TOSHIBA TMPM370FYDFG

TMPM370FYFG

32-bit RISC Microcontroller
TX03 Series

TMPM370FYDFG
TMPM370FYFG

Revision 1.1

2023-07

TOSHIBA ELECTRONIC DEVICES & STORAGE CORPORATION

© 2022-2023 _ 1/624 2023-07-21
Toshiba Electronic Devices & Storage Corporation Rev. 1.1



TOSHIBA

TMPM370FYDFG
TMPM370FYFG

Contents
LO70] 1 (= 01 T P PP PP R PPPPPPOPPP 2
[ QoY (T U= RSP RRT 15
[ Qo 7= o] [ O PSP PP UPPPPR PP 19
I =T (1] = SRR PPPOTPRR 26
1.1. Products Lists Categorized by FUNCHONS..........coiiiiiii e 30
LI = (ool g B IT= o =1 o 4 P SO PPPRPP 31
G TR 1o T = o 10 (o BV = SR 32
LR T 0 ) 2 = LSOO OSSOSO P VTP UR PR 32
13,2  LIQFPLO0 ...ttt bbb b e b b bbb H b b e £ b e b b e R £ b e Rt bRt b e b b e h e bbb n e 33
1.4. Pin Name @nd FUNCHONS .........uuiiiiiiii ittt e e e e e ettt e e e e e e e e s bbb e e e e e e e e e s aasnbreeeaaeeeas 34
1.4.1. Functional Pin and Ports Assignment (Pin NUMDET).........ccociiiiiiiiiiiieniene e 34
1.5. Power Supply Type and SUPPIY PiNS ...ttt e e e e e e e e s e e e e e e e s 39
B e (0Tt =TT To T 0 o] N RSP 40
2.1. Information 0N the PrOCESSOr COTE .......uuiiiiiieiiiiiiiieeee et e e e e e e e e e e e e e e s e e eaaeeessnnnnraneeeaeeesannes 40
2.2. CoNnfiGUrable OPtiONS.......coiiiiiiie ettt st sa e e sa e e e e b e nn e 41
pAC T (7= o o) E- R0 A 1 (=4 (U] o PR 41
2.3.1. Number of INtEITUPE INPULS ....veeiviiiiieitieitie ittt sn e e be et enbeenbeebe e b e 41
2.3.2. Number of Priority Level INterrupt BitS.........ciiviiiiiiiiiiiiie it 41
23,3, SYSTICK 1.ttt b b bbb b e R bbb R R E R R R R h £ R R R R e Rt R Rt b e b n e 42
2.3.4. SYSRESETREQ ..ottt sttt sttt bbbt b bbb b b s e bt e b e b b e bt bt e b s bt e bt e bt e bt e s et nbe b e 42
2.3.5. LIOCKUP.......oeiietiitete ettt sttt h bbb h e bt bt e b e e R e bt e b e e b e £ e b e ARt A b b e R e e bt AR A b e b e bt e b e e bt e b et e bt e bt e b s b e ne et e nbe b e 42
2.3.6. AUXIlIAry Fault Status T@GISTET. .. ...oiuiitiieeiiiieiteeieie sttt sttt b b bbb b e e sbesbesse e b e snesbeeseennennas 42
Y=Y o (= TR PPREPR 42
2.5. POWEI MANAGEIMENT ...ttt ettt ettt e e e s et e e e s bt e e e e e abb e e e e e bbe e e e enbeeeeeaaneeeens 43
2.6, EXCIUSIVE @CCESS ...eeiiiieiiiiitiiiit it e oottt e e e ettt e e e e e e e st b ettt e e e e e e e sttt e eeeaaeesaaasbeeneeeaeeesannnstaneeaaeeeaannnes 43
T |V =T 4o To ] Y 1V =T o R PR 44
G T O 1V =T o o] =T o SR PPRRRR 44
T B Y (35T 0 O OO PP PU T PTRRTRRPRI 45
2 /624 2023-07-21

Rev. 1.1



TOSHIBA TMPM370FYDFG

TMPM370FYFG

3.2. Details Of SFR @I ....ccveiiiiie ettt 46
O 1S Y IO o 1Y = 1o o SRRSO 47
4.1, State Defore RESET ........oiiiiiiiii ettt e st et et e s be e nr e e e nnne e 47
4.2, State dUMNNG RESET ..ottt et e e e e e e s e e e e e e s s a s eeeeeeeeessaansssaneeeaeeesannnssnneneaeeeen 47
4.3. State after releasing RESET ...ttt e st e e e rnbe e e e e anbee e e e anneeeens 47
LT @4 o o3 ¢/ 1Y o T L3N 0o g ¥ o [ @ TS 48
LT R == 0 =T T PSP PSP PP SRR 48
Lo U= 1] (= PSR 49
TR B 4 1 1<) ol 5 T A OO STROTRTR 49
5.2.2. CGSYSCR (SyStem CONLIOl TEGISTET) ...vveveerveerieesieesieesieesieesieestessteessesssesssesssessseessesssssssesssssssesssesssssssssssssssesnees 50
5.2.3. CGOSCCR (OscCillation CONIOl TEGISTET) . ...evverveerieerieeiteesieesieesieesteesteesieesteesseesseessessseessessseesseessnessssssesssessssessees 51
5.2.4. CGSTBYCR (Standby CONtrOL TEZISIET)....uueiveiriririeeiiieitieiieesieesieesteesteesiessteesteesteesseesseesssssseesseesssessssssessssssssessnes 52
5.2.5. CGPLLSEL (PLL SeleCtion REGISTET) .....cuueiviiiiiriieiiieiiieiieesieesieesieesieesieesteestessbeesieesseessessseessessssesssssssssssssssessns 53
LR I @7 o Tt o] o 1o H T PSPPSR PSP PPRN 54
5.3 1 CLOCK TYPE et 54
5.3.2. Initial Values after RESEL ......coiiiiiiiiiiie ettt e et e e sbbe e sn e e s be e e sbeeesabeennbeeans 54
5.3.3. Clock SyStem DIagraml.........cocceiiiiiiiiiiieii i e 55
5.3.4. Clock Multiplication Circuit (PLL) ......cccoiiiiiiiiiieiieiie it 56
5.3.5. Warming-up fUNCHON .......ccoiiiiiiiiii e 57
5.3.6. SYSIEIM CLOCK ....oviiiiiice e 58
5.3.7. Prescaler CIOCK CONIOL ... ...oiiiiiiiieiiie ettt ettt st sb et e e sbt e sa e e st e e e be e e sbbe e snbeesnbeeenbeeesnbeennbeeans 59
5.4. Modes and Mode TranSItIONS ..........cooiiiiiiie e e e nnn e enes 59
R B (0T L I Y4 T U o) o PR P PSP PRTPRUPPN 59
LR @ o 1= = (o] T 1Y/ (o o - SRR 60
S5.5. 1. NORMAL IMOUGE......eeitieiieieiteetieieste st ettt steeseestesbesseeseesaesbeaseesbesbesbeeseebesbesbeeseesbesbeabeesbenbeabesseesbesbesbeeneeseensens 60
5.6. Low Power ConsumMpPtion MOAES .........uoiiiiiiiiiiiiiieie ettt sttt e e e e s e e e e e e neeee s 60
S5.60.1. IDLE MOGE ...ttt sttt bbb btk e e bt b e e R e e bt Rt e R e e R b e e Rt e Rt e R e e R R e e R e R e e Re e b e aRenReeRe e renre s 60

I O O] o 1T 1o O ST R OTRT 61
5.6.3. Low power Consumption MOA@ SEHNE .......ceeveriiriiieiiiiisiesiesie sttt sre e sn e sresre e sresne s 62
5.6.4. Operational Status in EACh MOG@.......cccuoiiiiiiiiiiiie bbb nne s 63
5.6.5. Releasing the Low Power Consumption MOGE..........coveiriiiiiiieiiii et sre s 64
50,6, WATTIINZ-UP. .. +ecteenreteeteeieeteste s it et st e s bt e se e besbesbe e st e b e s b e ehe e s e oo Re AR e eh e e R e e AR e AR £ e R e e R e AR e AR e e RE e AR e AR e e Ee e s b e e b e aReebeesbenbenbeaneennenre s 66
5.6.7. Clock Operation in MoOde TranSItION. ........coeieeieriireseeie sttt sttt sr e e e b b be e e sresresbeesresresresneesrenneas 67

B.  EXCEPLIONS...cco i 68
3 /624 2023-07-21

Rev. 1.1



TOSHIBA TMPM370FYDFG

TMPM370FYFG

L R @ U 1 = PP PRSP 68
0. 1. L. TYPRS ottt 68
6.1.2. Handling FIOWCRATT. ......c.vciiiiriiciciiei ettt r e s 69
6.2. RESET EXCEPLONS ....ccoi i 76
LR I I T PSPPI 76
B.4. INEITUPDES ..o 77
6.4.1. Non-Maskable INterrupt (INIMII)......coiuiiiiiiiiiieiiie ettt sttt sttt sttt st bbb bbb e e b nnes 77
X Y P21 o) (o (1 D o OO P T OTROTROTRTR 77
6.4.3. INTETTUPE REQUEST. .....ee ettt e b e s b e e e s h b e e s b e e e abe e e sb b e e snbe e sare e e abeeesnneennreean 77
6.4.4. List of Interrupt Sources for Each Product............ccooiiiiiiiiiiiiii i 81
6.4.5. Interrupt DeteCtion LEVEL.......uiiiiiiiiiiiie ittt bbbt bbb nra b e b et neennes 84
X T = BT LYo\ (51 s Vo OO RTRTRTR 85
6.5. Exception/Interrupt-Related REGISEIS ......o.uiiiiiiiiii e 92
0.5. 1. REGISIET LISt ...cuiiiiiiiiiie e 92
0.5.2. NVIC REZISLETS ....oiuviiiiiiiitiiti st b b bbb e bbb b e bbb e e sr e nre s 94
0.5.3. CG REZISTETS ..ttt bbb e e e b e 121

7. Product INfOrmation............coiiiiiiiiiii 133
7.1. Information of Each Peripheral FUNCHON...........c..oiiii e e 133
7.1.1. Clock/Mode Control (CQG) ....ocuiiiiiiiiiiiii it e 133
B0 5 (1< o] 510 s TP T PR 134
7. 1.3, INPUI/OULPUL POTT ... e 135
7.1.4. 16-bit Timer/event Counter (TIMRB) .......ccooiiiiiiiiii bbb 136
7.1.5. Serial Channel (STO/UART) ...c.viiiiiiieieee bbbt b e e b bbb e ne e 140
7.1.6. 12-bit analog-to-digital converter (ADC) .......ccccoiiiiiiiiiii 142
7.1.7. Motor Control Circuit (PIMD) ........oiiiiiiiiieie et e re b 145
7.1.8. Vector ENINE (VE) ...ccoiiiiiii e s 149
7.1.9. Encoder Input Circuit (ENC) .......ooiiiiiiiiiiiie e 150
7.1.10. Voltage Detection circuit (VLTD) ....ccviiiiiiieiiiiiencesi e 152
7.1.11. Frequency detection circuit (OFD).......cccooiiiiiiiiiiiiiicii e 153
7.1.12. Watchdog TImMer (WD) .....ooiiiiiiiiee e 154
7.1.13. Op-amplifiers/Analog Comparators (AMP/CMP) ........ccccviiiiiiiiiici e 155
8 B R S s I 5 1S3 610 o TP P P ORRT P 157
7.1.15. Protect/Security FUNCHION........c.coiiiiiiiii e 159
7.1.16. DEDUZ INEITACE. ... .eieeiieiiiieicicc e e e 160

. T 1o 01U 7/ 10 111U | Al = o SO 161
8.1, OULINES ...t s 161
4 /624 2023-07-21

Rev. 1.1



TOSHIBA TMPM370FYDFG

TMPM370FYFG

8.2. Signal CONNECHON TSt ...t ettt e e e s b e e e e e aabe e e e e annreee s 162
G TR T =[] (= SR 167
T T B B o AT 1 £ PP P TR P PRSP 168
8.3.2. List of Port FUNCHIONS and SEHINES .....cvveiuviiuiiiiiiiiieiie ittt sttt ne e 169
8.4. BloCk Diagrams Of POIS ........ooiiiiiii ittt e s st e e s st e e e e enne e e e e anneeeaas 181
B L. TYPE T oo s 182
B2 TYPE T2 e s 183
B3 TYPE T3 s 184
BB A TYPE T4 ..o s 185
B 5. TYPE TS e s 186
B0, TYPE TO .o s 187
o Bl Y4 s T N TP T PP PP 188
BB TYPE T .o e s 189
BiA. 0. TYPE T oo 190
B4 10, TYPE TLO .o 191
B 11 TYPE T e s 192
BB L2 TYPE TL2 e e 193

B L3 TYPE TI3 e 194
R %o T N TSP URUPR 195
O BT %o To N SO URRPR 196
R O %o T A PP URUPR 197
o R %o Yo N OO U TR URUPR 198
R T o Lo N OO PUUPUTPRUSRPR 199
O R %o o N OO UUUPRURRP 200
0 L o Yo 0 TP PRSP 201
T R %o Yo 0 LU P PRSP 202
8.5, PreCaution..... ... 203
8.5.1. Pin StATUS AQUIINEZ 8 TESEL ...veveeueitiiteeieeiiste st et e ettt sb b e bt b e b s bt e e e b e s b e s be e e e s bt s be s be e b e sE e sb e e se e b e nbesbeeneenrennas 203
8.5, 2. UNUSEA PIMS...eeueiueiiteeiieie sttt ettt ettt st et b e bt e ae e b e e b e e R e e s e e R e e b e e b e e Re e AR SRt e R e e b e e R e e R e e R e e b e e Eesb e e heenbenbesbeennenrenras 203
8.5.3. Notice of using debug interface pins used as general-purpoSe POILS........ccrereerrrrererieeriesesesiee e s sreseeseesees 203

9. 16-bit Timer/Event Counter (TMRB) ........ouii i et e e 204
1S Bt B O 1 {11 = RPN 204
1S I =] oot Q1 =T [ = [ o E TP U PP OUPPPP PRI 205
1S IR B =T ] (=] = TSRO PR PP 206
0.3, 1. LSt OF REGISTEIS ...veuviteeuietistieiieieite st e et sh et et b e bt e b bt se bt bt e bt e s e e e b e Rt e b e e b e s R e e R e e R e e e b e s b e sbeeneenbenbeebe e b e nre e 206
9.3.2. TBXEN (ENable REGISTEI) .....ccvevviiiiiiiiiiiieiiiie it 207
9.3.3. TBXRUN (RUN REZISTET) ....ceveuviiiriiiiiieisiiste sttt e sn e nre e 208

5 /624 2023-07-21

Rev. 1.1



TOSHIBA

TMPM370FYDFG
TMPM370FYFG

9.4. Operations
0.4, 1. PIESCALCT ..o
9.4.2. UP CouNtEr (UC)....ccouiiiiiiieiiieiieeiie ettt sttt sie et st sreesbeesreesbeesreesnee s
9.4.3. Timer Register (TBXRGO, TBXRGT) ....cccocveiiiiiiiiiiieiienie e
9.4.4. Capture CONLIOL......cciviiiiiiieiieieeie ettt sbe e b e nreenree
9.4.5. Capture Register (TBXCPO, TBXCP1) ...ccovviiiiiiiiiiiieiiesee e
9.4.6. Up Counter Capture Register (TBXUC)........cccoiveiiiiiiiieiieiie e
9.4.7. Comparator (CPO, CP1) ....ccccciiiiiiieiienie ettt
9.4.8. Timer Flip-F1op (TBXFFO)......ccciiiiiiiiiieiieeeree e
9.4.9. Capture Interrupt (INTCAPXO0, INTCAPXL)....cceeiiiiiinieene e

9.5. Explanation of Each Mode
9.5.1. 16-bit Interval Timer MOde.........ccceeiiiiiiiieiieiie e
9.5.2. 16-bit Event Counter MOde...........ccoiieiiiiiiiiieiieiic e
9.5.3. 16-bit Programmable Square Wave Output (PPG) Mode ..........ccooevrviiiciinnens

10.

9.3.4. TBXCR (Control REGISIEr) ......ecveveiriiiieiicieise e s
9.3.5. TBXMOD (Mode RegISter) ........coiiriiiiiiiiiiiiici i
9.3.6. TBXFFCR (Flip-Flop Control RegISter)........cc.cvvrveiriininiieiiine e
9.3.7. TBXST (Status ReISIEr) .....ccoveriiiiiiiiiiii i
9.3.8. TBXIM (Interrupt Mask RegISter)........ccccceviiiiiiiiiiiiiici e,
9.3.9. TBxUC (Up Counter Capture Register).........ccocevviiiiiiiiiniiiiiiiici e,
9.3.10. TBXRGO (Timer Register 0).........ccovriiiiiiiiiiiiiii e
9.3.11. TBXRGI (Timer REGISIET 1).....cciiiiiieiiiiieiiieiieiiee et
9.3.12. TBxCPO (Capture Register 0) ........ccvvvriiiiiiiiiiiiicc e
9.3.13. TBxXCPI (Capture Register 1) ......ccccvviiiiiiiiiiiiii e,

9.5.4. External Trigger Programmable Square Wave (PPG) Output Mode

9.5.5. Applications Using the Capture FUNCtion ..........cc.cceoveiieiieniniiniic e

(O T O 1T 1o V=Y PR

10.2. BIOCK Diagram ........ouuiiiiieiii ettt e e e e e e e e e e s eeae e e e e ennes

10.3. Registers

10.3.1. Re@ISTET LISt ....eiiiiiiiiciiiiiiisiee s
10.3.2. SCXEN (Enable REZISIET) .....ccueeriieiiiiiiieiiieiieiiee ettt
10.3.3. SCXBUF (Buffer ReZISTEr).....cccviiiiiiiiiiiiiieci s
10.3.4. SCXCR (Control REGISIET) ....cveeivieiieiiiiieeiiieiteesiee ettt
10.3.5. SCxMODO0 (Mode Control Register 0).........ccceviiiniiieiininineeneseeeenenes
10.3.6. SCxBRCR (Baud Rate Generator Control Register) .........c.ccovvevrvvrvinvennnnenn,
10.3.7. SCxBRADD (Baud Rate Generator Control Register 2) .........ccovvvvrvirvennennnn.

Serial Channel (SIO/UART) ..ot a e

6 /624

2023-07-21
Rev. 1.1



TOSHIBA TMPM370FYDFG

TMPM370FYFG

10.3.8. SCXMOD1 (Mode Control REZISLET 1) .....ueieeiiiriiiiiiieiiisiesieeiee sttt sre s e sresne e e s 237
10.3.9. SCXMOD2 (Mode Control REZISTET 2) ......ecueeiuiriiriirieiiesiesieeie et siee et b sie e b b sssesbesbesbeeseesbesresseeneesee e 238
10.3.10. SCxRFC (Reception FIFO Configuration RegISter) .........cccciiiiiiiiiiiiiiiciei s 240
10.3.11. SCXTFC (Transmission FIFO Configuration Register) (INOtE2) ........ccccveiirrieiieiieie e 241
10.3.12. SCxRST (Reception FIFO Status REZISEr) ......cocceviiiiiiiiiiiiiiii s 242
10.3.13. SCXTST (Transmission FIFO Status REGISET) ......ccvieivieiieiieiieieere e 243
10.3.14. SCXFCNF(FIFO Configuration ReIStEr)........ccoviiiiiiiiiiiiiiii s 244
L0 V(o o [ TSSO PPPPRO 246
T0.5. DAt FOMMAL...... .ottt ae e e b et e et e esab e e e bn e e et e e e nneeeanneas 247
10.5.1. Data FOTMAt LAST ..ecuveeiiiiieiieitieite ettt et ettt b e bbbt e bt e bt bt e be e be e b e b e ne e 247
10.5.2. Parity Bit CONLIOL......ccoiiiiiiiiii s 247
10.5.3. STOP Bit LeN@th....ccueiiiiiiiiiiiieie ittt bbb bbbt b b e s sb e nb e b e e se e sb e besbe e b e e 248
10.6. ClIOCK CONMIOl.....ooiiiiiiici e 249
L T B o0t (<) PP TR T PP TP PRORRTTN 249
10.6.2. Serial Clock GENEration CIICUIL........ueverrerrereeresresresee s sre s sre e sresre e sresresre e e e sresresreennesresresneennennea 252
10.7. Transmission/Reception Buffers and FIFO .........c..ooiiiiiii e 260
10.7.1. BIOCK DI@IAM....c.viiiiiiiiiiiiicici i e 260
10.7.2. Transmission/Reception BUffers ... 260

J R0 T 2 0 O OO RURPROR 261
L0 IR TS = 1 (8 13N = T SRS 261
O B (o] g = To 1= O SO PU PR PPPPPRPON 262
J O B O] 2 0 0 2 TP 262

J O o 21 2l U T TP 263

J R B 2 21 2 2 U T OO RURPROR 263

L 2R TR =T o= o 1o o SRS 264
10.10.1. RECEPIION COUNLET. ... .eviitieieeiestesieeste sttt siee et st se e b e st e be e e e sbesbesbe e e e a b e sb e s he e s e ebesb e e s e e nbesbesbeeseenbesresneennenee e 264
10.10.2. RECEPHION CONIIOL ......viiiiieiiiiie ittt b bbbt b e b bt s bt e s e e nb e sb e sbeese e nbesresneennenre e 264
10.10.3. RECEPIION OPETALION ...uviuvieieieestesieesiestestesieesestestessee s e sbesse s e e sbesbesbe e e e sbesbesse e b e abesb e e s e e sbesbeereeseenbesresreennenre e 265
L B T I =T 11 151 T o DT ST SPU PP PUPPPPPN 268
LO.T1.1. TranSmiSSION COUNTET......c.eiitietieiieteete et ettt ettt ettt b e b be bt e b e e be e bt e sbeesbe e be e be e beebeebeenbeenbeenbeenee 268
10.11.2. TranSmiSSION CONTIOL .....ccviiiiiiiiiieie ettt bbbttt b e et b e e sbe e be e be e be e b b e 268
10.11.3. TranSmiSSION OPEIAtION.........eiviiriiiiiiiriireeee sttt sr e e r e sr e sr e enr e nrenee e nre s 269
10.12. HANAShAKE FUNCHION ....coiiiiiiiiieiiei et e e e eennees 272
10.13. Interrupt/Error Generation TiMiNg ........cooiiiiiee i ciiee s e e e sre e e e saeae e e s saeeeeessreeeeennraeeeennnees 274
10.13.1. Reception Interrupt (INTRXX)....coiiiiiiiieiiieiiieieiee sttt sttt bbb sb e sbe e sbeesreenree 274

7 1624 2023-07-21

Rev. 1.1



TOSHIBA TMPM370FYDFG

TMPM370FYFG

10.13.2. Transmission INterrupt (INTTXX) ...cverueiereerieiisieeiesie st b b b e b e b e s re e e e sre b e sneene e s 275
10.13.3. Interrupt Generation Timing When Errors OCCUT ..........cccuiiiiiieiiiiniiieecse e 277
10.14. Software RESel........c.ccoiiiiiiii 277
10.15. Explanation of Operation for EQCh MOde .............oiiiiiiiiiiiii e 278
10.15.1. MOAE 0 (SIO MOGE) ....cveiueeieiie ittt sttt sttt b e e bt bt be e e e s bt b e ebe e b e ebesb e e he e sbenbesbeasbenbesbesbe e e e e e 278
10.15.2. Mode 1 (7-Dit UART MOGE) ...veveiueiiiiieitisiieiie sttt sttt bbbt sb e sb e bbb e se e b e b beeseenbesbesbe e e e 289
10.15.3. Mode 2 (8-Dit UART IMOGE) ....eveiuiiiiiieiiesiieiieste sttt sttt bbb bbb b e se et sbesbe e e e sbesbesneene e e 290
10.15.4. Mode3 (9-bit UART MOAE)......ciiriiiiiiiiiiiieiteite sttt sttt sttt sb et ie b b sbe e b e b sne e e e e 291
11.  12-Bit Analog-to-Digital CoNVErter (ADC) ........ccueeieiiiiee e se e e e e e e e e s snree e e e snneees 293
11.1. FUNCHONS @NA FEALUIES ... ettt et eneeas 293
LI = (o o3 1 I =T = 1o SR 294
11.3. LISt Of REGISLEIS ...ttt et e bn e st e e e b e enneas 295
I =T 153 (=T gl D= o] (o o SRR 297
11.4.1. ADXCLK (Clock Setting REZISIET).....cueeiuiiiiieiiieiiieiiieiieeitee st st et ste et st st sbeesbessbeesbeesbeesbeesbeesbeesbeesreenreens 297
11.4.2. ADXMODO (Mode Setting RE@ISTET 0) ....veeiviiiiieiiieiieiieiiie et sttt sttt sttt sreesbeesbeesbeesbeesreesreesreens 298
11.4.3. ADXMODI1 (Mode Setting REGISTET 1) ..oveiiiiiiiieiiieiieiiieiiie ittt sttt sttt b b sbe e st sreesbeesbeesbeesreen 299
11.4.4. ADXMOD2 (Mode Setting REZISTET 2) ....veiueeviriirienieiiesiesieeiee s sre e sresresneesnesre s 300
11.4.5. ADXCMPCRO (Monitoring Setting ReIStEr 0) ......cccverviiiieeiieriesisieie s 301
11.4.6. ADXCMPCR1 (Monitoring Setting REISTET 1) ......eciveiiiiiiiieiineseee e 302
11.4.7. ADxCMPO (Conversion Result Compare REISTEr 0)........cceervrriririieiiiinisiese s 303
11.4.8. ADXxCMP1 (Conversion Result Compare REZISTEL 1) ......ccccverirriiiriieiiiisiseese e 303
11.4.9. ADXREGO (Conversion Result REGIStEr 0).........coivrieiiiiiiiiieii s e 304
11.4.10. ADXREG1 (Conversion Result REZISIEr 1).......cvierieiiiiiiieieie s 305
11.4.11. ADXREG?2 (Conversion Result REISTEI 2) .......coieeiveiiiiiieieie e 306
11.4.12. ADXREG3 (Conversion Result REZISEr 3).......cvvieiiiiiiiiieiieieneseee e e 307
11.4.13. ADXREGH4 (Conversion Result REZISIEr 4).......ccccueiiiiiiiiieiieie st 308
11.4.14. ADXREGS (Conversion Result REZISIEr 5).....cciiieiiiiiiiiieiie st 309
11.4.15. ADXREG6 (Conversion Result REZISIET 6).......civeieiiiiiiieiieii et 310
11.4.16. ADXREG7 (Conversion Result REZISIET 7).......vieriiiiiiiiieiie sttt 311
11.4.17. ADXREGS (Conversion Result REZISEr 8).......ccceeiviiiiiiieiieii s 312
11.4.18. ADXREG9 (Conversion Result REZIStEr 9).......coiieiiiiiiiiiie i e 313
11.4.19. ADXREG10 (Conversion Result REGIStEr 10).......cccueiiiiriiiiiiiiiisieie sttt 314
11.4.20. ADXREG11 (Conversion Result REZISIEr 11) .....ccceiueiiiiiieiiiiiseseeie sttt e 315
11.4.21. PMD Trig@er Program REGISTEIS . .....c.ciiiirieiiiriirieeie it sttt sttt st st sre st sb e sr s b nnesnesne e e nne e 316
11.4.22. ADXTSET03/ADXTSET47/ADXTSETS811 (Timer Trigger Program Registers)..........ccuvvreeierinneseenenienn 337
11.4.23. ADxSSET03/ADxSSET47/ADXSSET811 (Software Trigger Program Registers)........c.ccoovvvrecvnivnnnnenns 341
11.4.24. ADXASET03/ADXASET47/ADXASET811 (Constant Conversion Program Registers) ...........cccocvvnnenens 345

8 /624 2023-07-21

Rev. 1.1



TOSHIBA TMPM370FYDFG

TMPM370FYFG

11.4.25. ADXMOD3 (Mode Setting REZISTEI 3) ......ccivveiiiiiiiieiie et 349
11.5. Operation DESCIIPLIONS ........ccuuiiiiiiee et e e e e e e e e e e e ettt e e e e e e e e e eeaabbaeeeeaeeeeennsranenss 350
11.5.1. Analog Reference VOILAZE .......c.uiiuiiiiiiiiieiiieitieiee ettt bbb bbb bbb sbe e sbe e sbeenree 350
11.5.2. Starting AD CONVETSION ....eeviitieiieiteeiteesteesteesteesteesteesteesbeesbeesbeesbeesbeesbeesbeesbeesbeesbeesbeesbeesbeesbeesbeesbeesbeesbeenbeens 350
11.5.3. AD Conversion Monitoring FUNCHON. .......cciiiiiiiiiiiiiieiie ettt st sttt sre e b sreesbeenree 352
11.6. Timing chart Of AD CONVEISION ........cciiuiiiii ittt e ettt e e st e e e e s bb e e e e snbe e e e enbeeeeeannees 352
11.6.1. Software trig@er CONVETSION ......ciiiiiiiiiii i e bbb s s 352
11.6.2. CONSLANT COMVETSION ....evetiiiitiieitieestteesiteesbeeesteeestbeesateesabeesbeeesabeeaabeeaabe e e b ee e abbeesabeeaabe e e abeeesabeesnbeesnbeeenbeeesebeas 354
11.6.3. AD Conversion DY TTIZEET .....c..coveiiirriiiiiiie ettt ettt nr e nr e nn e nre e 355
LI 8 3= To T3 == 0 g o] = S 356
11.7.1. Example When Using PMD ch0 (3 shunts) and one AD converter (Unit A)........ccovveeveenennenneeseeneeseenieens 356
11.7.2. Example When Using PMD ch0 (3 shunts) and two AD converters (unit A and B) ........cccocevvviiniiiiinnnnns 357
11.7.3. Example When Using PMD ch0 (3 shunts), ch1 (1 shunt) and two AD converters (unit A and B) .............. 358
11.7.4. Example When Using PMD chO (1 shunt) and one AD converter (UNit A) .....ccooceevieeieeneeieeneesieeseesiessieens 360
12, Motor Control CirCUIt (PMD).......ouiiiiiiiiiiee ettt st e e bt e e e e 361
L2 B O U111 o = OO OTPPR 361
12.2. BIOCK DIAQIaIM ...ttt ettt ettt e e e et e e et e e e e e et e e e et e e e nrn e e e e annnes 362
2R TR 5 =0 153 T SRR 363
L T R 5 1S A 2 4 ) RSP RTRTRR 363
L I oY D I 0] 112 (o) F PP PP TP 364
12.3.3. Pulse Width MOdUIAtion CIFCUIL ........coveiiiieiieiesieses et r e 367
12.3.4. Conduction CONIOl CIICUIL........eiveieereriertesieeie sttt st r e se e sr e b se e e sresresseennenresreeseenrenreaneenenre e 378
12.3.5. Protection CONIOL CIICUIL.......iiviirerieeiesiesiesee ettt resr s sr e e e srenresseennesresreeseenrenresneenenne e 382
12.3.6. OV'V PIrOteCtiON CONEIOL. . e uiiuiiiiitisiieieite sttt r e nr e r e s e nr e nr e sr e e e e nresrenneenenre e 388
12.3.7. Protection Control When Break Occurs in DebUZEZET .......cccveviiiiiiieii e e 393
12.3.8. DICAA LM CITCUIL..eevviervieiieiteeiteeite et et este e e steesteeste e beete e be e beesbeasbe e beesbeesbeesbeebeesbe e beesbeebeebeebeebeenbeenbeenes 394
12.3.9. Synchronous Trigger GeNneration CITCUIL ..........eiiiereeriereseeie st see et sre e sre b se e b b sre e e sresseene e e 396
13, VECIOr ENGINE (VE) ..ttt ettt et e b st e e e e e 404
(S T B O U111 = PR 404
L T O T 0 X SO PP PP UTR PR 404
13.1.2. MAIN FUNCHONS ...veiviiiiiieiieeie ettt ettt ettt te et e be et et e be e be e be et e et e e be e be e be e be e be e beebeebeenbeenbeenes 405
LRI = (o Ted [ B = o = o IO TP PP PSP PUPPPPON 405
13.2.1. VE, PMD, and ADC RelationNShiPs .......ccueeiuieiiiiiiiiieeiieieeie ettt 406
TR T =T 13 (=T TR OUPRR 408
13.3.1. LISt O REZISTETS ....eviviieiiiiiiie ettt ettt sn et ar e nr e e et nrenre e 408

