - - - - -
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-8 - R Read as 0.
7-6 PJ7C to PJ6C | RIW Output
0: Disable
1: Enable
5-0 - R Read as 0.

Page 133 2022/06/01



9. Input / Output Ports

9.2 Port functions TMPM375FSDMG

9.2.54 PJOD (Port J open drain 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 PJ70D PJ6OD - - - - - -
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-8 - R Read as 0.
7-6 PJ70D to R/IW 0 : CMOS
PJEOD 1 : Open-drain
5-0 - R Read as 0.

9.2.5.5 PJPUP (Port J pull-up 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 PJ7UP PJEUP - - - - - -
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-8 - R Read as 0.
7-6 PJ7UP to R/W Pull-up
PJeUP 0: Disable
1: Enable
5-0 - R Read as 0.
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9.2.5.6 PJPDN (Port J pull-down 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 PJ7DN PJ6DN - - - - - -
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-8 - R Read as 0.
7-6 PJ7DN-PJ6DN | R/W Pull-down
0: Disable
1: Enable
5-0 - R Read as 0.
9.2.5.7 PJIE (Port J input 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 PJ7IE PJGIE - - - - - -
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-8 - R Read as 0.
7-6 PJ7IE to PJG6IE | RIW Input
0: Disable
1: Enable
5-0 - R Read as 0.
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9.2.6 Port K (PKO to PK1)

The port K is a general-purpose, 2-bit input / output port. For this port, inputs and outputs can be specified
in units of bits. Besides the general-purpose input / output function, the port K performs the analog input of
the AD converter.

Reset initializes all bits of the port K as general-purpose ports with input, output, pull-up and pull-down dis-
abled.

Note:Unless you use all the bits of port K as analog input pins, conversion accuracy may be reduced.Be
sure to verify that this causes no problem on your system.

9.2.6.1 Port K register

Base Address = 0x4000_0280

Register name Address(Base+)
Port K data register PKDATA 0x0000
Port K output control register PKCR 0x0004
Port K open drain control register PKOD 0x0028
Port K pull-up control register PKPUP 0x002C
Port K pull-down control register PKPDN 0x0030
Port K input control register PKIE 0x0038
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9.2.6.2 PKDATA (Port K data 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 - - - - - - PK1 PKO
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-2 - R Read as 0.
1-0 PK1 to PKO R/W Port K data register

9.2.6.3 PKCR (Port K output 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 - - - PK1C PKOC
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-2 - R Read as 0.
1-0 PK1C to PKOC | R/W Output
0: Disable
1: Enable
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9.2.6.4 PKOD (Port K open drain 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 - - - - - - PK10D PKOOD
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-2 - R Read as 0.
1-0 PK10D to R/IW 0 : CMOS
PKOOD 1 : Open-drain
9.2.6.5 PKPUP (Port K pull-up 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 - - - - - - PK1UP PKOUP
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-2 - R Read as 0.
1-0 PK1UP to R/IW Pull-up
PKoUP 0: Disable
1: Enable
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9.2.6.6 PKPDN (Port K pull-down 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 - - - - - - PK1DN PKODN
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-2 - R Read as 0.
1-0 PK1DN-PKODN | R/W Pull-down
0: Disable
1: Enable

9.2.6.7 PKIE (Port K input 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 - - - - - - PK1IE PKOIE
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-2 - R Read as 0.
1-0 PK1IE-PKOIE R/W Input
0: Disable
1: Enable
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9.2.7 Port M (PMO to PM1)

The port M is a general-purpose, 2-bit input/output port. For this port, inputs and outputs can be specified
in units of bits. Besides the general-purpose input/output function, the port M performs the high-speed oscilla-
torl(X1 and X2) by CGOSCCR<HOSCON>=1.

While it become CGOSCCR<HOSCON>=1, each register of port M can not change to write. The proce-
dure when it is used as an outside high-speed oscillator connection terminal, refer to a chapter of the "system

clock".(Notel)

Reset initializes all bits of the port M as general-purpose ports with input, output, pull-up and pull-down dis-

abled.(Note2)

Note 1: If one of the Port M registers except PMDATA and PMOD is not equal to the initial value, CGOSCCR<HO-

SCON> can not be set to "1".

Note 2: The high-speed clock chosen after reset cancellation is a built-in high-speed clock. Therefore, in the ini-

tial state, it become port M.

9.2.7.1  Port M register

Base Address = 0x4000_0300

Register name Address(Base+)
Port M data register PMDATA 0x0000
Port M output control register PMCR 0x0004
Port M open drain control register PMOD 0x0028
Port M pull-up control register PMPUP 0x002C
Port M pull-down control register PMPDN 0x0030
Port M input control register PMIE 0x0038
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9.2.7.2 PMDATA (Port M data 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 - - - - - - PM1 PMO
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-2 - R Read as 0.
1-0 PM1 to PMO R/W Port M data register

9.2.7.3 PMCR (Port M output 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 - - - - - - PM1C PMOC
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-2 - R Read as 0.
1-0 PM1C to PMOC | R/W Output
0: Disable
1: Enable
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9.2.7.4 PMOD (Port M open drain 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 - - - - - - PM10D PMOOD
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-2 - R Read as 0.
1-0 PM10D to R/IW 0 : CMOS
PMOOD 1 : Open-drain
9.2.7.5 PMPUP (Port M pull-up 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 - - - - - - PM1UP PMOUP
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-2 - R Read as 0.
1-0 PM1UP to R/IW Pull-up
PMoUP 0: Disable
1: Enable
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9.2.7.6 PMPDN (Port M pull-down 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 - - - - - - PM1DN PMODN
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-2 - R Read as 0.
1-0 PM1DN to R/IW Pull-down
PMODN 0: Disable
1: Enable

9.2.7.7 PMIE (Port M input 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 - - - - - - PM1IE PMOIE
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-2 - R Read as 0.
1-0 PM1IE to R/W Input
PMOIE 0: Disable
1: Enable
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9.3 Block Diagrams of Ports

9.3.1 Port Types

The ports are classified as shown below. Please refer to the following pages for the block diagrams of
each port type.

Dot lines in the figure indicate the part of the equivalent circuit described in the "Block diagrams of ports".

Table 9-3 Function lists

Program-
Type GP Port Function Analog Pull-up Pull-down mable Note
open-drain
FT1 110 110 - R - o
FT2 7o) /0 _ R _ o Function output ltriggered by
enable signal
FT3 /o /o _ R _ o Function output ltnggered by
enable signal
FT4 110 Input (int) - R - o with Noise filter
FT5 110 110 o R - -
FT6 Output Output - NoR - o BOOT mputreesr;z;\bled during

int : Interrupt input

- : Not exist

o : exist

R : Forced disable during reset
NoR : Unaffected by reset
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9.3.2 Type FT1
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Power-On Reset LDi
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PxDATA A [ Port
(Output Latch) 0

Y
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> (Open Drain
Control) |
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(Input Control) ! ’
0
LT\
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AV
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Figure 9-1 Port Type FT1
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9.3.3 Type FT2
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Figure 9-2 Port Type FT2
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9.34 Type FT3
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Figure 9-3 Port Type FT3
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9.3.5 Type FT4
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Figure 9-4 Port Type FT4
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9.3.6 Type FT5
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Figure 9-5 Port Type FT5
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9.3.7 Type FT6
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Figure 9-6 Port Type FT6
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9.4 Appendix Port Setting List

The following table shows the register setting for each function.

Initialization of the ports where the [ + ]does not exist in the "After reset" field is set to "0" for all register settings.

Setting for the bit "x" can be arbitrarily-specified.

9.4.1 Port B Setting

Table 9-4 Port Setting List(Port B)

) Port . After PB PB PB PB PB PB PB PB PB PB
Pin Function
Type reset [ CR FR1 FR2 | FR3 | FR4 | FR5 oD PUP | PDN IE
Input Port 0 0 - - - 0 X X X 1
Output Port 1 0 - - - 0 X X X 0
PB3
FT2 | TMS/SWDIO (I / O) ) 1 1 - - - 0 0 1 0 1
FT1 RXD1 (Input) 0 0 - - - 1 X X X 1
Input Port 0 0 - - - 0 X X X 1
Output Port 1 0 - - - 0 X X X 0
PB4
FT2 | TCK/ SWCLK (Input) ' 0 1 - - - 0 0 0 1 1
FT1 TXD1 (Output) 1 0 - - - 1 X X X 0
Input Port 0 0 - 0 - 0 X X X 1
Output Port 1 0 - 0 - 0 X X X 0
FT2 | TDO / SWV (Output) . 1 1 - 0 - 0 0 0 0 0
PB5
SCK (1 / O) 1 0 - 1 - 0 X X X 1
FT1 SO0 (Output) 1 0 0 - 1 X X X 0
SDAO (I / O) 1 0 - 0 - 1 X X X 1
Input Port 0 0 0 0 0 0 X X X 1
Output Port 1 0 0 0 0 0 X X X 0
FT2 | TDI (Input) 0 1 0 0 0 0 0 1 0 1
SI0 (Input) 0 0 1 0 0 0 X X X 1
PB6
FT1 SCLO (1 / O) 1 0 1 0 0 0 X X X 1
TB70UT (Output) 1 0 0 1 0 0 X X X 0
FT4 | INT6 (Input) 0 0 0 0 1 0 X X X 1
FT1 RXD1 (Input) 0 0 0 0 0 1 X X X 1
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9.4.2 Port E Setting
Table 9-5 Port Setting List(Port E)
Pin Port Function After | PE PE PE PE PE PE PE PE PE PE
Type reset | CR FR1 | FR2 | FR3 [ FR4 | FR5 [ OD | PUP | PDN IE
Input Port 0 0 - 0 - - X X X 1
_ Output Port 1 0 - 0 - - X X X 0
PEO
TXDO (Output) 1 1 - 0 - - X X X 0
FT1
ENCA (Input) 0 0 1 - - X X X 1
Input Port 0 0 0 0 - - X X X 1
- Output Port 1 0 0 0 - - X X X 0
PE1 RXDO (Input) 0 1 0 0 - - X X X 1
FT1 | TB4IN (Input) 0 0 1 0 - - X X X 1
ENCB (Input) 0 0 0 1 - - X X X 1
Input Port 0 0 0 0 0 0 X X X 1
_ Output Port 1 0 0 0 0 0 X X X 0
SCLKO (I / O) 1 1 0 0 0 0 X X X 1
PE2 FT1 | CTSO (Input) 0 0 1 0 0 0 X X X 1
ENCZ (Input) 0 0 0 1 0 0 X X X 1
FT4 | INT7 (Input) 0 0 0 0 1 0 X X X 1
FT1 |[SCLO (1/0) 1 0 0 0 0 1 X X X 1
9.4.3 Port F Setting
Table 9-6 Port Setting List(Port F)
Pin Port Function After | PF PF PF PF PF PF PF PF PF
Type reset | CR FR1 | FR2 | FR4 | FR5 | OD | PUP | PDN IE
Input Port 0 0 0 0 0 X X X 1
’ Output Port 1 0 0 0 0 X X X 0
TB7IN (Input) 0 1 0 0 0 X X X 1
PFO FT1 | SO0 (Output) 1 0 1 0 0 X X X 0
SDAO (I / O) 1 0 1 0 0 X X X 1
FT4 | INTC (Input) 0 0 0 1 0 X X X 1
FT1 TXD1 (Output) 1 0 0 0 1 X X X 0

state. This case, the port type is FT6.

Note: The PFO input and pull-up are enabled and act as BOOT input pin while a RESET pin is in "Low"
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9.4.4 Port G Setting

Table 9-7 Port Setting List(Port G)

Pin Port Function After | PG PG PG PG PG PG PG
Type reset | CR FR1 FR2 oD PUP | PDN IE

Input Port 0 0 - X X X 1

PGO ) Output Port 1 0 - X X X 0
FT2 | UO (Output) 1 1 - X X X 0

Input Port 0 0 - X X X 1

PG1 ) Output Port 1 0 - X X X 0
FT2 X0 (Output) 1 1 - X X X 0

Input Port 0 0 - X X X 1

PG2 ) Output Port 1 0 - X X X 0
FT2 | VO (Output) 1 1 - X X X 0

Input Port 0 0 - X X X 1

PG3 ) Output Port 1 0 - X X X 0
FT2 | YO (Output) 1 1 - X X X 0

Input Port 0 0 - X X X 1

PG4 ’ Output Port 1 0 - X X X 0
FT2 WO (Output) 1 1 - X X X 0

Input Port 0 0 - X X X 1

PG5 ) Output Port 1 0 - X X X 0
FT2 Z0 (Output) 1 1 - X X X 0

Input Port 0 0 0 X X X 1

) Output Port 1 0 0 X X X 0

PG6 ——
EMG (Input) 0 1 0 X X X 1
FT1 |——
OVV (Input) 0 0 1 X X X 1
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9.4.5 Port J Setting

Table 9-8 Port Setting List(Port J)

. Port . After PJ PJ PJ PJ PJ
Pin Function
Type reset | CR oD PUP | PDN IE
Input Port 0 X X X 1
PJ6 Output Port 1 X X X 0
FT5 [ AINB9 (Input) . 0 0 0 0 0
Input Port 0 X X X 1
PJ7 Output Port 1 X X X 0
FT5 [ AINB10 (Input) ' 0 0 0 0 0
9.4.6 Port K Setting
Table 9-9 Port Setting List(Port K)
. Port . After | PK PK PK PK PK
Pin Function
Type reset | CR oD PUP | PDN IE
Input Port 0 X X X 1
PKO Output Port 1 X X X 0
FT5 [AINB11 (Input) 0 0 0 0 0
Input Port 0 X X X 1
PK1 Output Port 1 X X X 0
FT5 [ AINB12 (Input) . 0 0 0 0 0
9.4.7 Port M Setting
Table 9-10 Port Setting List(Port M)
. Port . After | PM PM PM PM PM
Pin Function
Type reset | CR oD PUP | PDN IE
Input Port 0 X X X 1
PMO -
Output Port 1 X X X 0
Input Port 0 X X X 1
PM1 -
Input Port 1 X X X 0

Note: X1 and X2 function are available.
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10. 16-bit Timer / Event Counters (TMRB)

10.1 Outline

TMRB operate in the following four operation modes:

16-bit interval timer mode

16-bit event counter mode

16-bit programmable pulse generation mode (PPG)

External trigger Programmable pulse generation mode (PPG)

The use of the capture function allows TMRB to perform the following two measurements.

One shot pulse output by an external trigger

Pulse width measurement

In the following explanation of this section, "x" indicates a channel number.
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10.2 Differences in the Specifications

TMPM375FSDMG

10.2 Differences in the Specifications

TMPM375FSDMG contains 4-channel of TMRB.

Each channel functions independently and the channels operate in the same way except for the differences in

their specification as shown in Table 10-1.

Table 10-1 Differences in the Specifications of TMRB Modules

Specification External pins Interrupt
ch | External clock / Ti fin-f tout bi Internal
anne imer flip-flop output pin
capture trigger input pins p-flop output b Capture TMRB connection
interrupt interrupt
Signal name Signal name
INTCAPOO INTTB0OO TIMPLS -->
TMRBO - - .
INTCAPO1- INTTBO1 (Capture input)
INTTB40
TMRB4 TB4IN B -
INTTB41
INTCAP50 INTTB50 INTTB51 -->
TMRB5 - - .
INTCAP51 INTTB51 (ADC conversion start)
INTCAP70 INTTB70
TMRB7 TB7IN TB70UT
INTCAP71 INTTB71
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10.3 Configuration

Each channel consists of a 16-bit up-counter, two 16-bit timer registers (double-buffered), two 16-bit capture reg-

isters, two comparators, a capture input control, a timer flip-flop and its associated control circuit. Timer opera-

tion modes and the timer flip-flop are controlled by a register.
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10.4 Registers

TMPM375FSDMG
10.4 Registers
10.4.1 Register list according to channel
The following table shows the register names and addresses of each channel.

Channel x Base Address
Channel0 0x4001_0000
Channel4 0x4001_0100
Channel5 0x4001_0140
Channel7 0x4001_01CO0

Register name (x=0,4,5,7) Address(Base+)

Enable register TBXEN 0x0000
RUN register TBxRUN 0x0004
Control register TBxCR 0x0008
Mode register TBxMOD 0x000C
Flip-flop control register TBXxFFCR 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

2022/06/01

Page 158



To s H I BA TMPM375FSDMG

10.4.2 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: Disable
1: Enable
Specifies the TMRB operation. When the operation is disabled, no clock is supplied to the other registers
in the TMRB module. This can reduce power consumption. (This disables reading from and writing to the oth-
er registers except TBXEN register.)
To use the TMRB, enable the TMRB operation (set to "1") before programming each register in the TMRB
module. If the TMRB operation is executed and then disabled, the settings will be maintained in each register.
6 TBHALT R/W Clock operation during debug HALT.
0: Run
1: Stop
5-0 - R Read as "0".
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10.4 Registers TMPM375FSDMG

10.4.3 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

Note 1: When the external trigger start is used (<SSEL>=1), select <CSSEL> and <TRGSEL> before the setting of
<TBRUN>=<TBPRUN>=1.

Note 2: When the counter is stopped (<TBRUN>="0") and TBxUC<TBUC[15:0]> is read, the value which was captured
when the counter was operated is read.
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10.4.4 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 - - - 12TB - 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/W Double buffer
0: Disable
1: Enable
6-5 - R/IW Write as "0".
4 - R Read as "0".
3 12TB R/W Operation at IDLE mode
0: Stop
1: Operation
2 - R/W Write as "0".
1 TRGSEL R/W External Trigger select
0: Rising edge
1: Falling edge
0 CSSEL R/W Counter Start select
0: Software start
1: External trigger

Note 1: Do not modify TBXCR during operating TMRB.