9 /624 2023-07-21

Rev. 1.1



TOSHIBA TMPM370FYDFG

TMPM370FYFG

13.3.2. VE CONtrOl REISTET ......ccueiviiviiiiiiii st 411
13.3.3. CommMON REZISLET .....covviiiiiiiiiiiiii i e e e s 422
13.3.4. SPECIfic REGISTEIS. ..cueiiiiiiiiiiii i s 423
LR I O o1 =1 o] o [ O ETRRRRSPP 453
13.4.1. Schedule ManQ@EIMENL ..........cciieiiieitieitieitie sttt sttt ettt et e st e e sbe e sb e e sb e e sbe e sbe e sbeesbeesbeesbeesbeesbeesbeesbeenbeesbeenbeens 453
13.4.2. TASK OVEIVIEW ..vvetiiiieiieiesti sttt e R et Rt e R e R e R e R e R e R a Rt e e e e n e nn e e m e e nenrenneaneennenne s 458
13.5. VE and AD Conversion ResuUlt REGISTEr.........coouiiiiiiiii e 470
14.  Encoder INPUt CirCUIt (ENC).......ooiiiiiiiee et e e e e st e e et e e e s e e e e s nt e e e e snnneeeeeannenees 471
g T O U111 = RSP RR 471
L322 = oY Q9= To - 1o S 471
R T =To 13 (=T - F OO PP PUPRPPP 472
14.3.1. LiSt Of REGISTETS ..o.viiiiiiiiiiiiiiie i e e bbb 472
14.3.2. ENXTNCR (Encoder Input Control REZISter)........ccecuiiiiiiiiiiiiiii i s 472
14.3.3. ENXRELOAD (Encoder Counter Reload REGISIET) ........ccciveiiiiiiieiieii e 476
14.3.4. ENXINT (Encoder Compare REZISTET) ......cccueiiiiiiiiiiiiiii i s 477
14.3.5. ENXCNT (Encoder Counter REZISET) ......ccveivieiiieiiieiieii ettt 478
14.4. Operational DESCIIPLION ...t e e e e e e e e e s e e e e e e e e e e ssnaanereaaeeeannnnnnnees 480
O T 25 1 1o o [ LY (oo PP PP TP 480
14.4.2. SENSOT IMOME ...ttt e et e e Rt R e R R e R e R e R R e R e e Rt R e R e e R e nr R R n e nre e 480
O T 10113 LY (oo P PPV PRT 481
T4.5. FUNCHION ...ttt e et e e et e e e et e e e e b b et e e e ab et e e e ab e e e e e aanre e e e e nrn e e e e annees 481
14.5.1. Mode Operation OULINE ...........cooiiiiiiiiiiiieii i e 481
14.5.2. Counter and interrupt generate operation when <CMPEN> ="1" ............cccciiiiiiniiii e 489
14.5.3. Counter and interrupt generate operation when <CMPEN> ="0" ............cccooiiiiiiiiiii e 491
14.5.4. Encoder ROtation DITECHIOMN. ......ocuiiiiiiieii ettt be bbb 493
14.5.5. COUNLET CITCUIL. . teeuteeuteesieeie ettt ettt ettt b e bt ettt b e e bt e bt e be e bt e b e e b e e b e e b e e b e e bt e be e beebeebe e bt enbeenbeenee 494
L4.5.6. INTEITUPL. ... e b e e e e e b b r e 495
15. Power-on Reset CIrCUIt (POR).......coi ittt e e e e e e e e e e e e e e s nnnrnareeaaeeas 497
LT I = (o Ted [ B = o = o IO T PP ST PP PUPPPPON 497
KT U i o T o PP PP R PRSP 498
16.  Voltage Detection CIrCUIL (WVLTD) ....cciuiiiiiie ittt ettt ettt e e 501
L E T B O U (1o = OO RR 501
ST =1 (oYl [q = To - o [ PESPRRSR 501
10 /624 2023-07-21

Rev. 1.1



TOSHIBA TMPM370FYDFG

TMPM370FYFG

LE SR T =To 13 (=T T USRI 502
16.3.1. List Of REGISTETS ...viiiiiiiiiiiiiiic e bbb bbb 502
16.3.2. VDCR (Voltage Detection Control REZISIET) .........cccivrriieiriinririeiiiii e 502
TB.4. OPEIALIONS ......coiiiiiittieee e et e e e e et e e e e e e e e e ettt e e eeeeeeeeeeeattbaeaeeaeeeaaetbbaaeeaaeeeaaaaarrraes 503
160.4.1. CONLIOL . e e s 503
160.4.2. FUNCHION .. e bbb bbb s bbb s 503
17.  Oscillation Frequency Detector Circuit (OFD) .......oooiiiiiiiiiie e 505
L7428 I o g Yo 18] =1 (o o SRR 505
A S =To 13 (=T TP PP PP PUPRPP 507
17.2.1. REEISTETS LIST. .ottt e bbb 507
17.2.2. OFDCRI1 (Oscillation frequency detection control re@ister 1)......ccoceviiiiiiiiiiiiis e 507
17.2.3. OFDCR2(Oscillation frequency detection control reister 2).......cocveviiiiiieiiiiiin e 508
17.2.4. OFDMNPLLOFF (Lower detection frequency setting register (PLL OFF)).......ccccccccviiininiiiiiic 509
17.2.5. OFDMNPLLON (Higher detection frequency setting register (PLL ON)) ......ccoovvivviiiniiininiinee 510
17.2.6. OFDMXPLLOFF (Higher detection frequency setting register (PLL OFF)) ......ccccooiininiiiiiiic 511
17.2.7. OFDMXPLLON (Higher detection frequency setting register (PLL ON)) .......cccvvivviiininininiinee 512
17.3. FUNCHON ... e e 513
17.3.1. Operation Control of Oscillation Frequency Detection CirCUIt .........cccvvirereeriiineniese e 513
17.3.2. Setting of Detection FIEQUENCY .......ccoiviiiiiiieiese et r e 514
17.3.3. Oscillation Frequency Detection RESEL..........ccviiiiriieiiiiiieie e 515

LR T U= (e g Lo [oTo T 0 o =T 1A I I T PSP RPOPRTRPPR 517
JE S TR I O 1T 1 = PO PP PRSP 517
18.2. BIOCK DIAQIAIM ...ttt ettt et e e et e e et e e et e e e e e e et e e enrn e e e e ennees 517
1S 2R TR 2 =0 153 T SRR 518
18.3.1. LSt Of REGISTEIS ...veiueeeitisiieiierie st sttt sttt st b e bt b e bbbt bt e b e et e R e b e e s e e nb e sb e e b e ese e nbesrenre e e e e e 518
18.3.2. WDMOD (Watchdog Timer Mode REZISTEI) .......ccueeveiiiiiieiie sttt 519
18.3.3. WDCR (Watchdog Timer Control REZISTEI) ........cceeueiiiiiiieiieiie sttt e 520
LS T O o T=T - i oo TSRS 521
LRI B 2 1 Lol @ 1< 15 o) WP PO P PP 521
18.4.2. Operating Mode and STAL..........cccviveiiiiiiiie e s 521
18.5. Operation when Runaway is DeteCted..........c.cooiiiiiiiiiiiie e 522
18.5.1. INTWDT GENETALION ...cuveveeieetestesieesee st ste st e et sbe st et st be st e sbesb e s be e e e nbesb e e be e b e nb e eb e e s e e sb e sbeebeeseenbesresneennenre e 522
18.5.2. Watchdog Timer ReSEt GENETAtION. .........eivereeieriisieeiieie sttt ettt sb e bbb sb e b e be e e e nresresneenenre s 523
18.6. CONrOl FEGISEN ...t s 524
11 /624 2023-07-21

Rev. 1.1



TOSHIBA TMPM370FYDFG

TMPM370FYFG

18.6.1. Watchdog Timer Mode Register (WDMOD) .........cccoiiiiiiiiiiienen e 524
18.6.2. Watchdog Timer Control Register (WDCR) .........cccciiiiiiiiiiiii s 524
18.6.3. Setting EXAMPIE .....cceiiiiiiiiii 525
19.  Op-amplifiers/Analog Comparators (AMP/CIMP) .........ooviiiiiiie e e e e 526
RS T I =] (o Tt [ ] =T = o ISR 527
L B2 5 =0 153 T SR 528
I B B o AT T <) ¢ OO UP PPN 528

J N @ 3111 o) 11 (S5 ¢ OO UP PPN 528

J R 2R TR 0107111 o3 21 () 4 TP PP UTR TR 529
LS TR T O o7 - i oo -SSR 530
24 TR o F= 1= o T o= = 110} 1 S PSE 531
20.7. FIASN IMBIMOIY ...ttt e ettt e e e e e e ettt et e e e e e e e abbb e e e e e e e e e e aasbbbeeeeaeeesaannnbeneeaaaaeas 531
20, 1.1 FRALUTES ...ttt ettt ettt ettt h e bbbt bt e h e e e b e e s bt oo Rt e e bt e e R e e s E e e AR e e o R e e nRe e e R e e ab e e nEeenb e e nbeenReenreenreenreenreens 531
20.1.2. Flash BIoCk DIagram ........ccoccieiiiiiiiiiiiii i 533
P24 I @ 0= = o] o 1, (o To =SSOSR 534
20.2.1. RESEE OPETALION ... .eeuviertiesteesteetee it et e steesteesteesteesbeesbeesbeesbeesbeesbeesbeesbeesbeesbeesbeesbeesbeesbeesbeesbeesbeenbeenbeenbeenbeenbeens 535
20.2.2. User Boot Mode (Single Chip MOGE) ......ovvviieeiiriiiiiiieieie e e nnenne s 536
20.2.3. SiNELE BOOT IMOGE .....eeeiiiiiiieieeie sttt r et r bR e s R b e e e e nnesr e neen e nrenrenne e nenre s 545
20.2.4. MOAE SN .....cuvieiiteeiieiesteeieeie sttt e s bt st e e s e sb e e R e e E e e R e e R e e R e e e R e e R e e Re e Re s ReeR e e s e e n R e nR e e Reenenrenreeneenenre s 549
20.2.5. MEIMOTY IMAP. .. .tte ittt ettt ettt ettt ekt e bt e et e ekt ek et ook bt e o a bt e ek e e ek et e oh e e e oR bt e o a b e e e b e e e ek e e e ehbe e eabe e enbe e e be e e nneeennne s 550
20.2.6. INtErface SPECIIICATIONS ..c.vvevietieiteeitieitie ittt sttt st st et e e b e e sb e e sbe e s beesbeesbeesbeesbeesbeesbeesbeesbeesbeesbeenreens 551
20.2.7. Data TransSfer FOIMAL ..........coooveiiiiiieieese e r e b nesr e ne e e srenresneenenre s 552
20.2.8. Constraints of INternal MEMOTIES. .......c.crviiriiieiiireriseese st r e sr e enesresre e ennenre s 552
20.2.9. Transfer Format of the BoOt PrOZram ..........coiiiiiiiiiiiiiiiciee ettt sttt sree 552
20.2.10. Operation Description 0f BOOt PrOZIaAM .......cc.oiiiiiiieiiiiiice i 556
20.2.11. Flowchart of Entire BoOt PrOZIam .........coiiiiiiiiiiiiiieie e nn s 570
20.3. Flash Memory Write/Erase in Onboard Programming ..........ccooueeiiiiiiiieiniiie e 571
20.3.1. FIaSh MEIMOTY ..vviiiiiiciieie ittt r ek n e R R r e nr e re e nr e nr e e e nenre s 571
20.3.2. Address Bit Configuration during Bus WIite CYCle........coviiiiiiiiiiiiiiiiiicecs e 581
21, Protect/SecUrity FUNCHON .........uiii et ettt e e be e e e e eareeeeenes 586
20 0t T O T 1 1 TSR 586
2702, FAIUIES. ... ettt ettt R e et R e e e b et e e et e R n e e n et e nreeennre e 586
21.2.1. Writing/erasing protect of internal ROM (F1ash) .........cccooiiiiiiiiiiii e 586
21.2.2. SECUIILY TUNCLION ......veveeiiiti ettt r e r et r e nr e e nr e nre s 586
12 /1624 2023-07-21

Rev. 1.1



TOSHIBA TMPM370FYDFG

TMPM370FYFG

A IR B S L= 1] (=T = TSRO PRP PP 588
21.3.1. REEISTETS LIST.. it 588
21.3.2. FCSECBIT (S€CUTILY DIt TEZISTEI) ..veuvevviviiririieiisrisresieeee sttt et snenr e 589
21.3.3. FCFLCS (F1ash CONIOl FEZISEEI).....ueeueetiiteriieiestestesieesiestesiesee st st sieessesbesbesseesbesbesbesssesbesbesseesbesbeseesseenneseeas 590
21.4. Setting/Releasing MEthOQ ...........ccooiiiiii i e e s e e e st e e e s nnraeeeesnneeees 591
21.4.1. Writing/erasing protect of internal ROM (FIash) .........cccocoiiiiiiiiiiii i 591

B B A 1< et b a1 o L PP PR TP PSRN 591
P 0 1= o 10 Lo [ 01 (=3 7= Lo PR RRPPTRRRN 592
2 I O U111 T RSP SUSSTRI 592
0 T O AL ) PSP PR TP PRTTN 592
0 B g L PSP PR TP 592
22.2. PiN FUNCHONS .....eeiiiieite ettt et st e e e st e e s et e e s e e e e e n e e e e annneee s 593
22.3. Connection With DebUQG TOOL.......ccii et e e e e e e e e e e e e e e e nnnnnneneeeeeeeas 595
B B R 0312 1S 15 e o PSR TP 595
22.3.2. Notice When Debug Interface Pins are Used As General-purpose Port..........cccovvveiiiiiininiin e 595
22.3.3. Peripheral Functions Operation During HALT Mode (Stop Execution of Program In Debugging)............. 595
23.  Port Section Equivalent Circuit SChematic .........ooooiiiiiiiii e 596
231.PAOto7,PBOto 7,PCOto 7,PD0to 6, PEOto 7, PFOt0 4, PGO 10 7...couvvieiiiiieieiee e 596
23.2. PHO t0 7, P10 10 3, PJO t0 7, PKO, PKT .ottt a e e 597
P2 TR T e TR I PSP OTP PRI 598
pAC T T = O TR 598
A R T R SO ROTPPPPPPP 599
B G T ] i SR 599
A T |V (O ] SRR 599
23.8. VREFHA, VREFHB, VREFLA, VREFLB ...ttt e e 600
23.9. AMPVDDS5, AMPVSS, CREFABC, CREFD.........ooiiiiiiiiiiee ettt 600
P2 T LY 10 I I o TV 10 N 5 TSRS 601
24.  Electrical CharaCteriStCS ........coiiiiiiiiiiiie ettt nere e s 602
24 1. Absolute Maximum RatINGS .........ooiiiiiiiiiii e e e e e annee s 602
24.2. DC Electrical CharaCteriStiCs (1/2) .....eoue ittt e s eneee s 603
13 /624 2023-07-21

Rev. 1.1



TOSHIBA

TMPM370FYDFG

TMPM370FYFG

24.3. DC Electrical Characteristics (2/2) (Current ConsumMpPtion) ..........oooiiieiiiiiiiiie e 604
24 4. 12-bit analog-to-digital Converter CharacteristiCS..........ooviuuiiiiiiie e 605
24.5. Op-amplifiers Electrical CharacteriStiCs ...........cuiiiiiiiiii e 606
24.6. Analog Comparators Electrical CharacteristiCS..........uueiiiiiiiiiiiiic e 606
24.7. AC Electrical CharacteriStiCS .........coiuiiiiiiiiiie et e e e e e e sneeee s 607
24.7.1. AC Conditions fOT MEASUTEINIEIE ........cciuuiiireiiiieeitie ettt e st et e st e sbe e sbbe e ssbeesbe e e sbee s sbeeesbbeesabeesabeeesbeeesbeeesnbeas 607
24.7.2. Serial Channel (SIO/UART) ....cuiiuiiiiieie ittt bbb b e bbb e e b e b be e b e sbesbesneebe e 608
24.7.3. 16-bit Timer/Event Counter (TIMRB) ........cooiiiiiiiiiiiieie ittt sre e nre s 610
24.7.4. External INterrupt PiN........ccoooiiiiiiiii 611
24.7.5. Debug COMMUNICALION .....viviiiiiiiiiiiiisiie st r e e bbb e b b e bbb sbe b nre s 612

24 8. FIash CharaCteriStiC. ........uueiiiiiiiii ettt ettt e e e e s b e e e e s anbe e e e e annreeeas 614
24.9. Sample OSCillation CIrCUIL .........ueiiiiiiie et e e e s st e e e s sabe e e e s anteeeessnneeeeas 614
24.10. CramUiC MESONALON ....ceiiitiiie ettt e ettt ettt e e ekttt e e st be e e e e et b et e e e bbb e e e esbe e e e s anbeeeeeaanbeeeesanbeeeeeannneeeas 615
24.11. NOtICE WhHEN POWET ON ...ttt ettt st e e s st e e e s st e e e s snbeeaeeanseeeeesnneeeeas 616
24.11.1. Port L (PLO and PL1) State When Supply Voltage RiSes..........ccoovviiiiiiiiiiiiciii e 616
24.11.2. When the external r€Set 1S NOT USEA ......uviiveiiiiiiiiie ettt e st e sr e sabe e sbe e e sbeeesraeesnees 617
24.11.3. When using an eXterNal TESEL..........cuccuiiiiiiiiie i e 618

25. Package DIMENSIONS. ........uuiiiiiieeiiiiiiie it e ettt e e e e e e e e e e e e e s asssaraeeeeaeeeaaasssaeneeeaeeeeaasssssanneaaeeeannnnes 621
25.1. Type: QFP100-P-1420-0.85Q) .......eeeiiiieitiieiiieeciee et e ettt se e ste e st e e staeessteeasaeesnteeessseesseeesnseeensseeans 621
25.2. Type: LQFP100-P-1414-0.50H...... .o ittt ettt e e et e e st e e s maeeeneeesneeeesneeeans 622
26.  REVISION HISTOMY .....eiiiiiiieiii ettt e et e e st e e e b n e e e s anreeeeeae 623
RESTRICTIONS ON PRODUGCT USE.......oiiiiiiiiiieiiie ettt see ettt e sseeesseeeesseeeateeesneeeesneeeanneeesnneeenneeeans 624
14 /624 2023-07-21

Rev. 1.1



TOSHIBA TMPM370FYDFG

TMPM370FYFG
List of figures

Figure 1.1 BlOCK QIAZIAIM. .....ciiiiiiieiiiitii ettt e nn e 31
Figure 3.1  MEMOTY MAP .ouiiiiiiiiiii b bbb 45
Figure 5.1  Clock BIOCK DIQZIAIM .....c.coiiiiiiieiiiiiie et 55
Figure 5.2 PLL setting sequence after TESEL ........cooviiiiiiiiiiiii e 56
Figure 5.3 Mode Transition DIaGIam..........cccccuiiiiiiiiiiinii et 59
Figure 5.4 Transition of operation modes: NORMAL — STOP — NORMAL ........c..coooiiiiiiiiiciien, 67
Figure 6.1 Handling FIOWCRAIt .........ccciiiiiiiiiiii e 69
Figure 6.2 Stack After Completion of Stack Push ..........cccciiiiiiiiii e, 73
Figure 6.3 Interrupt Request ROULE.........cciiiiiiiiiiiiic s 78
Figure 6.4 Handling FIOWChArt ... s 85
Figure 8.1  POTt TYPE T coiiiiiiiiiie e 182
Figure 8.2 POTt TYPE T2 oo e bbb 183
Figure 8.3 POrt TYPE T3 oo 184
Figure 8.4  POTt TYPE T4 .o e 185
Figure 8.5 POTt TYPE TS oo 186
Figure 8.6 POTt TYPE TO c.oiuiiiiiiiiiiie e 187
Figure 8.7  POTt TYPE T7 cviiiiiiiiie e e bbb 188
Figure 8.8  POTt TYPE T8 ..o e e e 189
Figure 8.9 POt TYPE TO .o e 190
Figure 8.10  POTt TYPE TLO ..cueiiiiiiieee e e 191
Figure 8.11 POt TYPE T ..o 192
Figure 8.12  POTt TYPE T12 ..o e e 193
Figure 8.13  POIt TYPE T13 ... e 194
Figure 8.14  POTt TYPE T14 ....ooooiiie e e e e 195
Figure 8.15  POTt TYPE TIS ..o e 196
Figure 8.10  POTt TYPE TLO ..cueiiiiiiiiie e 197
Figure 8.17  POTt TYPE T17 ..o e e 198
Figure 8.18  POIt TYPE TL8 ....ooiiiiiiiieiiieee e st sr e nr e nn e seeenenre s 199
Figure 8.19  POIt TYPE T1O ..o e e nr e n e nre s 200
Figure 8.20  POIt TYPE T20 .....ooiiiiiiiieiiiiieee et et r e sr e nr e sr e seeenenre s 201
Figure 8.21  POTt TYPE T21 ..ot sr e nr e nn e nre s 202
Figure 9.1 TMRB BlOCK DIQGIAM ....c.ooiviiiiiiiiiiiiiicii e 205
Figure 9.2 Output Waveforms in 16-bit Programmable Square Wave Output (PPG) Mode..........cccccovvvnircveninnnne 222
Figure 9.3 Register Buffer OPeration...........ccooiiiiiiiiiiiiiiici i 222
Figure 9.4 Output Circuit in 16-bit Programmable Square Wave Output (PPG) Mode...........ccovvvvveviniiniicecninnns 223
Figure 9.5 Square Wave Output in External Trigger Programmable Square Wave (PPG) Output Mode .............. 224
Figure 9.6 Square Wave Output from External Signal Using Free-running Counter (with Delay) ..........cccocevueee 225
Figure 9.7 Measuring the "High" Level-Width of TBXIN Pin Input Pulses..........cccoceiiiiiiiiiniiiiccveeie 227
15 /624 2023-07-21

Rev. 1.1



TOSHIBA

TMPM370FYDFG

TMPM370FYFG

Figure 10.1  SIO/UART BIOCK DIa@ram..........ccciiruirieiiiirinieieine et 229
Figure 10.2  Data FOIMAt .......cooiiiiiiiiii i e e 247
Figure 10.3 Configuration of Transmission/Reception Buffers and FIFO...........cc.ccoccovinininciniincine 260
Figure 10.4 Reception Buffer Operation..........ccccoviiiiiiiiiiiiiiii i 265
Figure 10.5 Reception FIFO OPeration .........ccooiiiiiiiiiiiiiiiii i e 266
Figure 10.6 Generation of Transmission Clock in UART Mode............ccoovririiiniininiciincese s 268
Figure 10.7 Transmission Buffer Operation...........cccccoiiiiiiiiiiiiiiii 269
Figure 10.8 Transmission FIFO Operation .........cc.cccoiiiiiiiiiiiiii i 270
Figure 10.9 Handshake Function CONNECHION ...........ccviiiriiiieiiiire e s 272
Figure 10.10  CTS Signal TIMING .....cciiiiiiiiiiiiiiiiii i 273
Figure 10.11 Reception Operation Data Flow and Read Path.............cccooviiiiiiiiiiie 274
Figure 10.12 Transmission Operation Data Flow and Write Path...........cc.ccoccoiiiiiiie 275
Figure 10.13  SIO Mode Reception Operation (When SCLKx Pin Output is Used for Transfer Clock)................ 279
Figure 10.14  SIO Mode Reception Operation (When SCLKx Pin Input is Used as Transfer Clock).................... 280
Figure 10.15 SIO Mode Transmission Operation (When SCLKx Pin Output is Used for Transfer Clock) .......... 282
Figure 10.16  SIO Mode Transmission Operation (When SCLKx Pin Input is Used for Transfer Clock)............. 284

Figure 10.17

Figure 10.19
Figure 10.20
Figure 10.21
Figure 10.22
Figure 10.23
Figure 11.1
Figure 11.2
Figure 11.3
Figure 11.4
Figure 11.5
Figure 11.6
Figure 11.7
Figure 11.8
Figure 11.9
Figure 11.10
Figure 11.11

SIO Mode Transmission/Reception Operation (When SCLKx Pin Output is Used for Transfer Clock)

.............................................................................................................................................................. 286
SIO Mode Transmission/Reception Operation (When SCLKx Pin Input is Used for Transfer Clock)
.............................................................................................................................................................. 288
Mode 1 (7-bit UART MO@) ......ccuirririiiiiiiiriieisit sttt 289
Mode 2 (8-bit UART MOE) ......ccvirririiiiiiiitiieisit sttt 290
Serial Link with Wake-up FUNCHON .........cccoiiiiiiiiic e 291
Ist Frame Format for Wake-up FUNCHON ...........ccoviiiiiiiiiic e 292
2nd Frame Format for Wake-up FUNCtion...........ccocvcviviiiiiiicii e 292
AD converter BIock DIagram ..........ccooiiiiiiiiiii i 294
PMD Trigger Program REZISTELS .......cccovviiiiiiiiiiiiii e 317
Timing Chart 0f AD CONVEISION.......cccciiiiiiiiiieie e e 351
Software Trigger AD Conversion Timing Chart..........cccooviiiiiiiiiiiec e 353
Writing "0" to <ADEN> during Software Trigger AD COonversion..........ccoovvveveviinenceeninnneseesennes 353
Constant Conversion Timing CRATt ..........ccoiiiiiiiiiii e 354
AD Conversion by PMD Trigger During AD CONVEISION........ccccviiiiiiieiiiinieee e 355
AD Conversion by Timer Trigger During AD CONVETISION........ccccvriiiiieiiiiieeie e 355
Example Circuit When Using PMD ChO (3 Shunts) and One AD Converter (UnitA) .........cccceevnenne. 356
Example Circuit When Using PMD chO (3 shunts) and two AD converters (unit A and B).......... 357

Example Circuit When Using PMD chO (3 shunts), chl (1 shunt) and two AD converters (unit A

331 B S T PO U P PPR PP PPRPPROPN 358
Figure 11.12 Example Circuit When Using PMD chO (1 shunt) and one AD converter (Unit A).........ccoevveverrinnens 360
Figure 12.1 In Conjunction with PMD, ADC, AMP/CMP and VE..........ccccooiiiiiiiiiiiiii e 361
Figure 12.2  PMD BIOCK DIQGIAM ......eeviiiiiiiieitieitieitee ittt bbbt bbb b e sbe e sbeesbeenbeenreenre e 362

16 /624 2023-07-21

Rev. 1.1



TOSHIBA TMPM370FYDFG

TMPM370FYFG

Figure 12.3  Pulse Width Modulation CIrCUIt .......cccciiiiiiiiiiiiiiii 367
Figure 12.4 PWM Waveforms of Sawtooth and Triangle Waveform...........cccoccovviiiiiiiiiiiii 368
Figure 12.5 Conduction Control CITCUIL ........cciiiiiiiiiiiiniii i 378
Figure 12.6  Protection Control CIrCUILt.........ccciiiiiiiiiiii i 382
Figure 12.7 Dead TIMe CIrCUIL......ccciiiiiiiiiiiiiiii i s 394
Figure 12.8 Synchronous Trigger Generation CirCUIt.........ccociiiiiiiiiiiii i 398
Figure 13.1 Block Diagram of Vector Control..........cciiiiiiiiiiiiii i 404
Figure 13.2  Configuration 0f VE ......cccociiiiiiiiiii 405
Figure 13.3 Interaction among VE, PMD and ADC ........c.cccciiiiiiiiiiiiii s 407
Figure 13.4 Motor Control Operation FIOwW EXample...........ccccviiiiiiiiiiniici s 453
Figure 13.5 Operation Transition in Operation Schedule...........ccoccviiiiiiiiiiii e 456
Figure 14.1 Block diagram of encoder input CIrCUIt ........cooceeiiiiiiiii i 471
Figure 15.1 Block Diagram of POR..........ccccoiiiiiiiiiiii 497
Figure 15.2 Operation Timing of Power-on reset (1/2) ..o 499
Figure 15.3  Operation Timing of POWer-on 1eSet (2/2).......ccccciiiiiiiiiiiiiiii i 499
Figure 16.1  Voltage Detection CIrCUIL.......ccccuviiiiiiiiii i e e 501
Figure 16.2  Voltage detection tIMING ........ccccueiiiiiiiiiii i e 504
Figure 17.1 Initial Value of Detection Frequency Range (PLL OFF) ........cccccoiiiiiiiiiiii e 506
Figure 17.2 Initial Value of Detection Frequency Range (PLL ON).......ccccociiiiiniiiiiini e 506
Figure 17.3  Oscillation Frequency Detector CIrCUIL ........cc.cveiiiiiiiieiiii e 506
Figure 17.4 Operation of Oscillation Frequency Detection Circuit in each Mode ...........cccccoviniiiiiiiiiiiiciie 514
Figure 17.5 Oscillation Frequency Detection Reset TIMING .........ccccvviiiiiiiiiiiiiccs e 516
Figure 18.1 Block Diagram of WDT .......ccoooiiiiiiiii e e 517
Figure 18.2 Timing of INTWDT GENEIation ........cceccuiiiiiiiiiiiiii it 522
Figure 18.3 Timing of Watchdog Timer Reset GENeration ...........ccceiiiiiiiiiiiiisie i 523
Figure 19.1 Op-amplifiers and Analog Comparators Connection Diagram............cccccvvviiiniiiiininiieiiinieseeie 527
Figure 19.2 Op-amplifier and Analog Comparator Configuration...........c.ceceviiiineciininiese e 530
Figure 20.1  Flash Block Diagram ...........cccccoiiiiiiiiiiiiiiiii s 533
Figure 20.2 Mode Transition Diagram..........cccccviiiiiiiiiiiiii 535
Figure 20.3  MeEMOTY MAP c..oouiiiiiiiiiciii et 550
Figure 20.4  Serial Operation Mode Determination Data ............ccccovciiiiiiiicii i 565
Figure 20.5 Reception flowchart of Serial Operation Mode.........cccceiiiiiiiiiiiiiicic e 567
Figure 20.6  Flowchart of Serial Operation Mode Determination .............ccocovviiiiiiiinii e 568
Figure 20.7 Flowchart of Password Area Check...........ccocoiiiiiiiiiiiiiii 569
Figure 20.8 Flowchart of Entire BoOt PrOgram...........cccoiiieiiiiiiiieii e 570
Figure 20.9  Block CONfIGUIALION .....coviiviiiiiieiiiiiieci i nre s 572
Figure 20.10  Automatic Program.........ccccooiiiiiiiiiiiiiiii i 584
Figure 20.11  Automatic Erase.........cccooiiiiiiiiiiiiiii 585
Figure 24.1 Timing Chart When Transfer Clock is Input on SCLKX Pifl.....cccooiiiiiiiiiiiiiiiinee e 609
Figure 24.2 Timing Chart When Transfer Clock Is Output on SCLKX Pinl......cccooveiiiiiiiiiiiiinee e 609
17 1624 2023-07-21

Rev. 1.1



TOSHIBA TMPM370FYDFG

TMPM370FYFG

Figure 24.3  Timing Chart of EVENt COUNLET ..........ccvcciiiiiiiiieiie s s 610
Figure 24.4 Timing Chart of Capture........cccoiiiiiiiiii e 610
Figure 24.5 Timing Chart When Using External Interrupts Other than the following...........c.ccccoonininiiiiinnnnn, 611
Figure 24.6  Timing chart When Releasing STOP Mode by External Interrupt Pin...........ccoooveeiinincnecinnnnnn, 611
Figure 24.7 Timing Chart 0f JTAG/SWD ......ccoiiiiiiiiiiieccs s 612
Figure 24.8 Timing Chart Of ETM tracCe ........ccciiiiiiiiiiiiiiiii i 613
Figure 24.9 Example of high-frequency 0sCillation CITCUIL.........c..erveveiiinreiccse s 614
Figure 24.10 Power-on sequence (without external reset).........ccoovvviiiiiiiiiiiii 617
Figure 24.11 Timing chart when releasing external reset is earlier than releasing POR reset ...........cccccccovvnnenee. 618
Figure 24.12 Timing chart when releasing external reset is slower than releasing POR reset............ccccoccovvnnenee. 619
Figure 24.13 Timing chart when tpyvpp is longer than thwup ......ccoevviiiiiii e 620
18 /624 2023-07-21

Rev. 1.1



TOSHIBA TMPM370FYDFG

TMPM370FYFG
List of tables

Table 1.1 PrOUCES LASES .o.viuveiiiiiiriieieitite ettt et r e nr e en e nr e 30
Table 1.2 Signal connection List: SIO/UART ........cciiiiiiiiicinti e 34
Table 1.3 Signal connection List: TMRB........cccooiiiiiiiiic e 35
Table 1.4  Signal connection List: ADC/AMP/CMP ........ccoiiiiiiiiiiiciii e 36
Table 1.5 Signal connection List: INT/PMD ........cccioiiiiiiiieiii e 37
Table 1.6  Signal connection List: ENC/DEBUG/Control Pin/Power Supply .......c.ccoovveiiinininiiiineecseneee 38
Table 1.7 Power supply type and SUPPLY PINS ....coverveiiiiinieieisise s e 39
Table 2.1  COTE REVISION......c.cciiiiiiiiciiiiite ettt r e r e nr e 40
Table 2.2 Configurable options and their implementations ..........cc.cceciiiiiiieiiiii s 41
Table 3.1  Details Of SFR .....ociiiii 46
Table 5.1 Range of high-speed frequency (Unit: MHZ)..........ccooiiiiiiiiiiiiici 58
Table 5.2 Pin States in the STOP MOde........c.ccciiiiiiiiiiiiiic s 61
Table 5.3 Low-power consumption Mode SELHNEG .........cciiieiiiiiiiiiei i s 62
Table 5.4 Operational Status in Each Mode..........ccocciiiiiiiiiiii e 63
Table 5.5 Release Source in EaCh MOdE.........ccooiiiiiiiiiiiii s 64
Table 5.6 Warming-up setting in mode transition ..........c.covceeiiiiiiiiiei i 66
Table 6.1 Exception Types and PriOTity .......cccociiiiiiiiiiii i s 71
Table 6.2 Priority GIOUPING SEHNE ......cviiviiieiiiiiiieie s e s 72
Table 6.3 Configuration 0f VEector Table ..........cccoiiiiiiiiiiiii s 74
Table 6.4 List of Interrupt Source (Non-maskable INtEITupt) .......cccceviiiiiiiiiiiiic e 81
Table 6.5  List Of INTEITUPL SOUICE ......viviiiiiiiiii i e 81
Table 6.6  Setting Interrupt Mask REZISTET .........cciviiiiiiiiiic s 86
Table 6.7  Setting NVIC TEZISTELS .....ccviiviiiiiiiii it e sre s 87
Table 6.8  Setting for External INterrupt Pinl........cocoiiiiiiiiii s 87
Table 6.9  Setting for Interrupt Set-Pending ReIStEr .........ccoeviiiiiiiiiii e 88
Table 6.10  SettiNg fOr CG ...ocuviiiiiiiiie e s 88
Table 6.11  Setting Enabling CPU'S INTEITUPL .......ooiiiiiiiiiiicie e e s 89
Table 6.12  Address of Interrupt Priority ReZISIEr .........coviiiiiiiiiiiii e 113
Table 6.13  Configuration of Interrupt Priority Register for Interrupt Numbers 0 t0 3.........ccoovviiieniiininicninnns 114
Table 6.14  Address of System Handler Priority REISTET ..........cvvviiiiiiiiiiiiiiicc e 117
Table 6.15 Configuration of System Handler Priority REZISTEr .......c.cccviiiiiiiiiiiiiicinc e 118
Table 7.1 BUII-IN LIST ..ot e 133
Table 7.2 BaSE AdAIESS ...uivueeiiiriiriiieii i 133
Table 7.3 BUII-IN LIST...iiiiiiiiiiiicec e 134
Table 7.4  BasE AdAIESS ...ueiueiiiiiiiriiiei i 134
Table 7.5  BUilt-n LISt (1/2) woviiiiieieiiiiie e 135
Table 7.6 BUIt-IN LISt (2/2) c.veeitiiiiiiiiieitieitieieerte ettt bbbt bbb e e sb e e sb e e sb e e sbeesbeenbeenreenreenree s 135
Table 7.7  Base AdAIESS (1/2) .ecueiiiieiieiieiieieeste ettt b e bbbt b e bt e b b e e sb e e nb e nb e e b e nreenreenree 135
19 /624 2023-07-21