Note 2: When the external trigger start is used (<CSSEL>=1), select <CSSEL> and <TRGSEL> before the set-

ting of <TBRUN>=<TBPRUN>=1.
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10.4.5 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 - - - - - - - -
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol TBRSWR TBCP TBCPM TBCLE TBCLK
After reset 0 1 0 0 0 0 0 0

Bit Bit Symbol Type Function

31-8 - R Read as "0".

7 TBRSWR R/W Writes to timer registers 0 and 1 (when double buffering is enabled)
0: The data transfer to the timer register 0 and 1 is done by corresponding to the up-counter (UC) regard-
less of the rewriting of the buffer register 0 and 1.
1: To transfer the buffer registers data to the timer registers, the writing of the timer register 0 and 1 togeth-
er are needed.

6 TBCP Capture control by software
0: Capture by softwareTB
1: Don'’t care

w

When "0" is written, the capture register 0 (TBxCPO) takes count value.
Read as "1".

5-4 TBCPM[1:0] R/W Capture timing
00: Disable Capture timing
01: TBxIN?
Takes count values into capture register 0 (TBXCPO) upon rising of TBxIN pin input.
10: TBxINT TBxIN|
Takes count values into capture register 0 (TBxCPO) upon rising of TBxIN pin input.
Takes count values into capture register 1 (TBxCP1) upon falling of TBxIN pin input.
11: TIMPLS? TIMPLS|
Takes count values into capture register 0 (TBXxCPO) upon rising of TIMPLS input.
Takes count values into capture register 1 (TBXxCP1) upon falling of TIMPLS input.

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
there is a match with Timer Regsiter1 (TBxRG1).

2-0 TBCLK[2:0] R/W Selects the TMRBx source clock.
00: TBxIN pin input
001: @T1
010: ¢T4
011: ¢T16
100: ¢T32
101: ¢T64
110: ¢T128
111: T256

Note:Do not change TBxMOD register while the timer is operating.
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10.4.6 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/IW TBxFFO control
00: Invert
Reverses the value of TBxFFO (reverse by using software).
01: Set
Sets TBxFFO to "1".
10: Clear
Clears TBxFFO to "0".
11: Don't care
* This is always read as "11".

Note:Do not change TBxFFCR register while the timer is operating.
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10.4.7 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 flag
0: No overflow occurs
1: Overflow occurs
When an up-counter is overflow, "1" is set.
1 INTTB1 R Match flag (TBxRG1)
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 flag (TBXxRGO)
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: The factors only which is not masked by TBxIM output interrupt request to the CPU.Even if the mask setting is
done, the flag is set.

Note 2: The flag is cleared by reading the TBxST register.To clear the flag, TBxST register should be read.
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10.4.8 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 mask
0: Disable
1: Enable
Sets the up-counter overflow interrupt to disable or enable.
1 TBIM1 R/W Match interrupt mask (TBxRG1)
0: Disable
1: Enable
Sets the match interrupt mask with the Timer register 1 (TBxRG1) to enable or disable.
0 TBIMO R/W Match interrupt mask (TBxRGO)
0: Disable
1: Enable
Sets the match interrupt 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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10.4.9 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, current up-counter value can be captured.

Note:When the counter is operated and TBxUC is read, the value of the up counter is captured and read.
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10.4.10 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.
10.4.11  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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10.4.12 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 0 0 0 0 0 0 0 0

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

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.

10.4.13 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 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol TBCP1
After reset 0 0 0 0 0 0 0 0

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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10.5 Description of Operations for Each Circuit

The channels operate in the same way, except for the differences in their specifications as shown in Table 10-1.

10.5.1 Prescaler

There is a 4-bit prescaler to generate the source clock for up-counter UC.

The prescaler input clock ¢TO is fperiph/1, fperiph/2, fperiph/4, fperiph/8, fperiph/16 or fperiph/32 selec-

ted by CGSYSCR<PRCK][2:0]> in the CG. The peripheral clock, fperiph, is either fgear, a clock selected by
CGSYSCR<FPSEL> in the CG, or fc, which is a clock before it is divided by the clock gear.

The operation or the stoppage of a prescaler is set with TBXRUN<TBPRUN> where writing "1" starts count-
ing and writing "0" clears and stops counting. Table 10-2 show prescaler output clock resolutions.

Table 10-2 Prescaler Output Clock Resolutions (fc = 40MHz)

Select Select Prescaler output clock function
. Clock gear value
peripheral clock prescaler clock
CGSYSCR CGSYSCR CGSYSCR
<GEAR[2:0]> oT1 ¢T4 ¢T16
<FPSEL> <PRCK[2:0]>
000 (fperiph/1) fc/2' (0.05 ps) fc/2% (0.2 ps) fc/25 (0.8 ps)
001 (fperiph/2) fc/22 (0.10 ps) fc/24 (0.4 ps) fc/28 (1.6 ps)
010 (fperiph/4) fc/2® (0.2 ps) fc/2% (0.8 ps) fc/27 (3.2 ps)
000 (fc)
011 (fperiph/8) fc/24 (0.4ps) fc/28 (1.6 pis) fc/28 (6.4 ps)
100 (fperiph/16) fc/25 (0.8 ps) fc/27 (3.2 us) fc/2° (12.8 ps)
101 (fperiph/32) fc/26 (1.6 ps) fc/28 (6.4 ys) fc/210 (25.6 ps)
000 (fperiph/1) fc/22 (0.1 ps) fc/24 (0.4 ps) fc/28 (1.6 ps)
001 (fperiph/2) fc/2% (0.2 ps) fc/25 (0.8 ps) fc/27 (3.2 ps)
010 (fperiph/4) fc/24 (0.4 ps) fc/28 (1.6 ps) fc/28 (6.4 ps)
100 (fc/2)
011 (fperiph/8) fc/25 (0.8 ps) fc/27 (3.2 ps) fc/2° (12.8 ps)
100 (fperiph/16) fc/25 (1.6 ps) fc/28 (6.4 ps) fc/21° (25.6 pis)
101 (fperiph/32) fc/27 (3.2 ps) fc/2° (12.8 ps) fc/2' (51.2 ps)
000 (fperiph/1) fc/23 (0.2 ps) fc/2% (0.8 ps) fc/27 (3.2 ps)
001 (fperiph/2) fc/24 (0.4 ps) fc/28 (1.6 ps) fc/2® (6.4 ps)
010 (fperiph/4) fc/25 (0.8 ps) fc/27 (3.2 ps) fc/2° (12.8 ps)
0 (fgear) 101 (fc/4)
011 (fperiph/8) fc/25 (1.6 ps) fc/28 (6.4 ps) fc/21° (25.6 ps)
100 (fperiph/16) fc/27 (3.2 ps) fc/2° (12.8 ps) fc/2' (51.2 ps)
101 (fperiph/32) fc/28 (6.4 us) fc/2'° (25.6 ps) fc/212 (102.4 ps)
000 (fperiph/1) fc/24 (0.4 ps) fc/28 (1.6 ps) fc/2® (6.4 ps)
001 (fperiph/2) fc/25 (0.8 ps) fc/27 (3.2 ps) fc/2° (12.8 ps)
010 (fperiph/4) fc/28 (1.6 ps) fc/28 (6.4 ps) fc/21 (25.6 ps)
110 (fc/8)
011 (fperiph/8) fc/27 (3.2 ps) fc/2° (12.8 ps) fc/2' (51.2 ps)
100 (fperiph/16) fc/28 (6.4 us) fc/210 (25.6 us) fc/212 (102.4 ps)
101 (fperiph/32) fc/2° (12.8 ps) fc/2' (51.2 ps) fc/2'® (204.8 ps)
000 (fperiph/1) fc/25 (0.8 ps) fc/27 (3.2 us) fc/2° (12.8 ps)
001 (fperiph/2) fc/28 (1.6 ps) fc/28 (6.4 us) fc/21 (25.6 ps)
010 (fperiph/4) fc/27 (3.2 ps) fc/2° (12.8 ps) fc/2' (51.2 ps)
111 (fc/16)
011 (fperiph/8) fc/28 (6.4 ps) fc/21° (25.6 ps) fc/212 (102.4 ps)
100 (fperiph/16) fc/2° (12.8 ps) fc/2' (51.2 ps) fc/2'® (204.8 ps)
101 (fperiph/32) fc/21° (25.6 pis) fc/2'2 (102.4 ps) fc/21 (409.6 ps)
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Table 10-2 Prescaler Output Clock Resolutions (fc = 40MHz)
Select Select Prescaler output clock function
. Clock gear value
peripheral clock prescaler clock
CGSYSCR CGSYSCR CGSYSCR
<GEAR[2:0> oT1 T4 @T16
<FPSEL> <PRCKJ2:0]>
000 (fperiph/1) fc/2' (0.05 ps) fc/2® (0.2 us) fc/2° (0.8 ps)
001 (fperiph/2) fc/22 (0.10 ps) fc/24 (0.4 ps) fc/28 (1.6 ps)
010 (fperiph/4) fc/2® (0.2 ps) fc/25 (0.8 us) fc/27 (3.2 ps)
000 (fc)
011 (fperiph/8) fc/24 (0.4ps) fc/2% (1.6 us) fc/28 (6.4 ps)
100 (fperiph/16) fc/2° (0.8 ps) fc/27 (3.2 us) fc/2° (12.8 ps)
101 (fperiph/32) fc/2% (1.6 ps) fc/28 (6.4 us) fc/2'° (25.6 ps)
000 (fperiph/1) - fc/2% (0.2 ps) fc/2% (0.8 ps)
001 (fperiph/2) fc/22 (0.10 ps) fc/24 (0.4 ps) fc/28 (1.6 ps)
010 (fperiph/4) fc/2® (0.2 ps) fc/2% (0.8 ps) fc/27 (3.2 ps)
100 (fc/2)
011 (fperiph/8) fc/2* (0.4ps) fc/25 (1.6 ps) fc/28 (6.4 us)
100 (fperiph/16) fc/25 (0.8 ps) fc/27 (3.2 us) fc/2° (12.8 ps)
101 (fperiph/32) fc/2° (1.6 ps) fc/28 (6.4 us) fc/210 (25.6 ps)
000 (fperiph/1) - fc/2® (0.2 ps) fc/2° (0.8 ps)
001 (fperiph/2) - fc/24 (0.4 ps) fc/2% (1.6 ps)
010 (fperiph/4) fc/2® (0.2 ps) fc/25 (0.8 us) fc/27 (3.2 ps)
1 (fc) 101 (fc/4)
011 (fperiph/8) fc/24 (0.4ps) fc/2% (1.6 ps) fc/28 (6.4 ps)
100 (fperiph/16) fc/25 (0.8 pis) fc/27 (3.2 ps) fc/29 (12.8 ps)
101 (fperiph/32) fc/2% (1.6 ps) fc/28 (6.4 us) fc/2'° (25.6 ps)
000 (fperiph/1) - - fc/25 (0.8 ps)
001 (fperiph/2) - fc/24 (0.4 ps) fc/28 (1.6 ps)
010 (fperiph/4) - fc/2% (0.8 ps) fc/2” (3.2 ps)
110 (fc/8)

011 (fperiph/8)

fc/2* (0.4ps)

fc/25 (1.6 ps)

fc/28 (6.4 us)

100 (fperiph/16)

fc/25 (0.8 ps)

fc/27 (3.2 ps)

fc/2° (12.8 ps)

101 (fperiph/32)

fc/25 (1.6 ps)

fc/28 (6.4 ps)

fc/2'° (25.6 ps)

111 (fc/16)

000 (fperiph/1)

fc/25 (0.8 ps)

001 (fperiph/2)

fc/2% (1.6 ps)

010 (fperiph/4)

fc/25 (0.8 ps)

fc/27 (3.2 us)

011 (fperiph/8)

fc/2% (1.6 us)

fc/28 (6.4 ps)

100 (fperiph/16)

fc/2% (0.8 ps)

fc/27 (3.2 ps)

fc/2° (12.8 ps)

101 (fperiph/32)

fc/2% (1.6 ps)

fc/28 (6.4 us)

fc/2'° (25.6 ps)

Note 1: The prescaler output clock @Tn must be selected so that Tn < fsys is satisfied (so that @Tn is slower than fsys).

Note 2: Do not change the clock gear while the timer is operating.
Note 3: "-" denotes a setting prohibited.
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Table 10-3 Prescaler Output Clock Resolutions (fc = 40MHz)

Select Select Prescaler output clock function

peripheral clock
CGSYSCR
<FPSEL>

Clock gear value
CGSYSCR
<GEAR[2:0]>

prescaler clock
CGSYSCR
<PRCK|2:0]>

¢T32

¢T64

¢T128

¢T256

0 (fgear)

000 (fc)

000 (fperiph/1)

fc/2° (1.6 ps)

fc/27 (3.2 ps)

fc/2® (6.4 ps)

fc/2° (12.8 ps)

001 (fperiph/2)

fc/27 (3.2 ps)

fc/28 (6.4 ps)

fc/2° (12.8 ps)

fc/2'° (25.6ps)

010 (fperiph/4)

fc/2® (6.4 ps)

fc/2° (12.8 ps)

fc/2'° (25.6ps)

fc/2' (51.2ps)

011 (fperiph/8)

fc/2° (12.8us)

fc/2'° (25.6 ps)

fc/2' (51.2 ps)

fc/2'2 (102.4ps)

100 (fperiph/16)

fc/2'0 (25.6ps)

fc/2" (51.2ps)

fc/212 (102.4 ps)

fc/2'3 (204.8 ps)

101 (fperiph/32)

fc/2' (51.2us)

fc/21? (102.4 ps)

fc/2'® (204.8 ps)

fc/2' (409.6pus)

100 (fc/2)

000 (fperiph/1)

fc/27 (3.2 ps)

fc/28 (6.4 ps)

fc/2° (12.8 ps)

fc/21° (25.6ps)

001 (fperiph/2)

fc/2® (6.4 ps)

fc/2° (12.8 ps)

fc/2'° (25.6ps)

fc/2' (51.2ps)

010 (fperiph/4)

fc/2° (12.8ps)

fc/21° (25.6 ps)

fc/2' (51.2 ps)

fc/212 (102.4ps)

011 (fperiph/8)

fc/2'0 (25.6ps)

fc/2" (51.2ps)

fc/212 (102.4 ps)

fc/2'3 (204.8 ps)

100 (fperiph/16)

fc/2' (51.2pus)

fc/2'? (102.4 ps)

fc/2™® (204.8 ps)

fc/2™ (409.6pus)

101 (fperiph/32)

fc/22 (102.4 ps)

fc/2'3 (204.8 ps)

fc/2' (409.6ps)

fc/2'5 (819.2 ps)

101 (fc/4)

000 (fperiph/1)

fc/2® (6.4 ps)

fc/2° (12.8 ps)

fc/2'° (25.6ps)

fc/2' (51.2ps)

001 (fperiph/2)

fc/29 (12.8us)

fc/21° (25.6 ps)

fc/2' (51.2 ps)

fc/2'2 (102.4ps)

010 (fperiph/4)

fc/2'0 (25.6ps)

fc/2" (51.2ps)

fc/212 (102.4 ps)

fc/2'3 (204.8 ps)

011 (fperiph/8)

fc/2' (51.2us)

fc/2'? (102.4 ps)

fc/2™® (204.8 ps)

fc/2™ (409.6ps)

100 (fperiph/16)

fc/212 (102.4 ps)

fc/2'3 (204.8 ps)

fc/2'4 (409.6us)

fc/2'5 (819.2 ps)

101 (fperiph/32)

fc/2™ (204.8 ps)

fc/2'* (409.6us)

fc/2'® (819.2 ps)

fc/2'® (1638.4 us)

110 (fc/8)

000 (fperiph/1)

fc/29 (12.8us)

fc/21° (25.6 ps)

fc/2' (51.2 ps)

fc/2'2 (102.4ps)

001 (fperiph/2)

fc/2'0 (25.6ps)

fc/2" (51.2ps)

fc/212 (102.4 ps)

fc/2'3 (204.8 ps)

010 (fperiph/4)

fc/2' (51.2ps)

fc/212 (102.4 ps)

fc/2'® (204.8 ps)

fc/2™ (409.6ps)

011 (fperiph/8)

fc/212 (102.4 ps)

fc/2'3 (204.8 ps)

fc/2'4 (409.6us)

fc/2'5 (819.2 ps)

100 (fperiph/16)

fc/2™ (204.8 ps)

fc/2'4 (409.6us)

fc/2'® (819.2 ps)

fc/2'® (1638.4 us)

101 (fperiph/32)

fc/2'* (409.6ps)

fc/2'° (819.2 ps)

fc/2'¢ (1638.4 ps)

fc/2'7 (3276.8 ps)

111 (fc/16)

000 (fperiph/1)

fc/2'0 (25.6ps)

fc/2" (51.2ps)

fc/2"2 (102.4 ps)

fc/2'3 (204.8 ps)

001 (fperiph/2)

fc/2' (51.2ps)

fc/212 (102.4 ps)

fc/21® (204.8 pis)

fc/21* (409.6us)

010 (fperiph/4)

fc/2'2 (102.4 ps)

fc/2' (204.8 pis)

fc/2' (409.6us)

fc/2'5 (819.2 ps)

011 (fperiph/8)

fc/2™ (204.8 ps)

fc/2'* (409.6us)

fc/2'5 (819.2 ps)

fc/2' (1638.4 ps)

100 (fperiph/16)

fc/2' (409.6ps)

fc/2'5 (819.2 ps)

fc/2' (1638.4 ps)

fc/2'7 (3276.8 ps)

101 (fperiph/32)

fc/2's (819.2 ps)

fc/2'6 (1638.4 ps)

fc/2'7 (3276.8 ps)

fc/2'® (6553.6 ps)
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011 (fperiph/8)

fc/2° (12.8ps)

fc/21° (25.6 pis)

fc/2" (51.2 ps)

TMPM375FSDMG
Table 10-3 Prescaler Output Clock Resolutions (fc = 40MHz)
Select Select Prescaler output clock function
. Clock gear value
peripheral clock prescaler clock
CGSYSCR CGSYSCR CGSYSCR
<GEAR[2:0]> @T32 ¢T64 ¢T128 ¢T256
<FPSEL> <PRCK|2:0]>
000 (fperiph/1) fc/28 (1.6 ps) fc/27 (3.2 ps) fc/2® (6.4 ys) fc/2° (12.8 ps)
001 (fperiph/2) fc/27 (3.2 ps) fc/28 (6.4 ps) fc/2° (12.8 ps) fc/210 (25.6us)
010 (fperiph/4) fc/28 (6.4 ps) fc/2° (12.8 ps) fc/210 (25.6ps) fc/21 (51.2us)
000 (fc)
011 (fperiph/8) fc/2° (12.8us) fc/2'° (25.6 ps) fc/2' (51.2 ps) fc/2'2 (102.4ps)
100 (fperiph/16) fc/210 (25.6ps) fc/21 (51.2us) fc/212 (102.4 ps) fc/2'3 (204.8 ps)
101 (fperiph/32) fc/2' (51.2us) fc/21? (102.4 ps) fc/2'® (204.8 ps) fc/2' (409.6pus)
000 (fperiph/1) fc/2% (1.6 us) fc/27 (3.2 ps) fc/28 (6.4 ps) fc/2° (12.8 ps)
001 (fperiph/2) fc/27 (3.2 ps) fc/28 (6.4 ps) fc/2° (12.8 ps) fc/210 (25.6s)
010 (fperiph/4) fc/28 (6.4 ps) fc/2° (12.8 ps) fc/2'° (25.6ps) fc/2' (51.2us)
100 (fc/2)
011 (fperiph/8) fc/2° (12.8ps) fc/21° (25.6 ps) fc/2' (51.2 ps) fc/212 (102.4ps)
100 (fperiph/16) fc/21° (25.6ps) fc/2' (51.2us) fc/2'? (102.4 ps) fc/2™3 (204.8 ps)
101 (fperiph/32) fc/2'1 (51.2us) fc/212 (102.4 ps) fc/213 (204.8 ps) fc/2* (409.6ps)
000 (fperiph/1) fc/28 (1.6 ps) fc/27 (3.2 ps) fc/2® (6.4 us) fc/2° (12.8 ps)
001 (fperiph/2) fc/27 (3.2 ps) fc/28 (6.4 ps) fc/2° (12.8 ps) fc/210 (25.6us)
010 (fperiph/4) fc/28 (6.4 ps) fc/2° (12.8 ps) fc/210 (25.6ps) fc/21 (51.2us)
1 (fc) 101 (fc/4)
011 (fperiph/8) fc/2° (12.8us) fc/21° (25.6 ps) fc/2' (51.2 ps) fc/2'2 (102.4ps)
100 (fperiph/16) fc/210 (25.6ps) fc/21 (51.2us) fc/212 (102.4 ps) fc/213 (204.8 ps)
101 (fperiph/32) fc/2' (51.2us) fc/2'? (102.4 ps) fc/2™® (204.8 ps) fc/2™ (409.6us)
000 (fperiph/1) fc/2% (1.6 us) fc/27 (3.2 ps) fc/28 (6.4 ps) fc/2° (12.8 ps)
001 (fperiph/2) fc/27 (3.2 ps) fc/28 (6.4 ps) fc/2° (12.8 ps) fc/21° (25.6s)
010 (fperiph/4) fc/28 (6.4 ps) fc/2° (12.8 ps) fc/2'° (25.6ps) fc/2' (51.2us)
110 (fc/8)

fc/212 (102.4ps)

100 (fperiph/16)

fc/21° (25.6ps)

fc/2' (51.2us)

fc/2'? (102.4 ps)

fc/2™ (204.8 ps)

101 (fperiph/32)

fc/2' (51.2ps)

fc/2'2 (102.4 ps)

fc/2'3 (204.8 ps)

fc/2'* (409.6ps)

111 (fc/16)

000 (fperiph/1)

fc/2° (1.6 ps)

fc/27 (3.2 ps)

fc/2® (6.4 ps)

fc/2° (12.8 ps)

001 (fperiph/2)

fc/27 (3.2 ps)

fc/28 (6.4 ps)

fc/2° (12.8 ps)

fc/210 (25.6us)

010 (fperiph/4)

fc/28 (6.4 pus)

fc/2° (12.8 ps)

fc/2'° (25.6ps)

fc/2" (51.2us)

011 (fperiph/8)

fc/2° (12.8us)

fc/21° (25.6 ps)

fc/2' (51.2 ps)

fc/2'2 (102.4ps)

100 (fperiph/16)

fc/2'° (25.6us)

fc/2'" (51.2us)

fc/2'2 (102.4 ps)

fc/2® (204.8 ps)

101 (fperiph/32)

fc/2' (51.2us)

fc/2'? (102.4 ps)

fc/2™® (204.8 ps)

fc/2™ (409.6us)

Note 1: The prescaler output clock @Tn must be selected so that Tn < fsys is satisfied (so that @Tn is slower than fsys).

Note 2: Do not change the clock gear while the timer is operating.

Note 3: "-" denotes a setting prohibited.
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10.5.2 Up-counter (UC)

UC is a 16-bit binary counter.

Source clock

UC source clock, specified by TBxMOD<TBCLK]2:0]>, can be selected from either three types
oT1, T4, T16 ,0T32, eT64, eT128,pT2560f prescaler output clock or the external clock of the
TBxIN pin.

Count start / stop

Counter operation is specified by TBXRUN<TBRUN>. UC starts counting if <TBRUN> = "1",
and stops counting and clears counter value if <TBRUN> = "0".

Timing to clear UC

1. When a match is detected

By setting TBXMOD<TBCLE> = "1", UC is cleared if when the comparator detects a
match between counter value and the value set in TBXRG1. UC operates as a free-running coun-
ter if TBXMOD<TBCLE> = "0".

2. When UC stops
UC stops counting and clears counter value if TBXRUN<TBRUN> = "0".

UC overflow

If UC overflow occurs, the INTTBx0 overflow interrupt is generated.

10.5.3 Timer registers (TBXRGO, TBxRG1)

TBxRGO and TBxRG1 are registers for setting values to compare with up-counter values and two registers
are built into each channel. If the comparator detects a match between a value set in this timer register and
that in a UC up-counter, it outputs the match detection signal.

TBxRGO and TBxRG1 are consisted of the double-buffered configuration which are paired with register buf-
fers. The double buffering is disabled in the initial state.

Controlling double buffering disable or enable is specified by TBXCR<TBWBF> bit. If <TBWBF> = "0",
the double buffering becomes disable. If <TBWBF>="1", it becomes enable. When the double buffering is en-
abled, a data transfer from the register buffer to the timer register (TBxRGO/1) is done in the case that UC is
matched with TBXRG1. When the counter is stopped even if double buffering is enabled, the double buffer-
ing operates as a single buffer, and an immediate data can be written to the TBXRGO and TBxRGI.

10.5.4 Capture

This is a circuit that controls the timing of latching values from the UC up-counter into the TBxCPO and
TBxCP1 capture registers. The timing with which to latch data is specified by TBxMOD<TBCPM[1:0]>.

Software can also be used to import values from the UC up-counter into the capture register; specifically,
UC values are taken into the TBxCPO capture register each time "0" is written to TBXMOD<TBCP>.
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10.5.5 Capture register (TBxCPO, TBxCP1)

This register captures an up-counter (UC) value.

10.5.6  Up counter capture register (TBxUC)

Other than the capturing functions shown above, the current count value of the UC can be captured by read-
ing the TBxUC registers.

10.5.7 Comparators (CPO, CP1)
This register compares with the up-counter (UC) and the value setting of the Timer Register (TBxRGO

and TBxRG1) to detect whether there is a match or not. If a match is detected, INTTBx0 and INTTBx1 are gen-
erated.

10.5.8 Timer Flip-flop (TBxFFO0)

The timer flip-flop (TBxFFO0) is reversed by a match signal from the comparator and a latch signal to the cap-
ture registers. It can be enabled or disabled to reverse by setting the TBXFFCR<TBCIT1, TBCOT1,
TBEI1TI1, TBEOT1>.

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 TBXFFO0 can be output to the Timer output pin (TBxOUT). If the timer output is performed,
the corresponding port settings must be programmed beforehand.

10.5.9 Capture interrupt (INTCAPxO0, INTCAPx1)

Interrupts INTCAPx0 and INTCAPx1 can be generated at the timing of latching values from the UC up-coun-
ter into the TBxCPO and TBxCP1 capture registers. The interrupt timing is specified by the CPU.
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10.6 Description of Operations for Each Mode

10.6.1  16-bit Interval Timer Mode

In the case of generating constant period interrupt, set the interval time to the Timer register (TBxRGI) to

generate the INTTBx1 interrupt.

TBXEN

TBXxRUN

Interrupt Set-Enable
Register

TBxFFCR

TBxMOD

TBxRG1

TBxRUN

Note: X; Don’t care —; No change

10.6.2 16-bit Event Counter Mode

X
1

0
0

Enables TMRBx operation.

Stops count operation.
Permits INTTBx1 interrupt by setting corresponding bit to "1".

Disable to TBxFFO reverse trigger.

Changes to prescaler output clock as input clock. Specifies
capture function to disable.

Specifies a time interval. (16 bits)

Starts TMRBXx.

It is possible to make it the event counter by using an input clock as an external clock (TBxIN pin input).

The up-counter counts up on the rising edge of TBXIN pin input. It is possible to read the count value by cap-
turing value using software and reading the captured value.

TBxEN
TBxRUN

Set PORT registers.

TBxFFCR
TBxMOD
TBxRUN

TBxMOD

Note: X; Don’t care —; No change

Enables TMRBx operation.

Stops count operation.

Allocates corresponding port to TBxIN.
Disable to TBxFFO reverse trigger.
Changes to TBxIN as an input clock.
Starts TMRBx.

Software capture is done.
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10.6.3

16-bit PPG (Programmable Pulse Generation) Output Mode

Square waves with any frequency and any duty (programmable square waves) can be output. The output
pulse can be either low-active or high-active.

Programmable square waves can be output from the TBxOUT pin by triggering the timer flip-flop
(TBxFF) to reverse when the set value of the up-counter (UC) matches the set values of the timer registers
(TBxRGO and TBxRGT1). Note that the set values of TBXRG0 and TBxRG1 must satisfy the following require-
ment:

Set value of TBxRGO < Set value of TBxRG1

iseatiorechs SN | N | N | N | |
1

R erasy / AL T Tl
1

mars UL

Figure 10-2 Example of Output of Programmable Pulse Generation (PPG)

In this mode, by enabling the double buffering of TBxRGO, the value of register buffer 0 is shifted into
TBxRGO when the set value of the up-counter matches the set value of TBxRG1. This facilitates handling of
small duties.

Match with TBXRGO n ”
Up-counter= Q1 Up-counter= Q2

Match with TBXRG1

/( Trigger to shift to TBxRG1

TBXRGO Q XX Q,
(compare value) 77\

Register buffer Q, X Q3
\ Write TBXRGO
EI;;%)r(r'?p%;e value) Q ‘;(7\ %
Register buffer Qs X Qg
Write TBXRG1

Figure 10-3 Register Buffer Operation
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The block diagram of this mode is shown below.

TBxOUT (PPG output)

Selector
TBxIN —>>| TBXRUN<TBRUN> FIE
z E‘ —> (TBXFFO)
¢ T16 —> - 16-bit up-counter cl
$T32 —> > uc < Al
¢ T64 —> 1
$T128 —p
¢ T256 —>»|
A Match A
16-bit comparator 16-bit comparator
4 4
<
Y
Selector TBxRGO Selector TBXRG1
P4 } 4
Write Write 3
TBxRGO TBxRG1
Register buffer 0 Register buffer 1
TBXCR<TBWBF> > TBXxCR<TBWBF> P

3

Internal data bus

S

Figure 10-4 Block Diagram of 16-bit PPG Mode

Each register in the 16-bit PPG output mode must be programmed as listed below.

7 6 5 4 3 2 1 0
TBXEN ~ 1 X X X X X X X
TBXRUN —~ X X X X X 0 X o0
TBxCR < 0 O O X - 0 0 o0
TBXRGO o * N o x x N N
o+ N . o« * N "
TBXRG1 = N « P * N N
o = * o« x x * N
TBxCR ~ 1 0 0 X - X 0 o0
TBxFFCR ~ X X 0 0 1 1 1 0
TBxMOD ~ 0 1 0 0 1 * * *
(** =001, 010, 011,100,101,110,111)

Set PORT registers.

TBXRUN - * oorox 1 X 1

Note: X; Don’t care
-; No change

Enables TMRBXx operation.
Stops count operation.
Disables double buffering.
Specifies a duty. (16 bits)

Specifies a cycle. (16 bits)

Enables the TBXRGO double buffering.

(Changes the duty/cycle when the INTTBXxO interrupt is gener-
ated)

Specifies to trigger TBxFFO to reverse when a match with
TBxRGO or TBXxRG1 is detected,and sets the initial value of
TBxFFO to "0".

Designates the prescaler output clock as the input clock,and
disables the capture function.

UC is cleared to match TBXRG1.
Allocates corresponding port to TBxOUT.
Starts TMRBXx.
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10.6.4 External trigger Programmable Pulse Generation Output Mode (PPG)

Using an external count start trigger enables one-shot pulse generation with a short delay.

The 16-bit up-counter (UC) is programmed to count up on the rising edge of the TBxIN pin (TBxCR[1:0]

="01"). The TBxRGO is loaded with the pulse delay (d), and the TBxRG1 is loaded with the sum of the
TBxRGO value (d) and the pulse width (p). The above settings must be done while the 16-bit up-counter is stop-
ped (TBXRUN<TBRUN> = 0).

To enable the trigger for timer flip-flop, sets TBXFFCR<TBE1T1, TBEOT1> to "11". With this setting, the

timer flip-flop reverses when 16-bit up-counter (UC) corresponds to TBXRGO or TBxRGI.

Sets TBXRUN<TBRUN> to "1" to enable the count-up by an external trigger.

After the generation of one-shot pulse by the external trigger, to disable reverse of the timer flip-flop or to

stop 16bit counter by TBXRUN<TBRUN> setting.

Symbols (d) and (p) used in the text correspond to symbols d and p in Figure 10-5.

Counter Clock
(Internal Clock) J-I_"_"J-I_"_"_ ...... "."."."_l-l. ...... "_".".". ...... "."_".". .
d

O‘ d+ P
;rEBx)ig\:nI;p-H-tigégr Pulse) I The counter starts at the rising edge of external trigger. |

| INTTEXO !
Match with TBXRGO ! generation :

1 1 n

! -y INTTBx1

: ! generation X
Match with TBxRG1 ! Reverse| | :

! ! Reverse | , i

1 1 )

1

1

Timer output TBXxOUT pin

| Delay time

' () : (P)

! Pulse width ,

Figure 10-5 One-shot pulse generation using an external count start trigger (with a delay)
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10.7 Applications using the Capture Function

The capture function can be used to develop many applications, including those described below:

1. One-shot pulse output triggered by an external pulse

2. Pulse width measurement

10.7.1  One-shot pulse output triggered by an external pulse
One-shot pulse output triggered by an external pulse is carried out as follows:

The 16-bit up-counter is made to count up by putting it in a free-running state using the prescaler output
clock. An external pulse is input through the TBXIN pin. A trigger is generated at the rising of the external
pulse by using the capture function and the value of the up-counter is taken into the capture registers (TBxCPO0).

The CPU must be programmed so that an interrupt INTCAPxO0 is generated at the rising of an external trig-
ger pulse. This interrupt is used to set the timer registers (TBxRGO) to the sum of the TBxCPO value (c) and
the delay time (d), (¢ + d), and set the timer registers (TBxRG1) to the sum of the TBxRGO values and the
pulse width (p) of one-shot pulse, (¢ + d + p).[TBxRGI1 change must be completed before the next match.]

In addition, the timer flip-flop control registers(TBxFFCR<TBE1T1, TBEOT1>) must be set to "11". This en-
ables triggering the timer flip-flop (TBXFFO0) to reverse when TBxUC matches TBxRGO and TBxRGI1. This
trigger is disabled by the INTTBx0 / INTTBx1 interrupt after a one-shot pulse is output.

Symbols (c), (d) and (p) used in the text correspond to symbols ¢, d and p in Figure 10-6.

Put the counter in a free-running state.

(el S0k 1110 11 1 1

c c+d ct+d+p
TBxIN pin input |
(External trigger pulse) Taking data into the capture register (TBxCPO).

| T INTCAPx0 INTTBx0
Match with TBXRGO generation generation

1
1
I
/yINTTBx1 generatfon
1
Match with TBxRG1 !

1
1
Enable reverse : /"
1
! ' Enable reverse | !
1 ! 1
1
| |

Timer output TBXxOUT pin
) ﬂl Delay time ! Pulse width _ ,
Disable reverse n(—):(—),
when data is taken ' (d) (p)
into TBXCPO.

Figure 10-6 One-shot Pulse Output (With Delay)
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The followings show the settings in the case that 2 ms width one-shot pulse is output after 3ms by trigger-
ing TBxIN input at the rising edge. (®T1 is selected for counting.)