Rev. 1.1



TOSHIBA TMPM370FYDFG

TMPM370FYFG

Table 7.8 Base AdAIESS (2/2) ..ooueiueieeiieiieiieeie ettt st st bttt b e s b e e e b e s b e e bt e b e s R s be e Re e R eRe e Re e e R nReeneenenre s 135
Table 7.9 BUII-IN LAST ..eiiuiiiiiiiitiitieieie ettt bbbt b bbb bt s bt ekt sb e s bt e se e s b e sb e e be e b e sbenbeennenbe e 136
Table 7.10  Base AdAress (1/2) ..uoiuiiieieieiieiere ittt b e bbb b e e b besb e e se e besb e e be e b e sbesbeeneebenre s 136
Table 7.11  Base AAIESS (2/2)...uiiueiieiiiieiiieieite sttt sttt b e sb ettt b e s bt sb e b e s b e e be e b e s besb e e beesbesbesbe e b e sbesbesneebenrens 136
Table 7.12  Function pins and POTTS .........ceeveviiiinririeinese et nr e snenr s 137
Table 7.13  Connection with Input/output Signals and Peripheral Functions (1/2) ......c.ccoceeviiiineniieienenesienennene 138
Table 7.14 Connection with Input/output Signals and Peripheral Functions (2/2) ........ccoceeveiiinenieenenienenienennens 139
Table 7.15  BUII-IN LIS .iutiiuiiiiitiitiiieie ettt b et b bt sb e b bt b e et e s be s b e e se e e b e sb e s be e b e sbenbeannebenre s 140
Table 7.16  BaS@ AQAIESS ..eueeueiiiitiiiieieite sttt sttt bbbt bt e s b e b e s b e e bt et s Resb e Re e be b e Re e b nbenbeeneene e 140
Table 7.17  Function pins and POTS .........cerverviirirriieinine ettt sr e srenr s 141
Table 7.18 Connection with Input/output Signals and Peripheral Functions ..........ccccccooviniiiiiieiineie 141
Table 7. 19 BUIIt-IN LIS .ecutiiitiiitiiitieitieiteeie ettt ettt r e sr e bt sb e e s be e sb e e sbe e sbeesbeesbeesbeenbeenbeenreen 142
Table 7.20  Base AdATESS ....ccoveeiieiieitieitieie ettt r e r e b e r e r e b e b r e b nE e nre e nre e nreenreenree 142
Table 7.21  Function pins and ports (1/2)......ccccciiiiiiiiiiiiiiii e 143
Table 7.22  Function pins and Ports (2/2)......ccccciiiiiiiiiiiiiiici i 143
Table 7.23  Connection with Input/output Signals and Peripheral Functions ..........c.ccccooviiiiiiiiniciinieie 144
Table 7.24  BUIt-IN LISt ...cuiiiiiiieiieieeieeie ettt r e b b e e s b e e sb e e sr e e sb e e sreesreenre e nreenreenree 145
Table 7.25  Base AQATESS ....ecvieiieiieitieitieie ettt h et h et h e E e E e E e nb e nr e nre e R e nreenreenree s 145
Table 7.26  Function pins and POIS ........cciiieiiiiiiiii i e 146
Table 7.27 Function pins and POIS ........cccciieiiiiiiiiiie i 146
Table 7.28 Connection with Input Signals and Peripheral FUnctions ............ccocovvviiiiiiniiiee e 147
Table 7.29 Connection with Input Signals and Peripheral FUnctions ...........ccccovvivviiiiiiiiiiiee e 147
Table 7.30 Connection with Output Signals and Peripheral FUnctions.............ccocvcveiiiiniiiiiieee 148
Table 7.31 Connection with Output Signals and Peripheral FUnctions.............ccoovceeiiiininiiiicccece 148
Table 7.32  BUI-IN LISt ..eouiiiiiitiiieitie ettt bbbt b e b b e s b e e sb e e sb e e sbeesb e e sbeesbeenreesreenre e 149
Table 7.33  BaSE AQAIESS .. .ecvieiieiieitieit ettt bbb bbbt b b e b b e nbe e nhe e nreenreenree s 149
Table 7.34  BUIIt-IN LISt ...cuiiiiiiiiiieiiei ettt b e bbb e s b e e sb e e sb e e sb e e sbeesbeesbeenreenreenree 150
Table 7.35  BaSE AQAIESS .. .coviiiietieitieiti ettt bt bbbt b b e bbbt b b e nbe e nhe e nreenreenre e 150
Table 7.36  Function pins and POIS ........ccccieeiiiiiiiiiie i s 151
Table 7.37  BUI-IN LSt ..eouiiitiiitiiitieitieieie ettt b e sb e b e b e sb e e sb e e sbeesb e e sbeesbeesbeenbeenbeenree 152
Table 7.38  BaSE AQAIESS .. .ecvieiieitieitieitie ettt b bbb bt bbb e bbb b e nbe e nre e b nae e 152
Table 7.39  BUIIt-IN LSt ...cuiiitiiiiiiiiiiie ittt sttt b e bt e sb e e sb e e sb e e sb e e sbeenbeenbeenbe e nbeenree s 153
Table 7.40  Base AQAIESS ....coviiiieiieitieitieite ettt h e bbbt bbb b bt b e b nbe e nbe e nb e nreenree s 153
Table 7.41T  BUII-IN LSt ...cuiiiiiiiiiieiie ettt b e bbb bt sb e e sb e e sb e e sb e e sbeesbeesbeenbeesbeenbee s 154
Table 7.42  Base AQAIESS ....ccivieiieiieitieiti ettt b e bt bbbt bbb e e b e b b e b e b e e nbe e b e naee s 154
Table 7.43  Function Pins and POTS ........ciieiieriiiiiieieii ettt sresre e nenre s 154
Table 7.44  BUIIt-IN LSt ...cuiiiiiiiiiieiieiiei ettt b e bbbt e sb e e sb e e sb e e sb e e sbeesbeesbeenbeesbeenree s 155
Table 7.45  BasE AQAIESS .. .cciviiiieiieitie ettt b e bt bbbt b e bbb e nb e nb e b e b e e nbeenreenaee s 155
Table 7.46 AMP Function Pins and Ports ..........ccccoccciiiiiiiii 156
Table 7.47 CMP Function Pins and POItS..........ccciiiiiiiiiiiiii s 156
20 /624 2023-07-21

Rev. 1.1



TOSHIBA TMPM370FYDFG

TMPM370FYFG

Table 7.48  BUII-IN LIS ..uiiuiiiiiiiitiiieie ittt sttt b e b e b bbb e s be e e e s Re s b e e seesbesresbe e b e sbesbesnnenbenre s 157
Table 7.49  BaS@ AQAIESS ..o.veiueiitiitiiiieieite sttt sttt bbbt bt s b e b e b e he e b Re b e e e bR Rt e bR nReene e b nre s 157
Table 7.50 Flash Memory Block CONfigUIations ..........ccoerveieiiinriiieisise s 157
Table 7.51 Macro code With ID-Read..........cccoiiiiiiiiiiic s 158
Table 7.52 Used Resources in Single Boot MOGE.........cccooiviiiiiiiiiciiii s 158
Table 7.53 RAM AdAress RANZE..........cocviviiiiiiiiicict it 158
Table 7.54  BUII-IN LIS ...uiiuiiiiitiitiiieie ittt sttt bt b bt sb e bt b e s he et sb e sb e e s e e b e sb e e be e b e sbenbesnnebenne s 159
Table 7.55  BaS@ AQAIESS ..oueeuiiieiitiiiieieite sttt bbbt b e s bbb e b e et Re b e e bR Re e bR nbeene e b nre s 159
Table 7.56 Debug INterface Pin LiSt .......ccccoviiiiiiiiiiciiii s 160
Table 8.1 Signal connection list: SIO/UART .........coveoiiiiiiici s 162
Table 8.2  Signal connection list: TMRB ........cccoiiiiiiiiiiii 163
Table 8.3  Signal connection list: ADC/AMP,CMP .......ccoooiiiiiiiiiii 164
Table 8.4  Signal connection list: INT/PMD ........ccciiiiiiiiiiiii i 165
Table 8.5 Signal connection list: ENC/DEBUG/FLASH..........coooiiiiiiiiiiiii e 165
Table 8.6 ReEGISTET LSt (1/2).riitieiiiiiieitieiiieiee ittt sr e b b e e bt e s b e e s b e e sbe e s beesbeenbeenbeesreenreen 168
Table 8.7  REGISTET LISt (2/2)..uieteeiiiitieitieitie ittt h et b e sb e s bt sbe e s bt e s b e e sr e e st e e sbeesbeesbeenbeesreenneen 168
Table 8.8  POrt A re@iSters SEHIZ. .....coiuiiiiiiiiie i 170
Table 8.9  Port B re@iSters SEHNG ......ccoviiiiiiiiiiiiic e 171
Table 8.10  Port C re@iSters SELINE ....ccviiviiiiiieiiiii i e 172
Table 8.11  POrt D re@iStErs SEHING ....c.ovviiviiiiiiii i 173
Table 8.12  Port E T€ZISTErS SEHINE.....cviiviiiiiiiiiiti i 174
Table 8.13  Port F re@iSters SELINEZ .....c..oiiiiiiiiiiii i e 175
Table 8.14  Port G reiSters SN ....c.viiviiiiiiiii i e 176
Table 8.15  Port H regiSters SN .......ooiiiiiiiiii e 177
Table 8.16  Port I TEZISTErS SEHNE.....ccviiviiiiiiiiii i e 178
Table 8.17  Port J re@IStErs SEIHINE ....coviiviiiiiiiiii it e 179
Table 8.18  Port K re@iSters SEHNG .......ooiiiiiiiiii i 180
Table 8.19  Port L re@iSters SEHINZ.....ccuiiiiiiiiiiiii i 180
Table 9.1 Resolution of Output Clock from Prescaler (fc = 80MHZ) ........cccceeiiiiiiiiiiici e 217
Table 10.1  DiviSion Value SEHNE........cccviiiiiriiiiiieie e nre s 236
Table 10.2  Modes and Data FOIMALS.........ccccueiiiiiiiiii e 246
Table 10.3 Resolution of Output Clock from Prescaler (fc = 80MHZ) (1/2) ..oooeiiiiiiiiiiiiiieeeeenee e 250
Table 10.4 Resolution of Output Clock from Prescaler (fc = 80MHZ) (2/2) ..ccveoiieiiiiiiiiiiieieeeesee e 251
Table 10.5  Settable DivISION VALUES........cccviiiiiiiiiieie i 252
Table 10.6 Register Settings for Transfer Clock that Can be Used in SIO Mode .........ccoooeiviiniiiiniiiiiinicieeniens 253
Table 10.7 Register Settings for SIOCLK Clock which Can be Used in UART Mode .........ccocevevriiiiinenninninns 255
Table 10.8 Example of Baud Rate in UART Mode. (Unit: KBPS) ..cccooiiiiiiiiiiiiiiciec e 257
Table 10.9 Example Baud Rate in UART Mode (Unit: KDPS).......cveoveiiiiiiiiiiiiiccciese e 258
Table 10.10  Serial Transfer Mode and Buffer Configuration............ccooveiieiiiiiiiin e 260
Table 10.11 Transfer Mode and FIFO Configuration............cccoueieeiieiieiieiee et sree e 261
21 /624 2023-07-21

Rev. 1.1



TOSHIBA

TMPM370FYDFG

TMPM370FYFG

Table 10.12  EITOT FIAZS......coiiiiiiiiciii ettt r e 262
Table 10.13  Buffer Configuration and INTRXxX Generation Timing ..........cocvecvririnreenineneneiesese e 274
Table 10.14 Conditions for INTRXx Generation when FIFO is Enabled............cc.coevvinininciiiee 275
Table 10.15 Buftfer Configuration and INTTXxX Generation Timing ...........coceevviirinerinininneneienene s 276
Table 10.16 Conditions for INTTXx Generation when FIFO is Enabled ............ccocoeiiinininciiieee 276
Table 10.17 Timing of Error Interrupt Generation in SIO Mode..........ccoiiiiriiiiiiiiiccci s 277
Table 10.18  Error Interrupt Generation Timing in UART MoOde .........cccoiiiieiiiiiicccn s 277
Table 11.1  Program NUMDET SELECL ..........eiveiiiiiiiiicise et 324
Table 11.2  Select the AIN PINl ....ociveiiiieciee e ettt 330
Table 11.3  Select the AIN PINl ....ociiciiiicce et 337
Table 11.4  Select the AIN PiN .....ccoceeiiiiiiii e 341
Table 11.5  Select the AIN Pin .....ccocciiiiiiiiiiie e e 345
Table 11.6 AD conversion time and delay time (SCLK = 40MHZ) ..........cccooeiiiiieiiciec e 351
Table 11.7 Example of AD Converter Unit A SEHNES.......ccceviiiiiiiiiiii e 356
Table 11.8 Example of AD Converter Unit A and B Settings ........ccccoooiniiiniiiiiiiici e 357
Table 11.9 Example of AD Converter Unit A SEHNES.......cceviiiiiiiiiiiiii i 359
Table 11.10 Example of AD Converter Unit B SEttNgSs ........cccoovviiiiiiiiiiiii e 359
Table 11.11 Example of AD Converter Unit A SEHINGS ........ccciviiiiiiiiiiiiic i 360

Table 12.1 Conduction Control Circuit Output by PMDxMDOUT (When PMDxMDPOT<POLH><POLL> =
RO TSRS OPTRN 379
Table 12.2 Conduction Control Circuit Output by PMDxMDOUT (When PMDxMDPOT<POLH><POLL> =
L ST O PP UPTRN 379
Table 12.3  One Shunt Current Detection SEHNES ........cccivcveiiiiiiiiie i 379
Table 12.4 Timing of Updating Subsequent Stage of Trigger Compare Register..........ccocociiiiiniieiiiiiiiiciine 396
Table 12.5  TrIZEET OULPUL......ciiviiiiiiiii it b e s r e sr e s sr e sre e nre s 397
Table 13.1 VEOUTCRx<UPWM>, VEOUTCRx<UOCJ[1:0]> PMD setting: Output control of U-phase (UOx,
D0 5 TR PR PSR 449
Table 13.2 VEOUTCRx<VPWM>, VEOUTCRx<VOCJ[1:0]> PMD setting: Output control of V-phase (VOx,
0 5 TR 449
Table 13.3 VEOUTCRx<WPWM> VEOUTCRx<WOC[1:0]> PMD setting: Output control of W-phase (WOXx,
/@ > PR SR 449
Table 13.4 Tasks to be Executed in Each Schedule ...........cccoiiiiiiiiiiiii e 455
Table 13.5 Example Setting in Typical Operation FIOW ..........cccvviiiiiiiiiiiiiisec e 455
Table 13.6  TASK OVEIVIEW...cviitiiiieitieitieite ettt ettt ettt et b e bbbt bt e s b e e s bt e sh e e s bt e sbe e sbeesbeesbeesbeesbeenbeenbeenaeens 458
Table 13.7 PI Control of d-aXiS CUITENE......c..eeitiiitieiiieitieitieiee sttt st sb e sb e b e sb e sb e e sbeesbeesbeesbeesreenaeen 459
Table 13.8  PI Control 0f q-aXiS CUITENL.......cceiviiiiiiiiiiirieeese st nre s 460
Table 13.9  Phase INterpolation..........cccoiiiiiiiiiiiiic e 461
Table 13.10  SIN/COS COMPULATION.......ceiviiieeiiiririeeie sttt e sr e sr e sr e sresre e e nenre s 462
Table 13.11  dq-off Coordinate AXiS COMVETSION ....ecveeivieitieriieitiesieeiteesteesteesteesteesreesteesteesbeesreesbeesbeesbeesbeesreesreesaeens 463
Table 13.12  2-3 Phase Conversion (Space Vector CONVETSION) ......ciueeirieieeiieeieeiieesieesieesieesiessieesseessesssesssesssessseens 464
22 /624 2023-07-21

Rev. 1.1



TOSHIBA

TMPM370FYDFG

TMPM370FYFG

Table 13.13 3 Phase Voltage Calculation (When VESECTORX<SECTOR[3:0]>="0")....cccesvvrerieerirrnreneeniennens 465
Table 13.14  OULPUL CONLIOL.....cviiriieiiiriireieiee ettt ettt r et r e nr e r e nrenr s 466
Table 13.15  TrigEEr GENEIALION ....c.veuvitiiriieiieieite ettt ettt r e r et r e nr e et nrenr s 467
Table 13.160  INPUL PrOCESSING ....vivieeiiitiiieiieieeie ettt nr et r e 468
Table 13.17  3-2-phase CONVETSION.......cccirveiiiiirreiteeste sttt sr et b e nr e r e e s r e nn e r et sr e nr s 469
Table 13.18  af-dq Coordinate AXiS CONVETSION .......ccurirrirriieirrinrereeeere st 469
Table 13.19 Combination of VE Channel and PMD Channel............ccccccoviiiiiiiniiiiniecincese s 470
Table 13.20 Combination of VE Channel, ADC Unit and AD Conversion Result Register............cc.ccocecvrivnnnnnne. 470
Table 14.1  COUNLET CONIOL......iitiitiitieiiiti ittt b e bt b e bt bt s e e b e s b e s be e b e s besbeeseenbesbeebeesbesbesbesneebenreas 494
Table 14.2  INLEITUPE FACIOTS ....eivirireeiiitiire ettt nr et renr s 495
Table 16.1 Voltage detection Circuit CharaCteriStiCs ......cuvirveiiiiiiiie i 504
Table 17.1 Status of OFD in each Operation Mode ............ceoiiiiiiiiiiiii e 513
Table 17.2 Used Frequency and Setting ValUe..........ccocoviiiiiiiiiiiinii e 514
Table 18.1 Watchdog timer detection time (fc = 80MHZ)..........cooeeiiiiiiiiii e 519
Table 20.1  WIILE/ETASE LINIE ...eeveerieiieitieitie ittt ettt ettt ettt b et b e bt sb e e s b e e sbe e s b e e nb e e sbeesbeesbeesbeenbeenbeesbeenreen 531
Table 20.2  ReWTIte MEthOd. .......coiiiiiiiiieiiee bbbt sr e r e st e e b e sb e e sr e e sreesreennee 532
Table 20.3  OPeration MOAES ........cccuiiiiiiiiiiie i 534
Table 20.4  Operation Mode SEtNG ........cccuvciiiiiiiiiii e 534
Table 20.5 Mapping of Internal Flash Memory to RAM ..o 550
Table 20.6  CoNNECHION O PINS ...ccviiiiiiiiiiciieiei ettt sb e sb e sb e sb e sbeesbeesbeesreenree 551
Table 20.7  Operation Command Data..........cccccoiiiiiiiiiiiiiic e e 552
Table 20.8 Memory Constraints for Single BOOt ... 552
Table 20.9 Transfer Format of Boot Program [RAM Transfer] .........ccocoiieiiiiiiiieiie e 553
Table 20.10 Transfer Format of Boot Program [Flash Memory Chip Erase and Protect Bit Erase]...........c.......... 555
Table 20. 11 TAIZEL ATCA ....cveeuviviiiieieeie it e e b b e s h e sr e s e r e 556
Table 20.12  PaSSWOTA ATCa.....cc.eeiuiiitietieitieite ettt ettt ettt h e b e bt s bt e sb e e s bt e sbe e sb e e sbeesbeesbeesbeesbeenbeesbeesbeenreens 559
Table 20.13  ACK Response Data for Serial Operation Determination Data ..........ccccoovvviiiiiiiiciiiiceeie 564
Table 20.14 ACK Response Data for Operation Command Data...........c.cccciiiiiiiiiiiiici e 564
Table 20.15 ACK Response Data for CHECKSUM Data .........ccccoiciiiiiiiiiiiiiee e 564
Table 20.16 ACK Response Data for Flash Memory Chip Erase and Protect Bit Erase Operation ...........c...cc..... 564
Table 20.17  PaSSWOTA ATCa.....cueiiuiiiietieitieite ettt ettt ettt b et bt b e bt e sb e e b e e sb e e s bt e sb e e sbeesbeesbeenbeesbeesbeesbeenbeens 568
Table 20.18  Flash MemOTy FUNCHON ......ccviiiiiiiiicici e 571
Table 20.19  Flash Memory Access by Internal CPU ..........cccooiiiiiiiiiiiiii e 580
Table 20.20  Address Bit Configuration during Bus WIite CYCle.........coiiriiiiiiiiiicic e 581
Table 20.21  BlOCK AQAIESS ....eevieiieiieitieiiieitee ettt bbbt bbbt bt e sb e e sbeesb e e sbeesbeesbeesbeesbeenbeen 582
Table 20.22  Protect Bit Program AdAIESS .........oiiiiriiiiiiiieii i 582
Table 20.23  Protect Bit Erase AdAIeSsS........cceiiiiiiiiiiiiiineii i 582
Table 20.24 ID Addresses (IA) of 4th Bus Write Cycle of ID-Read Command and Data (ID) that can be Read by
Subsequent 32-bit Transfer INSIUCHON .....cuiiiiiiieieeie bbb re e re e 583
Table 21.1 Restrictions by the SECUrity fUNCLION ........cccviiiiiiiiiiieiieiec e e nree 587
23 /624 2023-07-21

Rev. 1.1



TOSHIBA TMPM370FYDFG

TMPM370FYFG

Table 22.1 Relation Between Debug Interface Pins and General-purpose POItS .........c.coeeiiiiiieniieiineneseenenine 593
Table 22.2 Value of Port; Which is Assigned as Debug Interface Pin; Control Registers After Releasing RESET
.......................................................................................................................................................................... 594
Table 22.3 Debug Interface And Using Debug Interface pins...........cccvevvriririeeniinineccses s 595
Table 24.1  Absolute Maximum RatiNgS.........ccoivrririeiiiiiniiieine e 602
Table 26.1  ReVISION HISTOTY ....ccuiiviiciiiiiieicicese et 623
24 /624 2023-07-21

Rev. 1.1



TOSHIBA TMPM370FYDFG

TMPM370FYFG

khkkkkkkkhkkkkkhkhkhhkkhkhkhkkkhkhkkhkhkhhhkkhkkhkhhhkkhkhkhkhhkkhkhkhkhhkkhkhkhkhkhhkhhkkhkhkhkhhkkhkhkhhhkkkkhkhkhhkkkkhkkhhkkkhkkkhkhkhhkkkkhkhkhkkkhkhkhkkkkkkkkkk
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CMOS Digital Integrated Circuit Silicon Monolithic

TMPM370FYDFG

\/ LQFP100  14x14mm. 0.5mm pitch
TMPMS370FYFG

QFP100  14x20mm, 0.65mm pitch

TMPM370FYDFG/TMPM370FYFG are a 32-bit RISC microprocessor series with an Arm® Cortex®-M3
microprocessor core.

ROM
Product Name (FLASH) RAM Package

TMPM370FYDFG 256Kbytes 10Kbytes | QFP100-P-1420-0.65Q

TMPM370FYFG 256Kbytes 10Kbytes [LQFP100-P-1414-0.50H

1. Features

(1) Arm Cortex-M3 microprocessor core

(@) Achieves improved code efficiency with Thumb®-2 instructions.
= New 16-bit Thumb instructions for improved program flow
= New 32-bit Thumb instructions for improved performance and code size
= Improved code efficiency with a 32-bit/16-bit mixed Thumb instruction set
(b) Achieves both high performance and low power consumption
[High performance]
= Execute 32-bit multiplication (32 x 32 = 32bit) in one clock
*  Execute division in 2 to 12 clocks
[Low power consumption]
*  Optimized design using a low power consumption library
*  Standby function that stops the operation of the microprocessor core
(c) High-speed interrupt response suitable for real-time control
*  Instructions with long execution time can be interrupted by interrupt.

*  The hardware handles the push to the stack automatically.
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(2) Internal program memory and data memory

= Internal RAM: 10Kbyte

= Internal Flash ROM: 256Kbyte
(3) 16-bit timer/event counter (TMRB): 8 channels

= 16-bit interval timer mode

= 16-bit event counter mode

= Input capture function

= External trigger PPG output
(4) Watchdog timer (WDT): 1 channel

= Watchdog timer (WDT) generates a reset or a non-maskable interrupt (NMI).
(5) Power-on reset circuit (POR)
(6) Voltage detection circuit (VLTD)
(7) Oscillation frequency detection circuit (OFD)
(8) Vector engine (VE): lunit

= Calculation circuit for motor control

= Support to 2 motors
(9) Programmable motor driver circuit (PMD): 2 channels

*  3phase complementary PWM output

*  Synchronous trigger generation that links AD converter

= Emergency stop protection function (EMG/Comparator output)
(10) Encoder input circuit (ENC): 2 channels

= Support to incremental encoder (AB signal/ABZ signal)

=  Rotation direction detection circuit

= Counter for absolute position detection

= Position compare circuit

= Noise filter

= Support to 3 phase sensor input
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(11) Serial channel (SIO/UART): 4 channels
= Either UART mode or SIO mode can be selected (4byte FIFO equipped).

(12) 12-bit analog-to-digital converter (ADC) : 2unit (Analog input: 22 channels)

= Starting function by the internal trigger: TMRB interrupt/PMD trigger
= Constant conversion mode
= AD monitoring 2channels

= Conversion speed 2us (@AD conversion clock = 40MHz)

(13) OP-Amp (AMP): 4 channels

= 8 gain can be selected.

(14) Comparator (CMP): 3+1 channel(s)

= Protection for motor emergence stop

= 2 input type (OPAMP output/analog input)

(15) Input/output ports (PORT): 76 pins
= /O pin: 74 pins
= Input pin: 2 pins

(16) Interrupt factors

*  Internal factors: 62 factors
The priority can be set 7 levels. (except the watchdog timer interrupt)
= External factors: 16 factors

The priority can be set over 7 levels.

(17) Low-power consumption mode

= IDLE, STOP mode

(18) Clock/mode control (CG)

= Internal PLL (8 multiplication)
*  Clock gear function : The high-speed clock can be divided into 1, 2, 4, 8 or 16.

(19) Endian

. Little endian

(20) Maximum operating frequency: 80MHz
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(21) Operating voltage range
= 4.5t0 5.5V (with internal regulator)
(22) Temperature range
= -40°C to 85°C (except Flash writing/erasing and debug)
= 0°Cto 70°C (while Flash writing/erasing)
(23) Package
= QFP100-P-1420-0.65Q (14mm x 20mm, 0.65mm pitch)
= LQFP100-P-1414-0.50H (14mm x 14mm, 0.5mm pitch)
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1.1. Products Lists Categorized by Functions
Table 1.1 Products Lists
TMPM370FYDFG
Built-in Functions
TMPM370FYDFG
Flash (KB) 256
Memory
RAM (KB) 10
1/O port PORT (pin) 76
Internal 62
Interrupt
External 16
Timer function TMRB (ch) 8
Serial communication
. SIO/UART (ch) 4
function
12-bit ADC
Unit A/B 22
. (AIN ch)
Analog function
AMP (ch) 4
CMP (ch) 3+1
VE (unit) 1
Mot trol
o-or control PMD (ch) 2
peripherals
ENC (ch) 2
VLTD (ch) 1
WDT (ch) 1
System function
OFD (ch) 1
POR 1
Debug interface Debug JTAG/SW/TRACE
QFP100
(24mm x 20mm, 0.65mm pitch)
Package Package type
LQFP100
(14mm x 14mm, 0.5mm pitch)
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1.2. Block Diagram
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Cortex-M3 I-Code | &0 |e—p| | 1/F ,':\'LAA'\'S% ' REGULATOR |[@=t= 5V
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Figure 1.1 Block diagram
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1.3. Pin Layout (top view)

1.3.1. QFP100

The pin layout of TMPM370FYDFG is shown below.
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1.3.2. LQFP100

The pin layout of TMPM370FYFG is shown below.
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1.4. Pin Name and Functions

1.4.1. Functional Pin and Ports Assignment (Pin Number)

Following table shows a pin number of the port assignment and each product which were seen from the functional

pin.

Table 1.2 Signal connection List: SIO/JUART

Function | funcional | oL | THPMSTUFYDRG | TMPMETOFYDFG
pin name
RXDO PE1 13 11
TXDO PEO 12 10
CTS0/SCLKO PE2 14 12
RXD1 PA6 10 8
TXD1 PA5 9 7

SIOJUART CTS1/SCLK1 PA4 8 6
RXD2 PD6 38 36
TXD2 PD5 37 35
CTS2/SCLK2 PD4 36 34
RXD3 PF4 56 54
TXD3 PF3 55 53
CTS3/SCLK3 PF2 54 52
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Table 1.3 Signal connection List: TMRB
Combination
Function. | tunctional | 2L+ T ERD RO ey
pin name
TBOIN PAO 4 2
TBOOUT PA1 5 3
TB1IN PA2 6 4
TB10OUT PA3 7 5
TB2IN PE4 17 15
TB20UT PE5 18 16
TB3IN PE6 19 17
TB3OUT PE7 20 18
TMRB

TB4IN PA7 11 9
TB4OUT PE3 15 13
TBS5IN PDO 32 30
TB50UT PD1 33 31
TB6IN PAG 10 8
TB6OUT PA5 9 7
TB7IN PFO 52 50
TB70UT PF1 53 51
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Table 1.4 Signal connection List: ADC/AMP/CMP
Combination
Function fulnctional n:;:; TMP(g;?DT;;)D FG TM';L'\?;ZS ;;)?FG
pin name
AINAO PHO 98 96
AINA1 PH1 97 95
AINA2 PH2 96 94
AINA3 PH3 95 93
AINA4 PH4 94 92
AINA5 PH5 93 91
AINAG6 PH6 92 90
AINA7 PH7 91 89
AINA8 P10 90 88
AINA9/AINBO PI1 87 85
AINA10/AINB1 P12 86 84
ADC
AINA11/AINB2 PI3 85 83
AINB3 PJO 82 80
AINB4 PJ1 81 79
AINB5 PJ2 80 78
AINB6 PJ3 79 77
AINB7 PJ4 78 76
AINB8 PJ5 77 75
AINB9 PJ6 76 74
AINB10 PJ7 75 73
AINB11 PKO 74 72
AINB12 PK1 73 71
AINA9/AINBO PI1 87 85
AINA10/AINB1 P12 86 84
AMP/CMP

AINA11/AINB2 PI3 85 83
AINB3 PJO 82 80
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Table 1.5 Signal connection List: INT/PMD
Combination
Function | functional | 2| T PE oM | T L eei00,
pin name
INTO PHO 98 9%
INT1 PH1 97 05
INT2 PH2 96 94
INT3 PAO 4 2
INT4 PA2 6 3
INT5 PE4 17 15
INT6 PEG6 19 17
INT7 PE7 20 18
INT
INT8 PA7 1 9
INT9 PD3 35 33
INTA PL1 23 21
INTB PLO 22 20
INTC PJ6 76 74
INTD PJ7 75 73
INTE PKO 74 72
INTF PK1 73 71
uoo PCO 24 22
XO00 PC1 25 23
VOO0 PC2 26 24
YO0 PC3 27 25
Wo0 PC4 28 26
Z00 PC5 29 27
EMGO PC6 30 28
OVV0 PC7 31 29
PMD
uo1 PGO 39 37
XO1 PG1 40 38
VO1 PG2 41 39
YO1 PG3 44 42
WO1 PG4 45 43
Z01 PG5 46 44
EMG1 PG6 47 45
oW1 PG7 48 46
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Table 1.6 Signal connection List: ENC/DEBUG/Control Pin/Power Supply

Function C?unggl:']oailajn Port TMPM370FYDFG TMPM370FYDFG
pin name name (QFP100) (LQFP100)
ENCAO PDO 32 30
ENCBO PD1 33 31
ENG ENCZ0 PD2 34 3
ENCA1 PF2 54 52
ENCB1 PF3 55 53
ENCZ1 PF4 56 52
TMS/SWDIO PB3 68 66
TCK/SWCLK PB4 69 67
TDO/SWV PB5 70 68
DEBUG | PBE 71 69
TRST PB7 72 70
TRACECLK PBO 65 63
TRACEDATAO PB1 66 64
TRACEDATA1 PB2 67 65
BOOT PFO 52 50
Control Pin MODE - 59 57
RESET - 61 59
DVSS - 3 1
DVSS - 21 19
DVSS - 43 41
DVSS - 50 48
DVSS - 58 56
DVSS - 64 62
DVDD5 ; 16 12
DVDD5 ] 42 20
DVDD5 ] 63 o1
Power supply RVDDS - 60 58
VOUT15 - 57 55
VOUT3 : 62 50
AVSSB/VREFLB - 83 81
AVDD5B/VREFHB - 84 82
AVSSA/VREFLA - 88 56
AVDD5A/VREFHA | - 89 57
CVREFABC 2 100
CVREFD ] 1 9
AMPVDD5 - 100 %8
AMPVSS - 99 97
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1.5. Power Supply Type and Supply Pins

Table 1.7 Power supply type and supply pins

Power Supply .
Type Voltage range Power supply pins
PA, PB, PC, PD, PE, PF, PG, PL
DVDD5
RESET, MODE
AVDD5A 45t05.5V PH. PI
AVDD5B PJ, PK
RVDD5 -
VOUT15 is a capacitor connection pin for stabilizing the
output of the internal regulator. Cannot be supplied to
VOUT15 1.351t0 1.65V
external circuits. VOUT15 must be connected to DVSS
through 3.3 to 4.7pF capacitor.
VOUT3 is a capacitor connection pin for stabilizing the
output of the internal regulator. Cannot be supplied to
VOUT3 2.7 to 3.6V
external circuits. VOUT3 must be connected to DVSS
through 3.3 to 4.7pF capacitor.
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2. Processor Core

The TXO03 series has a high-performance 32-bit processor core (the Arm Cortex-M3 processor core). For
information on the operations of this processor core, please refer to the "Arm documentation set of the Arm

Cortex-M series processor”. This section explains the product-specific information.