7 6 5 4 3 2 1 0
[[Main processing] Capture setting by TBxIN

Set PORT registers. Allocates corresponding port to TBxIN.
TBxEN — 1 X X X X X X X Enables TMRBXx operation.
TBxRUN — X X X X X 0 X 0 Stops count operation.
S0 10 10 0 0 Cranges e coucio of Feihes oot vake o
TBxFFCR ~ X X 0 0 0 0 1 0 Clears TBxFFO reverse trigger and disables.
Set PORT registers. Allocates corresponding port to TBxOUT.
Interrupt Set-Enable J . . . . . . . Permits to generate interrupts specified by INTCAPxO inter-
Register rupt corresponding bit by setting to "1".
TBXRUN - * * * * 1 X 1 Starts the TMRBx module.
[Processing of INTCAPXO interrupt service routine] Pulse output setting
TBxRGO — * * * * * * * Sets count value.(TBXxCAPO + 3ms/®T1)
o * * * " * * * *
TBxRG1 — * * * * * * * Sets count value.(TBXCAPO + (3+2)ms/®T1)
o o+ * " * * * * *
TBxFFCR “x X - - 1 1 L Reverses TBxFFO if UC consistent with TBxRGO and
TBxRGH1.
TBxIM — X X X X X 1 0 1 Masks except TBXxRG1 correspondence interrupt.
Interrupt Set-Enable J . . . . . . . Permits to generate interrupt specified by INTTBx1 interrupt
Register corresponding bit setting to "1".

[Processing of INTTBx1 interrupt service routine] Output disable
TBxFFCR — X X - - 0 0 - - Clears TBxFFO reverse trigger setting.

. . . . % % % . Prohibits interrupts specified by INTTBx interrupt correspond-
ing bit by setting to "1".

«—

Note: X; Don'’t care
-; No change

If a delay is not required, TBXFFO is reversed when data is taken into TBxCPO, and TBxRGl is set to the
sum of the TBxCPO value (c) and the one-shot pulse width (p), (¢ + p), by generating the INTCAPxO0 inter-
rupt. (TBxRG1 change must be completed before the next match.)

TBxFFO is enabled to reverse when UC matches with TBxRG1, and is disabled by generating the
INTTBx1 interrupt.

Count clock
(Prescaler output I””””“l . I“”””l - __J]_"_"_"_"_ _____

clock)

TBXIN input |
(External trigger pulse)

Taking data into the capture register TBxCPO.-\L
INTCAPx0 Ay INTTBx1 : Taking data into the capture

1
1 . . N
. generation generation \ register TBXxCP1.
Match with TBXRG1 ! Al !
1 1 1
1 Enable reverse ( ! !
Timer output :
TBxOUT pin ) 1
1 Pulse width
Enable reverse when data (P) ’ Disable reverse when data
is taken into TBxCPO. is taken into TBXCP1.

Figure 10-7 One-shot Pulse Output Triggered by an External Pulse (Without Delay)
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10.7.2 Pulse width measurement

By using the capture function, the "High" level width of an external pulse can be measured. Specifically,
by putting it in a free-running state using the prescaler output clock, an external pulse is input through the
TBxIN pin and the up-counter (UC) is made to count up. A trigger is generated at each rising and falling
edge of the external pulse by using the capture function and the value of the up-counter is taken into the cap-
ture registers (TBxCPO, TBxCP1). The CPU must be programmed so that INTCAPx1 is generated at the fall-
ing edge of an external pulse input through the TBxXIN pin.

The "High" level pulse width can be calculated by multiplying the difference between TBxCPO and
TBxCP1 by the clock cycle of an internal clock.

For example, if the difference between TBxCPO 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.

Caution must be exercised when measuring pulse widths exceeding the UC maximum count time which is
dependant upon the source clock used. The measurement of such pulse widths must be made using software.

The "Low" level width of an external pulse can also be measured. In such cases, the difference between
C2 generated the first time and C1 generated the second time is initially obtained by performing the second
stage of INTCAPxO interrupt processing as shown in Figure 10-8 and this difference is multiplied by the cy-
cle of the prescaler output clock to obtain the "Low" level width.

Prescaler output ””””"” ”””””
clock [
C1 (674

TBxIN pin input
(external pulse)
1 1 1 1
Taking data into | I'I
TBngPO Ct " C1 !
1
1

1
1
l
1 1 1
1 1 1
Taking data into \ ! { &" !
TBXCP1 ! c2 ! " c2
\: !
INTCAPXO I l
\I 1
INTCAPx1 " "

Figure 10-8 Pulse Width Measurement
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11.

11.1

Serial Channel (SIO/UART)

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 (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 rising/falling edge)
Make it possible to specify the interval time of continuous transmission.
The state of TXDx pin after output of the last bit can be selected as follow:

Keep a "High" level/ "Low" level/the state of the last bit
The state of TXDx pin when an under run error is occurred in case SCLK is input can be selected
as follow:

Keep a "High" level/ "Low" level
The last bit hold time of TXDx pin can be set in the case that SCLK is input.

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 CTSx pin

In the following explanation, "x" represents channel number.
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11.2 Difference in the Specifications of SIO Modules

TMPM375FSDMG has two SIO channels.

Each channel functions independently. The used pins, interrupt and UART source clock in each channel are col-
lected in the following.

Table 11-1 Difference in the Specifications of SIO Modules

Pin name Interrupt
UART source
CTSx/ . ; clock

TXD RXD SCLKx Receive Interrupt Transmit Interrupt

Channel 0 PEO PE1 PE2 INTRXO0 INTTXO0 TB4OUT
PFO PB6 -

Channel 1 INTRX1 INTTX1 TB4OUT
PB4 -
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11.3 Configuration

Figure 11-1 shows Serial channel block diagram.

SCxEN
<BRCKSEL>

70 > o Pre-scaler
3 2] a]8]16]32]64]
@
¢ TSO ¢TS2 ¢TS8 $pTS32
+- == Serial clock generation circuit ‘- ---------=-=----- \
1
| SCXBRCR TBXOUT |
' <BRCK> (from TMRBXx) 1
1
[ I T T
i SCxBRCR SCxBRADD ! .
! <BRS> <BRK> ! '
: | '
1 : :
3 > 8 @ | SIOCLK
3 T B 3 !
5] 1 S 15} !
= | = = 1
1
| : O
1
1 1
' SCxBRCR 1| | scxmopo | scxmobo
X <BRXADDE> X <sC> <SM>
________________ I 1
X Baud rate generator !
fsys —> |
1 .
-2 »| 1
_ L A ¢ :
sCLKxinput [ ] T 71 € |10 interface mode 1
1
: :
fTTTTTTTTTTTToTTTTTTommmmmmmmes T‘ """""" DA dlear (SICDMACLR1)
SCxCR DMA clear (SIODMACLRO
<10C> » DMA request (SIODMAREQ1)
1/0 interface mode | » DMA request (SIODMAREQO)
SCLKx output[} < ? | i o Interrupt request
’—’_' INTR
DMA control | > Interru;)a(t request
INTTXx
Y Y

- scxMoDo | Serial channel —
Recive counter <WU> —»| Interrupt Transmission counter|
(Only at UART : +16) control (Only at UART : +16)

RXDCLK ,L T A A YDGLK
SCXMODO_y,|  Recive [ n| Transmission [€~ —
<RXE> control K¢ )| control — ] cTsx
SCxCR

<PE> <EVEN>
SCxMODO
Y Y <CTSE>

Parity control
RXDx E} }I Recive shift register | |:| | Transmit shift register |—->E] TXDx
Y l} Y

| RBS| Recive buffer (SCxBUF) | error flag | | TBS| Transmit buffer (SCXBUF) |
T T T
FIFO control SCxCR FIFO control
<OERR><PERR><FERR>
10 \AAj 10 |
Internal data bus Internal data bus Internal data bus

Figure 11-1 Serial Channel Block Diagram
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11.4 Registers Description

11.4.1 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.

Channel x Base Address
Channel0 0x4002_0080
Channel1 0x4002_00C0

Register name(x=0,1) 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

Note:Do not modify any control register when data is being transmitted or received.
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11.4.2 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.

11.4.3 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.
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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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11.4.4 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 R/W The last bit hold time of the TXDx pin in the case that SCLK is input (I/O interface mode).
Set a last bit hold time and SCLK period to the condition of the last bit hold time < SCLK period/2.
000: 2/fc 100: 32/fc
001: 4/fc 101: 64/fc
010: 8/fc 110: 128/fc
011: 16/fc 111: Reserved
11 - R Read as "0".
10 TXDEMP R/W The state of TXDx pin when an under run error is occurred in the case that SCLK is input.(For I/O interface)
0: "Low" level output
1: "High" level output
9-8 TIDLE R/W The state of TXDx pin after output of the last bit. (For 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 UART mode)
9th bit of the received data in the 9-bit UART mode.
6 EVEN R/W Parity (For UART mode)
0: Odd
1: Even
Selects even or odd parity.
"0" : odd parity, "1" : even parity.
The parity bit may be used only in the 7- or 8-bit UART mode.
5 PE R/W Add parity (For UART mode)
0: Disabled
1: Enabled
Controls enabling/ disabling parity.
The parity bit may be used only in the 7- or 8-bit UART mode.
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
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Bit

Bit Symbol

Type

Function

FERR

Framing error flag (Note)
0: Normal operation
1: Error

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 TXDx pin one bit at a time on the falling edge of SCLKx.
Data from RXDx pin is received in the receive buffer one bit at a time on the rising edge of SCLKx.
In this case, the SCLKx starts from high level.

1:Data in the transmit buffer is sent to TXDx pin one bit at a time on the rising edge of SCLKXx.
Data from RXDx pin is received in the receive buffer one bit at a time on the falling edge of SCLKx.
In this case, the SCLKx starts from low level.

10C

R/W

Selecting clock (For I/O Interface mode)
0: Baud rate generator
1: SCLKx pin input

Note:<OERR>, <PERR> and <FERR> are cleared to "0" when read.
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11.4.5 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

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 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 UART)

Writes the 9th bit of transmit data in the 9-bit UART mode.
6 CTSE R/W Handshake function control (For UART)

0: CTS disabled

1: CTS enabled

Controls handshake function.

Setting "1" enables handshake function using CTS pin.
5 RXE R/W Receive control (Note1)(Note2)

0: Disabled

1: Enabled

4 wu R/W Wake-up function (For UART)

0: Disabled

1: Enabled

This function is available only at 9-bit UART mode. In other mode, this function has no meaning.
In it is Enabled, Interrupt only when RB9 = "1" at 9-bit UART mode.

3-2 SM[1:0] R/W Specifies transfer mode.

00: /O interface mode

01: 7-bit length UART mode
10: 8-bit length UART mode
11: 9-bit length UART mode

1-0 SC[1:0] R/W Serial transfer clock (For UART)
00: Timer output

01: Baud rate generator

10: Internal clock fsys

11: External clock (SCLKx pin input)

(As for the 1/0O interface mode, the serial transfer clock can be set in the control register (SCxCR).

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.

Page 191 2022/06/01



11. Serial Channel (SIO/UART)

11.4 Registers Description

TMPM375FSDMG

11.4.6 SCxMOD1 (Mode Control Register 1)

31

30 29 28 27 26 25 24

bit symbol -

After reset 0

bit symbol -

After reset 0

bit symbol -

After reset 0

bit symbol 12SC

FDPX TXE SINT -

After reset 0

o
o
o
o
o
o
o

Bit

Bit Symbol

Type

Function

31-8

Read as "0".

12SC

R/W

IDLE

0: Stop

1: Operate

Specifies the IDLE mode operation.

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 I/O interface mode. And when FIFO is enabled, specify the configura-
tion of FIFO. In UART mode, specify the only configuration of FIFO.

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 pin output is selected. In other modes,
this parameter has no meaning.

Specifies the interval time of continuous transmission when double buffering is enabled in the 1/O interface
mode.

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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11.4.7 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" while reading this bit changes it 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 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> setting.
3 DRCHG R/W Setting transfer direction
0: LSB first
1: MSB first
Specifies the direction of data transfer in the 1/O interface mode.
In the UART mode, set this bit to LSB first.
2 WBUF R/W 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/O interface mode and to transmit data in the UART
mode.
When receiving data in the I/O interface mode (SCLK input) and UART mode, double buffering is enabled
in both cases that 0 or 1 is set to <WBUF> bit.
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Bit Bit Symbol Type Function
1-0 SWRST[1:0] R/W Software reset

Overwriting "01" in place of "10" generates a software reset. When this software reset is executed, the follow-
ing bits are initialized and the transmit/receive circuit become initial state (Note1)(Note2).

Register Bit
SCxMODO 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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11.4.8 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/W Write "0".
6 BRADDE R/IW N + (16 - K)/16 divider function (For UART)
0: disabled
1: enabled
This division function can only be used in the UART mode.
5-4 BRCK][1:0] R/W Select input clock to the baud rate generator.
00: @TSO
01: @TS2
10: @TS8
11: @TS32
3-0 BRS[3:0] R/W Division ratio "N"
0000: 16
0001: 1
0010: 2
1111: 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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11.4.9 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)
0000: Prohibited
0001: K =1
0010: K =2
1111: K =15

Table 11-2 lists the settings of baud rate generator division ratio.

Table 11-2 Setting division ratio

<BRADDE> = "1" (Note1)
(Only UART mode)

<BRADDE> = "0"

<BRS> Specify "N" (Note2) (Note3)
<BRK> No setting required Specify "K" (Note4)
Division ratio Divide by N N+ U8=K) 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: As a division ratio, 1 ("0001") or 16 ("0000") can not be applied to N when using the "N + (16 - K)/16" di-
vision function in the UART mode.

Note 3: The division ratio "1" of the baud rate generator can be specified only when the double buffering is used
in the 1/O interface mode.

Note 4: Specifying "K = 0" is prohibited.
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11.4.10 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 1 1 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
When Receive FIFO is enabled, 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 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 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/W 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 Re- | When the Receive FIFO is filled up to the specified number of valid bytes,
ceive SCxMODO<RXE> is automatically set to "0" to inhibit further reception.
Half duplex When the Transmit FIFO is empty, SCxMOD1<TXE> is automatically set to "0"
Transmit to inhibit further transmission.
Full duplex When either of the above two conditions is satisfied, TXE/RXE are automatical-
ly set to "0" to inhibit further transmission and reception.
0 CNFG R/W FIFO enable.
0: Disabled
1: Enabled
Enables FIFO.(Note2) When <CNFG> is set to "1", FIFO is enabled.
If enabled, the SCOMOD1 <FDPX[1:0]> setting automatically configures FIFO as follows:
Half duplex Re- | Receive FIFO 4byte
ceive
Half duplex Transmit FIFO 4byte
Transmit
Full duplex Re- | Receive FIFO 2byte + Transmit FIFO 2byte
ceive

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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11.4.11 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 1 1 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: When FIFO fill level (SCxRST<RLVL[2:0]>) = Receive FIFO fill level to generate receive interrupt <RIL
[1:0]>
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 byte 2 byte
01 1 byte 1 byte
10 2 byte 2 byte
11 3 byte 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")
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11.4.12 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
1: Clear
When SCxTST<TBCLR> is set to "1", the transmit buffer is cleared. Read as "0".
7 TFCS w Transmit FIFO clear (Note1)
1: Clear
When SCxTST<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]>
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 per-
form the following operations, configure the SCxTFC register again.
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11.4.13 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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11.4.14 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. (Note1)
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 1: <TUR> is cleared to "0" when transmit data is written to the SCxBUF.
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11.5 Operation in Each Mode

Table 11-3 shows the modes and data formats.

Table 11-3 Mode and Data format

Specifies
Mode Mode type Data length | Transfer direction | whether to use STOP bit length (transmit)
parity bits.
Synchronous communication
Mode 0 mode 8 bit LSB first/MSB first - -
(I/O interface mode)
Mode 1 . 7 bit o
Asynchronous communica-
Mode 2 tion mode 8 bit LSB first o 1 bit or 2 bit
Mode 3 (UART mode) 9 bit x

Mode 0 is a synchronous communication and can be used to extend I/O. This mode transmits and receives data
in synchronization with SCLKx. SCLKx can be used for both input and output.

The direction of data transfer can be selected from LSB first and 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 direction is fixed to 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 selected from 1 bit and 2 bits. The STOP bit length in reception is fixed to a
one bit.
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11.6 Data Format

11.6.1 Data Format List

Figure 11-2 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 \start,(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 Xbit8Ystop(W;k;;up)

bit 8 = 1 represents address. (select code)
bit 8 = 0 represents data.

Figure 11-2 Data Format
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11.6.2 Parity Control
The parity bit can be added with a transmitted data only in the 7- or 8-bit UART mode.
Setting "1" to SCXCR<PE> enables the parity.

SCxCR<EVEN> selects either even or odd parity.

11.6.2.1  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<TBS8> in the 8-
bit UART mode.

The <PE> and <EVEN> settings must be completed before data is written to the transmit buffer.

11.6.2.2 Receiving Data

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<RB8&>.

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.

11.6.3 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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11.7 Clock Control

The following figure shows the serial clock (SIOCLK) generation circuit. Before changing the serial clock set-
ting, check if the setting satisfies AC electrical characteristics.

SCxEN
<BRCKSEL>

Pre-scaler
2[4]8]16]32]64]

Je100j9S

TS0 ¢TS2 ¢TS8 ¢TS32

r-—---- Serial clock generation circuit - ---=--=--=--=-------

SCxBRCR TBxOUT
<BRCK> (from TMRBX)

SCxBRCR SCxBRADD !
<BRS> <BRK>

n o (%]

@ = > @ SIOCLK

@ a > o]

% @ > % Using this clock divided by 16
@ = = in UART mode

1
1
1 SCxBRCR
! <BRADDE>
'~ Baud rate generater - ---

fsys

YVY

SCLKx input [}

mode

Figure 11-3 Serial clock generation circuit

11.7.1 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
¢TO 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".
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11.7.2 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.

11.7.2.1 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> Baud rate generator
input clock @Tx
0 00 ®TSO @TO
0 01 oTS2 @TO/8
QTO/
0 10 oTS8 ®TO/32
0 1 $TS32 9T0/128
1 00 ¢TSO 9TO
1 01 oTS2 @TO/4
®TO0
1 10 oTS8 ©TO/M16
1 11 9TS32 @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.

Mod Divide Function Setting Divide by N Divide by K
ode
SCxBRCR<BRADDE> SCxBRCR<BRS> SCxBRADD<BRK>
I/O 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

o Tx
Baud rate =
N
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N + (16-K)/16 division

¢ Tx

(16 - K)
16

Baud rate =
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11.7.2.2  Clock Selection Circuit
A clock can be selected by setting the modes and the register.
Modes can be specified by setting the SCxMODO<SM>.

The clock in I/O interface mode is selected by setting SCxCR. The clock in UART mode is selected
by setting SCxMODO<SC>.

(1)  Transfer Clock in I/O interface mode

Table 11-4 shows clock selection in I/O interface mode.

Table 11-4 Clock Selection in /O Interface Mode

Input/Output .
Mode . Clock edge selection
selection Clock of use
SCxMOD0<SM> SCxCR<SCLKS>
SCxCR<IOC>
Set to "0". ivi -
SCLK output . v Divided by 2 of the baud rate gen
(Fixed to the rising edge) erator output.
1/0 interface mode . . .
Rising edge SCLKx pin input rising edge
SCLK input
Falling edge SCLKXx pin input falling edge

To use SCLKx 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 11-5 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 11-5 Clock Selection in UART Mode

Mode Clock selection
SCxMODO0<SM> SCxMOD0<SC>

Timer output

Baud rate generator

UART Mode
fsys

SCLKXx input

To use SCLK 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][1:0]>
(TBXRG1 x 2) x 2 x 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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11.7.3 Transmit/Receive Buffer and FIFO

11.7.3.1  Configuration
Figure 11-4 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.

RXDx —>| Receive shift register | | Transmit shift register |—> TXDx
AV4
| Receive buffer | | Transmit buffer |
AN
A4
Receive FIFO First stage Transmit FIFO First stage

Second stage Second stage
Third stage Third stage
Fourth stage Fourth stage

Figure 11-4 The Configuration of Buffer and FIFO

11.7.3.2 Transmit/Receive Buffer

Transmit buffer and receive buffer are double-buffered. The buffer configuration is specified by
SCxMOD2<WBUF>.

In the case of a receive mode, if SCLKx input is set in the I/O interface mode or the UART mode is se-
lected, it’s double buffered despite the <WBUF> settings. In other modes, it’s according to the <WBUF>
settings.

Table 11-6 shows correlation between modes and buffers.

Table 11-6 Mode and buffer Composition

SCxMOD2<WBUF>
Mode

nge nqn

Transmit Single Double
UART

Receive Double Double
1/0 interface Transmit Single Double
(SCLK input) Receive Double Double
1/0 interface Transmit Single Double
(SCLK output) Receive Single Double
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11.7.3.3 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 is does not have da-
ta, SCXMOD2<RBEMP> is set to "1".

Note:In the 1/O interface mode with SCLKXx input setting, the clock is input asynchronously. When trans-
mit operation is stopped, do not input the clock.

11.7.3.4 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 11-7 shows correction between modes and FIFO.

Table 11-7 Mode and FIFO Composition

SCxMOD1<FDPX[1:0]> | Receive FIFO | Transmit FIFO

Half duplex Receive "01" 4byte -
Half duplex Transmit "10" - 4byte
Full duplex "11" 2byte 2byte
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11.8 Status Flag

The SCxMOD?2 register 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" while reading this bit changes
it to "0".

<TBEMP> shows that the transmit buffers are empty. When data in the transmit buffers is moved to the trans-
mit shift register, this bit is set to "1" When data is set to the transmit buffers, the bit is cleared to "0".

11.9 Error Flag

Three error flags are provided in the SCxCR register. 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 register.

Flag
Mode
<OERR> <PERR> <FERR>
UART Over-run error Parity error Framing error
Under-run error
(When double buffer and
I/O Interface FIFO are used) )
X Over-run error Fixed to O
(SCLKx input) Fixed to 0
(When a double buffer and
FIFO are unused)
I/O Interface ) ) !
Undefined Undefined Fixed to O
(SCLKXx output)

11.9.1 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 re-
ceived data is automatically moved to the receive FIFO and no overrun error will be generated until the re-
ceive FIFO is full (or until the usable bytes are fully occupied).

In the I/O interface with SCLK output mode, the SCLK output stops upon setting the flag.

Note: To switch the I/O interface SCLK output mode to other modes, read the SCxCR register and
clear the overrun flag.

11.9.2 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 parity received.

In the I/O interface mode, <PERR> is set to "1" under the following conditions when a double buffer is en-
abled.

In the SCLK input mode, <PERR> is set to "1" when the SCLKX is input after completing data output of
the transmit shift register with no data in the transmit buffer.

In the SCLK output mode, <PERR> is set to "1" after completing output of all data and the SCLKx output
stops.
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Note: To switch the I/O interface SCLK output mode to other modes, read the SCxXCR register and clear
the under-run flag.

11.9.3 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.

This bit is fixed to "0" in the I/O interface mode.
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11.10 Receive

11.10.1 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 pulses. A recevived signal issampled by SIOCLK, and after carrying out filter-
ing processing which becomes effective by continuation coincidence 3 times, it is treated as received data.

11.10.2 Receive Control Unit

11.10.2.1 I/0 interface mode

In the SCLK output mode with SCxCR <IOC> set to "0", the RXDx pin is sampled on the rising edge
of SCLKXx pin.

In the SCLK input mode with SCxCR <IOC> set to "1", the RXDx pin is sampled on the rising or fall-
ing edge of SCLKx pin depending on the SCXxCR <SCLKS>.

11.10.2.2 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.

11.10.3 Receive Operation

11.10.3.1  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 "0" cleared 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 DATA1

Receive interrupt(INTRXx) | | 4
/7

ya
SCxMOD2<RBFLL> | 5'7 |

Receive buffer read

Figure 11-5 Receive Buffer Operation
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11.10.3.2

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"
SCxFCNF<RFST><TFIE><RFIE>
<RXTCNT><CNFG> = "10111"

SCxRFC<RIL[1:0]> = "00"
SCxRFC<RFCS><RFIS> = "01"

:Transfer mode is set to half duplex mode

: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.

:The fill level of FIFO in which generated receive interrupt is set to 4-byte

: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, SCxXMODO<RXE> is automatically cleared and the receive operations finished.

In the above condition, if the cutaneous 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 |

Receive buffer |

RXFIFO  The first stage
The second stage
The third stage

The fourth stage

RX Interrupt (INTRXx)

DATA1 DATA2 DATA3 DATA4 DATAS DATA6
DATA1 DATA2 DATA3 DATA4 DATAS DATAS5
3 DATA1 DATA2 DATA3 DATA4 DATA4 DATA4
DATA1 DATA2 DATA3 DATA3 DATA3
DATA1 DATA2 DATA2 DATA2
DATA1 DATA1 DATA1

SCxMOD2<RBFLL>

SCxMODO<RXE>

Figure 11-6 Receive FIFO Operation
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11.10.3.3  I/O interface mode with SCLK output

In the I/O interface mode and SCLK output setting, SCLK output stops when all received data is stor-
ed 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 SCLK 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, SCLK output is restarted.

(2) Case of double buffer
Stop SCLK output after receiving the data into a receive shift register and a receive buffer.

When a data is read, SCLK output is restarted.

(3) Case of FIFO

Stop SCLK 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 SCLK output restarts.

And if SCXFCNF<RXTXCNT>is set to "1", SCLK stops and receive operation stops with clear-
ing SCxXMODO<RXE>.

11.10.3.4 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<RB8&>.

When the receive FIFO is enabled, the 9-bit UART mode is prohibited because up to 8-bit data can be stor-
ed in FIFO. In the 8-bit UART mode, the parity bit is lost but parity error is determined and the result is stor-
ed in SCxCR<PERR>.

11.10.3.5 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 SCxMODO0 <WU> to "1". In this case, the interrupt INTRXx will be generated only when
SCxCR <RB8&> is set to "1".

11.10.3.6  Overrun Error

When FIFO is disabled, the overrun error occurs without completing reading data before receiving the
next data. When an overrun error occurs, a content of receive buffer and SCxCR<RBS8> is not lost, but a con-
tent of receive shift register is lost.
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When FIFO is enabled, overrun error is occurred and set overrun flag by no reading FIFO before mov-
ing the next data into received buffer when FIFO is full. In this case, the contents of FIFO are not lost.

In the I/O interface mode with SCLK output setting, the clock output automatically stops, so this flag
has no meaning.

Note:When the mode is changed from /O interface SCLK output mode to the other mode, read
SCxCR and clear overrun flag.
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11.11 Transmission

11.11.1  Transmission 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.

% 16 1 2 3 4 5 6 7 8 9 10 11 12 13 14 156 16 1 2

TXDCLK I I

Figure 11-7 Generation of Transmission Clock

11.11.2 Transmission Control

11.11.2.1  1/O Interface Mode

In the SCLK output mode with SCxCR<IOC> set to "0", each bit of data in the transmit buffer is output-
ted to the TXDx pin on the falling edge of SCLKx pin.

In the SCLK input mode with SCxCR<IOC> set to "1", each bit of data in the transmit buffer is output-
ted to the TXDx pin on the rising or falling edge of the SCLKx pin according to the SCxCR<SCLKS>.

11.11.2.2 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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11.11.3 Transmit Operation

11.11.3.1  Operation of Transmission 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 gg DATA 1 DATA 2
Transmit shift register 6% DATA1

Transmit shift register(INTTXx)

SCxMOD2<TBEMP> |

Figure 11-8 Operation of Transmission Buffer (Double-buffer is enabled)

11.11.3.2 Transmit FIFO Operation

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 4-byte 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[1:0]> = "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.
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Once above settings are configured, if the transmission is not set as auto disabled, the transmission
should lasts writing transmit data.

Transmit FIFO fourth stage
Third stage
Second stage

First stage

Transmit buffer

Transmit shift register

SCxMOD1<TXE>

SCxMOD2<TBEMP>

Transmit interrupt(INTTXx)

DATA5
DATA 4 DATA 5
DATA 3 DATA 4 DATA5
DATA 2 DATA 3 DATA4 DATA 5
DATA 1 DATA 2 DATA 3 DATA 4 DATA5
N
| DATA 1 DATA 2 DATA 3 DATA4 DATA5 |
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11.11.3.3 /O interface Mode/Transmission by SCLK Output

In the I/O interface mode and SCLK output setting, the SCLK output automatically stops when all data
transmission is completed and underrun error will not occur.

The timing of suspension and resume of SCLK output is different depending on the buffer and FIFO us-
age.

(1)  Single Buffer

The SCLK output stops each time one frame of data is transferred. Handshaking for each data
with the other side of communication can be enabled. The SCLK output resumes when the next da-
ta is written in the buffer.

(2) Double Buffer

The SCLK output stops upon completion of data transmission in the transmit shift register and
the transmit buffer. The SCLK 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, SCLK output resumes.

If SCXFCNF<RXTXCNT> is configured, SCxMODO<TXE> bit is cleared at the same time as
SCLK stop and the transmission stops.

11.11.3.4  Level of TXDx pin after the last bit is output in 1/O interface mode

The level of TXDx 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 TXDx pin is output "Low" level. When SCxCR<TIDLE>
is "01", the level of TXDx pin is output "High" level. When SCxCR<TIDLE> is "10", the level of TXDx
pin is output the level of the last bit.

SCLKXx output \’\’\’\’\’\’\’\’ \’\’\’\’\’\’\’\’

[T e [T
L L L L e DL L L Jwer
HEEEEE HEEREE

Keep the last bit

\ Low

TXDx (<TIDLE[1:0]>="00") \
)

TXDx (<TIDLE[1:0]>="01"

TXDx (<TIDLE[1:0]>="10") \ Keep the last bit

Figure 11-9 Level of TXDx pin After the last bit is output
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11.11.3.5 Under-run error

In the I/O interface SCLK input mode and if FIFO has no data and if no data is set in transmit buffer be-
fore the next frame clock input, which occurs upon completion of data transmission from transmit shift reg-
ister, an under-run error occurs and SCXCR<PERR> is set to "1".

The level of a TXDx pin can be specified by SCxCR<TXDEMP>. When SCXCR<TXDEMP> is "0", a
TXDx pin outputs "Low" level during data output period. When SCXCR<TXDEMP>is "1", a TXDx pin out-
puts "High" level.

1
1 Under-run error
1

SCLKXx input \’\’\/\’\’\’\’\’ |~,\’\,\,\/\,\,\’
1

TXDx <TIDLE[1:0]>="00"

<TXDEMP>="0" Low Low

High \ Low
Low ’ High

Low

TXDx <TIDLE[1:0]>="00"

<TXDEMP>="1" Low

\
\
T hon
|

TXDx <TIDLE[1:0]>="01"

==t = =

X
X
X
X
X
X

—— = = e = e
—— = = e e e
—— = = e = e
—_— = = = == =
—_— = = = == =
—— = = e e e

\
\
\
TXDx <TIDLE[1:0]>="01" \
\
\

<TXDEMP>="0"
1
T
<TXDEMP>="1" High ! High High
1
1
TXDx ZP)E)DLEEHPOJ::01 0 Keep the last bit A Low Low
1
TXDx <TIDLE[1:0]>="10" L . .
<TXDEMP>="1" Keep the last bit High High

Figure 11-10 Level of TXDx 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 SCLK output mode to other modes, read the SCxCR register
and clear the under-run flag.

11.11.3.6  Data Hold Time In the I/O interface SCLK input mode

In the I/O interface SCLK input mode, a data hold time of the last bit can be adjusted by SCxCR<EHOLD
[2:0]>. Specify a data hold time and the period of the SCLK to satisfy the following formula.

The data hold time of the last bit < The period of SCLK / 2
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11.12 Handshake function

The function of the handshake is to enable frame-by-frame data transmission by using the CTS (Clear to send)
pin and to prevent over-run errors. This function can be enabled or disabled by SCxMODO<CTSE>.

When the CTSx pin is set to "High" level, the current data transmission can be completed but the next data trans-
mission is suspended until the CTSx pin returns to the "Low" level. The INTTXx 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 "H" during transmission, the next data transmission is suspended after the current
transmission is completed.

Note 2: Data transmission starts on the first falling edge of the TXDCLK clock after CTS is set to "L".

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 11-11 Handshake Function

Data write to transmit
buffer or shift register (( I
) )]
)
CTsx \ B
)]
13 14 15 16 1 2 3 14 15 16 1 2 3

SIOCLK ” ” ” (
( n ( n

)) ))

TXDx 7 \Start bit (« < Bit 0
))

TXDCLK

Figure 11-12 CTSx Signal timing
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11.13 Interrupt/Error Generation Timing

11.13.1  Receive Interrupts

Figure 11-13 shows the data flow of receive operation and the route of read.

RXDx ;H :Re:ceiv:e s:hift :regi:ster:

. ] (1)Reading in the single buffer configuration :
If the receive buffer is emply, An interrupt is generated after receiving all bits.
the data is moved. v

Receive buffer

] (2)Reading in the doule 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 o
(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 [——>

Figure 11-13 Receive Buffer/FIFO Configuration Diagram

11.13.1.1  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.

Buffer
Configurations

UART modes 10 interface modes

Immediately after the raising / falling edge of the last SCLKx pin

Single Buffer - . L . ) .
(Rising or falling is determined according to SCxCR<SCLKS> setting.)

Immediately after the raising / falling edge of the last SCLKx pin
Double Buffer Around the center of the first stop bit | (Rising or falling is determined according to SCxCR<SCLKS> setting.)
On data transfer from the shift register to the buffer by reading buffer.

Note: Interrupts are not generated when an over-run error is occurred.

11.13.1.2 FIFO

In use of FIFO, receive interrupt is generated on the condition that the following either operation and
SCxRFC<RFIS> setting are established.

+  When transfer a received data from receive buffer to receive FIFO

+ When read a receive data from receive FIFO

Interrupt conditions are decided by the SCXRFC<RFIS> settings as described in Table 11-8.

Table 11-8 Receive Interrupt Conditions in use of FIFO

SCxXRFC<RFIS> Interrupt conditions

When FIFO fill level (SCxRST<RLVL[2:0]>) = Receive FIFO fill level to generate receive in-

0 terrupt <RIL[1:0]>

When FIFO fill level (SCxRST<RLVL[2:0]>) = Receive FIFO fill level to generate receive in-

1 terrupt <RIL[1:0]>
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11.13.2 Transmit interrupts

Figure 11-14 shows the data flow of transmit operation and the route of read.

TXDx < I _Transmit shift register |<—
/\ (1)Writing in the single buffer configuration :
An interrupt is generated after transmitting all bits.

If the shift register is empty,
the data is moved.

Transmit buffer |<—
) ] /\ (2)Writing in the double buffer configuration :
If the transmit buffer is empty, An interrupt is generated when the data is moved to

the data is moved. the transmit shift register.

TX FIFO First stage D E—

(3)Writing in use the FIFO :

Second stage An interrupt is generated

Third stage When the data is moved to the transmit buffer
or when wrting to the FIFO.

Fourth stage

Figure 11-14 Transmit Buffer / FIFO Configuration Diagram

11.13.2.1  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.

Buffer .
. . UART modes 10 interface modes
Configurations
) o Immediately after the raising / falling edge of the last SCLKx pin
Single Buffer Just before the stop bit is sent . L . i .
(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> be-
cause a data written to transfer buffer is moved from transmit buffer to transmit shift register.