2.1. Information on the processor core

The following table shows the revision of the processor core in the .

For details on the CPU core and architecture, refer to the documentation on the Arm’s website.

Table 2.1 Core Revision

Product Name Core Revision
TMPM370FYDFG
r2p0
TMPM370FYFG
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2.2. Configurable Options

In the Cortex-M3 core, some blocks can be selected to implement. The following table shows the configurations of

the TMPM370FYDFG/TMPM370FYFG.

Table 2.2 Configurable options and their implementations

Configurable option Implementation
Literal comparator: 2
FPB
Instruction comparator: 6
DWT Comparator: 4
IT™M Available
MPU Not available
ETM Available
AHB-AP Available
AHB trace Macrocell
Available
interface
TPIU Available
WIC Not available
Debug port JTAG/serial wire

TMPM370FYDFG
TMPM370FYFG

2.3. Exceptions /Interrups

Exceptions and interruptions are described in the following section.

2.3.1. Number of Interrupt Inputs

The number of interrupts can optionally be defined from 1 to 240 in the Cortex-M3 core.
The number of interrupts for TMPM370FYDFG/TMPM370FYFG is 78. The number of interrupt inputs is
reflected in <INTLINESNUM]J4:0]>bit of NVIC register. In this product, when read <INTLINESNUM]J4:0]>bit,

“0x00” is read out.

2.3.2. 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.
TMPM370FYDFG/TMPM370FYFG have 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.

2023-07-21
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2.3.3. SysTick

The Cortex-M3 core has a SysTick timer which can generate SysTick exception.
For the detail of SysTick, refer to the "6.3. SysTick" and "6.5.2. NVIC Registers" in "Exception”.

2.3.4. SYSRESETREQ
The Cortex-M3 core outputs SYSRESETREQ signal when <SYSRESETREQ>bit of Application Interrupt and
Reset Control Register is set.
TMPM370FYDFG/TMPM370FYFG provide the same operation as warm reset when SYSRESETREQ signal is
output.

2.3.5. LOCKUP

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

TMPM370FYDFG/TMPM370FYFG do not use this signal. To return from LOCKUP status, it is necessary to use
non-maskable interrupt (NMI) or reset.

2.3.6. Auxiliary Fault Status register
The Cortex-M3 core provides auxiliary fault status registers to supply additional system fault information to
software.
However, TMPM370FYDFG/TMPM370FYFG are not defined this function. If auxiliary fault status register is
read, always "0x0000_0000" is read out.

2.4. Events

The Cortex-M3 core has event output signals and event input signals. An event output signal is output by SEV
instruction execution. If an event is input, the core returns from low-power consumption mode caused by WFE
instruction.

TMPM370FYDFG/TMPM370FYFG do not use event output signals and event input signals. Please do not use
SEV instruction and WFE instruction.
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2.5. Power Management
The Cortex-M3 core provides power management system which uses SLEEPING signal and SLEEPDEEP signal.
SLEEPDEEP signal is 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) exits in case that <SLEEPONEXIT>bit of System
Control Register is set.
TMPM370FYDFG/TMPM370FYFG do 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 "'5. Clock/Mode Control(CG)"

2.6. Exclusive access

In Cortex-M3 core, supports exclusive access to DCode and system buses.
However, TMPM370FYDFG/TMPM370FYFG do not use this function.
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3. Memory Map

3.1. Memory Map
The memory map for TMPM370FYDFG/TMPM370FYFG is based on the Arm Cortex-M3 processor core

memory map. The internal ROM, internal RAM and special function registers (SFR) of
TMPM370FYDFG/TMPM370FYFG are mapped to the Code, SRAM and peripheral regions of the Cortex-M3
respectively. The special function register (SFR) means the control 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 "the Arm documentation set for Cortex-M series processors”.

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.
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3.1.1. Memory Map
Figure 3.1 shows the memory map.
OXFFFF_FFFF
Vendor-Specific
0xE010_0000
OXEOOF_FFFF
CPU Register Region

0xE000_0000

Fault
0x4200_0000
0x41FF_FFFF

SFR
0x4000_0000

Fault
0x2000_2800

Internal RAM
(10KB)

0x2000_0000

Fault
0x0004_0000

Internal ROM
0x0000_0000 (256KB)
Figure 3.1 Memory Map
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3.2. Details of SFR area
Table 3.1 shows 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_037F PORT
0x4000_0380 | 0x4000_FFFF Reserved
0x4001_0000 | 0x4001_O1FF TMRB
0x4001_0200 | 0x4001_O3FF Reserved
0x4001_0400 | 0x4001_053F ENC
0x4001_0540 | 0x4002_007F Reserved
0x4002_0080 | 0x4002_017F SIO/UART
0x4002_0180 | 0x4002_FFFF Reserved
0x4003_0000 | 0x4003_02FF ADC
0x4003_0300 | 0x4003_03FF Reserved
0x4003_0400 | 0x4003_043F AMP/CMP
0x4003_0440 | 0x4003_FFFF Reserved
0x4004_0000 | 0x4004_003F WDT
0x4004_0040 | 0x4004_O1FF Reserved
0x4004_0200 | 0x4004_023F CG
0x4004_0240 | 0x4004_O07FF Reserved
0x4004_0800 | 0x4004_083F OFD
0x4004_0840 | 0x4004_08FF Reserved
0x4004_0900 | 0x4004_093F VLTD
0x4004_0940 | 0x4004_FFFF Reserved
0x4005_0000 | 0x4005_023F VE
0x4005_0240 | 0x4005_03FF Reserved
0x4005_0400 | 0x4005_04FF PMD
0x4005_0500 | 0x4007_FFFF Reserved
0x4008_0000 | Ox41FF_EFFF Hard fault
0x41FF_F000 | Ox41FF_FO3F FLASH
0x41FF_F040 | Ox41FF_FFFF Reserved
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4. RESET Operation

4.1. State before RESET

When the power on, the internal state of is undefined until the power-on reset is generated or the "Low" level

inputs to RESET pin. Therefore, The setting in registers and the state of each pin are undefined.

4.2. State during RESET
TMPM370FYDFG/TMPM370FYFG have the POR. The power-on reset signal is generated after the power on, it
resets the internal state of TMPM370FYDFG/TMPM370FYFG.

And, when resetting the internal state of, TMPM370FYDFG/TMPM370FYFG RESET pin must be held "Low"
level for at least 12 system clocks (1.2ps@10MHz, under oscillating) at the voltage of a power supply within an
operating voltage range and the stable state of the high-frequency oscillation.

Notel: The power can be turned-on while RESET pin is input "Low" level.

Note2: The RESET operation may alter the internal RAM data.

4.3. State after releasing RESET
The control registers in Coretex-M3 core and the registers in peripheral functions are initialized after releasing
RESET.
Because the PLL circuit stops after releasing RESET, CGOSCCR and CGPLLSEL must be set to use PLL circuit.
The CPU branches to an interrupt service routine of the RESET after handling RESET exception. The address of
an interrupt service routine of the RESET is stored at 0x0000_0004.
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5. Clock/Mode Control(CG)

5.1. Features

The clock/mode control block enables to select clock gear, prescaler clock and warming-up of the PLL clock
multiplication 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 warming-up timer

In addition to NORMAL mode, the TMPM370FYDFG/TMPM370FYFG can operate low-power mode to reduce

power consumption according to its usage conditions.
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5.2. Registers
5.2.1. Register List
The following table shows the CG-related registers and addresses.
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
Note: Access to the "Reserved" area is prohibited.
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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

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

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

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

Bit Bit Symbol Type Function
31:18 - R Read as "0".
17:16 - R/W | Write as "01".
15:13 - R Read as "0".
Selects fperiph source clock
12 FPSEL R/W 0: fgear
1: fc
11 - R Read as "0".
Selects Prescaler clock
000: fperiph
001: fperiph / 2
010: fperiph / 4
011: fperiph / 8
10:8 PRCK[2:0] RIW P _p
100: fperiph / 16
101: fperiph / 32
110: Reserved
111: Reserved
Specifies the prescaler clock to peripheral function.
7:3 - R Read as "0".
Selects High-speed clock (fc) gear
000: fc
001: Reserved
010: Reserved
2:0 GEAR[2:0] R/W 011: Reserved
100: fc /2
101:fc/ 4
110:fc/8
111:fc/ 16
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5.2.3. CGOSCCR (Oscillation control register)

31 | 30 | 29 | 28 | 27 26 25 24
bit symbol WUODR
After reset 1 0 0 0 0 0 0 0

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

15 14 13 12 11 10 9 8
bit symbol - - - - - - - XEN1
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol - - - - WUPSEL1 PLLON WUEF WUEON
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function

31:20 WUODRJ[11:0] R/W | Specifies count time of the warming-up timer.

19:16 - R/W | Write as "1110".
15:12 - R/W | Write as "0".
11:10 - R Read as "0".
9 - R/W | Write as "0".
High-speed oscillator(External OSC)
0: Sto,
8 XEN1 R/W p .
1: Oscillation
Specifies operation of the high-speed oscillator (OSC).
7:4 - R Read as "0".
Clock source for warming-up timer
3 WUPSEL1 R/W . u W ng-up
Write as "0".
PLL operation
0: Stop
2 PLLON R/W 1: Oscillation

Specifies operation of the PLL.
It stops after reset. Setting the bit is required.

Status of warming-up timer (WUP) (Note)
0: Warming-up completed

1 WUEF R . .
1: Warming-up operation
This bit shows the status of the warming-up timer.
Operation of warming-up timer (Note)
0: don't care
0 WUEON w

1: Starting warming-up
Set this bit to "1" to start the warming-up timer.

Note: Setting this register is not required when return from low-power consumption mode which is warmed up
automatically (Table 5.6).When WUP is started by software, operation mode must be changed after

confirming that warming-up is completed.
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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".
Pin status in STOP mode
16 DRVE R/W 0: Inactive
1: Active
15:10 - R Read as "0".
9 - R/W | Write as "0".
8 — RIW High-speed oscillator operation after releasing the STOP mode.
Write as "1".
7:3 - R Read as "0".
Low power consumption mode
000: Reserved
001: STOP
010: Reserved
2:0 STBY[2:0] R/W | 011:IDLE
100: Reserved
101: Reserved
110: Reserved
111: Reserved
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5.2.5. CGPLLSEL (PLL Selection 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 1 0 1 0 0 0 0 1
7 6 5) 4 3 2 1 0
bit symbol PLLSEL
After reset 0 0 1 1 1 1 1 0
Bit Bit Symbol Type Function
31:16 R [Readas"0"
15:12 R/W | Write as "1010".
11 R [Readas"0"
10:1 R/W | Write as "00_1001_1111".
Use of PLL
0: fosc use
0 PLLSEL R/W L:PLL use
Specifies use or disuse of the clock multiplied by the PLL.
" fosc" is automatically set after reset. Setting this bit to "1" is required to use the PLL.

Note: Be sure to disable OFD when enabling PLL. Especially, be careful setting PLL in the initial routine because
OFD is available after OFD reset.

Example:

OFDCR1<OFDWENT7:0> = "0xF9"

OFDCR2<OFDENT7:0> = "0x00"

CGPLLSEL<PLLSEL>="1"

OFDMNPLLON = "xxxx"

OFDMXPLLON = "yyyy"

OFDCR2<OFDENT7:0> = "0xE4"

OFDCR1<OFDWENT7:0> = "0x06"

: Disable OFD
: Enable PLL

: Enable OFD

: Sets lower detection frequency

: Sets higher detection frequency

. Sets control register write enable code

: Sets control register write disable code
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5.3. Clock control
5.3.1. Clock Type
Each clock is defined as follows :
fosc : Clock input from external high-speed oscillator (X1 and X2)
foLL : Clock octupled by PLL (x8)
fc : Clock specified by CGPLLSEL<PLLSEL> (high-speed clock)
fgear : Clock specified by CGSYSCR<GEAR[2:0]>
fsys : The same clock as fgear (system clock)
fperiph : Clock specified by CGSYSCR<FPSEL>
dTO : Clock specified by CGSYSCR<PRCK]2:0]> (Prescaler clock)
The high-speed clock fc and the prescaler clock ®TO are dividable as follows.
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 (OSC) : Stop (X1, X2)
PLL (Clock multiplication circuit) : Stop
High-speed clock gear : fc (no frequency dividing)
Reset operation causes all the clock configurations to be the same as fosc.
fc = fosc
fsys =fc (: fosc)
fperiph = fc (= fosc)
®TO = fperiph (= fosc)
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5.3.3. Clock system Diagram

Figure 5.1 shows the clock system diagram.

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

Warming-up timer

Start oscillation after reset

AD conversion clock

CGOSCCR<PLLON>
Stops after releasing reset

feu = fosc x 8

OFD monitoring clock

(to Peripheral 1/0)

CGPLLSEL
<PLLSEL>

» [AHB-Bus 1/0]
CPU,ROM,RAM,

BOOT ROM

[10-Bus 1/0]
TMRB,WDT,VE,PMD,
SIO/UART,ADC, PORT,OFD,
ENC,VLTD,

CMP,AMP

o [SysTick external reference clock]
>

v

B

CPU

[Peripheral I/O prescaler input]

» TMRB, SIO/UART

CGSYSCR
<PRCK[2:0]>

fperiph 12 | 14 | 18 | 116 | 1/32

Figure 5.1 Clock Block Diagram

The input clocks to the selectors shown with an arrow are set as default after reset.
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5.3.4. Clock Multiplication Circuit (PLL)

This circuit outputs the fp . clock that is octuple of the high-speed oscillator output clock (fosc) As a result, the
oscillation frequency of the oscillator is low and the internal clock can be high-speed.

The PLL is disabled after reset. To enable the PLL, set the CGOSCCR<PLLON> to "1" and then set the
CGPLLSEL<PLLSEL>to "1". Then fp clock output is octuple of the high-speed oscillator (fosc).

The PLL requires a certain amount of time to be stabilized, which should be secured using the warming-up

function or other methods.

Note: When the PLL starts operation, it is necessary to wait approximately 200us or more for the PLL to be
stabilized.

5.3.4.1. 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)

\ 4
Enable PLL ration

CGOSCCR<PLLON> = "1" (PLL active)

Y

PLL operation selected It takes approximately 200us
for the PLL to be stabilized.

CGPLLSEL<PLLSEL> ="1" (PLL use)

v
It is possible to use the clock multiplied.

Figure 5.2 PLL setting sequence after reset

Note: When you stop PLL, please confirm that it is the register CGPLLSEL<PLLSEL> ="0" after setting the
CGPLLSEL<PLLSEL>="0". Then, please set CGOSCCR<PLLON> ="0" (PLL stopped).
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5.3.5. Warming-up function

The warming-up function secures the stability time for the oscillator and the PLL with the warming-up timer. The
warming-up function is used when returning from STOP mode. For the detail of function, see "5.6.6.

Warming-up".

Note: Do not shift to STOP mode, while operating warming-up timer.

The warming-up function is also used when returning from STOP mode. In this case, an return interrupt 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 mode, the PLL is disabled. When returning from this mode, configure the warming-up time in

consideration of the stability time of the PLL and the internal oscillator.

How to configure the warming-up function.
(1) Specify the count up clock
Specify the count up clock for the warming-up counter in the CGOSCCR<WUPSEL1> bit (Write "0" to

<WUPSEL1>.).

Specify the warming-up counter value

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

The following shows the formula of warming-up and setting example.

Warming-up time

Warming-up cycles =
ATTINEUP CYCIES = = cle of warming-up clock

<example> Setting Sms of warming-up time with 8MHz high-speed oscillator

Warming-up time Sms

= =40000 cycles="0x9C40"
Cycle of warming-up clock 1/ 8MHz cycles="0x9C

Drop the lower 4 bits, write "0x9C4" into the CGOSCCR<WUODR[11:0]>.
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(2) Start and confirm the completion of warming-up

The CGOSCCR<WUEON> and <WUEF> are used to start and confirm the completion of warming-up,

respectively, through software (instruction).

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

time.

The following shows the warming-up setting.

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

CGOSCCR<WUPSEL1>="0" : Specify the clock source for warming-up timer
CGOSCCR<WUODR[11:0]> = "0x9C4" : Warming-up time setting

CGOSCCR<WUEON> ="1" : Enable warming-up counting (WUP)

Read CGOSCCR<WUEF> : Wait until the state becomes "0" (warming-up is finished)

5.3.6. System Clock
The TMPM370FYDFG/TMPM370FYFG offer high-speed clock as system clock. The high-speed clock is
dividable.

= External oscillator frequency : 8§ MHz to 10MHz
. Clock gear : Divided by 1, 2, 4, 8, 16 (after reset: divided by 1)

Table 5.1 Range of high-speed frequency (unit: MHz)

Input Min Max After reset Clock gear (CG): PLL = ON Clock gear (CG): PLL = OFF
frequency |CPerating foperatingf (PLL = OFF,
auency ¢ equency|frequency| ce=1/1) | 1/1|1/2|1/4 | 1/8 |1/16{1/1|1/2|1/4|1/8|1/16
8 8 64 | 32 | 16| 8 | 4 | 8 | 4| 2|1
fOSC 1 80
10 10 80 | 40 | 20 | 10 | 5 | 10 | 5 | 25 | 1.25

Notel: PLL = ON/OFF: setting by CGOSCCR<PLLON>
Note2: Switching of clock gear is executed when a value is written to the CGSYSCR<GEAR[2:0]> register. The

actual switching takes place after a slight delay.
Note3: Do not use 1/ 16 when "PLL =OFF" is used.

Note4: Do not use 1/ 16 when SysTick is used.
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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 prescaler,
the fperiph clock specified in the CGSYSCR<FPSEL> can be divided according to the setting in the
CGSYSCR<PRCK]2:0]>. After 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 for each
peripheral function is slower than fsys (OTn < fsys). Do not switch the clock gear while peripheral function

such as timer counter is operating.

5.4. Modes and Mode Transitions

5.4.1. Mode Transitions
The NORMAL mode uses 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 power
consumption by halting processor core operation.
Figure 5.3 shows mode transition diagram.

For a detail of sleep-on-exit and WFI instruction, refer to "Arm documentation set of the Arm Cortex-M series

processor".
: Reset :
Releasing reset
Int t (Note
IDEL mode |...... ntemupt(ote). ¢ nemupt (Note) | STOP mode
(Stops CPU) NORMAL mode -~
(Selectable Peripheral - » (Halts all circuits)
Function Operation) WFI Instruction/ WFI Instruction/

sleep on exit sleep on exit

Figure 5.3 Mode Transition Diagram

Note: The warming-up is needed, when returning to NORMAL mode. The warming-up time must be set in
NORMAL mode before changing to IDLE or STOP mode. Regarding warming-up time, refer to "5.6.6.
Warming-up".

59 /624 2023-07-21
Rev. 1.1



TOSHIBA TMPM370FYDFG

TMPM370FYFG

5.5. Operation Mode
As an operation mode, NORMAL is available. The features of NORMAL mode are described in the following

section.

5.5.1. NORMAL mode

This mode is to operate the CPU core and the peripheral function by using the high-speed clock.
It is shifted to the NORMAL mode after reset.

5.6. Low Power Consumption Modes
The low-power consumption modes have IDLE and STOP modes. To shift to the low-power consumption mode,
specify the mode in the system control register CGSTBYCR<STBY][2:0]> and execute the WFI (Wait For
Interrupt) instruction. When shifting to low-power consumption mode by WFI instruction, execute reset or
generate the interrupt to release the mode. Releasing by the interrupt requires settings in advance. Refer to "6.

Exceptions™ for details.

Notel: TMPM370FYDFG/TMPM370FYFG do 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.

Note2: TMPM370FYDFG/TMPM370FYFG do 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 IDLE and STOP modes 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 enabling

or disabling operation in the IDLE mode. When the IDLE mode is entered, peripheral functions whose operations
are disabled in the IDLE mode 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, refer to each

peripheral function.

*  16-bit timer/event counter (TMRB)
= Serial channel (SIO/UART)
= Watchdog timer (WDT)
*=  Vector Engine (VE)
Note: WDT must 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 operation.
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 1/0 <DRVE> =0 <DRVE> =1
X1 Input only -
Output
X2 "High" level output
Not only
port RESET, MODE Input only v
Output
VOUT15, VOUT3 v
only
TMS
TCK
Input v
TDI
TRST
Enabled when data is valid.
TDO/SWV Output
Disabled when data is invalid.
SWCLK Input v
Input v
SWDIO Enabled when data is valid.
Output
Disabled when data is invalid.
TRACECLK
TRACEDATAO
Port Output v
TRACEDATA1
SWV
uoo,1, V00,1, WOO0,1
Output - v
X00,1,YOO0,1, ZO0,1
INTO, INT1, INT2, INTS,
INT4, INT5, INT6, INT7,
Input v
INTS8, INT9, INTA, INTB,
INTC, INTD, INTE, INTF
Other pins of peripheral Input _ v
functions except above or the
ports that are used as general Output ) v
purpose ports.
v": Input or output enabled., - : Input or output disabled.
61 /624 2023-07-21

Rev. 1.1



TOSHIBA

TMPM370FYDFG
TMPM370FYFG

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

o CGSTBYCR
oae <STBY[2:0]>
STOP 001
IDLE 011
Note: Do not set any value other than the above.
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5.6.4. Operational Status in Each Mode

Table 5.4 shows the operational status in each mode.
For 1/0 port, "v™ and "-" indicate that input/output is enabled and disabled respectively. For other functions, "v™

and "-" indicate that clock is supplied and is not supplied respectively.

Table 5.4 Operational Status in Each Mode

Peripheral

. NORMAL IDLE STOP
function

Processor core

I/0O port - (Note2)

PMD

ENC

OFD

I NI IR N IR NY RN

ADC

VE

ON/OFF
SIO/UART

selectable for
TMRB

each module
WDT

AMP/CMP v (Note3)

VLTD v (Note3)

POR v (Note3)

CG

NN N N N N N N N N N N I N IR N RN

AN IENI ERNE RN RN

PLL

High-speed

AN
AN

oscillator (fc)

Notel: v: Can operate in the target mode, - : The clock to the module automatically stops when the target mode is

entered.
Note2: It depends on CGSTBYCR<DRVE>.

Note3: The peripheral functions 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, 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
(programmable)

INTO to F (Note1) v v

INTRXO to 3, INTTXO to 3
INTVCNA, INTVCNB

INTEMGO, 1

INTOVVO, 1

INTADAPDA, INTADBPDA
INTADAPDB, INTADBPDB

INTTBOO, 10, 20, 30, 40, 50, 60, 70
Interrupt | INTTBO1, 11, 21, 31, 41, 51, 61, 71
Release INTPMDO, 1

source INTCAPOO, 10, 20, 30, 40, 50, 60, 70
INTCAPO1, 11, 21, 31, 41, 51, 61, 71
INTADACPA, INTADBCPA
INTADACPB, INTADBCPB
INTADASFT, INTADBSFT
INTADATMR, INTADBTMR
INTENCO, 1

AN N N N N N U N N N N N W N N NN

SysTick interrupt

NMI (INTWDT) - -

RESET (RESET pin) v v
Notel: v': Starts the interrupt handling after the mode is released. (The RESET initializes the MCU), - :

Unavailable

Note2: To release the low-power consumption mode by using the level mode interrupt, keep the level until the
interrupt handling is started. Changing the level before then will prevent the interrupt handling from
starting properly.

Note3: For shifting to the low-power consumption mode, set the CPU to prohibit all the interrupts other than the

return source. If it is not prohibited, it may be released by an interrupt other than the return source.

Note4: Refer to "5.6.6. Warming-up " about warming-up time for returning from each mode.
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. Release by interrupt request
To release the low-power consumption mode by an interrupt, the CPU must be set in advance to
detect 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.

= 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: Note that the WDT cannot be cleared by the CPU operation in IDLE mode.

=  Release by reset

= All low-power consumption modes can be released by reset from the RESET pin. After that, the
mode switches to NORMAL mode and all the registers are initialized as is the case with normal

reset.

= Release by SysTick interrupt
SysTick interrupt can only be used in IDLE mode.

Refer to "6. Exceptions” for detail.
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5.6.6. Warming-up
Maode transition may require the warming-up so that the internal oscillator provides stable oscillation.
In the mode transition from STOP to the NORMAL, the warming-up counter is activated automatically. And
then the system clock output is started after the elapse of configured warming-up time. It is necessary to set a
oscillator to be used for warming-up in the CGOSCCR<WUPSEL1> (Notel) and to set a warming-up time in the
CGOSCCR<WUODR> hefore executing the instruction to enter the STOP mode.

Notel: For , always set CGOSCCR<WUPSEL1> to "0".

Note2: In STOP modes, the PLL is disabled. When returning from STOP mode, configure the warming-up time in
consideration of the stability time of the PLL and the internal oscillator. It takes approximately 200us for
the PLL to be stabilized.

Note3: It is not necessary to set CGOSCCR<WUEON> , when returning from the low consumption mode that

automatic warming-up.

Table 5.6 shows whether the warming-up setting of each mode transition is required or not.

Table 5.6 Warming-up setting in mode transition

Mode transition Warming-up setting
NORMAL — IDLE Not required
NORMAL — STOP Not required
IDLE — NORMAL Not required
STOP — NORMAL Required
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5.6.7. Clock Operation in Mode Transition

The clock operation in mode transition is described below.

5.6.7.1. Transition of operation modes: NORMAL — STOP — NORMAL

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

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

WEFI instruction execution/

- Generaterelease factor
Sleep on exit
Operati % %
peration NORMAL X STOP NORMAL
mode «.
fox % L L
%
Warming-up »
” Warming-up time
>
fsys
(System clock) & 4
System clock stops High-speed clock oscillating starts Warming-up ends
Start Warming-up System clock operation

Figure 5.4 Transition of operation modes: NORMAL — STOP — NORMAL
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6. Exceptions

This chapter describes features, types and handling of exceptions.
Exceptions have close relation to the CPU core. Refer to "Arm documentation set for the Arm Cortex-M3

processor” if needed.

6.1. Outline

The exceptions require to stop executing process and to branch other process on CPU.

There are two types of exceptions: those that are generated when some error conditions occur or when an
instruction to generate an exception is executed; and those that are generated by hardware, such as an interrupt
request signal from the external interrupt pins or peripheral functions.

All exceptions are handled by the Nested Vectored Interrupt Controller (NVIC) in the CPU according to the
respective priority levels. When an exception occurs, the CPU stores the current state to the stack and branches to
the corresponding interrupt service routine. After completion of the interrupt service routine, the state stored to the

stack is automatically restored.

6.1.1. Types

There are the following types of exceptions.
Refer to "Arm documentation set for the Arm Cortex-M3 processor” for details.

= 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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6.1.2. Handling Flowchart

The outline of handling exceptions and interrupts are shown below.

In a following description, [____] means process by hardware, and [ | means process by software.

The details for each process are described in the following sections.

Processing

Detecting exception by
CGorCPU

(-

Handling exception
by CPU

(-

Branching to interrupt
service routine

(-

Executing interrupt
service routine

(-

Exiting exception

Description

CG or CPU detects the exception.

CPU handles the exception process.

CPU branches to the interrupt service routine which corresponds detected exception.

The interrupt service routine is executed.

CPU branches to another interrupt service routine or returns to the previous program.

Figure 6.1 Handling Flowchart

Refer to

Section 6.1.2.1

Section 6.1.2.2

Section 6.1.2.3

Section 6.1.2.4
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6.1.2.1. Exception Request and Detection
(1) Exception Request Occurrence

An exception occurs by instruction execution by the CPU, memory accesses, and external interrupts from external
interrupt pins or peripheral functions.

An exception request occurs when the CPU executes an instruction that causes an exception or when an error
condition occurs during instruction execution.

An exception request also occurs by an instruction fetch from the Execute Never region or an access violation to
the Fault region.

An exception request of external interrupts occurs from an external interrupt pins or peripheral functions. When
external interrupt pins are used for releasing the low-power consumption mode, the CG must be set properly. For
details, refer to "6.4. Interrupts".

(2) Exception Detection

When multiple exceptions occur simultaneously, the CPU takes the exception with the highest priority according
to priority setting.

Table 6.1 shows the priority of exceptions. "Configurable” means that a priority level to that exception can be set.
Memory Management, Bus Fault, and Usage Fault exceptions can be enabled or disabled. When a disabled
exception occurs, it is handled as Hard Fault.
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Table 6.1 Exception Types and Priority
No. Exception Priority Factor
1 RESET -3 (highest) [RESET pin, WDT, POR, VLTD, OFD, <SYSRESETREQ>
2 Non-maskable interrupt -2 WDT
Fault that cannot activate because a higher-priority fault is being
3 Hard fault -1
handled or it is disabled
Exception from the Memory Protection Unit (MPU) (Note1)
4 Memory management Configurable
Instruction fetch from the Execute Never (XN) region
5 Bus fault Configurable |Access violation to the Hard Fault region of the memory map
Undefined instruction execution or other faults related to instruction
6 Usage fault Configurable
execution
7t010 |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 request for system service
15 SysTick Configurable |Notification from system timer
16 to External interrupt Configurable |External interrupt pins or peripheral functions (Note2)

Notel: TMPM370FYDFG/TMPM370FYFG do not contain the MPU.

Note2: In each product, external interrupts have deferent sources and numbers. For concrete sources and humbers,

refer to "6.4.4. List of Interrupt Sources for Each Product".
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(3) Priority setting

Priority level

The external interrupt priority is set to the interrupt priority register and other exceptions are set to
corresponding <PRI_n[7:0]> in the system handler priority register.

The configuration <PRI_n[7:0]> 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 values 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". When multiple factors are set to the same priority, a factor which has the

smaller number has the higher priority.

Note: The number of bits in which priority level is set in <PRI_n[7:0]> is 3 with
TMPM370FYDFG/TMPM370FYFG.

Priority grouping

The priority can be split into groups. By setting the <PRIGROUP[2:0]> of the application interrupt
and reset control register, <PRI_n[7:0]> can be divided into the pre-emption priority and the sub
priority.

Each priority of exceptions is compared by the pre-emption priority. When each priority is the same,
then it is compared with the sub priority. When each sub priority is the same, an exception which has
the smaller number has the higher priority.

Table 6.2 shows the priority group setting. The pre-emption priority and the sub priority in the table

are the number in the case that <PRI n[7:0]> is defined as an 8-bit configuration.

Table 6.2 Priority Grouping Setting

<PRIGROUP[2:0]> <PRI_n[7:0]> p’:':_'::]?tizfn Number of sub
Sy Pre-emption field | Sub priority field priorities PO

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 [7] [6:0] 2 128
111 None [7:0] 1 256

Note: When the configuration of <PRI_n[7:0]> is less than 8 bits, the lower bit is "0".

For the example, in the case of 3-bit configuration, the priority is set as <PRI_n[7:5]> and <PRI_n[4:0]> is
"0_0000".
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6.1.2.2. 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 interrupt service
routine. This is called "Pre-emption™.

(1) Stacking Registers

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

= Program Status Register (xPSR)
= Program Counter (PC)

= Link Register (LR)

= rl2

= 13tor0

The SP is decremented by eight words after 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
ri2
r3
r2
rl
SP —>| r0

Figure 6.2 Stack After Completion of Stack Push

(2) Fetching Interrupt Service Routine

The CPU fetches the instruction of interrupt service routine with stacking registers.

Prepare a vector table containing the top addresses of interrupt service routines for each exception. After reset, the
vector table is located at address 0x0000_0000 in the Code area. By setting the Vector Table Offset Register, the
vector table can be placed at any address in the Code or SRAM space.

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

When the CPU detects a higher priority exception before executing the interrupt service routine for a previous

exception, the CPU handles the higher priority exception first. This is called "Late-arriving".

When a Late-arriving exception causes, the CPU fetches an instruction of the new detecting exception, branches to

the corresponding interrupt service routine. But the CPU does not newly push the register contents to the stack.

(4) Configuration of Vector Table

The configuration of vector table is shown in the below.

It is necessary to set the first four words (stack top address, reset interrupt service routine's address, NMI interrupt

service routine's address, and Hard Fault interrupt service routine's address). Set interrupt service routine's

addresses for other exceptions if necessary.

Table 6.3 Configuration of Vector Table

Offset Exception Contents Setting
0x00 RESET Initial value of the main stack Required
0x04 RESET Interrupt service routine's address | Required
0x08 Non-Maskable interrupt (NMI)|Interrupt service routine's address | Required
0x0C Hard Fault Interrupt service routine's address | Required
0x10 Memory Management Interrupt service routine's address Option
0x14 Bus Fault Interrupt service routine's address Option
0x18 Usage Fault Interrupt service routine's address Option
0x1C to 0x28 |[Reserved - -
0x2C SVCall Interrupt service routine's address Option
0x30 Debug Monitor Interrupt service routine's address Option
0x34 Reserved - -
0x38 PendSV Interrupt service routine's address Option
0x3C SysTick Interrupt service routine's address Option
0x40 External interrupt Interrupt service routine's address Option
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6.1.2.3. Executing Interrupt Service Routine

An interrupt service routine performs necessary processing for the corresponding exception. The interrupt service
routines must be prepared by the user.