11.13.2.2 FIFO

In use of FIFO, transmit interrupt is generated on the condition that the following either operation and
SCxTFC<TFIS> setting are established.

+ When transmitted data is transferred from transmit FIFO to transmit buffer

+  When transmit data is write into transmit FIFO

Interrupt conditions are decided by the SCXTFC<TFIS> settings as described in Table 11-9.

Table 11-9 Transmit Interrupt conditions in use of FIFO

SCxTFC<TFIS> Interrupt condition

When FIFO fill level (SCxTST<TLVL[2:0]>) = Transmit FIFO fill level to generate transmit inter-

0 rupt <TIL[1:0]>

When FIFO fill level (SCxTST<TLVL[2:0]>) < Transmit FIFO fill level to generate transmit inter-

1 rupt <TIL[1:0]>
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11.13.3 Error Generation

11.13.3.1  UART Mode

7 bits

8 bits
7 bits + Parity
8 bits + Parity

modes 9 bits

Framing Error .
Around the center of stop bit

over-run Error

Parity Error - Around the center of parity bit

11.13.3.2 |/O Interface Mode

Immediately after the raising / falling edge of the last SCLK

over-run Error B o . . .
(Rising or falling is determined according to SCXCR<SCLKS> setting.)

Immediately after the rising or falling edge of the next SCLK.

Under-run Error - N X . .
(Rising or falling is determined according to SCXCR<SCLKS> setting.)

Note: Over-run error and Under-run error have no meaning in SCLK output mode.

11.14 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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11.15 Operation in Each Mode

11.15.1 Mode 0 (I/O interface mode)

Mode 0 consists of two modes, the SCLK output mode to output synchronous clock and the SCLK input
mode to accept synchronous clock from an external source.

The operation with disabling a FIFO in each mode is described below. Regarding a FIFO, refer to a recie-
vie FIFO and a transmit FIFO which are described before.

11.15.1.1  Transmitting Data

(1) SCLK Output Mode

If the transmit double buffer is disabled (SCxMOD2<WBUF> = "0")

Data is output from the TXDx pin and the clock is output from the SCLKx 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 while data transmission is halted or when data transmis-
sion from the transmit buffer (shift register) is completed. Simultaneously, the transmit buf-
fer empty flag SCxMOD2<TBEMP> is set to "1", and the INTTXXx interrupt is generated.

When data is moved from the transmit buffer to the transmit shift register, if the trans-
mit buffer has no data to be moved to the transmit shift register, INTTXx interrupt is not gen-
erated and the SCLK output stops.
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it _rk\ " H\\
SCLKx output \\>? T T !_%j ! T ! T \\>*_T I_
TXDx :X bit0 bit 1 ;X_SS ;X bit 6 EXbit 7 i X bit 0 X

(INTTXXx interrupt request) (« |_|

s - —

<WBUF> ="0" (if double buffering is disabled) (SCxCR<TIDLE>="10")

Transmit data A (( | k

write timing \ \ R

SCLKx output \\>* T T |_%j | T | f
1

TXDx

(INTTXXx interrupt request)

TBEMP

<WBUF> ="1" (if double buffering is enabled and there is data in buffer)

Transmit data
write timing N ((

SCLKx output

TXDx

(INTTXXx interrupt request)

TBEMP |_|

<WBUF> ="1" (if double buffering is enabled and threre is no data in buffer) (SCxCR<TIDLE>="01")

Figure 11-15 Transmit Operation in the 1/O Interface Mode (SCLK Output Mode)
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(2) SCLK Input Mode

If double buffering is disabled (SCxMOD2<WBUF> = "(0")

If the SCLK is input in the condition where data is written in the transmit buffer, 8-bit da-
ta is outputted from the TXDx pin. When all data is output, an interrupt INTTXx is gener-
ated. The next transmit data must be written before the timing point "A" as shown in Fig-
ure 11-16.

If double buffer is enabled (SCxXMOD2<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 SCLK input becomes active or when data trans-
mission from the transmit shift register is completed. Simultaneously, the transmit buffer
empty flag SCxMOD2<TBEMP> is set to "1", and the INTTXx interrupt is generated.

If the SCLK 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 TXDx pin.
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<WBUF> ="1" (if double buffering is enabled and there is data in buffer2) (SCxCR<TILDE>="00")

al

’

JL

1
IX bit 0

q

/

o
-
-
T
=4
=4
(&)}
>
o
=S
[«2)
S-S
o
=S
- ~r|- -
~—

=

<WBUF> = "1" (if double buffering is enabled and there is no data in buffer2) (SCxCR<TXDEMP><TILDE>="100")

Figure 11-16 Transmit Operation in the 1/O Interface Mode (SCLK Input Mode)
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11.15.1.2 Receive

(1)  SCLK Output Mode

The SCLK output can be started by setting the receive enable bit SCxMODO<RXE> to "1".

If double buffer is disabled (SCxMOD2<WBUF> = "(")

A clock pulse is outputted from the SCLKx pin and the next data is stored into the shift reg-
ister each time the CPU reads received data. When all the 8 bits are received, the INTRXx
interrupt is generated.

If double buffer is enabled (SCxXMOD2<WBUF> = "1")

Data stored in the shift register is moved to the receive buffer and the shift register can re-
ceive the next frame. A data is moved from the shift register to the receive buffer, the re-
ceive buffer full flag SCxMOD2<RBFLL> is set to "1" and the INTRXXx is generated.

While data is in the receive buffer, if the data cannot be read from the receive buffer be-
fore completing reception of the next 8 bits, the INTRXx interrupt is not generated and the
SCLK 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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i . A
I Y I S O S A S IO S N B
1 1 1 1 ] 1
RXDx :X bit 0 :X ot N \ :X bit 6 :X I ST
(INTRXx interrupt request) 9 |_|

))
<WBUF> = "0" (if double buffering is disabled)

SCLKxoutput_|T|T!T!_%_T!T!Tlflf
RXDx bit 7 :X bit 0 :X bit 1 :X_% :X bit 6 :X b:it7 X bito X

Receive data |_|
1
1

1
(INTRXx interrupt request) |_| |_|
(«

))

RBFLL | |

<WBUF> = "1" (if double buffering is enabled and data is read from buffer)

Receive data ((
read timing )T
oo f] fT] F L L F LA
1 1 1 1 1 1
RXDx bit 7 :X bit 0 :X bit 1 :)( KI\ :X bit 6 :Xbiﬂi
1 1 1

(INTRXx interrupt request) |_|

RBFLL I

<WBUF> = "1" (if double buffering is enabled and data cannot be read from buffer)

Figure 11-17 Receive Operation in the I/O Interface Mode (SCLK Output Mode)
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(2) SCLK Input Mode

In the SCLK input mode, receiving double buffering is always enabled, the received frame can
be moved to the receive buffer from the shift register, and the receive buffer can receive the next
frame successively.

The INTRXx receive interrupt is generated each time received data is moved to the receive buffer.

Receive data
read timing ¢

SCLKXx input

B T U I O
i’
1

P, 1 1y 1 ,

Falling mode)

RXDx X bito X bt X}\ bits5 X bite X  'bit7 X bit0
4 I

T TTT T 1T

1 1

1 I I 1
(INTRXx interrupt |_| It |_|
request) )]

RBFLL J |

If data is read from buffer

Receive data
read timing (

)
SCLKXx input
(<SCLKS>="0" | 1\ I fr L‘) ‘|‘ I ‘l‘ I ‘I‘
Rising mode) | |
(S%IE'JKX igput re?j
<SCLKS>="1"
Falling mode) * ¢ . + \
1
l L

1 1
RXDx X bito X bt )G\ bit5 X bit6 bit7 X bit0
[ [ 4 [ 1
1 1
1 1

JL

1 1
(INTRXx interrupt |_| I («
request) )}

RBFLL I
OERR |

If data cannot be read from buffer

Figure 11-18 Receive Operation in the 1/0O Interface Mode (SCLK Input Mode)
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11.15.1.3

(1)

Transmit and Receive (Full-duplex)

SCLK Output Mode

If double buffers are disabled (SCxMOD2<WBUF> = "0")
SCLK is outputted when the CPU writes data to the transmit buffer.

Subsequently, 8 bits of data are shifted into receive buffer and the INTRXx receive inter-
rupt is generated. Concurrently, 8 bits of data written to the transmit buffer are outputted
from the TXDx pin, the INTTXx transmit interrupt is generated when transmission of all da-
ta bits has been completed. Then, the SCLK 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 (SCXMOD2<WBUF> = "1")
SCLK is outputted when the CPU writes data to the transmit buffer.

8 bits of data are shifted into the receive shift register, moved to the receive buffer, and
the INTRXx interrupt is generated. While 8 bits of data is received, 8 bits of transmit data
is outputted from the TXDx pin. When all data bits are sent out, the INTTXXx interrupt is gen-
erated 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
(SCxMOD2<TBEMP> = "1") or when the receive buffer is full (SCxMOD2<RBFLL> =
"1"), the SCLK output is stopped. When both conditions, receive data is read and transmit da-
ta is written, are satisfied, the SCLK output is resumed and the next round of data transmis-
sion and reception is started.
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Receive data |'|
read timing

wite tming _IN I_b
SCLKXx output * ‘I‘ u L‘)S—T I_T I_T u I_T

1 1 1
TXDx X bito X bt Xjﬂ bit5 X bit6
)
RXDx ;‘)( bit 0 ID( bit 1 I)Gﬂ bit5 X bit6
1 7
1 1
(( I_l

))

1
bit7 X bito X bit1
: !

bit7 X bito X bit 1
1 1
1

- e~
T TN

(INTTXx interrupt request)

(INTRXXx interrupt request) (« |_|
))

<WBUF> ="0" (if double buffering is disabled) (SCxCR<TIDLE>="10")

Receive data |_|
read timing

Transmit data | | |'|
write timing /

SCLKXx output ‘t T I_T L’(’_T | | T | T |
TXDx :X bit 0 :X bit 1 :ng bit 5 :X bit 6 :X Eb|t7:X bit 0 :X bit 1 X

1 1
RXDx X bit 0 D( bit 1 )(3\ bit 5 X bit 6 X w7 Y bto X oitd X
1 7 1 1 1 1
1 1 1 1

(INTTXx interrupt request) | | « I_l
( |_|

<WBUF> ="1" (if double buffering is enabled)

(INTRXx interrupt request)

Receive data |'|
read timing

wite fiming. J_b
SCLKXx output ‘{ T I 1 L‘)S—T I ‘r I ‘r
1

1
1 | 1 |
TXDx X bito X bit1 )(3\ bit5 X bit6 X bit7 '\
1 1 1 1 1 1
RXDx Voo X o )(3\ ois ¥ oie N o7
1 1 1 1 ]
1 1 1 1

(INTTXx interrupt request) I-l («

))
(( |_|
))

<WBUF> = "1" (if double buffering is enabled) (SCxCR<TIDLE>="00")

(INTRXXx interrupt request)

Figure 11-19 Transmit/Receive Operation in the 1/O Interface Mode (SCLK Output Mode)
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()

SCLK Input Mode

If double buffers are disabled. (SCxMOD2<WBUF> = "(")

When receiving data, double buffer is always enabled regardless of the SCxMOD?2
<WBUF> settings.

8-bit data written in the transmit buffer is outputted from the TXDx pin and 8 bit of da-
ta is shifted into the receive buffer when the SCLK input becomes active. The INTTXx inter-
rupt is generated upon completion of data transmission. The INTRXx interrupt is gener-
ated when the data is moved from shift register to receive buffer after completion of data re-
ception.

Note that transmit data must be written into the transmit buffer before the SCLK input
for the next frame (data must be written before the point A in Figure 11-20). Data must be
read before completing reception of the next frame data.

If double buffers are enabled. (SCxMOD2<WBUF> = "1")

The interrupt INTTXXx 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 buf-
fer, and the INTRXXx interrupt is generated.

Note that transmit data must be written into the transmit buffer before the SCLK input
for the next frame (data must be written before the point A in Figure 11-20). Data must be
read before completing reception of the next frame data.

Upon the SCLK input for the next frame, 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 frame is received, an over-
run error occurs.

If there is no data written to transmit buffer when SCLK for the next frame is input, an un-
der-run error occurs. The level which is specified by SCXCR<TXDEMP> is output to
TXDx pin.
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Receive data ['I
read timing
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SCLKx inpu'gy |

ey ) I_T ) I_T I_T b 4 L2
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)

<WBUF> = "0" (if double buffering is disabled) (SCXCR<TILDE>="10")
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{, I
(¢ I—I

)T
<WBUF> = "1" (if double buffering is enabled with no errors) (SCxCR<TILDE>="01")

> T T I

)
S

(INTTXx interrupt request)

g~

(INTRXx interrupt request)

Receive data H
read timing

A
Transmit data J‘I
write timing

Y

R L+ L+ L+ Lt L1

Rising mode) . .
SCLKx input !

1)
csaleme Ve M {
1 1 1 1 1 1 1
TXDx X bito X it ng bit5 X bit6 X bit7\ / E
RXDx X bito X bit1 ng bits5 X bite X bit7 X bito X bit1

1

e R

>

(INTTXx interrupt request)

(
Y

(INTRXx interrupt request) £ rl

PERR(Under-run errors) (C I

)T
<WBUF> ="1" (if double buffering is enabled with error generation) (SCxCR<TXDEMP>, <TILDE>="1", "00")

Figure 11-20 Transmit/Receive Operation in the I/O Interface Mode (SCLK Input Mode)
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11.15.2 Mode 1 (7-bit UART mode)

The 7-bit UART mode can be selected by setting the serial mode control register (SCxMOD<SM[1:0]>)
to "01".

In this mode, parity bits can be added to the transmit data stream; the serial mode control register
(SCxCR<PE>) controls the parity enable/disable setting.

When <PE>is set to "1"  (enable), either even or odd parity may be selected using the SCXCR<EVEN>
bit. 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.

" \start fvitoX 1 X 2 X3 X 4 X5 X 6 XS Ystop

<«— Transmission direction (Transmission rate of bps @fc =9.8304 MHz)

system clock: High-speed (fc)
CIocktiirg)gnscondi— High-speed clock gear: x 1 (fc)
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

11.15.3 Mode 2 (8-bit UART mode)

The 8-bit UART mode can be selected by setting SCxMODO0<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 SCXCR<EVEN>.

The control register settings for receiving data in the following format are as follows:

--\stan,(bitox 1 X2 X3 X4 X5 X6 X7 X2 stop T

<—— Recetion direction (Reception rate 0f9600 bps @fc = 9.8304 MHz)

System clock: High-speed (fc)
Clocking condi- . i
tions High-speed clock gear: x 1 (fc)

Prescaler clock: fperiph/2 (fperiph = fsys)

2022/06/01 Page 238



To s H I BA TMPM375FSDMG

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

11.15.4 Mode 3 (9-bit UART mode)

The 9-bit UART mode can be selected by setting SCxMODO0<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>.

11.15.4.1  Wakeup function

In the 9-bit UART mode, slave controllers can be operated in the wake-up mode by setting the wake-
up function control bit SCxMODO<WU> to "1".

In this case, the interrupt INTRXx will be generated only when SCxCR<RBS8> is set to "1".

Note: The TXDx pin of the slave controller must be set to the open drain output mode using the PxOD reg-

ister.
A A A A
Y Y Y Y
TXD RXD TXD RXD TXD RXD TXD RXD
Master Slave1 Slave2 Slave3

Figure 11-21 Serial Links to Use Wake-up Function

11.15.4.2 Protocol

1. Select the 9-bit UART mode for the master and slave controllers.
2. Set SCxMOD<WU> to "1" for the slave controllers to make them ready to receive data.

3. 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".
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N\start (X X 2 XXX s Ve

Select code of the slave controller 1

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 bit to "0".

5. The master controller transmits data to the designated slave controller (the controller of which
SCxMOD<WU> bit is cleared to "0"). In this, the most significant bit (bit 8) <TB8> must be
set to "0".

" \stert fbitoX 1 X 2 X 3 X 4 X5 X 6 X7 \vitg/stopY

Data g

6. The slave controllers with the <WU> bit set to "1" ignore the receive data because the most sig-
nificant bit (bit 8) <RB8> is set to "0" and thus no interrupt (INTRXXx) is generated. Also, the
slave controller with the <WU> bit set to "0" can transmit data to the master controller to in-
form that the data has been successfully received.
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12. Serial Bus Interface (12C/SIO)

ing modes are included:

12C bus mode (with multi-master capability)

Clock-synchronous 8-bit SIO mode

Table 12-1 Port settings for using serial bus interface

In the 12C bus mode, the I12C/SIO is connected to external devices via SCL and SDA.
In the clock-synchronous 8-bit SIO mode, the I2C/SIO is connected to external devices via SCK, SI and SO.

The following table shows the programming required to put the [2C/SIO in each operating mode.

The TMPM375FSDMG contains 1 Serial Bus Interface (I2C/SIO) channel, in which the following two operat-

Operating Port Function Reg- Port Open Drain
channel pin . Port Output Control Register Port Input Control Register Output Control
mode ister .
Register
SCL:PB6 PBFR2[6]=1 PBCRI[6]=1 PBIE[6]=1 PBOD[6]=1
12C SDA:PFO PFFR2[0]=1 PFCR[0]=1 PFIE[0]=1 PFOD[0]=1
bus mode | sCL:PE2 PEFR5[2]=1 PECR[2]=1 PEIE[2]=1 PEOD[2]=1
SBI SDA:PB5 PBFR5[5]=1 PBCR[5]=1 PBIE[5]=1 PBOD[5]=1
SCK:PB5 PBFR3[5]=1 PBCR[6:5]=01(SCKO0 output) PBIE[6:5]=10(SCKO output) PBOD6:5]=xx
SIO mode SI:PB6 PBFR2[6]=1 PBCR[6:5]=00(SCKO input) PBIE[6:5]=11(SCLO input) PFOD[b]
=X
SO:PFO PFFR2[0]=1 PFCRI0]=1 PFIE[0]=0
Note:x: Don't care
Note:In I12C bus mode , set a PB6&PF0 ports or PE2&PB5 ports .
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12.1 Configuration
The configuration is shown in Figure 12-1.
—— > INTSBI interrupt request
» SCL
»{ SCK
v | L []SCK
SIO <
clock
Input/
control [ Onu[i:ut
5 A + control SDA
f requency SIO o
Sys —> Divider > data » SO —D SO
v < S|
o T ; control
us ransfer
< clock control  K———]
Noise synchroni- |7 circuit | v
—> canceller | zation T Shift > 12C bus - SCL
* register | data || Noise 1 ¥oion, s
control control canceller
K A 9t A A
v By | |
SBICR2/
BIDBR SBICRO,1 SBIBRO
SBISR SBII2CAR S
Control register2/ 12C bus Data buffer Control Baud rate
Status register address register register register0, 1 register0

Figure 12-1 (12C/SIO) Block Interface
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12.2 Register

The following registers control the serial bus interface and provide its status information for monitoring.

The register below performs different functions depending on the mode. For details, refer to "12.4 Control Reg-
isters in the I2C Bus Mode" and "12.8 Control register of SIO mode".

12.2.1 Registers for each channel

The tables below show the registers and register addresses for each channel.

Base Address = 0x4002_0000

Register name Address(Base+)

Control register 0 SBICRO 0x0000
Control register 1 SBICR1 0x0004
Data buffer register SBIDBR 0x0008
12C bus address register SBII2CAR 0x000C
Control register 2 SBICR2 (writing)

0x0010
Status register SBISR (reading)
Baud rate register 0 SBIBRO 0x0014
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12.3 12C Bus Mode Data Format

Figure 12-2 shows the data formats used in the I12C bus mode.

(a) Addressing format

l«— 8bit —>{1|« 1to8bits >|1|€« 1to8bits >|1]
[ I

T I
R|A A A
S| Slave address |/|C Data C Data C|P
WK K K

|<—Once—>|<— Repeated 4>|

(b) Addressing format (with repeated start condition)

l«— 8bit —>»|{1]€ 1to8bits »>|1| |«— 8bit —>|1|€ 11t08bits >|1]
T T T T T T T T
R|A A R|A A
S| Slave address [/|C Data C[S| Slave address |/ |C Data C(P
WK K WK K

I(—Once —)I(— Repeated —>| I(— Once —>|<— Repeated —>|

(c) Free data format (master-transmitter to slave-receiver)

l«— 8bit —>»|1|« 1to8bits >|1|« 1to8bits >|1]
T

I'TTTTI
A A A
S Data C Data C Data C|P
K K K

I(— Once—)'(— Repeated —)|

Note) S : Start condition
R/W : Direction bit
ACK : Acknowledge bit

P : Stop condition

Figure 12-2 12C Bus Mode Data Formats
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12.4 Control Registers in the [12C Bus Mode

The following registers control the serial bus interface in the 12C bus mode and provide its status information
for monitoring.

12.4.1 SBICRO(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 SBIEN - - - - - - -
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-8 - R Read as 0.
7 SBIEN R/W Serial bus interface operation
0:Disable
1:Enable
To use the serial bus interface, enable this bit first.
For the first time in case of setting to enable, the relevant SBI registers can be read or written.
Since all clocks except SBICRO stop if this bit is disabled, power consumption can be reduced by disabling
this bit.
If this bit is disabled after it's been enabled once, the settings of each register are retained.
6-0 - R Read as 0.

Note: To use the serial bus interface, enable this bit first.
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12.4.2 SBICR1(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

) SCKO /
bit symbol BC ACK - SCK2 SCK1
SWRMON
After reset 0 0 0 0 1 0 0 1(Note3)
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 - R Read as 1.
2-1 SCKI[2:1] R/W Select internal SCL output clock frequency (Note 2).
0 SCK|0] w 000 n=5 385 kHz
001 n=6 294 kHz
010 n=7 200 kHz A
on n=8 122 kHz System Clock: fsys
100 n=9 68 kHz (=40MHz )
> Clock gear : fc/1
101 n=10 36 kHz
__fsys
110 n=11 19 kHz Frequency = — =5 [Hz]
111 reserved )
SWRMON R On reading <SWRMON?>: Software reset status monitor
0:Software reset operation is in progress.
1:Software reset operation is not in progress.
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Note 1:
Note 2:
Note 3:

Note 4:
Note 5:

Clear <BC[2:0]> to "000" before switching the operation mode to the SIO mode.
For details on the SCL line clock frequency, refer to "12.5.1 Serial Clock".

After a reset, the <SCK[0]/SWRMON> bit is read as "1". However, if the SIO mode is selected at the
SBICR2 register, the initial value of the <SCK[0]> bit is "0".

The initial value for selecting a frequency is <SCK[2:0]>=000 and is independent of the read initial value.

When <BC[2:0]>="001" and <ACK>="0" in master mode, SCL line may be fixed to "L" by falling edge of
SCL line after generation of STOP condition and the other master devices can not use the bus. In the
case of bus which is connected with several master devices, the bumber of bits per transfer should be
set equal or more than 2 before generation of STOP condition.
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12.4.3 SBICR2(Control register 2)

This register serves as SBISR 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 SBIM SWRST
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 INTSBI interrupt request
0: -
1: Clear interrupt request
3-2 SBIM[1:0] w Select serial bus interface operating mode (Note)
00: Port mode (Disables a serial bus interface output)
01: SIO mode
10: 12C bus mode
11: Reserved
1-0 SWRST[1:0] w Software reset generation
Write "10" followed by "01" to generate a reset.
For details, refer to "12.5.16 Software Reset".

Note:Make sure that modes are not changed during a communication session.Ensure that the bus
is free before switching 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 or clock-
synchronous 8-bit SIO mode.
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12.4.4 SBISR (Status Register)

This register serves as SBICR2 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 INTSBI interrupt request monitor
O:Interrupt request generated
1: Interrupt request cleared
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 address 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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12.4.5 SBIBRO(Serial bus interface baud rate 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 - 12SBI - - - - - -
After reset 1 0 1 1 1 1 1 0

Bit Bit Symbol Type Function
31-8 - R Read as 0.
7 - R Read as 1.
6 12SBI R/W Operation at the IDLE mode
0: Stop
1: Operate
5-1 - R Read as 1.
0 - R/IW Be sure to write "0".

12.4.6 SBIDBR (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 - R Read as 0.
7-0 DB[7:0] R (Receive)/ | Receive data /
W (Transmit) | Transmit data

Note 1: The transmission data must be written in to the register from the MSB (bit 7). The received data is stor-
ed in the LSB.

Note 2: Since SBIBDR has independent buffers for writing and reading, a written data cannot be read. Thus, read-
modify-write instructions, such as bit manipulation, cannot be used.
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12.4.7 SBII2CAR (12Cbus 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 slave address when the SBI 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 SBII2CAR to "0", except when you use a free da-
ta format. It operates as a free data format when setting it to "1". Selecting the master fixes to transmis-
sion. Selecting the slave fixes to reception.

Note 2: Do not set SBII2CAR to "0x00" in slave mode. (If SBII2CAR is set to "0x00", it’s recognized that the

slave address matches the START byte ("0x01") of the 12C standard received in slave mode.)
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12.5 Control in the 12C Bus Mode

12.5.1 Serial Clock

12.5.1.1 Clock source

SBICR1<SCK][2:0]> specifies the maximum frequency of the serial clock to be output from the SCL
pin in the master mode.

M% |

SBICR1<SCK[2:0]>

tLow = 2" /fsys + 58/fsys n
taign = 2™ Vfsys + 14/fsys 000 5
fscl = 1/(t.ow * thigh) 001 6
fsys 010 7

== 011 8
2N+ 72 100 9

101
110

- o
o

Figure 12-3 Clock source

Note: The maximum speeds in the standard and high-speed modes are specified to 100kHz and
400kHz respectively following the communications standards. Notice that the internal SCL
clock frequency is determined by the fsys used and the calculation formula shown above.

12.5.1.2  Clock Synchronization

The 12C 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.

Clock synchronization assures correct data transfer on a bus that has two or more master.

For example, the clock synchronization procedure for a bus with two masters is shown below.

Wait for “High”level
ﬁ)eriod comlmting

€&—p+€— Start “High” level period counting

Internal SCL output
(Master A)

1 “pgs |
Reset “High’level
Internal SCL output ! p:r?gd colgntir?;e

(Master B)

SCL line

T

Figure 12-4 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.
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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.

12.5.2 Setting the Acknowledgement Mode

Setting SBICRI<ACK> to "1" selects the acknowledge mode.When operating as a master, the SBI adds
one clock for acknowledgment signal. In slave mode, the clock for acknowledgement signals is counted. In
transmitter mode, the SBI releases the SDAx pin during clock cycle to receive acknowledgement signals
from the receiver. In receiver mode, the SBI pulls the SDAx pin to the "Low" level during the clock cycle
and generates acknowledgement signals. Also in slave mode, if a general-call address is received, the SBI
pulls the SDAX pin to the "Low" level during the clock cycle and generates acknowledgement signals. Howev-
er, the second byte of the general call is necessary to be controlled by software to generate an acknowledge-
ment signal depending on the contents of the second byte.

By setting <ACK> to "0", the non-acknowledgment mode is activated. When operating as a master, the
SBI does not generate clock for acknowledgement signals. In slave mode, the clock for acknowledgement sig-
nals is counted.

12.5.3 Setting the Number of Bits per Transfer
SBICR1<BCJ[2:0]> specifies the number of bits of the next data to be transmitted or received.

Under the start condition, <BC[2:0]> is set to "000", causing a slave address and the direction bit to be trans-
ferred in a packet of eight bits. At other times, <BC[2:0]> keeps a previously programmed value.

12.5.4 Slave Addressing and Address Recognition Mode

Setting "0" to SBI2CAR<ALS> and a slave address in SBII2CAR<SA[6:0]> sets addressing format, and
then the SBI recognizes a slave address transmitted by the master device and receives data in the addressing for-
mat.

If <ALS> is set to "1", the SBI does not recognize a slave address and receives data in the free data for-
mat. In the case of free data format, a slave address and a direction bit are not recognized; they are recog-
nized as data immediately after generation of the start condition.

12.5.5 Operating mode

The setting of SBICR2<SBIM[1:0]> controls the operating mode. To operate in I2C mode, ensure that the
serial bus interface pins are at "High" level before setting <SBIM[1:0]> to "10". Also, ensure that the bus is
free before switching the operating mode to the port mode.
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12.5.6 Configuring the SBI as a Transmitter or a Receiver

Setting SBICR2<TRX> to "1" configures the SBI as a transmitter. Setting <TRX> to "0" configures the
SBI as a receiver.

At the slave mode:

when data is transmitted in the addressing format.
when the received slave address matches the value specified at SBII2CAR.
when a general-call address is received; i.e., the eight bits following the start condition are all zeros.

If the value of the direction bit (R/W) is "1", <TRX> is set to "1" by the hardware. If the bit is "0",
<TRX> is set to "0".

As a master device, the SBI receives acknowledgement from a slave device. If the direction bit of "1" is trans-
mitted, <TRX> is set to "0" by the hardware. If the direction bit is "0", <TRX> changes to "1". If the SBI
does not receive acknowledgement, <TRX> retains the previous value.

<TRX> is cleared to "0" by the hardware when it detects the stop condition on the bus or the arbitration
lost.

If SBI is used in free data format, <TRX> is not changed by the hardware.

12.5.7 Configuring the SBI as a Master or a Slave
Setting SBICR2<MST> to "1" configures the SBI to operate as a master device.

Setting <MST> to "0" configures the SBI as a slave device. <MST> is cleared to "0" by the hardware
when it detects the stop condition on the bus or the arbitration lost.

12.5.8 Generating Start and Stop Conditions

When SBISR<BB> is "0", writing "1" to SBICR2<MST, TRX, BB, PIN> causes the SBI 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. <ACK> must be set to "1" in advance.

SCL pin B 1 2 3 4 5 6 7 8 9
! .
1

SDA pin r\i/AGXA5XA4XA3XA2XA1XAOXRNV/

S Slave address and direction bit

Start condition !{ ;! Acknowledgement signal

Figure 12-5 Generating the Start Condition and a Slave Address

When <BB>is "1", writing "1" to <MST, TRX, PIN> and "0" to <BB> causes the SBI to start a sequence
for generating the stop condition on the bus. The contents of <MST, TRX, BB, PIN> should not be altered un-
til the stop condition appears on the bus.
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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.

SCL line /! \
T |
SDA line 5 YA

Stop condition

Figure 12-6 Generating the Stop Condition

SBISR<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).

12.5.9 Interrupt Service Request and Release

In master mode, a serial bus interface request (INTSBI) is generated when the transfer of the number of
clock cycles set by <BC> and <ACK> is completed.

In slave mode, INTSBI is generated under the following conditions.

After output of the acknowledge signal which is generated when the received slave address match-
es the slave address set to SBII2CAR<SA[6:0]>.

After the acknowledge signal is generated when a general-call address is received.
When the slave address matches or a data transfer is completed after receiving a general-call address.

In the address recognition mode (SALS>="0"), INTSBI is generated when the received slave address match-
es the values specified at SBII2ZCAR or when a general-call (eight bits data following the start condition is
all "0") is received.

When an interrupt request (INTSBI) is generated, SBICR2<PIN> is cleared to "0". While <PIN> is
cleared to "0", the SBI pulls the SCL line to the "Low" level.

<PIN> is set to "1" when data is written to or read from SBIDBR. It takes a period of t; gw for the SCL

line to be released after <PIN> is set to "1". When the program writes "1" to <PIN>, it is set to "1". Howev-
er, writing "0" does not clear this bit to "0".

Note:When When arbitration occurs while a slave address and direction bit are transferred in the master
mode, <PIN> is cleared to "0" and INTSBI occurs. This does not relate to whether a slave address
matches <SA>.

12.5.10 Arbitration Lost Detection Monitor

The I2C 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.

A master that attempts to generate the start condition while the bus is busy loses bus arbitration, with no
start condition occurring on the SDA and SCL lines.The 12C-bus arbitration takes place on the SDA line.

The arbitration procedure for two masters on a bus is shown below.
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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.c., data transmitted
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.

1 1
SCL (Line) —\_/_\_/ \_/ \_/ \_/ \_/_
1 1
1 1
1 1
Internal SDA output (masterA) \ / \ 1 | / \ /
C
Internal SDA output(master B) \ / \ Y/ : Loses arbitration and sets the
, internal SDA output to “1”.
SDA Line \ / \

Figure 12-7 Lost Arbitration

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 SBISR<AL> is set to "1".

When an arbitration lost occures, SBIXSR<MST> and <TRX> are cleared to "0", causing the SBI to oper-
ate as a slave receiver and it stops the clock output during data transfer.If the master device which sends a
slave address and direction bit generates Arbitration lost, it receives a slave address and direction bit which
are sent by other master devices as slave device.Regardless of whether a received slave address matches
<SA>, <PIN> is cleared to "0" and INTSBI occurs.

<AL> is cleared to "0" when data is written to or read from SBIDBR or data is written to SBICR2.
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Internal SCL
output
MasterA
Internal SDA ' ' ) '
—> Clock output dstops here
Internal SCL_/T\_/E\_/
output
MasterB

'memf'stDA \D7B ><D6B / Internal SDA output is fixed to "High"level .
outpu due to Arbitration Lost of Master B.

AL _E\ (‘l
1

Access to SBIDBR
or SBICR2

Figure 12-8 Example of Master B Lost Arbitration (D7A = D7B, D6A = D6B)

12.5.11 Slave Address Match Detection Monitor

When the SBI operates as a slave device in the address recognition mode (SBII2CAR<ALS>="0"),
SBISR<AAS> is set to "1" on receiving the general-call address or the slave address that matches the value
specified at SBII2CAR.

When <ALS>is "1", <AAS> is set to "1" when the first data word has been received. <AAS> is cleared
to "0" when data is written to or read from SBIDBR.

12.5.12 General-call Detection Monitor

When the SBI operates as a slave device, SBISR<ADO> is set to "1" when it receives the general-call ad-
dress; i.e., the eight bits following the start condition are all zeros.

<ADO> is cleared to "0" when the start or stop condition is detected on the bus.

12.5.13 Last Received Bit Monitor
SBISR<LRB> is set to the SDA line value that was read at the rising of the SCL line.

In the acknowledgment mode, reading SBISR<LRB> immediately after generation of the INTSBI inter-
rupt request causes ACK signal to be read.

12.5.14 Data Buffer Register (SBIDBR)

Reading or writing SBIDBR initiates reading received data or writing transmitted data.

When the SBI is acting as a master, setting a slave address and a direction bit to this register generates the
start condition.
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12.5.15 Baud Rate Register (SBIBRO)
The SBIBRO<I2SBI> register determines if the SBI operates or not when it enters the IDLE mode.

This register must be programmed before executing an instruction to switch to the standby mode.

12.5.16 Software Reset

If the serial bus interface circuit locks up due to external noise, it can be initialized by using a software reset.

Writing "10" followed by "01" to SBICR2<SWRST[1:0]> generates a reset signal that initializes the serial
bus interface circuit. When writing SBIXCR2<SWRST[1:0]>, set SBIXCR2<MST><TRX><BB><PIN> to
"0000" and SBIxCR2<SBIM[1:0]> to "10" for I2C bus mode. After a reset, all control registers and status
flags are initialized to their reset values. When the serial bus interface is initialized, <SWRST> is automatical-
ly cleared to "0".