An interrupt service routine may need to include code for clearing the interrupt request so that the same interrupt
will not occur again upon return to normal program.

For details about interrupt handling, refer to "6.4. Interrupts".

When a higher priority exception occurs during interrupt service routine execution for the current exception, the
CPU abandons the current executing interrupt service routine and processes an interrupt routine for the newly

detected exception.

6.1.2.4. Exiting Exception
(1) Actions After Returning from Interrupt Service Routine

An action is depended on the state after returning from an interrupt service routine.

= Tail-chaining
In the case that a stacked exception exists, when there are no pending exceptions or a stacked
exception has higher priority than all pending exceptions, the CPU returns to the interrupt service
routine of the stacked exception.
In this case, the CPU skips restoring registers from stack and storing registers to stack. This is called
"Tail-chaining".

*  Returning to Pending Interrupt Service Routine
When there are no stacked exceptions or a priority of an pending exception is higher than the stacked
exception in spite of existing the stacked exception, the CPU returns to the last pending interrupt
service routine.

= Returning to Previous Program

When no stacked or pending exceptions, the CPU returns to the previous program.

(2) Returning Operation

When returning from an interrupt service routine, the CPU executes the following operations:

=  Restoring Registers
Restore registers (xPSR, PC, LR, rl12, 13 to r0), adjust the SP.
= Load current active interrupt number
Load the current active interrupt number from the stacked xPSR. The CPU uses this interrupt
number to control returning to which interrupt.
= Select SP
When returning to an exception (Handler mode), the SP_main is used as the SP. When returning to

the Thread mode, the SP_main or SP_process is used as the SP.
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6.2. RESET Exceptions

There are the following six sources for RESET exception.
Refer to CGRSTFLG of CG register to confirm the source of the RESET.

»  RESET Exception by RESET Pin
A RESET exception occurs after RESET pin changes from "Low" level to "High" level.

=  RESET Exception by POR
The POR has the function which generates RESET exception. Refer to "15. Power-on Reset circuit
(POR)" for details.

=  RESET Exception by VLTD
The VLTD has the function which generates RESET exception. Refer to "16. Voltage Detection
circuit (VLTD)" for details.

=  RESET Exception by OFD
The OFD has the function which generates RESET exception. Refer to "17. Oscillation Frequency
Detector Circuit (OFD)" for details.

=  RESET Exception by WDT
The WDT has the function which generates RESET exception. Refer to "18. Watchdog Timer
(WDT)" for details.

=  RESET Exception by <SYSRESETREQ>
RESET exception occurs by setting <SYSRESETREQ> in application interrupt and reset control
register of the NVIC.

6.3. SysTick

SysTick provides interrupt functions of using the CPU's system timer.

When setting a value to SysTick Reload Value Register and SysTick function is enabled by the SysTick Control
and Status Register, the timer is loaded with the value set in the Reload Value Register and begins counting down.
When the timer counts to "0", a SysTick exception occurs. When pending exceptions, it can be known that the
timer counts to "0" by checking a flag.

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

with each product.

Note: TMPM370FYDFG/TMPM370FYFG use the clock which is obtained by dividing fosc (a clock selected by
CGOSCCR<OSCSEL>) by 32 as an external reference clock.
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6.4. Interrupts

This section describes routes where a signal travels, sources and required settings of interrupts.

6.4.1. Non-Maskable Interrupt (NMI)

For sources of non-maskable interrupt, refer to Table 6.4 in "6.4.4. List of Interrupt Sources for Each Product".

6.4.2. Maskable Interrupt

For sources of maskable interrupt, refer to Table 6.5 in "6.4.4. List of Interrupt Sources for Each Product”.

6.4.3. Interrupt Request

The CPU is notified of interrupt request by the signal from each interrupt source.
The CPU sets priority on interrupt, and generates interrupt with the highest priority.

6.4.3.1. Interrupt Request Route

The interrupt request route is shown in Figure 6.3.

The interrupt, of external interrupts, request signal from peripheral functions which is not used for releasing the
low-power consumption mode is input to the CPU (route (1)).

The interrupt request signal (route (2)) from peripheral functions which is used for releasing the low-power
consumption mode is input to the CG, and is input to the CPU via a circuit for releasing the low-power
consumption mode in the CG (route (4)).

The interrupt, of external interrupts, request signal from external interrupt pins is input to the CG (route (3)). The
signal which is not via a circuit for releasing the low-power consumption mode (route (6)) and the signal which is
via a circuit for releasing the low-power consumption mode (route (7)) are selected by CGIMCGN<INTMEN>.
The selected signal is input to the CPU (route (5)).

When an external interrupt pin is used for releasing the low-power consumption mode, route (7) is selected. When

not, route (6) is selected.

Note: "n" means a suffix of a register name. "m" means a suffix of a bit symbol.
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Figure 6.3 Interrupt Request Route
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6.4.3.2. Generation of Interrupt Requests

An interrupt request is generated from an external interrupt pin or peripheral function assigned as an interrupt

source or by setting the NVIC's Interrupt Set-Pending Register.

=  From External Interrupt Pin
Set the port control register so that the external interrupt pin can be used as an interrupt function.
= From peripheral function
Set the peripheral function to make it possible to output interrupt requests.
Refer to the section of each peripheral function for details.
*=  Forced Pending Interrupt
An interrupt request can be generated by setting the corresponding bit of the Interrupt Set-Pending

Register.

6.4.3.3. Monitoring Interrupt Detection Level

The CG has a monitor flag of the interrupt detection level.
CGIMCGN<EMSTm[1:0]> is read to monitor an interrupt detection level.

Note: "n" means a suffix of a register name. "m" means a suffix of a bit symbol.

6.4.3.4. Transmission of Interrupt Requests

The interrupt request which is not used as the source for releasing the low-power consumption mode is directly
input to the CPU.
The interrupt request from a peripheral functions and/or external interrupt pin which are used as the sources for

releasing the low-power consumption mode is input to the CPU via the CG. Therefore, the CG must be set.
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6.4.3.5. Caution when Using External Interrupt Pins

When using external interrupt pins, take following notices not to generate unexpected interrupts.

When disable input mode in Port function, the signal from an external interrupt pin is "High" level.

Also, When no using an external interrupt pin for releasing the low-power consumption mode (route (6) in "Figure
6.3 Interrupt Request Route"), the input signal from an external interrupt pin is directly input to CPU.

The CPU recognizes "High" level as an interrupt request.

Therefore, an interrupt request occurs when enabling interrupt with disabling input mode.

When an external interrupt pin is not used for releasing low-power consumption mode, interrupt must be enabled
after enabling input mode while an external interrupt pin is "Low" level.

Notel: For setting Port, refer to "8. Input/output Port".

Note2: "n" means a suffix of a register name. "m" means a suffix of a bit symbol.
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6.4.4. List of Interrupt Sources for Each Product

The source of non-maskable interrupt is shown in Table 6.4.

Table 6.4 List of Interrupt Source (Non-maskable Interrupt)

Interrupt
Number

Interrupt source

NMI Generation factor

1

INTWDT

WDT interrupt

CGNMIFLG<MNIFLGO>

The sources of maskable interrupts are shown in Table 6.5.

Table 6.5 List of Interrupt Source

CG
interrupt
Interrupt
Interrupt source mode
Number
control
register
0 INTO External interrupt pin 0 CGIMCGA
1 INT1 External interrupt pin 1 CGIMCGA
2 INT2 External interrupt pin 2 CGIMCGA
3 INT3 External interrupt pin 3 CGIMCGA
4 INT4 External interrupt pin 4 CGIMCGB
5 INT5 External interrupt pin 5 CGIMCGB
6 INTRXO0 SIO/UART ch0 serial reception
7 INTTXO0 SIO/UART chO serial transmission
8 INTRX1 SIO/UART ch1 serial reception
9 INTTX1 SIO/UART ch1 serial transmission
10 INTVCNA Vector engine interrupt A
11 INTVCNB Vector engine interrupt B
12 INTEMGO PMD ch0 EMG interrupt
13 INTEMG1 PMD ch1 EMG interrupt
14 INTOVVO PMD ch0 OVYV interrupt
15 INTOVV1 PMD ch1 OVV interrupt
ADC unit APMD ch0 trigger conversion
16 INTADAPDA
completion
ADC unit B PMD chO trigger conversion
17 INTADBPDA
completion
ADC unit APMD ch1 trigger conversion
18 INTADAPDB
completion
ADC unit B PMD ch1 trigger conversion
19 INTADBPDB
completion
20 INTTBOO TMRB ch0 compare match O/overflow
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CG
interrupt
Interrupt
Interrupt source mode
Number
control
register
21 INTTBO1 TMRB ch0 compare match 1
22 INTTB10 TMRB ch1 compare match O/overflow
23 INTTB11 TMRB ch1 compare match 1
24 INTTB40 TMRB ch4 compare match O/overflow
25 INTTB41 TMRB ch4 compare match 1
26 INTTB50 TMRB ch5 compare match O/overflow
27 INTTB51 TMRB ch5 compare match 1
28 INTPMDO PMD ch0 PWM interrupt
29 INTPMD1 PMD ch1 PWM interrupt
30 INTCAPOO |TMRB chO input capture 0
31 INTCAPO1 [TMRB chO input capture 1
32 INTCAP10 [TMRB ch1 input capture 0
33 INTCAP11  [TMRB ch1 input capture 1
34 INTCAP40 [TMRB ch4 input capture 0
35 INTCAP41 |TMRB ch4 input capture 1
36 INTCAP50 [TMRB ch5 input capture O
37 INTCAP51 |TMRB ch5 input capture 1
38 INT6 External interrupt pin 6 CGIMCGB
39 INT7 External interrupt pin 7 CGIMCGB
40 INTRX2 SIO/UART ch2 serial reception
41 INTTX2 SIO/UART ch2 serial transmission
ADC unit A conversion monitoring function
42 INTADACPA
interrupt A
ADC unit B conversion monitoring
43 INTADBCPA
function interrupt A
ADC unit A conversion monitoring function
44 INTADACPB
interrupt B
ADC unit B conversion monitoring
45 INTADBCPB
function interrupt B
46 INTTB20 TMRB ch2 compare match O/overflow
47 INTTB21 TMRB ch2 compare match 1
48 INTTB30 TMRB ch3 compare match O/overflow
49 INTTB31 TMRB ch3 compare match 1
50 INTCAP20 [TMRB ch2 input capture O
51 INTCAP21 [TMRB ch2 input capture 1
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CG
interrupt
Interrupt
Interrupt source mode
Number
control
register
52 INTCAP30 |TMRB ch3 input capture 0
53 INTCAP31 |TMRB ch3 input capture 1
ADC unit A software trigger start
54 INTADASFT
conversion completion
ADC unit B software trigger start
55 INTADBSFT
conversion completion
ADC unit A timer trigger conversion
56 INTADATMR
completion
ADC unit B timer trigger conversion
57 INTADBTMR
completion
58 INT8 External interrupt pin 8 CGIMCGC
59 INT9 External interrupt pin 9 CGIMCGC
60 INTA External interrupt pin A CGIMCGC
61 INTB External interrupt pin B CGIMCGC
62 INTENCO Encoder input ch0
63 INTENC1 Encoder input ch1
64 INTRX3 SIO/UART ch3 serial reception
65 INTTX3 SIO/UART ch3 serial transmission
66 INTTB60 TMRB ch6 compare match O/overflow
67 INTTB61 TMRB ch6 compare match 1
68 INTTB70 TMRB ch7 compare match O/overflow
69 INTTB71 TMRB ch7 compare match 1
70 INTCAP60 [TMRB ch6 input capture 0
71 INTCAP61 [TMRB ch6 input capture 1
72 INTCAP70 |TMRB ch7 input capture 0
73 INTCAP71 |TMRB ch7 input capture 1
74 INTC External interrupt pin C CGIMCGD
75 INTD External interrupt pin D CGIMCGD
76 INTE External interrupt pin E CGIMCGD
77 INTF External interrupt pin F CGIMCGD
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6.4.5. Interrupt Detection Level

When using an interrupt via the CG, an interrupt detection level is selected from "Low" level, "High" level, rising
edge, falling edge or both edges by CG Interrupt Mode Control Register CGIMCGnN<EMCGm>. A signal of the
detected interrupt is output to the CPU as "High" level signal.

An interrupt signal, which is directly input to the CPU, from each peripheral function is output as "High™ level
pulse.

The CPU recognizes "High™ level of an interrupt signal as an interrupt source.

Note: "n" means a suffix of a register name. "m" means a suffix of a bit symbol.

6.4.5.1. Notice When Releasing Low-power Consumption Mode

When an external interrupt is used for releasing low-power consumption mode, the following settings are needed.

= Interrupt detection level is set by CGIMCGn<EMCGm>.
=  CGIMCGn<INTmEN>is setto "1".

Note: "n" means a suffix of a register name. "m" means a suffix of a bit symbol.
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6.4.6. Handling Method

6.4.6.1. Handling Flowchart

The outline of handling exceptions and interrupts are shown bellows.
In a follow description, [____] means process by hardware, and [ | means process by software.

Processing

Setting for detection

Setting for generating an
interrupt request

-

Occurring the interrupt
signal

Interrupt request except
releasing low-power
consumption mode

(=

Detecting the interrupt
signal by CG. The
interrupt signal releases
low-power consumption

mode.

(—

Detecting the interrupt
request by CPU

-

Handling the interrupt
request by CPU

-

Branching to interrupt
service routine

(-

Executing interrupt
service routine

(-

Exiting interrupt service
routine

Description

Set the relevant NVIC registers for detecting interrupt requests.
Set the CG registers when each interrupt request is used to release low-power
consumption mode.
<Common setting>
Setting NVIC registers
<Setting to release low-power consumption mode>
Setting CG registers

Setting for generating interrupt requests.
Setting depends on interrupt request types.
<Setting for extemal interrupt pins>
Setting Port registers
<Setting for interrupt requests from peripheral functions>
Setting Peripheral function registers (Refer to the section of each peripheral function for
details.)

The interrupt signal is generated.

Interrupt request to release
low-power consumption mode

The interrupt signal which releases low-power consumption mode is connected to the
CPUviathe CG.

The CPU detects the interrupt request.
When multiple interrupt requests occur simultaneously, the highest priority interrupt
request is detected by CPU according to the priority order.

CPU handles the interrupt request.

CPU branches to the interrupt service routine after storing contents of CPU's registers to
STACK.

The interrupt service routine is executed.

The CPU branches to another interrupt service routine or retums to the previous program.

Figure 6.4 Handling Flowchart

Refer to

Section 6.4.6.2

Section 6.4.6.3

Section 6.4.6.3

Section 6.4.6.5

Section 6.4.6.6
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6.4.6.2. Preparation

When preparing for an interrupt, take an attention to the order of configuration to avoid any unexpected interrupt
on the way.

Initiating an interrupt or changing its configuration must be implemented in the following order basically.

Disable the interrupt by the CPU. Configure from the farthest route from the CPU. Then enable the interrupt by
the CPU.

To configure the CG, first, configure the condition. Secondly, clear the data related with the interrupt in the CG to
avoid any unexpected interrupt and then enable the interrupt.

The followings are procedure of interrupt handling and the description for each step.

(1) Disabling CPU's interrupt

(2) Setting the CPU registers for interrupt

(3) Preparation of an interrupt source (1) (Interrupt from external interrupt pins)
(4) Preparation of an interrupt source (2) (Interrupt from peripheral functions)
(5) Preparation of an interrupt source (3) (Interrupt Set-Pending Registers)

(6) Configuring the CG

(7) Enabling CPU's interrupt

(1) Disabling CPU's interrupt
To make the CPU not accept any interrupt, write "1" to the corresponding bit of the PRIMASK. All interrupts and

exceptions other than non-maskable interrupts and hard faults are masked.

Use "MSR" instruction to set this register.

Table 6.6 Setting Interrupt Mask Register

Interrupt mask register

PRIMASK «— "1" (Interrupt disabled)

Notel: PRIMASK register cannot be modified by the user access level.

Note2: When PRIMASK is set to "1™ and a fault causes, it is handled as a hard fault.
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(2) Setting the CPU registers for interrupt

A priority level is set by <PRI_n[7:5]> in Interrupt Priority Register of the NVIC register.

This register is assigned to each interrupt source. The number is depended on each product.

When bit width of this register is 8 bits, a priority level can be assigned from 0 to 255. Priority level O is the
highest priority level. When multiple sources have the same priority, the smallest-numbered interrupt source has
the highest priority.

A grouping priority is also set by using <PRIGROUP[2:0]> in the Application Interrupt and Reset Control
Register.

Table 6.7 Setting NVIC registers

NVIC registers

<PRI_n[7:5]> <« Priority

<PRIGROUP[2:0]> <« Group priority (if required)

Note: "n" means the exception number or interrupt number.
The bit width of Interrupt Priority Register is 3 bits on TMPM370FYDFG/TMPM370FYFG.

(3) Preparation of an interrupt source (1) (Interrupt from external interrupt pins)

When using an external interrupt pin, configure the setting of corresponding pin. To use as function pin, set

PxFRn<PxmFn> to "1". And set PxIE<PxmIE> to "1" to use as input pin.

Table 6.8 Setting for External Interrupt Pin

Port setting registers

PxFRn<PxmFn> « """

PxIE<PxmIE> « ""

Notel: "x" means the Port number. "m" means the bit number. "n" means the function register number.

Note2: In the mode except STOP mode, when enabling input function by PxIE, the input of an external interrupt
pin is enabled regardless of setting PxFRn. When setting an external interrupt pin, the unused external
interrupt pin must not be enable to input mode. For details, refer to 6.4.3.5. Caution when Using External

Interrupt Pins".

(4) Preparation of an interrupt source (2) (Interrupt from peripheral functions)

When using the interrupt of peripheral functions, setting is depend on peripheral function. Refer to the section of

each peripheral function.
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(5) Preparation of an interrupt source (3) (Interrupt Set-Pending Registers)

When an interrupt is generated by Interrupt Set-Pending Registers, set corresponding bit of it to "1".

Table 6.9 Setting for Interrupt Set-Pending Register

NVIC register

<SETPEND> « ""

Note: "<SETPEND>" means the corresponding bit of Interrupt Set-Pending Register.

(6) CG Setting

For an interrupt source to be used for releasing low-power consumption mode, set CGIMCGn<EMCGm[2:0]> of
CG to the interrupt detection level. And set CMIMCGn<INTmMEN> to low-power consumption mode releasing
enabled.

Before enabling interrupt, interrupt requests are cleared by CGICRCG beforehand to avoid unexpected interrupt.
The held interrupt request can be cleared by writing corresponding value of an external interrupt to CGICRCG.
For details, refer to "6.5.3.1. CGICRCG (CG Interrupt Request Clear Register)".

Table 6.10 Setting for CG

CG registers

CGIMCGN<EMCGm> « Interrupt detection level

CGICRCG<ICRCG> <« Clear the interrupt request

u1|l
CGIMCGN<INTmMmEN>

(Low-power consumption mode releasing enabled)

Note: "n" means a suffix of a register name. "m" means a suffix of a bit symbol.
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(7) Enabling CPU's interrupt
Enable the interrupt by the CPU as shown below.
The pending interrupt request can be cleared by setting the corresponding bit of interrupt clear-pending register to
"1". And interrupt can be enabled by setting the corresponding bit of interrupt set-enable register to "1".
These are assigned for each interrupt source bit by bit.
However, when an interrupt is generated by interrupt set-pending register, above operation is not required because
interrupt source is cleared by setting the corresponding bit of interrupt clear-pending register to "1".
At last, PRIMASK is cleared to "0".

Table 6.11 Setting Enabling CPU's Interrupt

NVIC registers

<CLRPEND> « "1"

<SETENA> «— "1"

Interrupt mask register

PRIMASK « "0" (Interrupt enabled)

Notel: "<CLRPEND>" means the corresponding bit of interrupt clear-pending register. "<SETENA>" means the
corresponding bit of interrupt set-enable register.

Note2 : PRIMASK register cannot be modified by the user access level.
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6.4.6.3. Detection (CG)

The signal which is used for releasing low-power consumption mode is generated according to the interrupt
detection level set in the CG, and then it is input to the CPU. After the interrupt signal whose interrupt level is
rising edge, falling edge or both edges outputs the interrupt signal of "High™ level to the CPU from detecting by
the CG until clearing the interrupt request by CGICRCG. Therefore, same interrupt occurs again after exiting an
interrupt service routine without clearing interrupt request. To avoid generating same interrupt, clear the interrupt
request in an interrupt service routine.

And "High" level or "Low" level interrupt signal is recognized as no interrupt when the level is changed from the

set interrupt detection level. Therefore, the level of interrupt signal must be hold until interrupt detection.

6.4.6.4. Detection (CPU)
The highest priority interrupt request is detected by the CPU according to the priority order.

6.4.6.5. CPU Processing

When detecting an interrupt, the CPU stores the contents of XPSR, PC, LR, r12 and r0 to r3 to the stack. Then, the
CPU branches to an interrupt service routine.

6.4.6.6. Processing in Interrupt Service Routine (Clearing Interrupt Source)

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

(1) Processing in Interrupt Service Routine

An interrupt service routine normally stores the content of the required registers to the stack and handles an
interrupt processing. The Cortex-M3 core automatically stores the contents of xPSR, PC, LR, r12 and r0 to r3 to
the stack. No extra programming is required for them.

Store the contents of other registers if needed.

Interrupt requests with higher priority and exceptions such as non-maskable interrupt (NMI) are accepted even
when an interrupt service routine is being executed. It is recommend that the contents of general-purpose registers
that might be rewritten be stored.
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(2) Clearing an interrupt source

An interrupt source is used for releasing low-power consumption mode must be cleared by CGICRCG.

When an interrupt detection level of an external interrupt is rising edge, falling edge or both edges, the held
interrupt source is cleared by writing CGICRCG to the corresponding value. Therefore, the set interrupt detection
level is detected again when it is generated.

When an interrupt detection level of an external interrupt is "High" or "Low™" level, an interrupt source is kept
continuously until an interrupt signal is cleared. Therefore, an interrupt signal must be cleared. The interrupt
source from the CG is cleared after clearing an interrupt signal.
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6.5. Exception/Interrupt-Related Registers

6.5.1. Register List

The following table shows control registers and addresses.

6.5.1.1. NVIC Registers

Register name

Address (Base+)

SysTick Control and Status Register 0x0010
SysTick Reload Value Register 0x0014
SysTick Current Value Register 0x0018
SysTick Calibration Value Register 0x001C
Interrupt Set-Enable Register 1 0x0100
Interrupt Set-Enable Register 2 0x0104
Interrupt Set-Enable Register 3 0x0108
Interrupt Clear-Enable Register 1 0x0180
Interrupt Clear-Enable Register 2 0x0184
Interrupt Clear-Enable Register 3 0x0188
Interrupt Set-Pending Register 1 0x0200
Interrupt Set-Pending Register 2 0x0204
Interrupt Set-Pending Register 3 0x0208
Interrupt Clear-Pending Register 1 0x0280
Interrupt Clear-Pending Register 2 0x0284
Interrupt Clear-Pending Register 3 0x0288
Interrupt Priority Register 0x0400 to 0x0460
Vector Table Offset Register 0x0D08
Application Interrupt and Reset Control Register 0x0DO0C

System Handler Priority Register

0x0D18, 0x0D1C, 0x0D20

System Handler Control and State Register

0x0D24
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6.5.1.2. CG Registers
Register name Address (Base+t)
CG Interrupt Request Clear Register CGICRCG 0x0014
NMI Generation Factor Flag Register CGNMIFLG 0x0018
Reset Flag Register CGRSTFLG 0x001C
CG Interrupt Mode Control Register A CGIMCGA 0x0020
CG Interrupt Mode Control Register B CGIMCGB 0x0024
CG Interrupt Mode Control Register C CGIMCGC 0x0028
CG Interrupt Mode Control Register D CGIMCGD 0x002C
Reserved - 0x0030 to 0x003F
Note: Access to the "Reserved" areas is prohibited.
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6.5.2. NVIC Registers
6.5.2.1. 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".
0: Timer not counted to "0"
1: Timer counted to "0"
16 COUNTFLAG R/W L N . .
When this bit is "1", this indicates that the timer counts to "0" after the last reading.
When reading any part of this register, this bit is cleared to "0".
15:3 - R Read as "0".
2 CLKSOURCE RIW 0: External reference clock (fosc/ 32) (Note)
1: CPU clock (fsys)
0: Do not pend SysTick
1 TICKINT R/W ono pen‘ yste
1: Pend SysTick
0: Disabled
1: Enabled
0 ENABLE R/W L . . . . .
When this bit is set to "1", a timer is loaded with the value of SysTick Reload Value Register and starts
count down.

Note: TMPM370FYDFG/TMPM370FYFG use the clock divided fosc (the clock selected by
CGOSCCR<OSCSEL>) by 32 as an external reference clock.

94 /624 2023-07-21
Rev. 1.1



TOSHIBA

TMPM370FYDFG
TMPM370FYFG
6.5.2.2. SysTick Reload Value Register
31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol RELOAD
After reset Undefined
15 14 | 13 12 | 11 | 10 9 8
bit symbol RELOAD
After reset Undefined
7 6 | 5 4 | 3 | 2 1 0
bit symbol RELOAD
After reset Undefined
Bit Bit Symbol Type Function
31:24 - R [Readas "0"
23:.0 RELOADI[23:0] R/IW Reload value i . . .
The value to load to SysTick Current Value Register when the timer counts to "0" is set.
6.5.2.3. SysTick Current Value Register
31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol CURRENT
After reset Undefined
15 14 | 13 12 | 11 | 10 9 8
bit symbol CURRENT
After reset Undefined
7 6 | 5 4 | 3 | 2 1 0
bit symbol CURRENT
After reset Undefined
Bit Bit Symbol Type Function
31:24 - R [Readas"0"
R Current SysTick timer value
Any value: Clear the Timer
23:0 | CURRENT[23:0] W The timer is cleared to "0" by writing any value to <CURRENET[23:0]>.
When the timer is cleared to "0", <COUNTFLAG> of SysTick Control and Status Register is also
cleared.
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6.5.2.4. 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 8 2 1 0
bit symbol TENMS
After reset 1 1 0 0 0 1 0 0
Bit Bit Symbol Type Function
0: Reference clock provided
31 NOREF R
1: No reference clock
0: Calibration value is 10ms.
30 SKEW R - .
1: Calibration value is not 10ms.
29:24 - R Read as "0".
Calibration value
23:0 TENMS[23:0] R _
Reload value (0x9C4) to use counting for 10ms by an external reference clock. (Note)

Note: When SysTick is used as multi shot, use the value which is subtracted one from <TENMS[23:0]>.

96 /624

2023-07-21
Rev. 1.1



TOSHIBA TMPM370FYDFG

TMPM370FYFG

6.5.2.5. Interrupt Control Registers
Following registers will be used to control each interrupt factor; Interrupt Set-Enable Register, Interrupt
Clear-Enable Register, Interrupt Set-Pending Register, and Interrupt Clear-Pending Register.

Each bit corresponds to specified interrupt.

Note: The interrupt factors varies each products. For details, refer to "6.4.4. List of Interrupt Sources for Each

Product".

(1) Interrupt Set-Enable Register

Each bit corresponds to the specified interrupt number.

It can enable interrupts and check if interrupts are enabled.

Writing ""1" to a bit in this register enables the corresponding interrupt.

Writing ""0" has no effect.

Read the enable status of the corresponding interrupts.

Writing "1" to a corresponding bit in the Interrupt Clear-Enable Register clears the bit in this register.
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(@) Interrupt Set-Enable Register 1
Bit Bit Symbol After Type Function
reset
31 SETENA (Interrupt 31) 0
30 SETENA (Interrupt 30) 0
29 SETENA (Interrupt 29) 0
28 SETENA (Interrupt 28) 0
27 SETENA (Interrupt 27) 0
26 SETENA (Interrupt 26) 0
25 SETENA (Interrupt 25) 0
24 SETENA (Interrupt 24) 0
23 SETENA (Interrupt 23) 0
22 SETENA (Interrupt 22) 0
21 SETENA (Interrupt 21) 0
20 SETENA (Interrupt 20) 0
19 SETENA (Interrupt 19) 0
18 SETENA (Interrupt 18) 0 [Reading]
17 SETENA (Interrupt 17) 0 0: Interrupt is disabled.
16 SETENA (Interrupt 16) 0 1: Interrupt is enabled.
15 SETENA (Interrupt 15) 0 RIW [writing] (Note)
14 SETENA (Interrupt 14) 0 0: No effect
13 SETENA (Interrupt 13) 0 1: Enable interrupt
12 SETENA (Interrupt 12) 0
11 SETENA (Interrupt 11) 0
10 SETENA (Interrupt 10) 0
9 SETENA (Interrupt 9) 0
8 SETENA (Interrupt 8) 0
7 SETENA (Interrupt 7) 0
6 SETENA (Interrupt 6) 0
5 SETENA (Interrupt 5) 0
4 SETENA (Interrupt 4) 0
3 SETENA (Interrupt 3) 0
2 SETENA (Interrupt 2) 0
1 SETENA (Interrupt 1) 0
0 SETENA (Interrupt 0) 0
Note: Write "0" to the bit whose bit symbol is "-".
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(b) Interrupt Set-Enable Register 2
Bit Bit Symbol After Type Function
reset
31 SETENA (Interrupt 63) 0
30 SETENA (Interrupt 62) 0
29 SETENA (Interrupt 61) 0
28 SETENA (Interrupt 60) 0
27 SETENA (Interrupt 59) 0
26 SETENA (Interrupt 58) 0
25 SETENA (Interrupt 57) 0
24 SETENA (Interrupt 56) 0
23 SETENA (Interrupt 55) 0
22 SETENA (Interrupt 54) 0
21 SETENA (Interrupt 53) 0
20 SETENA (Interrupt 52) 0
19 SETENA (Interrupt 51) 0
18 SETENA (Interrupt 50) 0 [Reading]
17 SETENA (Interrupt 49) 0 0: Interrupt is disabled.
16 SETENA (Interrupt 48) 0 1: Interrupt is enabled.
15 SETENA (Interrupt 47) 0 RIW [writing] (Note)
14 SETENA (Interrupt 46) 0 0: No effect
13 SETENA (Interrupt 45) 0 1: Enable interrupt
12 SETENA (Interrupt 44) 0
11 SETENA (Interrupt 43) 0
10 SETENA (Interrupt 42) 0
9 SETENA (Interrupt 41) 0
8 SETENA (Interrupt 40) 0
7 SETENA (Interrupt 39) 0
6 SETENA (Interrupt 38) 0
5 SETENA (Interrupt 37) 0
4 SETENA (Interrupt 36) 0
3 SETENA (Interrupt 35) 0
2 SETENA (Interrupt 34) 0
1 SETENA (Interrupt 33) 0
0 SETENA (Interrupt 32) 0
Note: Write "0" to the bit whose bit symbol is "-".
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(c) Interrupt Set-Enable Register 3
Bit Bit Symbol After Type Function
reset
31 - 0
30 - 0
29 - 0
28 - 0
27 - 0
26 - 0
25 - 0
24 - 0
23 - 0
22 - 0
21 - 0
20 - 0
19 - 0
18 - 0 [Reading]
17 - 0 0: Interrupt is disabled.
16 : 0 1: Interrupt is enabled.
R/W
15 - 0 [writing] (Note)
14 - 0 0: No effect
13 SETENA(Interrupt 77) 0 1: Enable interrupt
12 SETENA(Interrupt 76) 0
11 SETENA(Interrupt 75) 0
10 SETENA(Interrupt 74) 0
9 SETENA(Interrupt 73) 0
8 SETENA(Interrupt 72) 0
7 SETENA(Interrupt 71) 0
6 SETENA(Interrupt 70) 0
5 SETENA(Interrupt 69) 0
4 SETENA(Interrupt 68) 0
3 SETENA(Interrupt 67) 0
2 SETENA(Interrupt 66) 0
1 SETENA(Interrupt 65) 0
0 SETENA(Interrupt 64) 0
Note: Write "0" to the bit whose bit symbol is "-".
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(2) Interrupt Clear-Enable Register
Each bit corresponds to the specified interrupt number.
It can disable interrupts and check if interrupts are disabled.
Writing "1" to a bit in this register disables the corresponding interrupt.

Writing "0" has no effect.
Read the disable status of the corresponding interrupts.
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(@) Interrupt Clear-Enable Register 1
Bit Bit Symbol After Type Function
reset
31 CLRENA (Interrupt 31) 0
30 CLRENA (Interrupt 30) 0
29 CLRENA (Interrupt 29) 0
28 CLRENA (Interrupt 28) 0
27 CLRENA (Interrupt 27) 0
26 CLRENA (Interrupt 26) 0
25 CLRENA (Interrupt 25) 0
24 CLRENA (Interrupt 24) 0
23 CLRENA (Interrupt 23) 0
22 CLRENA (Interrupt 22) 0
21 CLRENA (Interrupt 21) 0
20 CLRENA (Interrupt 20) 0
19 CLRENA (Interrupt 19) 0
18 CLRENA (Interrupt 18) 0 [Reading]
17 CLRENA (Interrupt 17) 0 0: Interrupt is disabled.
16 CLRENA (Interrupt 16) 0 1: Interrupt is enabled.
15 CLRENA (Interrupt 15) 0 RIW [writing] (Note)
14 CLRENA (Interrupt 14) 0 0: No effect
13 CLRENA (Interrupt 13) 0 1: Disable interrupt
12 CLRENA (Interrupt 12) 0
11 CLRENA (Interrupt 11) 0
10 CLRENA (Interrupt 10) 0
9 CLRENA (Interrupt 9) 0
8 CLRENA (Interrupt 8) 0
7 CLRENA (Interrupt 7) 0
6 CLRENA (Interrupt 6) 0
5 CLRENA (Interrupt 5) 0
4 CLRENA (Interrupt 4) 0
3 CLRENA (Interrupt 3) 0
2 CLRENA (Interrupt 2) 0
1 CLRENA (Interrupt 1) 0
0 CLRENA (Interrupt 0) 0
Note: Write "0" to the bit whose bit symbol is "-".
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(b) Interrupt Clear-Enable Register 2
Bit Bit Symbol After Type Function
reset
31 CLRENA (Interrupt 63) 0
30 CLRENA (Interrupt 62) 0
29 CLRENA (Interrupt 61) 0
28 CLRENA (Interrupt 60) 0
27 CLRENA (Interrupt 59) 0
26 CLRENA (Interrupt 58) 0
25 CLRENA (Interrupt 57) 0
24 CLRENA (Interrupt 56) 0
23 CLRENA (Interrupt 55) 0
22 CLRENA (Interrupt 54) 0
21 CLRENA (Interrupt 53) 0
20 CLRENA (Interrupt 52) 0
19 CLRENA (Interrupt 51) 0
18 CLRENA (Interrupt 50) 0 [Reading]
17 CLRENA (Interrupt 49) 0 0: Interrupt is disabled.
16 CLRENA (Interrupt 48) 0 1: Interrupt is enabled.
15 CLRENA (Interrupt 47) 0 RIW [writing] (Note)
14 CLRENA (Interrupt 46) 0 0: No effect
13 CLRENA (Interrupt 45) 0 1: Disable interrupt
12 CLRENA (Interrupt 44) 0
11 CLRENA (Interrupt 43) 0
10 CLRENA (Interrupt 42) 0
9 CLRENA (Interrupt 41) 0
8 CLRENA (Interrupt 40) 0
7 CLRENA (Interrupt 39) 0
6 CLRENA (Interrupt 38) 0
5 CLRENA (Interrupt 37) 0
4 CLRENA (Interrupt 36) 0
3 CLRENA (Interrupt 35) 0
2 CLRENA (Interrupt 34) 0
1 CLRENA (Interrupt 33) 0
0 CLRENA (Interrupt 32) 0
Note: Write "0" to the bit whose bit symbol is "-".
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(c¢) Interrupt Clear-Enable Register 3
Bit Bit Symbol After Type Function
reset
31 - 0
30 - 0
29 - 0
28 - 0
27 - 0
26 - 0
25 - 0
24 - 0
23 - 0
22 - 0
21 - 0
20 - 0
19 - 0
18 - 0 [Reading]
17 - 0 0: Interrupt is disabled.
16 : 0 1: Interrupt is enabled.
R/W
15 - 0 [writing] (Note)
14 - 0 0: No effect
13 CLRENA (Interrupt 77) 0 1: Disable interrupt
12 CLRENA (Interrupt 76) 0
11 CLRENA (Interrupt 75) 0
10 CLRENA (Interrupt 74) 0
9 CLRENA (Interrupt 73) 0
8 CLRENA (Interrupt 72) 0
7 CLRENA (Interrupt 71) 0
6 CLRENA (Interrupt 70) 0
5 CLRENA (Interrupt 69) 0
4 CLRENA (Interrupt 68) 0
3 CLRENA (Interrupt 67) 0
2 CLRENA (Interrupt 66) 0
1 CLRENA (Interrupt 65) 0
0 CLRENA (Interrupt 64) 0
Note: Write "0" to the bit whose bit symbol is "-".
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(3) Interrupt Set-Pending Register

Each bit corresponds to the specified interrupt number.

It can force interrupts into the pending state and checks 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.

Read the current status of the corresponding interrupts; pending or not.

Writing "1" to a corresponding bit in the Interrupt Clear-Pending Register clears the bit in this register.
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(@) Interrupt Set-Pending Register 1
Bit Bit Symbol After Type Function
reset
31 SETPEND (Interrupt 31) Undefined
30 SETPEND (Interrupt 30) Undefined
29 SETPEND (Interrupt 29) Undefined
28 SETPEND (Interrupt 28) Undefined
27 SETPEND (Interrupt 27) Undefined
26 SETPEND (Interrupt 26) Undefined
25 SETPEND (Interrupt 25) Undefined
24 SETPEND (Interrupt 24) Undefined
23 SETPEND (Interrupt 23) Undefined
22 SETPEND (Interrupt 22) Undefined
21 SETPEND (Interrupt 21) Undefined
20 SETPEND (Interrupt 20) Undefined
19 SETPEND (Interrupt 19) Undefined
18 SETPEND (Interrupt 18) Undefined [Reading]
17 SETPEND (Interrupt 17) Undefined 0: Not pended
16 SETPEND (Interrupt 16) Undefined 1: Pended
15 SETPEND (Interrupt 15) Undefined RIW [writing] (Note)
14 SETPEND (Interrupt 14) Undefined 0: No effect
13 SETPEND (Interrupt 13) Undefined 1: Pend interrupt
12 SETPEND (Interrupt 12) Undefined
11 SETPEND (Interrupt 11) Undefined
10 SETPEND (Interrupt 10) Undefined
9 SETPEND (Interrupt 9) Undefined
8 SETPEND (Interrupt 8) Undefined
7 SETPEND (Interrupt 7) Undefined
6 SETPEND (Interrupt 6) Undefined
5 SETPEND (Interrupt 5) Undefined
4 SETPEND (Interrupt 4) Undefined
3 SETPEND (Interrupt 3) Undefined
2 SETPEND (Interrupt 2) Undefined
1 SETPEND (Interrupt 1) Undefined
0 SETPEND (Interrupt 0) Undefined
Note: Write "0" to the bit whose bit symbol is "-".
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(b) Interrupt Set-Pending Register 2
Bit Bit Symbol After Type Function
reset
31 SETPEND (Interrupt 63) Undefined
30 SETPEND (Interrupt 62) Undefined
29 SETPEND (Interrupt 61) Undefined
28 SETPEND (Interrupt 60) Undefined
27 SETPEND (Interrupt 59) Undefined
26 SETPEND (Interrupt 58) Undefined
25 SETPEND (Interrupt 57) Undefined
24 SETPEND (Interrupt 56) Undefined
23 SETPEND (Interrupt 55) Undefined
22 SETPEND (Interrupt 54) Undefined
21 SETPEND (Interrupt 53) Undefined
20 SETPEND (Interrupt 52) Undefined
19 SETPEND (Interrupt 51) Undefined
18 SETPEND (Interrupt 50) Undefined [Reading]
17 SETPEND (Interrupt 49) Undefined 0: Not pended
16 SETPEND (Interrupt 48) Undefined 1: Pended
15 SETPEND (Interrupt 47) Undefined RIW [writing] (Note)
14 SETPEND (Interrupt 46) Undefined 0: No effect
13 SETPEND (Interrupt 45) Undefined 1: Pend interrupt
12 SETPEND (Interrupt 44) Undefined
11 SETPEND (Interrupt 43) Undefined
10 SETPEND (Interrupt 42) Undefined
9 SETPEND (Interrupt 41) Undefined
8 SETPEND (Interrupt 40) Undefined
7 SETPEND (Interrupt 39) Undefined
6 SETPEND (Interrupt 38) Undefined
5 SETPEND (Interrupt 37) Undefined
4 SETPEND (Interrupt 36) Undefined
3 SETPEND (Interrupt 35) Undefined
2 SETPEND (Interrupt 34) Undefined
1 SETPEND (Interrupt 33) Undefined
0 SETPEND (Interrupt 32) Undefined
Note: Write "0" to the bit whose bit symbol is "-".
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(¢) Interrupt Set-Pending Register 3
Bit Bit Symbol After Type Function
reset
31 - Undefined
30 - Undefined
29 - Undefined
28 - Undefined
27 - Undefined
26 - Undefined
25 - Undefined
24 - Undefined
23 - Undefined
22 - Undefined
21 - Undefined
20 - Undefined
19 - Undefined
18 - Undefined [Reading]
17 - Undefined 0: Not pended
16 - Undefined 1: Pended
R/W
15 - Undefined [writing] (Note)
14 - Undefined 0: No effect
13 SETPEND (Interrupt 77) Undefined 1: Pend interrupt
12 SETPEND (Interrupt 76) Undefined
11 SETPEND (Interrupt 75) Undefined
10 SETPEND (Interrupt 74) Undefined
9 SETPEND (Interrupt 73) Undefined
8 SETPEND (Interrupt 72) Undefined
7 SETPEND (Interrupt 71) Undefined
6 SETPEND (Interrupt 70) Undefined
5 SETPEND (Interrupt 69) Undefined
4 SETPEND (Interrupt 68) Undefined
3 SETPEND (Interrupt 67) Undefined
2 SETPEND (Interrupt 66) Undefined
1 SETPEND (Interrupt 65) Undefined
0 SETPEND (Interrupt 64) Undefined
Note: Write "0" to the bit whose bit symbol is "-".
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(4) Interrupt Clear-Pending Register
Each bit corresponds to the specified interrupt number.
It can clear pending interrupts and checks which interrupts are currently pending.
Writing "1" to a bit in this register clears the corresponding pending interrupt. However, writing "1" has no effect
on an interrupt that is already being serviced.
Writing "0" has no effect.
Read the current status of the corresponding interrupts; pending or not..
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(@) Interrupt Clear-Pending Register 1
Bit Bit Symbol After Type Function
reset
31 CLRPEND (Interrupt 31) Undefined
30 CLRPEND (Interrupt 30) Undefined
29 CLRPEND (Interrupt 29) Undefined
28 CLRPEND (Interrupt 28) Undefined
27 CLRPEND (Interrupt 27) Undefined
26 CLRPEND (Interrupt 26) Undefined
25 CLRPEND (Interrupt 25) Undefined
24 CLRPEND (Interrupt 24) Undefined
23 CLRPEND (Interrupt 23) Undefined
22 CLRPEND (Interrupt 22) Undefined
21 CLRPEND (Interrupt 21) Undefined
20 CLRPEND (Interrupt 20) Undefined
19 CLRPEND (Interrupt 19) Undefined
18 CLRPEND (Interrupt 18) Undefined [Reading]
17 CLRPEND (Interrupt 17) Undefined 0: Not pended
16 CLRPEND (Interrupt 16) Undefined 1: Pended
15 CLRPEND (Interrupt 15) Undefined RIW [writing] (Note)
14 CLRPEND (Interrupt 14) Undefined 0: No effect
13 CLRPEND (Interrupt 13) Undefined 1: Clear pending interrupt
12 CLRPEND (Interrupt 12) Undefined
11 CLRPEND (Interrupt 11) Undefined
10 CLRPEND (Interrupt 10) Undefined
9 CLRPEND (Interrupt 9) Undefined
8 CLRPEND (Interrupt 8) Undefined
7 CLRPEND (Interrupt 7) Undefined
6 CLRPEND (Interrupt 6) Undefined
5 CLRPEND (Interrupt 5) Undefined
4 CLRPEND (Interrupt 4) Undefined
3 CLRPEND (Interrupt 3) Undefined
2 CLRPEND (Interrupt 2) Undefined
1 CLRPEND (Interrupt 1) Undefined
0 CLRPEND (Interrupt 0) Undefined
Note: Write "0" to the bit whose bit symbol is "-".
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(b) Interrupt Clear-Pending Register 2
Bit Bit Symbol After Type Function
reset
31 CLRPEND (Interrupt 63) Undefined
30 CLRPEND (Interrupt 62) Undefined
29 CLRPEND (Interrupt 61) Undefined
28 CLRPEND (Interrupt 60) Undefined
27 CLRPEND (Interrupt 59) Undefined
26 CLRPEND (Interrupt 58) Undefined
25 CLRPEND (Interrupt 57) Undefined
24 CLRPEND (Interrupt 56) Undefined
23 CLRPEND (Interrupt 55) Undefined
22 CLRPEND (Interrupt 54) Undefined
21 CLRPEND (Interrupt 53) Undefined
20 CLRPEND (Interrupt 52) Undefined
19 CLRPEND (Interrupt 51) Undefined
18 CLRPEND (Interrupt 50) Undefined [Reading]
17 CLRPEND (Interrupt 49) Undefined 0: Not pended
16 CLRPEND (Interrupt 48) Undefined 1: Pended
15 CLRPEND (Interrupt 47) Undefined RIW [writing] (Note)
14 CLRPEND (Interrupt 46) Undefined 0: No effect
13 CLRPEND (Interrupt 45) Undefined 1: Clear pending interrupt
12 CLRPEND (Interrupt 44) Undefined
11 CLRPEND (Interrupt 43) Undefined
10 CLRPEND (Interrupt 42) Undefined
9 CLRPEND (Interrupt 41) Undefined
8 CLRPEND (Interrupt 40) Undefined
7 CLRPEND (Interrupt 39) Undefined
6 CLRPEND (Interrupt 38) Undefined
5 CLRPEND (Interrupt 37) Undefined
4 CLRPEND (Interrupt 36) Undefined
3 CLRPEND (Interrupt 35) Undefined
2 CLRPEND (Interrupt 34) Undefined
1 CLRPEND (Interrupt 33) Undefined
0 CLRPEND (Interrupt 32) Undefined
Note: Write "0" to the bit whose bit symbol is "-".
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(¢) Interrupt Clear-Pending Register 3
Bit Bit Symbol After Type Function
reset
31 - Undefined
30 - Undefined
29 - Undefined
28 - Undefined
27 - Undefined
26 - Undefined
25 - Undefined
24 - Undefined
23 - Undefined
22 - Undefined
21 - Undefined
20 - Undefined
19 - Undefined
18 - Undefined [Reading]
17 - Undefined 0: Not pended
16 - Undefined 1: Pended
R/W
15 - Undefined [writing] (Note)
14 - Undefined 0: No effect
13 CLRPEND (Interrupt 77) Undefined 1: Clear pending interrupt
12 CLRPEND (Interrupt 76) Undefined
11 CLRPEND (Interrupt 75) Undefined
10 CLRPEND (Interrupt 74) Undefined
9 CLRPEND (Interrupt 73) Undefined
8 CLRPEND (Interrupt 72) Undefined
7 CLRPEND (Interrupt 71) Undefined
6 CLRPEND (Interrupt 70) Undefined
5 CLRPEND (Interrupt 69) Undefined
4 CLRPEND (Interrupt 68) Undefined
3 CLRPEND (Interrupt 67) Undefined
2 CLRPEND (Interrupt 66) Undefined
1 CLRPEND (Interrupt 65) Undefined
0 CLRPEND (Interrupt 64) Undefined
Note: Write "0" to the bit whose bit symbol is "-".
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6.5.2.6. Interrupt Priority Register

Each interrupt is provided with 8 bits of an Interrupt Priority Register.

The following shows the addresses of the Interrupt Priority Registers corresponding to interrupt numbers.

Table 6.12 Address of Interrupt Priority Register

Address 31 24|23 16|15 8|7 0
0xE000E400 PRI_3 PRI 2 PRI_1 PRI_0
OXEO00E404 PRI_7 PRI_6 PRI 5 PRI_4
OxEO00E408 PRI_11 PRI_10 PRI_9 PRI_8
OxEO00E40C PRI_15 PRI_14 PRI_13 PRI_12
OXEOOOE410 PRI_19 PRI_18 PRI_17 PRI_16
OXEO00E414 PRI_23 PRI_22 PRI_21 PRI_20
OXEOOOE418 PRI_27 PRI_26 PRI_25 PRI_24
OXEO0OE41C PRI_31 PRI_30 PRI_29 PRI_28
OxE000E420 PRI_35 PRI_34 PRI_33 PRI_32
OxEO00E424 PRI_39 PRI_38 PRI_37 PRI_36
OxEO00E428 PRI_43 PRI_42 PRI_41 PRI_40
OXEO00E42C PRI_47 PRI_46 PRI_45 PRI_44
OXEO00E430 PRI_51 PRI_50 PRI_49 PRI_48
OXEO00E434 PRI_55 PRI_54 PRI_53 PRI_52
OXEO00E438 PRI_59 PRI_58 PRI_57 PRI_56
OXEO0OE43C PRI_63 PRI_62 PRI_61 PRI_60
OxE000E440 PRI_67 PRI_66 PRI_65 PRI_64
OxE000E444 PRI_71 PRI_70 PRI_69 PRI_68
OxEO00E448 PRI_75 PRI_74 PRI_73 PRI_72
OxEO00E44C - - PRI_77 PRI_76

Product”.

The number of bits to be used for assigning a priority varies with each product.
TMPM370FYDFG/TMPM370FYFG use 3 bits for assigning a priority.

Note: The interrupt factors varies each products. For details, refer to "6.4.4. List of Interrupt Sources for Each
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The following shows the fields of the Interrupt Priority Registers for interrupt numbers 0 to 3. The Interrupt

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.

Table 6.13 Configuration of Interrupt Priority Register for Interrupt Numbers 0 to 3

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

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

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

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

Bit Bit Symbol Type Function
31:29 PRI_3[2:0] R/W | Priority of interrupt number 3
28:24 - R |Readas"0".
23:21 PRI_2[2:0] R/W | Priority of interrupt number 2
20:16 - R [Readas"0"
15:13 PRI_1[2:0] R/W | Priority of interrupt number 1

12:8 - R [Readas"0"

75 PRI_0[2:0] R/W | Priority of interrupt number 0

4:0 - R |Read as"0".
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6.5.2.7. Vector Table Offset Register
31 30 29 28 27 26 25 24
bit symbol - - TBLBASE 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
31:30 - R Read as "0".
Table base
29 TBLBASE RIW Specify the memory space assigned vector table.
0: Code space
1: SRAM space
Offset value
Set the offset value from the top of the space specified in <TBLBASE>.

28:7 TBLOFF[24:0] R/W | The offset must be aligned based on the number of exceptions in the table. This means that the
minimum alignment is 32 words that interrupts can be used up to 16. For more interrupts, the
alignment must be adjusted by rounding up to the next power of two.

6:0 - R Read as "0".
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6.5.2.8. Application Interrupt and Reset Control Register
31 30 | 29 | 28 | 27 | 26 25 24
bit symbol VECTKEY/VECTKEYSTAT
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol VECTKEY/VECTKEYSTAT
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol | 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
VECTKEYSTAT R Register key
[15:0] Read as "OxFA05".
31:16 Register key
VECTKEY[15:0] W | <VECTKEY[15:0]> must be written "0x05FA" when writing Application Interrupt and Reset Control
Register.
Endianness bit (Notel)
15 ENDIANESS R/W 0: Little endian
1: Big endian
14:11 - R |[Readas"0"
Interrupt priority grouping
000: Pre-emption priority 7bits, sub priority 1bit
001: Pre-emption priority 6bits, sub priority 2bits
010: Pre-emption priority 5bits, sub priority 3bits
011: Pre-emption priority 4bits, sub priority 4bits
10:8 PRIGROUP[2:0] | R/IW 100: Pre-emption priority 3bits, sub priority 5bits
101: Pre-emption priority 2bits, sub priority 6bits
110: Pre-emption priority 1bit, sub priority 7bits
111: Pre-emption priority Obit, sub priority 8bits
The bit configuration to split the interrupt priority register <PRI_n> into pre-emption priority and sub
priority.
7:3 - R Read as "0".
System reset request
2 SYSRESETREQ | R/W . .
CPU outputs SYSRESETREQ signal when setting to "1". (Note2)
Clear active vector bit
0: Do not clear
VECTCLR . . . .
1 ACTIVE R/W 1: Clear all information for active NMI, faults, and interrupts.
<VECTCLRACTIVE> is cleared by setting to "1".
The re-initialization of STACK by application is required.
System reset
0: Do not reset system.
0 VECTRESET R/W 1: Reset system.
When setting to "1", the internal circuits of the CPU except debug components (FPB, DWT. ITM) are
reset and <VECTRESET> is also cleared to "0".

Notel: The memory format of TMPM370FYDFG/TMPM370FYFG must be little endian.

Note2: When SYSRESETREQ signal is output, a warm reset occurs on TMPM370FYDFG/TMPM370FYFG.
<SYSRESETREQ> is cleared to "0" by a warm reset.
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6.5.2.9. System Handler Priority Register

Each exception is provided with 8 bits of a System Handler Priority Register.

The following shows the addresses of the System Handler Priority Registers corresponding to each exception

Table 6.14 Address of System Handler Priority Register

Address 31 24 (23 16|15 8|7 0
PRI_4
PRI_6 PRI_5
OxEOOOED18 PRI_7 (Memory
(Usage fault) (Bus fault)
management)
PRI_11
OXEOOOED1C PRI_10 PRI_9 PRI_8
(Svcall)
PRI_15 PRI_14 PRI_12
O0xEOOO0ED20 PRI_13
(SysTick) (PendSV) (Debug monitor)

The number of bits to be used for assigning a priority varies with each product.
TMPM370FYDFG/TMPM370FYFG use 3 bits for assigning a priority.
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The following shows the fields of the System Handler Priority Registers for Usage fault, Bus fault, and Memory

Management. Unused bits return "0" when read, and writing to unused bits has no effect.

Table 6.15 Configuration of System Handler Priority Register

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[2:0] R/W | Reserved
28:24 - R [Readas"0"
23:21 PRI_6[2:0] R/W | Priority of Usage fault
20:16 - R |Read as "0".
15:13 PRI_5[2:0] R/W | Priority of Bus fault

12:8 - R |Read as "0".

75 PRI_4[2:0] R/W | Priority of Memory management

4:0 - R |Read as"0".
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6.5.2.10. 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
. USGFAULT BUSFAULT MEMFAULT
bit symbol - - - - -
ENA ENA ENA
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
. SVCALL BUSFAULT | MEMFAULT | USGFAULT MONITOR
bit symbol SYSTICKACT | PENDSVACT -
PENDED PENDED PENDED PENDED ACT
After reset 0 0 0 0 0 0 0 0
7 6 5 4 8 2 1 0
. USGFAULT BUSFAULT MEMFAULT
bit symbol | SVCALLACT - - - -
ACT ACT ACT
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:19 - R Read as "0".
Usage fault
18 USGFAULTENA | R/W 0: Disabled
1: Enabled
Bus fault
17 BUSFAULTENA | R/W 0: Disabled
1: Enabled
Memory management
16 MEMFAULTENA | R/W 0: Disabled
1: Enabled
Svcall
15 SVCALLPENDED | R/W 0: Not pended
1: Pended
BUSFAULT Bus fault
14 R/W 0: Not pended
PENDED
1: Pended
Memory management
MEMFAULT
13 R/W 0: Not pended
PENDED
1: Pended
Usage fault
USGFAULT
12 R/W 0: Not pended
PENDED
1: Pended
SysTick
11 SYSTICKACT R/IW 0: Inactive
1: Active
PendSV
10 PENDSVACT R/W 0: Inactive
1: Active
9 - R Read as "0".
Debug monitor
8 MONITORACT R/W 0: Inactive
1: Active
SvCall
7 SVCALLACT R/W 0: Inactive
1: Active
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6:4 R Read as "0".
Usage fault
3 USGFAULTACT | R/W 0: Inactive
1: Active
2 R Read as "0".
Bus fault
1 BUSFAULTACT | R/W 0: Inactive
1: Active
Memory management
0 MEMFAULTACT | R/W 0: Inactive
1: Active

Note: Clearing or setting the active bits requires extreme caution because clearing or setting these bits does not

modify stack contents.

120 /624

2023-07-21
Rev. 1.1



TOSHIBA TMPM370FYDFG

TMPM370FYFG

6.5.3. CG Registers
(1) When using interrupts, be sure to follow the sequence of actions shown below:

(@) When the general purpose port is shared with an external interrupt pin, enable input of interrupt to
corresponding general purpose port.
(b) Set the interrupt detection level, etc. at the initializing.
(c) Clear interrupt requests.
(d) Enable interrupts.
(2) Be sure to make each setting while the interrupts are disabled.
(3) External interrupt pins of TMPM370FYDFG/TMPM370FYFG can be used for releasing low-power
consumption mode. Using for releasing low-power consumption mode or not, and interrupt detection level are
specified by the CG.

For details, refer to "6.4.3.5. Caution when Using External Interrupt Pins".
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6.5.3.1. 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
315 - R [Readas"0"
Clear interrupt requests
0_0000: INTO 0_1000: INT8
0_0001: INT1 0_1001: INT9
0_0010: INT2 0_1010: INTA
0_0011: INT3 0_1011: INTB
4:0 ICRCGJ4:0] w
0_0100: INT4 0_1100: INTC
0_0101: INT5 0_1101: INTD
0_0110: INT6 0_1110: INTE
0_0111: INT7 0_1111: INTF
Others: Prohibit
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6.5.3.2. CGNMIFLG (NMI Generation Factor 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
311 R |Readas"0"
NMI Generation factor flag
0 NMIFLGO R 0: Not generated by WDT
1: Generated by WDT
Note: After reading <NMIFLGO>, <NMIFLGO> is cleared to "0" automatically.
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6.5.3.3. CGRSTFLG (Reset 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 - - OFDRSTF DBGRSTF VLTDRSTF WDTRSTF PINRSTF PONRSTF
After reset 0 0 0 0 0 0 0 1

Bit Bit Symbol Type Function
311 - R |Read as "0".
OFD reset flag
R 0: RESET is not generated by OFD.
5 OFDRSTF 1: RESET is generated by OFD.
W 0: Clear <OFDRSTF>
1: Don't care
Debug reset flag (Notel)
R 0: RESET is not generated by <SYSRESETREQ>.
4 DBGRSTF 1: RESET is generated by <SYSRESETREQ>.
W 0: Clear <DBGRSTF>
1: Don't care
VLTD reset flag
R 0: RESET is not generated by VLTD.
3 VLTDRSTF 1: RESET is generated by VLTD.
W 0: clear <VLTDRSTF>
1: Don't care
WDT reset flag
R 0: RESET is not generated by WDT.
2 WDTRSTF 1: RESET is generated by WDT.
W 0: Clear <WDTRSTF>
1: Don't care
RESET pin reset flag
R 0: RESET is not generated by RESET pin.
1 PINRSTF 1: RESET is generated by RESET pin.
W 0: Clear <PINRSTF>
1: Don't care
POR reset flag
R 0: RESET is not generated by POR.
0 PONRSTF 1: RESET is generated by POR.
W 0: Clear <PONRSTF>
1: Don't care

Notel: This flag indicates the RESET generated by setting <SYSRESETREQ> of Application Interrupt and Reset

Control Register in the CPU's NVIC.

Note2: TMPM370FYDFG/TMPM370FYFG have the POR. CGRSTFLG is reset by only POR. When turning on a
power supply, <PONRSTF> is set. But, <PORRSTF> is not set by the RESET except POR. At this time,

the reset flag which is corresponded to reset factor.
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6.5.3.4. CGIMCGA (CG Interrupt Mode Control Register A)

31 30 | 29 | 28 27 | 26 25 24
bit symbol - EMCG3 EMST3 - INT3EN
After reset 0 0 1 0 0 0 Undefined 0

23 22 21 20 19 18 17 16
bit symbol - EMCG2 EMST2 - INT2EN
After reset 0 0 1 0 0 0 Undefined 0

15 14 13 12 11 10 9 8
bit symbol - EMCG1 EMST1 - INT1EN
After reset 0 0 1 0 0 0 Undefined 0

7 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 - R |Read as "0".
Set an interrupt detection level of INT3 for releasing low-power consumption mode.
000: "Low" level
001: "High" level
30:28 EMCG3[2:0] R/W 010: Falling edge
011: Rising edge
100: Both edges
Others: Prohibit
R Monitor of an interrupt detection level of INT3 when releasing low-power consumption mode.
00: Not detected
EMST3[1:0] .
27:26 (Note1) 01: Detected rising edge
10: Detected falling edge
11: Detected both edges
25 - R Read as undefined value.
Enable releasing low-power consumption mode by INT3
INT3EN .
24 (Note2) R/W 0: Disabled
1: Enabled
23 - R Read as "0".
Set an interrupt detection level of INT2 for releasing low-power consumption mode.
000: "Low" level
001: "High" level
22:20 EMCG2[2:0] R/W 010: Falling edge
011: Rising edge
100: Both edges
Others: Prohibit
R Monitor of an interrupt detection level of INT2 when releasing low-power consumption mode.
00: Not detected
EMST2[1:0] -
19:18 01: Detected rising edge
(Notel) .
10: Detected falling edge
11: Detected both edges
17 - R | Read as undefined value.
Enable releasing low-power consumption mode by INT2
INT2EN ;
16 R/W 0: Disabled
(Note2)
1: Enabled
15 - R [Readas"0"
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14:12 EMCG1[2:0]

R/IW

Set an interrupt detection level of INT1 for releasing low-power consumption mode.
000: "Low" level
001: "High" level
010: Falling edge
011: Rising edge
100: Both edges
Others: Prohibit

EMST1[1:0]
(Notel)

11:10

Monitor of an interrupt detection level of INT1 when releasing low-power consumption mode.

00: Not detected

01: Detected rising edge
10: Detected falling edge
11: Detected both edges

Read as undefined value.

INT1EN
(Note2)

R/W

Enable releasing low-power consumption mode by INT1
0: Disabled
1: Enabled

Read as "0".

6:4 EMCGO[2:0]

R/W

Set an interrupt detection level of INTO for releasing low-power consumption mode.
000: "Low" level
001: "High" level
010: Falling edge
011: Rising edge
100: Both edges
Others: Prohibit

EMSTO[1:0]

3:2
(Notel)

Monitor of an interrupt detection level of INTO when releasing low-power consumption mode.

00: Not detected

01: Detected rising edge
10: Detected falling edge
11: Detected both edges

Read as undefined value.

INTOEN
(Note2)

R/W

Enable releasing low-power consumption mode by INTO
0: Disabled
1: Enabled

Notel: <EMSTm> is effective only when <EMCGm[2:0]> is set to "100" for both edges. The interrupt detection

level which is used for releasing low-power consumption mode can be checked by reading <EMSTm>.
When an interrupt is cleared by CGICRCG, <EMSTm> is also cleared to "0".

Note2:<EMCGm[2:0]> and <INTmEN> are not set simultaneously. After setting <EMCGm[2:0]>, set

<INTmMEN>.

Note3: "m" means a suffix of a bit symbol.
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6.5.3.5. CGIMCGB (CG Interrupt Mode Control Register B)

31 30 | 29 | 28 27 | 26 25 24
bit symbol - EMCG7 EMST7 - INT7EN
After reset 0 0 1 0 0 0 Undefined 0

23 22 21 20 19 18 17 16
bit symbol - EMCG6 EMST6 - INT6EN
After reset 0 0 1 0 0 0 Undefined 0

15 14 13 12 11 10 9 8
bit symbol - EMCG5 EMST5 - INTSEN
After reset 0 0 1 0 0 0 Undefined 0

7 6 5 4 3 2 1 0
bit symbol - EMCG4 EMST4 - INT4EN
After reset 0 0 1 0 0 0 Undefined 0

Bit Bit Symbol Type Function
31 - R |Read as "0".
Set an interrupt detection level of INT7 for releasing low-power consumption mode.
000: "Low" level
001: "High" level
30:28 EMCG7[2:0] R/W 010: Falling edge
011: Rising edge
100: Both edges
Others: Prohibit
R Monitor of an interrupt detection level of INT7 when releasing low-power consumption mode.
00: Not detected
EMST7[1:0] .
27:26 (Note1) 01: Detected rising edge
10: Detected falling edge
11: Detected both edges
25 - R Read as undefined value.
Enable releasing low-power consumption mode by INT7
INT7EN ]
24 (Note2) R/W 0: Disabled
1: Enabled
23 - R Read as "0".
Set an interrupt detection level of INT6 for releasing low-power consumption mode.
000: "Low" level
001: "High" level
22:20 EMCG6[2:0] R/W 010: Falling edge
011: Rising edge
100: Both edges
Others: Prohibit
R Monitor of an interrupt detection level of INT6 when releasing low-power consumption mode.
00: Not detected
EMST6[1:0] -
19:18 01: Detected rising edge
(Notel) .
10: Detected falling edge
11: Detected both edges
17 - R | Read as undefined value.
Enable releasing low-power consumption mode by INT6
INT6EN ;
16 R/W 0: Disabled
(Note2)
1: Enabled
15 - R [Readas"0"
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14:12 EMCG5[2:0]

R/IW

Set an interrupt detection level of INT5 for releasing low-power consumption mode.
000: "Low" level
001: "High" level
010: Falling edge
011: Rising edge
100: Both edges
Others: Prohibit

EMST5[1:0]
(Notel)

11:10

Monitor of an interrupt detection level of INT5 when releasing low-power consumption mode.

00: Not detected

01: Detected rising edge/
10: Detected falling edge
11: Detected both edges

Read as undefined value.

INTSEN
(Note2)

R/W

Enable releasing low-power consumption mode by INT5
0: Disabled
1: Enabled

Read as "0".

6:4 EMCG4[2:0]

R/W

Set an interrupt detection level of INT4 for releasing low-power consumption mode.
000: "Low" level
001: "High" level
010: Falling edge
011: Rising edge
100: Both edges
Others: Prohibit

EMSTA4[1:0]

3:2
(Notel)

Monitor of an interrupt detection level of INT4 when releasing low-power consumption mode.

00: Not detected

01: Detected rising edge
10: Detected falling edge
11: Detected both edges

Read as undefined value.

INT4EN
(Note2)

R/W

Enable releasing low-power consumption mode by INT4
0: Disabled
1: Enabled

Notel: <EMSTm> is effective only when <EMCGm[2:0]> is set to "100" for both edges. The interrupt detection

level which is used for releasing low-power consumption mode can be checked by reading <EMSTm>.
When an interrupt is cleared by CGICRCG, <EMSTm> is also cleared to "0".