Note:A software reset causes the SBI operating mode to switch from the I12C mode to the port mode.
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12.6 Data Transfer Procedure in the |12C Bus Mode

12.6.1 Device Initialization

Firstly, set SBICR1<ACK><SCK][2:0]>. Set "1" to <ACK> to specify the acknowledgement mode. Set
"000" to SBICR1<BC[2:0]> .

Secondly, set <SA[6:0]> (a slave address) and <ALS> to SBII2CAR . (In the addressing format mode, set
<ALS>="0").

Finally, to configure the Serial Bus Interface as a slave receiver, ensure that the serial bus interface pin is
at "High" first. Then write "000" to SBICR2<MST><TRX><BB>, "1" to <PIN>, "10" to <SBIM[1:0]> and
"00" to <SWRST[1:0]>.

Note: Initialization of the serial bus interface circuit must be completed within a period that any device
does not generate start condition after all devices connected to the bus were initialized. If this rule is
not followed, data may not be received correctly because other devices may start transfer before the
initialization of the serial bus interface circuit is completed.

7 6 5 4 3 2 1 0
SBICR1 — 0 0 0 1 0 X X X Specifies ACK and SCL clock.
SBII2CAR ~ X X X X X X X X Specifies a slave address and an address recognition mode.
SBICR2 — 0 0 0 1 1 0 0 0 Configures the SBI as a slave receiver.

Note: X; Don'’t care

12.6.2 Generating the Start Condition and a Slave Address

12.6.2.1  Master mode
In the master mode, the following steps are required to generate the start condition and a slave address.

First, ensure that the bus is free (<XBB> = "0"). Then, write "1" to SBICR1<ACK> to select the acknowl-
edgment mode. Write to SBIDBR a slave address and a direction bit to be transmitted.

When <BB> = "0", writing "1111" to SBICR2<MST, TRX, BB, PIN> generates the start condition on
the bus. Following the start condition, the SBI generates nine clocks from the SCL pin. The SBI outputs
the slave address and the direction bit specified at SBIDBR with the first eight clocks, and releases the
SDA line in the ninth clock to receive an acknowledgment signal from the slave device.

The INTSBI interrupt request is generated on the falling of the ninth clock, and <PIN> is cleared to
"0". In the master mode, the SBI holds the SCL line at the "Low" level while <PIN> is = "0".<TRX>
changes its value according to the transmitted direction bit at generation of the INTSBI interrupt request, pro-
vided that an acknowledgment signal has been returned from the slave device.

Note: To output salve address, check with software that the bus is free before writing to SBIDBR. If this
rule is not followed, data being output on the bus may get ruined.
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Settings in main routine

7 6 5 4 3 2 1 0

Reg. «— SBISR

Reg. — Reg. e 0x20

if Reg. # 0x00 Ensures that the bus is free.

Then

SBICR1 — X X X 1 0 X X X Selects the acknowledgement mode.

SBIDBR ~ X X X X X X X X Specifies the desired slave address and direction.
SBICR2 — 1 1 1 1 1 0 0 0 Generates the start condition.

Example of INTSBIO interrupt routine
Clears the interrupt request.
Processing

End of interrupt

12.6.2.2 Slave mode
In the slave mode, the SBI receives the start condition and a slave address.

After receiving the start condition from the master device, the SBI receives a slave address and a direc-
tion bit from the master device during the first eight clocks on the SCL line.

If the received address matches its slave address specified at SBII2CAR or is equal to the general-call ad-
dress, the SBI pulls the SDA line to the "Low" level during the ninth clock and outputs an acknowledg-
ment signal.

The INTSBI interrupt request is generated on the falling of the ninth clock, and <PIN> is cleared to
"0". In the slave mode, the SBI holds the SCL line at the "Low" level while <PIN> is "0".

SCL pin o 1 2 3 4 5 6 7 8 9
| 1
| 1

SDA pin s \E /[ Ae X as X ae X A3 X A2 X A1 X A0 X RW f ACK !
- ——I AN J - -

v
Start condition Slave address + Direction bit \—Acknowledgement from
slave device

INTSBIlinterrupt ﬂ|—|

request

<PIN>

Master output
- = = = Slave output

Figure 12-9 Generation of the Start Condition and a Slave Address
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12.6.3 Transferring a Data Word

At the end of a data word transfer, the INTSBI interrupt is generated to test <MST> to determine whether
the SBI is in the master or slave mode.

12.6.3.1 Master mode (<MST> = "1")

Test <TRX> to determine whether the SBI is configured as a transmitter or a receiver.

(1)  Transmitter mode (<TRX> ="1")

Test <LRB>. If <LRB> is "1", that means the receiver requires no further data.

The master then generates the stop condition as described later to stop transmission.

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 SBIDBR. If the data has different length, <BC[2:0]> and
<ACK> are programmed and the transmit data is written into SBIDBR.Writing the data makes
<PIN> to "1", causing the SCL pin to generate a serial clock for transferring a next data word, and
the SDA pin to transfer the data word.

After the transfer is completed, the INTSBI interrupt request is generated, <PIN> is cleared to
"0", and the SCL pin is pulled to the "Low" level.

To transmit more data words, test <LRB> again and repeat the above procedure.

INTSBI interrupt

if MST = 0

Then go to the slave-mode processing.

if TRX=0

Then go to the receiver-mode processing.

if LRB =0

Then go to processing for generating the stop condition.

Specifies the number of bits to be transmitted and
specify whether ACK is required.

SBIDBR — X X X X X X X X Writes the transmit data.

SBICR1 ~ X X X X 0 X X X

End of interrupt processing.

Note:X; Don’t care
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SCL pin

TMPM375FSDMG
SCLx pin 1 2 3 4 5 6 7 8 9
Wite to SBIDBR W
SDAX pin \ b7 X b6 X D5 X D4 X D3 X D2 X D1 X DO '/\_f\Ct_(_I:'

Acknowledgement

<PIN> I |from receiver
INTSBI ﬂ

interrupt request |-|

Master output
- - = = Slave output

Figure 12-10 <BC[2:0]>= "000",<ACK>= "1" (Transmitter Mode)

(2) Receiver mode (<TRX> = "0")
If the next data to be transmitted has eight bits, the transmit data is written into SBIDBR.

If the data has different length, <BC[2:0]> and <ACK> are programmed and the received data is
read from SBIDBR to release the SCL line. (The data read immediately after transmission of a
slave address is undefined.)On reading the data, <PIN> is set to "1", and the serial clock is output
to the SCL pin to transfer the next data word.In the last bit, when the acknowledgment signal be-
comes the "Low" level, "0" is output to the SDA pin.

After that, the INTSBI interrupt request is generated, and <PIN> is cleared to "0", pulling the
SCL pin to the "Low" level.Each time the received data is read from SBIDBR, one-word transfer
clock and an acknowledgement signal are output.

Read the received data

............. N\ Fm ===\ mm e\ rm e e mm =y = ———

) \ \ AY =-_———-
SDA pin D7 Y D6 4 D5 4 D4 ¥ D3 4 D2 4 DI ¥ DO 'l‘e.xi D7

Acknowledgment signal

<PIN> J | to transmitter

INTSBIlinterrupt 1”

request

Master output
- - = = Slave output

Figure 12-11 <BC[2:0]>= "000",<ACK>= "1" (Receiver Mode)

To terminate the data transmission from the transmitter, <ACK> must be cleared to "0" immediate-
ly before reading the data word second to last.

This disables generation of an acknowledgment clock for the last data word.

When the transfer is completed, an interrupt request is generated. After the interrupt processing,
<BCJ[2:0]> must be set to "001" and the data must be read so that a clock is generated for 1-bit transfer.

At this time, the master receiver holds the SDA bus line at the "High" level, which signals the
end of transfer to the transmitter as an acknowledgment signal.
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In the interrupt processing for terminating the reception of 1-bit data, the stop condition is gener-

ated to terminate the data transfer.

SCL pin 9 1 2 3 4 5

......... Pmm e e mmm pm -

SDA pin

\ \

P ——

D6 7 D5 f D4 7 D3 1 D2 * DI 7
[ e A A S A e

<PIN>

INTSBlinterrupt
request

Rl

L Read receive data aftwer clear <ACK> to “0”

Read receive data after
set <BC[2:0]> to “001".

Master output
- = = = Slave output

Figure 12-12 Terminating Data Transmission in the Master Receiver Mode

Example: When receiving N data word

INTSBI interrupt (after data transmission)

SBICR1 — X X X X 0 X X X

Reg. — SBIDBR

End of interrupt

INTSBI interrupt (first to (N-2)th data reception)

7 6 5 4 3 2 1 0
Reg. ~ SBIDBR

End of interrupt

INTSBI interrupt ((N-1)th data reception)

7 6 5 4 3 2 1
SBICR1 — X X X 0 0 X X X
Reg. «— SBIDBR

End of interrupt

INTSBI interrupt (Nth data reception)

7 6 5 4 3 2 1
SBIXCR1 —~ 0 O 1 0o 0 X X X
Reg. «— SBIDBR
End of interrupt

INTSBI interrupt (after completing data reception)

Processing to generate the stop condition.

End of interrupt

Note: X; Don’t care

Sets the number of bits of data to be received and
specify whether ACK is required.

Reads dummy data.

Reads the first to (N-2)th data words.

Disables generation of acknowledgement clock.

Reads the (N-1)th data word.

Disables generation of acknowledgement clock.

Reads the Nth data word.

Terminates the data transmission.
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12.6.3.2 Slave mode (<MST> = "0")

In the slave mode, the SBI generates the INTSBI interrupt request on four occasions:

1) when the SBI has received any slave address from the master.

2) when the SBI has received a general-call address.

3) when the received slave address matches its address.

4) when a data transfer has been completed in response to a general-call.

Also, if the SBI 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 INTSBI interrupt re-
quest is generated, <PIN> is cleared to "0", and the SCL pin is pulled to the "Low" level.

When data is written to or read from SBIDBR or when <PIN> is set to "1", the SCLx pin is released af-
ter a period of ty ow.

However, the second byte of the general call is necessary to be controlled by software to generate an ac-
knowledgement signal depending on the contents of the second byte.

In the slave mode, the normal slave mode processing or the processing as a result of Arbitration Lost
is carried out.

SBISR<AL>, <TRX>, <AAS> and <ADO> are tested to determine the processing required.

"Table 12-2 Processing in Slave Mode"shows the slave mode states and required processing.

Example: When the received slave address matches the SBI's own address and the direction bit is "1"
in the slave receiver mode.

INTSBI interrupt

if TRX=0

Then go to other processing.

if AL =0

Then go to other processing.

if AAS =0

Then go to other processing.

SBICR1 — X X X 1 0 X X X Sets the number of bits to be transmitted.
SBIDBR ~ X X X X X X X X Sets the transmit data.

Note: X; Don’t care
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Table 12-2 Processing in Slave Mode

<TRX> <AL> <AAS> | <ADO> State Processing

Arbitration Lost is detected while the slave address
was being transmitted and the SBI received a slave

L 1 0 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 SBIDBR.
In the slave receiver mode, the SBI 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

In the slave transmitter mode, the SBI has comple- and reset <TRX> fo 0 to release the bus. If <LRB>

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 SBIDBR.
Arbitration Lost is detected while a slave address is
1 110 being transmitted, and the SBI receives either a
slave address with the direction bit "0" or a general-
1 call address transmitted by another master.
Arbitration Lost is detected while a slave address Read the SBIDBR (a dummy read) to set <PIN> to
0 0 or a data word is being transmitted, and the trans- [ 1, or write "1" to <PIN>.
0 fer is terminated.
In the slave receiver mode, the SBI received either
1 1/0 a slave address with the direction bit "0" or a general-
0 call address transmitted by the master.
0 110 In the slave receiver mode, the SBI has completed | Set the number of bits in the data word to <BC

a reception of a data word. [2:0].> and read the received data from SBIDBR.
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12.6.4 Generating the Stop Condition

When SBISR<BB> is "1", writing "1" to SBICR2<MST, TRX, PIN> and "0" to <BB> causes the SBI 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 SBI waits until the SCL line is released.

After that, the SDA pin goes "High", causing the stop condition to be generated.

SBICR2 — 1 1 0 1 1 0 0 0 Generates the stop condition.

"0"—<BB>

" <MST>
"1" <TRX> }
"1"><PIN>

[ Stop condition
- _I

1
N 1
SCL pin ! Y
T | !
1 . |
SDA pin VA
R |
<PIN> I’ J
<BB>(Read)

Figure 12-13 Generating the Stop Condition

12.6.5 Restart Procedure

Restart is used when a master device changes the data transfer direction without terminating the transfer to
a slave device.The procedure of generating a restart in the master mode is described below.

First, write SBICR2<MST, TRX, BB> to "0" and write "1" to <PIN> to release the bus. At this time, the
SDAX pin is held at the "High" level and the SCLx pin is released. Because no stop condition is generated
on the bus, other devices recognize that the bus is busy.

Then, test SBISR<BB> and wait until it becomes "0" to ensure that the SCLx pin is released.

Next, test <LRB> and wait until it becomes "1" to ensure that no other device is pulling the SCLx bus
line to the "Low" level.

Once the bus is determined to be free by following the above procedures, follow the procedures described
in "12.6.2 Generating the Start Condition and a Slave Address"to generate the start condition.

To satisfy the setup time of restart, at least 4.7us wait period (in the standard mode) must be created by
the software after the bus is determined to be free.

Note 1: Do not write <MST> to "0" when it is "0". (Restart cannot be initiated.)

Note 2: When the master device is acting as a receiver, data transmission from the slave device which
serves as a transmitter must be completed before generating a restart. To complete data trans-
fer, slave device must receive a "High" level acknowledge signal. For this reason, <LBR> before
generating a restart becomes "1", the rising edge of the SCL line is not detected even <LBR>=
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"1" is confirmed by following the restart procedure. To check the status of the SCL line, read the

port.
7 6 5 4 3 2 1 0

SBICR2 — 0 0 0 1 1 0 0 0 Releases the bus.
if SBISR<BB> # 0 Checks that the SCL pin is released.
Then
if SBISR<LRB> # 1 Checks that no other device is pulling the SCL pin to the "Low".
Then
4.7 ys Wait
SBICR1 — X X X 1 0 X X X Selects the acknowledgment mode.
SBIDBR ~ X X X X X X X X Sets the desired slave address and direction.
SBICR2 — 1 1 1 1 1 0 0 0 Generates the start condition.

Note: X; Don'’t care

"1"<MST>
"' <TRX> }

"0"—><MST> "1 ||_)<BB>

etiiee }— "1"<PIN>

"1"_<PIN> 47 ms (min.) >} Start condition
< v [

SCL(Bus) / N\ v < J
SCL pin VACR < —) E ] _j _é
i— e
: \

<PIN> | I

Figure 12-14 Timing Chart of Generating a Restart
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12.7 Precautions on Use of Multi-master

Prepare recovery process by software in case that communication is in lock state in multi-master mode.

Example of recovery process

1. Start timer for timeout detection synchronizing with starting communication.

2. If a serial interface interrupt (INTSBIx) does not occur within the specified time, a timeout occurs and
the MCU determines that communication is locked up.

3. Do software reset on serial bus interface to release the condition that communication is locked up.
4. Adjust transmission timings. (note)

5. Resend transmission data.

Note:Adjust transmission timing between the MCUs to avoid overlapping the transmission timing.
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12.8 Control register of SIO mode

The following registers control the serial bus interface in the clock-synchronous 8-bit SIO mode and provide its
status information for monitoring.

12.8.1 SBICRO(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 SBIEN - - - - - - -
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function

31-8 - R Read as 0.

7 SBIEN R/W Serial bus interface operation.
0:Disable
1: Enable
Enable this bit before using the serial bus interface.
If this bit is disabled, power consumption can be reduced because all clocks except SBICRO stop.
If the serial bus interface operation is enabled and then disabled, the settings will be maintained in each
register.

6-0 - R Read as 0.
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12.8.2 SBICR1(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 SIOoS SIOINH SIOM - SCK
After reset 0 0 0 0 1 0 0 0(Note 1)

Bit Bit Symbol Type Function
31-8 - R Read as 0.
7 SIOS R/W Transfer Start/Stop
0: Stop
1: Start
6 SIOINH R/IW Transfer
0: Continue

1: Forced termination

5-4 SIOM[1:0] R/W Select transfer mode
00: Transmit mode

01: Reserved
10:Transmit/receive mode
11:Receive mode

3 - R Read as 1.
2-0 SCK[2:0] R/W On writing <SCKJ[2:0]>: Select serial clock frequency. (Note 1)
000 n=3 2.5 MHz
001 n=4 1.25 MHz 3
010 n=5 625 kHz
System clock: fsys
011 n==6 313 kHz (=40MHz )
100 n=7 156 kHz > Clock gear: fc/1
101 =8 78 kHz Frequency :h);# [Hz]
110 n=9 39 kHz )
11 - External clock

Note 1: After a reset, the <SCK[0]> bit is read as "1". However, if the SIO mode is selected at the SBICR2 regis-
ter, the initial value is read as "0". In this document, the value written in the column "after reset" is the val-
ue after setting the SIO mode in the initial state. The descriptions of the SBICR2 register and the SBISR reg-
ister are the same.

Note 2: Set <SIOS> to "0" and <SIOINH> to "1" before programming the transfer mode and the serial clock.
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12.8.3 SBIDBR (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 - R Read as 0.
7-0 DBJ[7:0] R Receive data
Transmit data

Note 1: The transmission data must be written in to the register from the MSB (bit 7). The received data is stor-
ed in the LSB.

Note 2: Since SBIDBR has independent buffers for writing and reading, a written data cannot be read. Thus, read-
modify-write instructions, such as bit manipulation, cannot be used.
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12.8.4 SBICR2(Control register 2)

This register serves as SBISR register 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 - - - - - - -