Note2:<EMCGm[2:0]> and <INTmMEN> are not set simultaneously. After setting <EMCGm[2:0]>, set

<INTmMEN>.

Note3: "m" means a suffix of a bit symbol.
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6.5.3.6. CGIMCGC (CG Interrupt Mode Control Register C)

31 30 | 29 | 28 27 | 26 25 24
bit symbol - EMCGB EMSTB - INTBEN
After reset 0 0 1 0 0 0 Undefined 0

23 22 21 20 19 18 17 16
bit symbol - EMCGA EMSTA - INTAEN
After reset 0 0 1 0 0 0 Undefined 0

15 14 13 12 11 10 9 8
bit symbol - EMCG9 EMST9 - INT9EN
After reset 0 0 1 0 0 0 Undefined 0

7 6 5 4 3 2 1 0
bit symbol - EMCG8 EMSTS8 - INT8EN
After reset 0 0 1 0 0 0 Undefined 0

Bit Bit Symbol Type Function

31 - R |Read as "0".
Set an interrupt detection level of INTB for releasing low-power consumption mode.
000: "Low" level
001: "High" level
30:28 EMCGB[2:0] R/W 010: Falling edge
011: Rising edge
100: Both edges
Others: Prohibit
27:26 R Monitor of an interrupt detection level of INTB when releasing low-power consumption mode.
00: Not detected

EMSTB[1:0] -
(Note1) 01: Detected rising edge/
10: Detected falling edge
11: Detected both edges
25 - R Read as undefined value.
Enable releasing low-power consumption mode by INTB
INTBEN .
24 (Note2) R/W 0: Disabled
1: Enabled
23 - R Read as "0".

Set an interrupt detection level of INTA for releasing low-power consumption mode.
000: "Low" level
001: "High" level
22:20 EMCGA[2:0] R/W 010: Falling edge
011: Rising edge
100: Both edges
Others: Prohibit
R Monitor of an interrupt detection level of INTA when releasing low-power consumption mode.
00: Not detected

EMSTA[1:0] o
19:18 01: Detected rising edge/
(Notel) .
10: Detected falling edge
11: Detected both edges
17 - R [Read as undefined value.
Enable releasing low-power consumption mode by INTA
INTAEN ;
16 R/W 0: Disabled
(Note2)
1: Enabled
15 - R [Readas"0"
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14:12 EMCG9[2:0]

R/IW

Set an interrupt detection level of INT9 for releasing low-power consumption mode.
000: "Low" level
001: "High" level
010: Falling edge
011: Rising edge
100: Both edges
Others: Prohibit

EMST9[1:0]
(Notel)

11:10

Monitor of an interrupt detection level of INT9 when releasing low-power consumption mode.

00: Not detected

01: Detected rising edge/
10: Detected falling edge
11: Detected both edges

Read as undefined value.

INTO9EN
(Note2)

R/W

Enable releasing low-power consumption mode by INT9
0: Disabled
1: Enabled

Read as "0".

6:4 EMCG8[2:0]

R/W

Set an interrupt detection level of INT8 for releasing low-power consumption mode.
000: "Low" level
001: "High" level
010: Falling edge
011: Rising edge
100: Both edges
Others: Prohibit

EMST8[1:0]

3:2
(Notel)

Monitor of an interrupt detection level of INT8 when releasing low-power consumption mode.

00: Not detected

01: Detected rising edge/
10: Detected falling edge
11: Detected both edges

Read as undefined value.

INT8EN
(Note2)

R/W

Enable releasing low-power consumption mode by INT8
0: Disabled
1: Enabled

Notel: <EMSTm> is effective only when <EMCGm[2:0]> is set to "100" for both edges. The interrupt detection

level which is used for releasing low-power consumption mode can be checked by reading <EMSTm>.
When an interrupt is cleared by CGICRCG, <EMSTm> is also cleared to "0".

Note2:<EMCGm[2:0]> and <INTmEN> are not set simultaneously. After setting <EMCGm[2:0]>, set

<INTmMEN>.

Note3: "m" means a suffix of a bit symbol.
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6.5.3.7. CGIMCGD (CG Interrupt Mode Control Register D)

31 30 | 29 | 28 27 | 26 25 24
bit symbol - EMCGF EMSTF - INTFEN
After reset 0 0 1 0 0 0 Undefined 0

23 22 21 20 19 18 17 16
bit symbol - EMCGE EMSTE - INTEEN
After reset 0 0 1 0 0 0 Undefined 0

15 14 13 12 11 10 9 8
bit symbol - EMCGD EMSTD - INTDEN
After reset 0 0 1 0 0 0 Undefined 0

7 6 5 4 3 2 1 0
bit symbol - EMCGC EMSTC - INTCEN
After reset 0 0 1 0 0 0 Undefined 0

Bit Bit Symbol Type Function

31 - R |Read as "0".
Set an interrupt detection level of INTF for releasing low-power consumption mode.
000: "Low" level
001: "High" level
30:28 EMCGF[2:0] R/W 010: Falling edge
011: Rising edge
100: Both edges
Others: Prohibit
27:26 R Monitor of an interrupt detection level of INTF when releasing low-power consumption mode.
00: Not detected

EMSTF[1:0] -
(Note1) 01: Detected rising edge/
10: Detected falling edge
11: Detected both edges
25 - R Read as undefined value.
Enable releasing low-power consumption mode by INTF
INTFEN .
24 (Note2) R/W 0: Disabled
1: Enabled
23 - R Read as "0".

Set an interrupt detection level of INTE for releasing low-power consumption mode.
000: "Low" level
001: "High" level
22:20 EMCGE[2:0] R/W 010: Falling edge
011: Rising edge
100: Both edges
Others: Prohibit
R Monitor of an interrupt detection level of INTE when releasing low-power consumption mode.
00: Not detected

EMSTE[1:0] o
19:18 01: Detected rising edge/
(Notel) .
10: Detected falling edge
11: Detected both edges
17 - R [Read as undefined value.
Enable releasing low-power consumption mode by INTE
INTEEN ;
16 R/W 0: Disabled
(Note2)
1: Enabled
15 - R [Readas"0"
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14:12

EMCGD[2:0]

R/IW

Set an interrupt detection level of INTD for releasing low-power consumption mode.
000: "Low" level
001: "High" level
010: Falling edge
011: Rising edge
100: Both edges
Others: Prohibit

11:10

EMSTDI[1:0]
(Notel)

Monitor of an interrupt detection level of INTD when releasing low-power consumption mode.

00: Not detected

01: Detected rising edge/
10: Detected falling edge
11: Detected both edges

Read as undefined value.

INTDEN
(Note2)

R/W

Enable releasing low-power consumption mode by INTD
0: Disabled
1: Enabled

Read as "0".

6:4

EMCGC[2:0]

R/W

Set an interrupt detection level of INTC for releasing low-power consumption mode.
000: "Low" level
001: "High" level
010: Falling edge
011: Rising edge
100: Both edges
Others: Prohibit

3.2

EMSTC[1:0]
(Notel)

Monitor of an interrupt detection level of INTC when releasing low-power consumption mode.

00: Not detected

01: Detected rising edge/
10: Detected falling edge
11: Detected both edges

Read as undefined value.

INTCN
(Note2)

R/W

Enable releasing low-power consumption mode by INTC
0: Disabled
1: Enabled

Notel: <EMSTm> is effective only when <EMCGm[2:0]> is set to "100" for both edges. The interrupt detection

Note2:<EMCGm[2:0]> and <INTmMEN> are not set simultaneously. After setting <EMCGm[2:0]>, set

<INTmMEN>.

Note3: "m" means a suffix of a bit symbol.

level which is used for releasing low-power consumption mode can be checked by reading <EMSTm>.
When an interrupt is cleared by CGICRCG, <EMSTm> is also cleared to "0".
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7. Product Information

This chapter summarizes information on the number of channels or units, pin information, and other product

specific functions about peripheral functions.

7.1. Information of Each Peripheral Function

7.1.1. Clock/Mode Control (CG)

7.1.1.1. Built-in List

The following table shows the built-in list for each product.

Table 7.1 Built-in List

Product Available or N/A

(v: Available , - N/A)
TMPM370FYDFG v
TMPM370FYFG v

7.1.1.2. Base Address

The following table shows the Base Address for each product.

Table 7.2 Base Address

Product Base Address
TMPM370FYDFG 0x4004_0200
TMPM370FYFG 0x4004_0200
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7.1.2. Exception
7.1.2.1. Built-in List
The following table shows the built-in list for each product.
Table 7.3 Built-in List
Available or N/A
Product (v: Available , -: N/A)
TMPM370FYDFG v
TMPM370FYFG v
7.1.2.2. Base Address
The following table shows the Base Address for each product.
Table 7.4 Base Address
Product Base Address
NVIC 0xE000_EO00
TMPM370FYDFG
CG 0x4004_0200
NVIC 0xE000_EO000
TMPM370FYDFG
CG 0x4004_0200
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7.1.3. Input/output Port
7.1.3.1. Built-in List
The following table shows the built-in list for each product.
Table 7.5 Built-in List (1/2)
Available or N/A
Product (v': Available , -: N/A)
Port A Port B Port C Port D Port E Port F
TMPM370FYDFG v 4 4 v
TMPM370FYFG v 4 4 v
Table 7.6 Built-in List (2/2)
Available or N/A
Product (v': Available , -: N/A)
Port G Port H Port | Port J Port K Port L
TMPM370FYDFG v v v v
TMPM370FYFG v 4 4 v
7.1.3.2. Base Address
The following table shows the Base Address for each product.
Table 7.7 Base Address (1/2)
Base Address
Product
Port A Port B Port C Port D Port E Port F
TMPM370FYDFG 0x4000_0000 0x4000_0040 0x4000_0080 0x4000_00CO0 0x4000_0100 0x4000_0140
TMPM370FYFG 0x4000_0000 0x4000_0040 0x4000_0080 0x4000_00CO0 0x4000_0100 0x4000_0140
Table 7.8 Base Address (2/2)
Base Address
Product
Port G Port H Port | Port J Port K Port L
TMPM370FYDFG 0x4000_0180 0x4000_01CO0 0x4000_0200 0x4000_0240 0x4000_0280 0x4000_02CO0
TMPM370FYFG 0x4000_0180 0x4000_01CO0 0x4000_0200 0x4000_0240 0x4000_0280 0x4000_02CO0

135 /624

2023-07-21
Rev. 1.1




TOSHIBA TMPM370FYDFG

TMPM370FYFG
7.1.4. 16-bit Timer/event Counter (TMRB)
7.1.4.1. Built-in List
The following table shows the built-in list for each product.
Table 7.9 Built-in List
Available or N/A (v: Available , -: N/A)
Product
cho chl ch2 ch3 ch4 ch5 ch6 ch7
TMPM370FYDFG v 4 v v 4 v v v
TMPM370FYFG v v v v v v v v

7.1.4.2. Base Address

The following table shows the Base Address for each product.

Table 7.10 Base Address (1/2)

Base Address

Product
chO chl ch2 ch3

TMPM370FYDFG 0x4001_0000 | 0x4001_0040 | 0x4001_0080 | 0x4001_00CO

TMPM370FYFG 0x4001_0000 | 0x4001_0040 | 0x4001_0080 | 0x4001_00CO

Table 7.11 Base Address (2/2)

Base Address

Product
ch4 chb ch6 ch7

TMPM370FYDFG 0x4001_0100 | 0x4001_0140 | 0x4001_0180 | 0x4001_01CO

TMPM370FYFG 0x4001_0100 | 0x4001_0140 | 0x4001_0180 | 0x4001_01CO
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7.1.4.3. Function Pins and Ports
The port assignment of the function pins is shown below.
Table 7.12 Function pins and ports
Channel Functional pin Port name

TMRB TBOIN PAO
ch0 TBOOUT PA1
TMRB TB1IN PA2
ch1 TB1OUT PA3
TMRB TB2IN PE4
ch2 TB20UT PE5
TMRB TB3IN PE6
ch3 TB30OUT PE7
TMRB TB4IN PA7
ch4 TB4OUT PE3
TMRB TB5IN PDO
ch5 TB50UT PD1
TMRB TB6IN PAG
ch6 TB6OUT PA5
TMRB TB7IN PFO
ch7 TB70UT PF1
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7.1.4.4. Internal Signal Connection

The connection of input/output signals and peripheral functions is shown below.

Table 7.13 Connection with Input/output Signals and Peripheral Functions (1/2)

Channel Signal Name .Connected .
peripheral function
INTCAOQO0 CG
INTCAPO1 CG
TMRB
INTTBOO CG
ch0
INTTBO1 CG
TBOOUT PORT
INTCA10 CG
INTCAP11 CG
TMRB
INTTB10 CG
ch1
INTTB11 CG
TB1OUT PORT
INTCA20 CG
INTCAP21 CG
TMRB
INTTB20 CG
ch2
INTTB21 CG
TB20UT PORT
INTCA30 CG
INTCAP31 CG
TMRB
INTTB30 CG
ch3
INTTB31 CG
TB30OUT PORT
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Table 7.14 Connection with Input/output Signals and Peripheral Functions (2/2)

Channel Signal Name .Connected .
peripheral function
INTCA40 CG
INTCAP41 CG
INTTB40 CG
TMRB
INTTB41 CG
ch4
PORT
TB4OUT SIO/UARTO
SIO/UART1
INTCAS50 CG
INTCAP51 CG
TMRB INTTB50 CG
ch5 ADC
INTTB51
CG
TB50UT PORT
INTCAB0 CG
INTCAP61 CG
TMRB
INTTB60 CG
ch6
INTTB61 CG
TB6OUT PORT
INTCA70 CG
INTCAP71 CG
INTTB70 CG
TMRB
INTTB71 CG
ch7
PORT
TB70UT SIO/UART2
SIO/UARTS3
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7.1.5. Serial Channel (SIO/UART)
7.1.5.1. Built-in List
The following table shows the built-in list for each product.
Table 7.15 Built-in List
Available or N/A (v: Available , -: N/A)
Product
cho chl ch2 ch3
TMPM370FYDFG v v v v
TMPM370FYFG v v - v
7.1.5.2. Base Address
The following table shows the Base Address for each product.
Table 7.16 Base Address
Base Address
Product
cho chl ch2 ch3
TMPM370FYDFG 0x4002_0080 | 0x4002_00CO | 0x4002_0100 0x4002_0140
TMPM370FYFG 0x4002_0080 | 0x4002_00CO | 0x4002_0100 0x4002_0140
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7.1.5.3. Function Pins and Ports

The port assignment of the function pins is shown below.

Table 7.17 Function pins and ports

Channel Functional pins | Port name
TXDO PEO
UART/SIO
RXDO PE1
ch0
CTS0/SCLKO PE2
TXD1 PA5
UART/SIO
RXD1 PAG
ch1
CTS1/SCLK1 PA4
TXD2 PD5
UART/SIO
RXD2 PD6
ch2
CTS2/SCLK2 PD4
TXD3 PF3
UART/SIO
RXD3 PF4
ch3
CTS3/SCLK3 PF2

7.1.5.4. Internal Signal Connection

The connection of input/output signals and peripheral functions is shown below.

Table 7.18 Connection with Input/output Signals and Peripheral Functions

Channel Signal Name .Connected .
peripheral function
SIO/UART SIOCLK
TMRB ch4
ch0 in UART mode
SIO/UART SIOCLK
TMRB ch4
ch1 in UART mode
SIO/UART SIOCLK
TMRB ch7
ch2 in UART mode
SIO/UART SIOCLK
TMRB ch7
ch3 in UART mode
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7.1.6. 12-bit analog-to-digital converter (ADC)
7.1.6.1. Built-in List
The following table shows the built-in list for each product.
Table 7. 19 Built-in List
Available or N/A (v: Available , -: N/A)
Product
unit A unit B
TMPM370FYDFG v v
TMPM370FYFG v v
7.1.6.2. Base Address
The following table shows the Base Address for each product.
Table 7.20 Base Address
Base Address
Product
unit A unit B
TMPM370FYDFG 0x4003_0000 | 0x4003_0200
TMPM370FYFG 0x4003_0000 | 0x4003_0200
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7.1.6.3. Function Pins and Ports
The port assignment of the function pins is shown below.
Table 7.21 Function pins and ports (1/2)

Unit Input channel Functional pins | Port name
ch0 AINAO PHO
ch1 AINA1 PHA1
ch2 AINA2 PH2
ch3 AINA3 PH3
ch4 AINA4 PH4
chb5 AINA5 PH5

ADC
ch6 AINAG PH6

unit A
ch7 AINA7 PH7
ch8 AINA8 P10
ch9 AINA9 PI1
ch10 AINA10 P12
ch11 AINAM PI3
ch0 AINAO PHO

Table 7.22 Function pins and ports (2/2)

Unit Input channel Functional pins | Port name
ch0 AINBO PI1
ch1 AINB1 P12
ch2 AINB2 PI3
ch3 AINB3 PJO
ch4 AINB4 PJ1
chb5 AINB5 PJ2

ADC
ch6 AINB6 PJ3

unit B
ch7 AINB7 PJ4
ch8 AINBS8 PJ5
ch9 AINB9 PJ6
ch10 AINB10 PJ7
ch11 AINB11 PKO
ch12 AINB12 PK1
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7.1.6.4. Internal Signal Connection

The connection of input/output signals and peripheral functions is shown below.

Table 7.23 Connection with Input/output Signals and Peripheral Functions

Unit Signhal Name .Connected .
peripheral function
ADC
INTTB51 TMRB ch5
unit A
ADC
INTTB51 TMRB ch5
unit B

Note: For connecting with PMD, refer to "7.1.7. Motor Control Circuit (PMD)".
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7.1.7. Motor Control Circuit (PMD)
7.1.7.1. Built-in List
The following table shows the built-in list for each product.
Table 7.24 Built-in List
Available or N/A (v: Available , -: N/A)
Product
cho chl
TMPM370FYDFG v v
TMPM370FYFG v v
7.1.7.2. Base Address
The following table shows the Base Address for each product.
Table 7.25 Base Address
Base Address
Product
cho chl
TMPM370FYDFG 0x4005_0400 | 0x4005_0480
TMPM370FYFG 0x4005_0400 | 0x4005_0480
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7.1.7.3. Function Pins and Ports
The port assignment of the function pins is shown below.
Table 7.26 Function pins and ports
Channel Functional pins | Port name
uoo PCO
VOO0 PC2
WOQOO0 PC4
PMD XO00 PC1
ch0 YOO PC3
Z00 PC5
EMGO PC6
OVV0 PC7
Table 7.27 Function pins and ports
Channel Functional pins | Port name
uo1 PGO
VO1 PG2
WO1 PG4
PMD XO1 PG1
ch1 YO1 PG3
Z01 PG5
EMG1 PG6
(O)VAVA PG7
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7.1.7.4. Internal Signal Connection

The connection of input/output signals and peripheral functions is shown below.

Table 7.28 Connection with Input Signals and Peripheral Functions

Output peripheral : Connected
. Signal name : .
function peripheral function
VECMPUO PMD chO0
VECMPVO PMD chO0
VECMPWO PMD ch0
VE
VEOUTCRO PMD ch0
ch0
VETRGCMPO00 PMD ch0
VETRGCMP10 PMD ch0
VETRGSELO PMD chO0
ADC unit A monitor
PMD ch0
ADC signal 0
unit A ADC unit A monitor
PMD ch0
signal 1

Table 7.29 Connection with Input Signals and Peripheral Functions

Output peripheral : Connected
. Signal name . .
function peripheral function
VECMPU1 PMD ch1
VECMPV1 PMD ch1
VECMPW1 PMD ch1
VE
VEOUTCR1 PMD ch1
ch1
VETRGCMPO1 PMD ch1
VETRGCMP11 PMD ch1
VETRGSEL1 PMD ch1
ADC unit B monitor
PMD ch1
ADC signal 0
unit B ADC unit B monitor
PMD ch1
signal 1
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Table 7.30 Connection with Output Signals and Peripheral Functions

Input per.ipheral signal name .Connected .
function peripheral function
PMDOTRGO ADC unitA
PMDOTRG1 ADC unit A
ADC PMDOTRG2 ADC unit A
unit A PMDOTRG3 ADC unit A
PMDOTRG4 ADC unit A
PMDOTRG5 ADC unit A

Table 7.31 Connection with Output Signals and Peripheral Functions
Input per_ipheral Sl M .Connected _
function peripheral function
PMD1TRGO ADC unit B
PMD1TRG1 ADC unit B
ADC PMD1TRG2 ADC unit B
unit B PMD1TRG3 ADC unit B
PMD1TRG4 ADC unit B
PMD1TRG5 ADC unit B
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7.1.8. Vector Engine (VE)

7.1.8.1. Built-in List

The following table shows the built-in list for each product.

Table 7.32 Built-in List

Available or N/A (v: Available , -: N/A)
Product
cho chl
TMPM370FYDFG v v
TMPM370FYFG v v

7.1.8.2. Base Address

The following table shows the Base Address for each product.

Table 7.33 Base Address

Base Address
Registers Product
cho chl
TMPM370FYDFG 0x4005_0000 | 0x4005_0000
VE Control Registers
TMPM370FYFG 0x4005_0000 | 0x4005_0000
TMPM370FYDFG 0x4005_0000 | 0x4005_0000
Common Registers
TMPM370FYFG 0x4005_0000 | 0x4005_0000
TMPM370FYDFG 0x4005_0044 | 0x4005_0044
Specific Registers
TMPM370FYFG 0x4005_00DC | 0x4005_00DC

7.1.8.3. Internal Signal Connection

For internal signal connection, refer to "7.1.7. Motor Control Circuit (PMD)".

149 /624

2023-07-21

Rev. 1.1



TOSHIBA

TMPM370FYDFG
TMPM370FYFG
7.1.9. Encoder Input Circuit (ENC)
7.1.9.1. Built-in List
The following table shows the built-in list for each product.
Table 7.34 Built-in List
Available or N/A (v: Available , -: N/A)
Product
cho chl
TMPM370FYDFG v v
TMPM370FYFG v v
7.1.9.2. Base Address
The following table shows the Base Address for each product.
Table 7.35 Base Address
Base Address
Product
cho chl
TMPM370FYDFG 0x4001_0400 | 0x4001_0500
TMPM370FYFG 0x4001_0400 | 0x4001_0500
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7.1.9.3. Function Pins and Ports
The port assignment of the function pins is shown below.
Table 7.36 Function pins and ports
Channel Functional pins | Port name
ENCAO PDO
ENC
ENCBO PD1
ch0
ENCZ0 PD2
ENCA1 PF2
ENC
ENCB1 PF3
ch1
ENCZ1 PF4
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7.1.10. Voltage Detection circuit (VLTD)
7.1.10.1. Built-in List
The following table shows the built-in list for each product.
Table 7.37 Built-in List
Available or N/A
Product (v: Available , -: N/A)
TMPM370FYDFG v
TMPM370FYFG v
7.1.10.2. Base Address
The following table shows the Base Address for each product.
Table 7.38 Base Address
Product Base Address
TMPM370FYDFG 0x4004_0900
TMPM370FYFG 0x4004_0900
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7.1.11. Frequency detection circuit (OFD)
7.1.11.1. Built-in List
The following table shows the built-in list for each product.
Table 7.39 Built-in List
Available or N/A
Product (v: Available , -: N/A)
TMPM370FYDFG v
TMPM370FYFG v
7.1.11.2. Base Address
The following table shows the Base Address for each product.
Table 7.40 Base Address
Product Base Address
TMPM370FYDFG 0x4004_0800
TMPM370FYFG 0x4004_0800
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7.1.12. Watchdog Timer (WDT)
7.1.12.1. Built-in List
The following table shows the built-in list for each product.
Table 7.41 Built-in List
Available or N/A
Product (v: Available , -: N/A)
TMPM370FYDFG v
TMPM370FYFG v
7.1.12.2. Base Address
The following table shows the Base Address for each product.
Table 7.42 Base Address
Product Base Address
TMPM370FYDFG 0x4004_0000
TMPM370FYFG 0x4004_0000
7.1.12.3. Function Pins and Ports
The port assignment of the function pins is shown below.
Table 7.43 Function pins and ports
Functional pins | Port name
WDTOUT -
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7.1.13. Op-amplifiers/Analog Comparators (AMP/CMP)
7.1.13.1. Built-in List
The following table shows the built-in list for each product.
Table 7.44 Built-in List
Available or N/A
Product (v: Available , -: N/A)
TMPM370FYDFG v
TMPM370FYFG v
7.1.13.2. Base Address
The following table shows the Base Address for each product.
Table 7.45 Base Address
Registers Product Base Address
TMPM370FYDFG 0x4003_0400
Op-amplifier
TMPM370FYFG 0x4003_0400
TMPM370FYDFG 0x4003_0420
Analog Comparator
TMPM370FYFG 0x4003_0420
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7.1.13.3. Function Pins and Ports
The port assignment of the function pins is shown below.
Table 7.46 AMP Function Pins and Ports
Functional pins | Port name
AMPA input PI1
AMPB input P12
AMPC input PI3
AMPD input PJO
Table 7.47 CMP Function Pins and Ports
Functional pins | Port name
CMPA input PI1
CMPB input PI2
CMPC input PI3
CMPD input PJO
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7.1.14. Flash memory
7.1.14.1. Built-in List
The following table shows the built-in list for each product.
Table 7.48 Built-in List
Available or N/A
Product (v: Available , -: N/A)
TMPM370FYDFG v
TMPM370FYFG v
7.1.14.2. Base Address
The following table shows the Base Address for each product.
Table 7.49 Base Address
Product Base Address
TMPM370FYDFG 0x41FF_F000
TMPM370FYFG 0x41FF_F000
7.1.14.3. Flash Memory Block Configuration
The following table shows the flash memory block configuration for each product.
Table 7.50 Flash Memory Block Configurations
Block size
Block name (KB)
BlockO 64
Block1 64
Block2 64
Block3 32
Block4 16
Block5 16
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7.1.14.4. Macro Code with ID-Read
The following table shows the macro codes for each product.
Table 7.51 Macro code with ID-Read
Code (ID[7:0])
Macro code 0x13
7.1.14.5. Used Resources in Single Boot Mode
The following table shows the used resources in single boot mode.
Table 7.52 Used Resources in Single Boot Mode
Peripheral Channel Interface Pin name
functions
BOOT - - PFO (BOOT)
UART mode PEO (TXDO)/PE1 (RXDO)
SIO/UART ch0 PEO (TXDO)/PE1 (RXDO)/PE2 (SCLKO)/
SI0 mode
PE4 (Handshake signal)
TMRB ch0

The following table shows the RAM address range which can be transferred by the RAM transfer command for

each product.

Table 7.53 RAM Address Range

Product name RAM address range
TMPM370FYDFG 0x2000_0400 to 0x2000_27FF
TMPM370FYFG 0x2000_0400 to 0x2000_27FF
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7.1.15. Protect/Security Function
7.1.15.1. Built-in List
The following table shows the built-in list for each product.
Table 7.54 Built-in List
Available or N/A
Product (v: Available , -: N/A)
TMPM370FYDFG v
TMPM370FYFG v
7.1.15.2. Base Address
The following table shows the Base Address for each product.
Table 7.55 Base Address
Product Base Address
TMPM370FYDFG 0x41FF_F000
TMPM370FYFG 0x41FF_F000
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7.1.16. Debug Interface

7.1.16.1. Debug Interface Pin List

The debug interface includes a JTAG (TMS, TCK, TDI, TRST) and a serial wire (SWDIO, SWCLK).
There are also trace output (TRACEDATAO to 1), clock output (TRACECLK), and serial wire viewer (SWV).

Table 7.56 Debug Interface Pin List

SWJ-DP pin Port name
TMS/SWDIO PB3
TCK/SWCLK PB4
TDO/SWV PB5
TDI PB6
TRST PB7
TRACECLK PBO
TRACEDATAOQ PB1
TRACEDATA1 PB2
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8. Input/output Port

8.1. Outlines

It is described about the register and setting of port. A list of the functions is indicated below.

Function
Classification

Function

Description

Programmable pull-up/Programmable pull-down/Open-drain

Function pins

12-bit Analog-to-Digital Convertor

Port -
output are selectable.
External Interrupt pin External interrupt pin has a noise filter (Filter width 30ns typ.)
16-bit Timer/Event Counter TMRB input capture pin, TMRB output pin
Transmit pin, Receive pin, Clock pin,
Serial Channel
Hand shake pin
Peripheral

Analog input pin

Motor Control Circuit

X/Y/Z phase output pins, U/V/W phase output pins,
EMG detection input pin, OVV detection input pin

Encoder Input Circuit

Encoder input pin

Op-Amps/Analog Comparators

Analog input pin

BOOT mode control

JTAG Debug pins
Debug pins SW Debug pins

Trace Debug pins

High-speed clock High-speed oscillator connection pin
Control pins

BOOT mode control pin
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8.2. Signal connection list

This table is sorted the function pins by the signal name of the block diagram which is described each section.

Register setting of the peripherals function is being explained in the port order, so please use for a reverse lookup

of port name.

The numerical value shows the pin number.

Table 8.1 Signal connection list: SIO/lUART

Reference
peripheral Function pin Port TMPM370FYDFG TMPM370FYFG
function name name (QFP100) (LQFP100)
chapter
RXDO PE1 13 1
TXDO PEO 12 10
CTS0/SCLKO PE2 14 12
RXD1 PA6 10 8
TXD1 PA5 9 7
CTS1/SCLK1 PA4 8 6
SIO/UART
RXD2 PD6 38 36
TXD2 PD5 37 35
CTS2/SCLK2 PD4 36 34
RXD3 PF4 56 54
TXD3 PF3 55 53
CTS3/SCLK3 PF2 54 52
162 /624 2023-07-21

Rev. 1.1



TOSHIBA

TMPM370FYDFG
TMPM370FYFG
Table 8.2 Signal connection list: TMRB
Reference
peripheral Function pin Port TMPM370FYDFG TMPM370FYFG
function name name (QFP100) (LQFP100)
chapter
TBOIN PAO 4 2
TBOOUT PA1 5 3
TB1IN PA2 6 4
TB1OUT PA3 7 5
TB2IN PE4 17 15
TB20OUT PE5 18 16
TB3IN PEG6 19 17
TB3OUT PE7 20 18
TMRB
TB4IN PA7 11 9
TB4OUT PE3 15 13
TB5IN PDO 32 30
TB50UT PD1 33 31
TB6IN PAG6 10 8
TB6OUT PA5 9 7
TB7IN PFO 52 50
TB70UT PF1 53 51
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Table 8.3 Signal connection list: ADC/AMP,CMP
Reference
peripheral Function pin Port TMPM370FYDFG TMPM370FYFG
function name name (QFP100) (LQFP100)
chapter
AINAO PHO 98 96
AINA1 PH1 97 95
AINA2 PH2 96 94
AINA3 PH3 95 93
AINA4 PH4 94 92
AINA5 PH5 93 91
AINAG6 PH6 92 90
AINA7 PH7 91 89
AINA8 P10 90 88
AINA9/AINBO PI1 87 85
AINA10/AINB1 P12 86 84
ADC
AINA11/AINB2 PI3 85 83
AINB3 PJO 82 80
AINB4 PJ1 81 79
AINB5 PJ2 80 78
AINB6 PJ3 79 77
AINB7 PJ4 78 76
AINB8 PJ5 77 75
AINB9 PJ6 76 74
AINB10 PJ7 75 73
AINB11 PKO 74 72
AINB12 PK1 73 71
AINA9/AINBO PI1 87 85
AINA10/AINB1 P12 86 84
AMP/CMP
AINA11/AINB2 PI3 85 83
AINB3 PJO 82 80
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Table 8.4 Signal connection list: INT/PMD
Reference
peripheral Function pin Port TMPM370FYDFG TMPM370FYFG
function name name (QFP100) (LQFP100)
chapter
INTO PHO 98 96
INT1 PH1 97 95
INT2 PH2 96 94
INT3 PAO 4 2
INT4 PA2 6 3
INT5 PE4 17 15
INT6 PEG6 19 17
INT7 PE7 20 18
INT
INT8 PA7 11 9
INT9 PD3 35 33
INTA PL1 23 21
INTB PLO 22 20
INTC PJ6 76 74
INTD PJ7 75 73
INTE PKO 74 72
INTF PK1 73 71
uoo PCO 24 22
X00 PC1 25 23
VOO0 PC2 26 24
YOO PC3 27 25
WOO0 PC4 28 26
Z00 PC5 29 27
EMGO PC6 30 28
OVV0 PC7 31 29
PMD
uo1 PGO 39 37
XO1 PG1 40 38
VO1 PG2 41 39
YO1 PG3 44 42
WO1 PG4 45 43
Z01 PG5 46 44
EMG1 PG6 47 45
oW1 PG7 48 46
Table 8.5 Signal connection list: ENC/DEBUG/FLASH
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Reference
peripheral Function pin Port TMPM370FYDFG TMPM370FYFG
function name name (QFP100) (LQFP100)
chapter
ENCAO PDO 32 30
ENCBO PD1 33 31
ENCZ0 PD2 34 32
ENC
ENCA1 PF2 54 52
ENCB1 PF3 55 53
ENCZ1 PF4 56 54
TMS/SWDIO PB3 68 66
TCK/SWCLK PB4 69 67
TDO/SWV PB5 70 68
TDI PB6 71 69
DEBUG
TRST PB7 72 70
TRACECLK PBO 65 63
TRACEDATAO PB1 66 64
TRACEDATA1 PB2 67 65
FLASH BOOT PFO 52 50
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8.3.

Registers

The following registers should be set appropriately to use the ports.

Each register is 32 bits. The configuration of the register depends on the number of bits of the port and its function

assignment.

"x" and "n" in the following table show a port name and a function number, respectively.

Register Name Type Setting Value Description
PxDATA [ Data Register R/W |"0"or"1" Read from and write to a port.
. 0: Output disabled
PxCR Output Control Register R/W Output control

1: Output enabled
Function setting
When this register is set to “1”, the assigned function

. . 0: PORT becomes available. Each function assigned to a port
PxFRn Function Register n R/W . . ) . . .

1: Function has its own function register. When multiple functions
are assigned to one port, only one function should be
enabled.

Programmable open-drain control
. . 0: CMOS The programmable open-drain is a pseudo
PxOD Open-Drain Control Register R/W . . o
1: Open-drain open-drain. An output buffer is disabled when the
output data is "1", which is set by PxOD = "1"
. 0: Pull-up disabled
PxPUP Pull-up Control Register R/W Programmable pull-up control
1: Pull-up enabled
. 0: Pull-down disabled
PxPDN Pull-down Control Register R/W Programmable pull-down control
1: Pull-down enabled
. 0: Input disabled
PxIE Input Control Register R/W Input control
1: Input enabled
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8.3.1. List of Register

When the bit which is assigned to no functions is read, 0" is returned. The write to the bit is no meaning.

Table 8.6 Register List (1/2)

Register Name Address Port A Port B Port C Port D Port E Port F
(Base+t)

Data Register 0x0000 PADATA PBDATA PCDATA PDDATA PEDATA PFDATA
Output Control Register 0x0004 PACR PBCR PCCR PDCR PECR PFCR
Function Register 1 0x0008 PAFR1 PBFR1 PCFR1 PDFR1 PEFR1 PFFR1
Function Register 2 0x000C PAFR2 - - PDFR2 PEFR2 PFFR2
Function Register 3 0x0010 - - - - - PFFR3
Open-Drain Control Register 0x0028 PAOD PBOD PCOD PDOD PEOD PFOD
Pull-up Control Register 0x002C PAPUP PBPUP PCPUP PDPUP PEPUP PFPUP
Pull-down Control Register 0x0030 PAPDN PBPDN PCPDN PDPDN PEPDN PFPDN
Input Control Register 0x0038 PAIE PBIE PCIE PDIE PEIE PFIE

Note: Do not access the addresses described as "-".

Table 8.7 Register List (2/2)

Register Name Address Port G Port H Port | Port J Port K Port L
(Base+)

Data Register 0x0000 PGDATA PHDATA PIDATA PJDATA PKDATA PLDATA
Output Control Register 0x0004 PGCR PHCR PICR PJCR PKCR -
Function Register 1 0x0008 PGFR1 PHFR1 - PJFR1 PKFR1 PLFR1
Function Register 2 0x000C - - - - - -
Function Register 3 0x0010 - - - - - -
Open-Drain Control Register 0x0028 PGOD PHOD PIOD PJOD PKOD -
Pull-up Control Register 0x002C PGPUP PHPUP PIPUP PJPUP PKPUP -
Pull-down Control Register 0x0030 PGPDN PHPDN PIPDN PJPDN PKPDN -
Input Control Register 0x0038 PGIE PHIE PIE PJIE PKIE PLIE

Note: Do not access the addresses described as "-".
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8.3.2. List of Port Functions and Settings

It is explained about viewpoint of a port register setting table.

The column of PxFRn shows the function register which should be set. When this register is set to "1", the

corresponding function is enabled. ("x™ is a port name and "n" is a function number.)

The bit which has the N/A in the table returns 0" when it is read. To write to the bit is no meaning.

"0" or "1" in the table shows the value which should be set. "0"/"1" means either value can be set.

Value of bit 7 for each
control register

Value of bit 0 for each
control register

—-——--

Note: The register value after reset is the initial value before the clock is enabled.

8.3.2.1. Setting of using the assigned pin
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To use the assigned pins as output pins of the peripheral function, set the function register (PxFRn<bit m>=1) for

peripheral function and enable output control register (PXCR<bit m>=1), then set the peripheral functions. When

output is enabled before setting the function register, the data register value of the port is output until the function

register is set.

To use the assigned pins as input pins of the peripheral function, set the input control register of the port (PxIE<bit

m>=1) and set the function register (PxFRn<bit m>=1) for peripheral function, then set the peripheral functions.

To use the assigned pins input/output pins of the peripheral function such as SIO/UART, set the input control

register of the port (PxIE<bit m>=1), set the peripheral function (PxFRn<bit m>=1) and set the output control

register to output enable (PXCR<hit m>=1), then set the peripheral function.

When multiple functions are assigned to the same pin, please choose only one function for usage.

When same function is assigned to multiple pins, please use the function exclusively.
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8.3.2.2. PORTA
Table 8.8 Port A registers setting
Reset PORT Control register
PORT - Input/output
Function Type PADATA PACR PAFRN PAOD PAPUP PAPDN PAIE
PAO After reset 0 0 0 0 0 0 0
Input Port Input 0/1 0 0 0/1 0/1 0/1 1
Output Port Output T12 0/1 1 0 0/1 0/1 0/1 0
TBOIN Input 0/1 0 PAFR1 0/1 0/1 0/1 1
INT3 Input 0/1 0 PAFR2 0/1 0/1 0/1 1
PA1 After reset 0 0 0 0 0 0 0
Input Port Input 0/1 0 0 0/1 0/1 0/1 1
Output Port Output T2 0/1 1 0 0/1 0/1 0/1 0
TBOOUT Output 0/1 1 PAFR1 0/1 0/1 0/1 0
PA2 After reset 0 0 0 0 0 0 0
Input Port Input 0/1 0 0 0/1 0/1 0/1 1
Output Port Output T12 0/1 1 0 0/1 0/1 0/1 0
TB1IN Input 0/1 0 PAFR1 0/1 0/1 0/1 1
INT4 Input 0/1 0 PAFR2 0/1 0/1 0/1 1
PA3 After reset 0 0 0 0 0 0 0
Input Port Input T2 0/1 0 0 0/1 0/1 0/1 1
Output Port Output 0/1 1 0 0/1 0/1 0/1 0
TB1OUT Output 0/1 1 PAFR1 0/1 0/1 0/1 0
PA4 After reset 0 0 0 0 0 0 0
Input Port Input 0/1 0 0 0/1 0/1 0/1 1
Output Port Output . 0/1 1 0 0/1 0/1 0/1 0
SCLK1 Input 0/1 0 PAFRL 0/1 0/1 0/1 1
Output 0/1 1 0/1 0/1 0/1 0
CTS1 Input 0/1 0 PAFR2 0/1 0/1 01 1
PA5 After reset 0 0 0 0 0 0 0
Input Port Input 0/1 0 0 0/1 0/1 0/1 1
Output Port Output T13 0/1 1 0 0/1 0/1 0/1 0
TXD1 Output 0/1 1 PAFR1 0/1 0/1 0/1 0
TB60OUT Output 0/1 1 PAFR2 0/1 0/1 0/1 0
PA6 After reset 0 0 0 0 0 0 0
Input Port Input 0/1 0 0 0/1 0/1 0/1 1
Output Port Output T11 0/1 1 0 0/1 0/1 0/1 0
RXD1 Input 0/1 0 PAFR1 0/1 0/1 0/1 1
TB6IN Input 0/1 0 PAFR2 0/1 0/1 0/1 1
PA7 After reset 0 0 0 0 0 0 0
Input Port Input 0/1 0 0 0/1 0/1 0/1 1
Output Port Output T12 0/1 1 0 0/1 0/1 0/1 0
TB4IN Input 0/1 0 PAFR1 0/1 0/1 0/1 1
INT8 Input 0/1 0 PAFR2 0/1 0/1 0/1 1
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8.3.2.3. PORTB
Table 8.9 Port B registers setting
Reset PORT Control register
PORT - Input/output
Function Type PBDATA PBCR PBFRnN PBOD PBPUP PBPDN PBIE
PBO After reset 0 0 0 0 0 0 0
Input Port Input T18 0/1 0 0 0/1 0/1 0/1 1
Output Port Output 0/1 1 0 0/1 0/1 0/1 0
TRACECLK Output 0/1 1 PBFR1 0 0 0 0
PB1 After reset 0 0 0 0 0 0 0
Input Port Input 0/1 0 0 0/1 0/1 0/1 1
Output Port Output T8 0/1 1 0 0/1 0/1 0/1 0
TRACEDATAO Output 0/1 1 PBFR1 0 0 0 0
PB2 After reset 0 0 0 0 0 0 0
Input Port Input 118 0/1 0 0 0/1 0/1 0/1 1
Output Port Output 0/1 1 0 0/1 0/1 0/1 0
TRACEDATAL Output 0/1 1 PBFR1 0 0 0 0
PB3 After reset
110 0 1(Notel) | PBFR1 0 1 0 1
(TMS/SWDIO)
Input Port Input Te 0/1 0 0 0/1 0/1 0/1
Output Port Output 0/1 1 0 0/1 0/1 0/1
PB4 After reset
Input 0 0 PBFR1 0 0 1 1
(TCK/SWCLK) T8
Input Port Input 0/1 0 0/1 0/1 0/1 1
Output Port Output 0/1 1 0 0/1 0/1 0/1 0
PB5 After reset
Output 0 1(Notel) PBFR1 0 0 0 0
(TDO/SWV)
Input Port Input 19 0/1 0 0 0/1 0/1 0/1 1
Output Port Output 0/1 1 0 0/1 0/1 0/1 0
PB6 After reset
Input 0 0 PBFR1 0 1 0 1
(TDI)
Input Port Input i 0/1 0 0 0/1 0/1 0/1 1
Output Port Output 0/1 1 0 0/1 0/1 0/1 0
PBY Afti reset Input 0 0 PBFR1 0 1 0 1
(TRST) T7
Input Port Input (Note2) 0/1 0 0/1 0/1 0/1 1
Output Port Output 0/1 0 0/1 0/1 0/1 0
Notel: When receiving the command from TOOL, it becomes output.
Note2: A noise filter (30ns typ.) is added.
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8.3.2.4. PORTC
Table 8.10 Port C registers setting
Reset PORT Control register
PORT - Input/output
Function Type PCDATA PCCR PCFRnN PCOD PCPUP PCPDN PCIE
PCO After reset 0 0 0 0 0 0 0
Input Port Input — 0/1 0 0 0/1 0/1 0/1 1
Output Port Output 0/1 1 0 0/1 0/1 0/1 0
uoo Output 0/1 1 PCFR1 0/1 0/1 0/1 0
PC1 After reset 0 0 0 0 0 0 0
Input Port Input 0/1 0 0 0/1 0/1 0/1 1
Output Port Output ™ 0/1 1 0 0/1 0/1 0/1 0
XO00 Output 0/1 1 PCFR1 0/1 0/1 0/1 0
PC2 After reset 0 0 0 0 0 0 0
Input Port Input 1 0/1 0 0 0/1 0/1 0/1 1
Output Port Output 0/1 1 0 0/1 0/1 0/1 0
VOO0 Output 0/1 1 PCFR1 0/1 0/1 0/1 0
PC3 After reset 0 0 0 0 0 0 0
Input Port Input 1 0/1 0 0 0/1 0/1 0/1 1
Output Port Output 0/1 1 0 0/1 0/1 0/1 0
YOO Output 0/1 1 PCFR1 0/1 0/1 0/1 0
PC4 After reset 0 0 0 0 0 0 0
Input Port Input 1 0/1 0 0 0/1 0/1 0/1 1
Output Port Output 0/1 1 0 0/1 0/1 0/1 0
WOO0 Output 0/1 1 PCFR1 0/1 0/1 0/1 0
PC5 After reset 0 0 0 0 0 0 0
Input Port Input 1 0/1 0 0 0/1 0/1 0/1 1
Output Port Output 0/1 1 0 0/1 0/1 0/1 0
Z00 Output 0/1 1 PCFR1 0/1 0/1 0/1 0
PC6 After reset 0 0 0 0 0 0 0
Input Port Input 3 0/1 0 0 0/1 0/1 0/1 1
Output Port Output 0/1 1 0 0/1 0/1 0/1 0
EMGO Input 0/1 0 PCFR1 0/1 0/1 0/1 1
PC7 After reset 0 0 0 0 0 0 0
Input Port Input 3 0/1 0 0 0/1 0/1 0/1 1
Output Port Output 0/1 1 0 0/1 0/1 0/1 0
OVV0 Input 0/1 0 PCFR1 0/1 0/1 0/1 1
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8.3.2.5. PORTD
Table 8.11 Port D registers setting
Reset PORT Control register
PORT - Input/output
Function Type PDDATA PDCR PDFRnN PDOD PDPUP PDPDN PDIE

PDO After reset 0 0 0 0 0 0 0
Input Port Input 0/1 0 0 0/1 0/1 0/1 1
Output Port Output T11 0/1 1 0 0/1 0/1 0/1 0
ENCAO Input 0/1 0 PDFR1 0/1 0/1 0/1 1
TBINS Input 0/1 0 PDFR2 0/1 0/1 0/1 1
PD1 After reset 0 0 0 0 0 0 0
Input Port Input 0/1 0 0 0/1 0/1 0/1 1
Output Port Output T10 0/1 1 0 0/1 0/1 0/1 0
ENCBO Input 0/1 0 PDFR1 0/1 0/1 0/1 1
TB50UT Output 0/1 1 PDFR2 0/1 0/1 0/1 0
PD2 After reset 0 0 0 0 0 0 0
Input Port Input - 0/1 0 0 0/1 0/1 0/1 1
Output Port Output 0/1 1 0 0/1 0/1 0/1 0
ENCZ0 Input 0/1 0 PDFR1 0/1 0/1 0/1 1
PD3 After reset 0 0 0 0 0 0 0
Input Port Input - 0/1 0 0 0/1 0/1 0/1 1
Output Port Output 0/1 1 0 0/1 0/1 0/1 0
INT9 Input 0/1 0 PDFR1 0/1 0/1 0/1 1
PD4 After reset 0 0 0 0 0 0 0
Input Port Input 0/1 0 0 0/1 0/1 0/1 1
Output Port Output . 0/1 1 0 0/1 0/1 0/1 0
SCLK2 Input 0/1 0 PDFR1 0/1 0/1 0/1 1
Output 0/1 1 0/1 0/1 0/1 0
CTS2 Input 0/1 0 PDFR2 0/1 0/1 01 1
PD5 After reset 0 0 0 0 0 0 0
Input Port Input . 0/1 0 0 0/1 0/1 0/1 1
Output Port Output 0/1 1 0 0/1 0/1 0/1 0
TXD2 Output 0/1 1 PDFR1 0/1 0/1 0/1 0
PD6 After reset 0 0 0 0 0 0 0
Input Port Input 3 0/1 0 0 0/1 0/1 0/1 1
Output Port Output 0/1 1 0 0/1 0/1 0/1 0
RXD2 Input 0/1 0 PDFR1 0/1 0/1 0/1 1
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8.3.2.6. PORTE
Table 8.12 Port E registers setting
Reset PORT Control register
PORT - Input/output
Function Type PEDATA PECR PEFRn PEOD PEPUP PEPDN PEIE
PEO After reset 0 0 0 0 0 0 0
Input Port Input T2 0/1 0 0 0/1 0/1 0/1 1
Output Port Output 0/1 1 0 0/1 0/1 0/1 0
TXDO Output 0/1 1 PEFR1 0/1 0/1 0/1 0
PE1 After reset 0 0 0 0 0 0 0
Input Port Input 0/1 0 0 0/1 0/1 0/1 1
Output Port Output T3 0/1 1 0 0/1 0/1 0/1 0
RXDO Input 0/1 0 PEFR1 0/1 0/1 0/1 1
PE2 After reset 0 0 0 0 0 0 0
Input Port Input 0/1 0 0 0/1 0/1 0/1 1
Output Port Output - 0/1 1 0 0/1 0/1 0/1 0
SCLKD Input 0/1 0 PEFR1 0/1 0/1 0/1 1
Output 0/1 1 0/1 0/1 0/1 0
CTS0 Input o1 0 PEFR2 01 0/1 01 1
PE3 After reset 0 0 0 0 0 0 0
Input Port Input = 0/1 0 0 0/1 0/1 0/1 1
Output Port Output 0/1 1 0 0/1 0/1 0/1 0
TB4OUT Output 0/1 1 PEFR1 0/1 0/1 0/1 0
PE4 After reset 0 0 0 0 0 0 0
Input Port Input 0/1 0 0 0/1 0/1 0/1 1
Output Port Output T12 0/1 1 0 0/1 0/1 0/1 0
TB2IN Input 0/1 0 PEFR1 0/1 0/1 0/1 1
INTS Input 0/1 0 PEFR2 0/1 0/1 0/1 1
PES5 After reset 0 0 0 0 0 0 0
Input Port Input T2 0/1 0 0 0/1 0/1 0/1 1
Output Port Output 0/1 1 0 0/1 0/1 0/1 0
TB20OUT Output 0/1 1 PEFR1 0/1 0/1 0/1 0
PE6 After reset 0 0 0 0 0 0 0
Input Port Input 0/1 0 0 0/1 0/1 0/1 1
Output Port Output T12 0/1 1 0 0/1 0/1 0/1 0
TB3IN Input 0/1 0 PEFR1 0/1 0/1 0/1 1
INT6 Input 0/1 0 PEFR2 0/1 0/1 0/1 1
PE7 After reset 0 0 0 0 0 0 0
Input Port Input 0/1 0 0 0/1 0/1 0/1 1
Output Port Output T14 0/1 1 0 0/1 0/1 0/1 0
TB3OUT Output 0/1 1 PEFR1 0/1 0/1 0/1 0
INT7 Input 0/1 0 PEFR2 0/1 0/1 0/1 1
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8.3.2.7. PORTF
Table 8.13 Port F registers setting
Reset PORT Control register
PORT - Input/output
Function Type PFDATA PFCR PFFRnN PFOD PFPUP PFPDN PFIE
PFO During reset
(m) (Note) Input 0 0 0 0 1 0 0
After reset 20 0 0 0 0 0 0 0
Input Port Input 0/1 0 0 0/1 0/1 0/1 1
Output Port Output 0/1 1 0 0/1 0/1 0/1 0
TB7IN Input 0/1 0 PFFR1 0/1 0/1 0/1 1
PF1 After reset 0 0 0 0 0 0 0
Input Port Input 0/1 0 0 0/1 0/1 0/1 1
Output Port Output T2 0/1 1 0 0/1 0/1 0/1 0
TB70UT Output 0/1 1 PFFR1 0/1 0/1 0/1 0
PF2 After reset 0 0 0 0 0 0 0
Input Port Input 0/1 0 0 0/1 0/1 0/1 1
Output Port Output 0/1 1 0 0/1 0/1 0/1 0
ENCA1 Input T15 0/1 0 PFFR1 0/1 0/1 0/1 1
SCLK3 Input 0/1 0 PEFR2 0/1 0/1 0/1 1
Output 0/1 1 0/1 0/1 0/1 0
CTS3 Input 0/1 0 PFFR3 01 0/1 01 1
PF3 After reset 0 0 0 0 0 0 0
Input Port Input 0/1 0 0 0/1 0/1 0/1 1
Output Port Output T10 0/1 1 0 0/1 0/1 0/1 0
ENCB1 Input 0/1 0 PFFR1 0/1 0/1 0/1 1
TXD3 Output 0/1 1 PFFR2 0/1 0/1 0/1 0
PF4 After reset 0 0 0 0 0 0 0
Input Port Input 0/1 0 0 0/1 0/1 0/1 1
Output Port Output T11 0/1 1 0 0/1 0/1 0/1 0
ENCZ1 Input 0/1 0 PFFR1 0/1 0/1 0/1 1
RXD3 Input 0/1 0 PFFR2 0/1 0/1 0/1 1

Note: PFPUP is enabled during reset by the reset pin (RESET). PFIE is "0", but BOOT signal can be input.
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8.3.2.8. PORTG
Table 8.14 Port G registers setting
Reset PORT Control register
PORT - Input/output
Function Type PGDATA PGCR PGFRn PGOD PGPUP PGPDN PGIE
PGO After reset 0 0 0 0 0 0 0
Input Port Input — 0/1 0 0 0/1 0/1 0/1 1
Output Port Output 0/1 1 0 0/1 0/1 0/1 0
uo1 Output 0/1 1 PGFR1 0/1 0/1 0/1 0
PG1 After reset 0 0 0 0 0 0 0
Input Port Input 0/1 0 0 0/1 0/1 0/1 1
Output Port Output ™ 0/1 1 0 0/1 0/1 0/1 0
X01 Output 0/1 1 PGFR1 0/1 0/1 0/1 0
PG2 After reset 0 0 0 0 0 0 0
Input Port Input 1 0/1 0 0 0/1 0/1 0/1 1
Output Port Output 0/1 1 0 0/1 0/1 0/1 0
VO1 Output 0/1 1 PGFR1 0/1 0/1 0/1 0
PG3 After reset 0 0 0 0 0 0 0
Input Port Input 1 0/1 0 0 0/1 0/1 0/1 1
Output Port Output 0/1 1 0 0/1 0/1 0/1 0
YO1 Output 0/1 1 PGFR1 0/1 0/1 0/1 0
PG4 After reset 0 0 0 0 0 0 0
Input Port Input 1 0/1 0 0 0/1 0/1 0/1 1
Output Port Output 0/1 1 0 0/1 0/1 0/1 0
wO1 Output 0/1 1 PGFR1 0/1 0/1 0/1 0
PG5 After reset 0 0 0 0 0 0 0
Input Port Input 1 0/1 0 0 0/1 0/1 0/1 1
Output Port Output 0/1 1 0 0/1 0/1 0/1 0
Z01 Output 0/1 1 PGFR1 0/1 0/1 0/1 0
PG6 After reset 0 0 0 0 0 0 0
Input Port Input 3 0/1 0 0 0/1 0/1 0/1 1
Output Port Output 0/1 1 0 0/1 0/1 0/1 0
EMG1 Input 0/1 0 PGFR1 0/1 0/1 0/1 1
PG7 After reset 0 0 0 0 0 0 0
Input Port Input 3 0/1 0 0 0/1 0/1 0/1 1
Output Port Output 0/1 1 0 0/1 0/1 0/1 0
oW1 Input 0/1 0 PGFR1 0/1 0/1 0/1 1
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8.3.2.9. PORTH
Table 8.15 Port H registers setting
Reset PORT Control register
PORT - Input/output
Function Type PHDATA PHCR PHFRnN PHOD PHPUP PHPDN PHIE
PHO After reset 0 0 0 0 0 0 0
Input Port Input 0/1 0 0 0/1 0/1 0/1 1
Output Port Output T17 0/1 1 0 0/1 0/1 0/1 0
INTO Input 0/1 0 PHFR1 0/1 0/1 0/1 1
AINAO Input 0/1 0 0 0/1 0 0 0
PH1 After reset 0 0 0 0 0 0 0
Input Port Input 0/1 0 0 0/1 0/1 0/1 1
Output Port Output T17 0/1 1 0 0/1 0/1 0/1 0
INT1 Input 0/1 0 PHFR1 0/1 0/1 0/1 1
AINA1 Input 0/1 0 0 0/1 0 0 0
PH2 After reset 0 0 0 0 0 0 0
Input Port Input 0/1 0 0 0/1 0/1 0/1 1
Output Port Output T17 0/1 1 0 0/1 0/1 0/1 0
INT2 Input 0/1 0 PHFR1 0/1 0/1 0/1 1
AINA2 Input 0/1 0 0 0/1 0 0 0
PH3 After reset 0 0 N/A 0 0 0 0
Input Port Input T16 0/1 0 N/A 0/1 0/1 0/1 1
Output Port Output 0/1 1 N/A 0/1 0/1 0/1 0
AINA3 Input 0/1 0 N/A 0/1 0 0 0
PH4 After reset 0 0 N/A 0 0 0 0
Input Port Input 116 0/1 0 N/A 0/1 0/1 0/1 1
Output Port Output 0/1 1 N/A 0/1 0/1 0/1 0
AINA4 Input 0/1 0 N/A 0/1 0 0 0
PH5 After reset 0 0 N/A 0 0 0 0
Input Port Input 16 0/1 0 N/A 0/1 0/1 0/1 1
Output Port Output 0/1 1 N/A 0/1 0/1 0/1 0
AINAS Input 0/1 0 N/A 0/1 0 0 0
PH6 After reset 0 0 N/A 0 0 0 0
Input Port Input 16 0/1 0 N/A 0/1 0/1 0/1 1
Output Port Output 0/1 1 N/A 0/1 0/1 0/1 0
AINA6 Input 0/1 0 N/A 0/1 0 0 0
PH7 After reset 0 0 N/A 0 0 0 0
Input Port Input 16 0/1 0 N/A 0/1 0/1 0/1 1
Output Port Output 0/1 1 N/A 0/1 0/1 0/1 0
AINA7 Input 0/1 0 N/A 0/1 0 0 0
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8.3.2.10. PORTII
Table 8.16 Port | registers setting
Reset PORT Control register
PORT - Input/output
Function Type PIDATA PICR PIFRNn P1OD PIPUP PIPDN PIIE
PIO After reset 0 0 N/A 0 0 0 0
Input Port Input 16 0/1 0 N/A 0/1 0/1 0/1 1
Output Port Output 0/1 1 N/A 0/1 0/1 0/1 0
AINA8 Input 0/1 0 N/A 0/1 0 0 0
PI1 After reset 0 0 N/A 0 0 0 0
Input Port Input 0/1 0 N/A 0/1 0/1 0/1 1
Output Port Output T16 0/1 1 N/A 0/1 0/1 0/1 0
AINAS/AINBO Input 0/1 0 N/A 0/1 0 0 0
P12 After reset 0 0 N/A 0 0 0 0
Input Port Input 116 0/1 0 N/A 0/1 0/1 0/1 1
Output Port Output 0/1 1 N/A 0/1 0/1 0/1 0
AINA1O/AINB1 Input 0/1 0 N/A 0/1 0 0 0
PI3 After reset 0 0 N/A 0 0 0 0
Input Port Input T16 0/1 0 N/A 0/1 0/1 0/1 1
Output Port Output 0/1 1 N/A 0/1 0/1 0/1 0
AINA11/AINB2 Input 0/1 0 N/A 0/1 0 0 0
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8.3.2.11. PORTJ
Table 8.17 Port J registers setting
Reset PORT Control register
PORT - Input/output
Function Type PJDATA PJCR PJFRnN PJOD PJPUP PJPDN PJIE
PJO After reset 0 0 N/A 0 0 0 0
Input Port Input 16 0/1 0 N/A 0/1 0/1 0/1 1
Output Port Output 0/1 1 N/A 0/1 0/1 0/1 0
AINB3 Input 0/1 0 N/A 0/1 0 0 0
PJ1 After reset 0 0 N/A 0 0 0 0
Input Port Input 0/1 0 N/A 0/1 0/1 0/1 1
Output Port Output T16 0/1 1 N/A 0/1 0/1 0/1 0
AINB4 Input 0/1 0 N/A 0/1 0 0 0
PJ2 After reset 0 0 N/A 0 0 0 0
Input Port Input 116 0/1 0 N/A 0/1 0/1 0/1 1
Output Port Output 0/1 1 N/A 0/1 0/1 0/1 0
AINB5 Input 0/1 0 N/A 0/1 0 0 0
PJ3 After reset 0 0 N/A 0 0 0 0
Input Port Input T16 0/1 0 N/A 0/1 0/1 0/1 1
Output Port Output 0/1 1 N/A 0/1 0/1 0/1 0
AINB6 Input 0/1 0 N/A 0/1 0 0 0
PJ4 After reset 0 0 N/A 0 0 0 0
Input Port Input 116 0/1 0 N/A 0/1 0/1 0/1 1
Output Port Output 0/1 1 N/A 0/1 0/1 0/1 0
AINB7 Input 0/1 0 N/A 0/1 0 0 0
PJ5 After reset 0 0 N/A 0 0 0 0
Input Port Input 116 0/1 0 N/A 0/1 0/1 0/1 1
Output Port Output 0/1 1 N/A 0/1 0/1 0/1 0
AINB8 Input 0/1 0 N/A 0/1 0 0 0
PJ6 After reset 0 0 0 0 0 0 0
Input Port Input 0/1 0 0 0/1 0/1 0/1 1
Output Port Output T17 0/1 1 0 0/1 0/1 0/1 0
INTC Input 0/1 0 PJFR1 0/1 0/1 0/1 1
AINB9 Input 0/1 0 0 0/1 0 0 0
PJ7 After reset 0 0 0 0 0 0 0
Input Port Input 0/1 0 0 0/1 0/1 0/1 1
Output Port Output T17 0/1 1 0 0/1 0/1 0/1 0
INTD Input 0/1 0 PJFR1 0/1 0/1 0/1 1
AINB10 Input 0/1 0 0 0/1 0 0 0
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8.3.2.12. PORT K
Table 8.18 Port K registers setting
Reset PORT Control register
PORT - Input/output
Function Type PKDATA PKCR PKFRnN PKOD PKPUP PKPDN PKIE
PKO After reset 0 0 0 0 0 0 0
Input Port Input 0/1 0 0 0/1 0/1 0/1 1
Output Port Output T17 0/1 1 0 0/1 0/1 0/1 0
INTE Input 0/1 0 PKFR1 0/1 0/1 0/1 1
AINB11 Input 0/1 0 0 0/1 0 0 0
PK1 After reset 0 0 0 0 0 0 0
Input Port Input 0/1 0 0 0/1 0/1 0/1 1
Output Port Output T17 0/1 1 0 0/1 0/1 0/1 0
INTF Input 0/1 0 PKFR1 0/1 0/1 0/1 1
AINB12 Input 0/1 0 0 0/1 0 0 0
8.3.2.13. PORTL
Table 8.19 Port L registers setting
Reset PORT Control register
PORT - Input/Output
Function Type PLDATA PLCR PLFRnN PLOD PLPUP PLPDN PLIE
PLO After reset N/A N/A 0 N/A N/A N/A 0
Input Port Input N/A N/A 0 N/A N/A N/A 1
Output Port Output ™ N/A N/A 0 N/A N/A N/A 0
INTB Input N/A N/A PLFR1 N/A N/A N/A 1
PL1 After reset N/A N/A 0 N/A N/A N/A 0
Input Port Input 5 N/A N/A 0 N/A N/A N/A 1
Output Port Output N/A N/A 0 N/A N/A N/A 0
INTA Input N/A N/A PLFR1 N/A N/A N/A 1
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8.4. Block Diagrams of Ports
The port has T1 to T21 types. Each circuit diagram is shown in the following page.
The "1/O Reset” shown in the circuit diagram is described the power on reset (POR) or the reset pin. Although,

"I/O Reset" of debug pins (TMS/SWDIO, TDI, TDO/SWV, TCK/SWCLK, TRST) is the power on reset (POR)
only.
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8.4.1. TypeT1
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8.4.2. TypeT2
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8.4.3. TypeT3
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8.4.4. TypeT4
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e
jl

Port

O

A

A 4

PxOD
(Open-Drain Control)

LN

PXIE
(Input Control)

d

A

\I\I

Port Read

Interrupt
Input

«—

Noise Filter
(30ns Typ.)

Figure 8.4 Port Type T4
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8.4.5. Type TS5
Drive Disable
in STOP Mode
v
< PxFR1
" 7| (Function Control1)
2
3 le—> PxIE |
o | t Contl
&D’ (Input Control)
QD
Z
0
ort
\I\I ' U Input
Port Read
Interrupt Noise Filter
Input (30ns Typ.)
AV
Figure 8.5 Port Type T5
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8.4.6. TypeT6

sng eleq |euJalu|

PxPUP

A

A 4

(Pull-up Control)

Drive Disable
in STOP Mode

PxPDN

A

Y

(Pull-down Control)

o -

PxCR

A

A 4

(Output Control)

PxFR1

A

"| (Function Control1)

Function
Outputl
Enable

PxDATA

(Output Latch)

Function
Outputl

Programmable

ull-up and Pull-down

AT
!

Port

PxOD

A

Y

(Open-Drain Control)

[iS

\ /Z

PxIE

A

(Input Control)

e

A

Port Read

Function
Inputl

Figure 8.6 Port Type T6
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8.4.7. TypeT7

sng eleq |euJalu|

PxPUP

Drive Disable
in STOP Mode

1/0 Reset

Y

-

A

A 4

(Pull-up Control)

PxPDN

9
|

A

| (Pull-down Control)

PxCR

A

A 4

(Output Control)

PxFR1

A

"| (Function Control1)

PxDATA

i

Programmable
Pull-up and Pull-down

Port

(Output Latch)

> PxOD

” (Open-Drain Control)

PxIE

A

(Input Control)

e

A

Port Read

Function
Inputl

Figure 8.7 Port Type T7
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8.4.8. Type T8

sng eleq |eussiu|

PxPUP

A

(Pull-up Control)

Drive Disable
in STOP Mode

1/0 Reset

PxPDN

A

"1 (Pull-down Control)

Programmable
q Pull-up and Pull-down

PxCR

A

\ 4

(Output Control)

PxFR1

A

\ 4

(Function Control1)

PXDATA

(Output Latch)

ar=%
pl

Port

O

PxOD

A

(Open-Drain Control)

LN\

PxIE

A

(Input Control)

A

A

Port Read

Function
Inputl

Input/output

Figure 8.8 Port Type T8
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8.4.9. TypeT9

Drive Disable

in STOP Mode /O Reset

é; Programmable
PxPUP ‘D—l Pull-up and Pull-down
(Pull-up Control) :_:'_

PxPDN
"1 (Pull-down Control)

R PXCR
7| (Output Control) - —

PxFR1
(Function Control1)

A
Y

D

A

PxFR2
(Function Control2) Function _ 1 Port
|
outputl Input/output

A

sng eleq |euJalu|

PXDATA
(Output Latch) 0

> PxOD
(Open-Drain Control)

A

PxIE
(Input Control)

A

A

e
T l
Port Read

Function
Inputl

Function
Input2

Figure 8.9 Port Type T9
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8.4.10. Type T10

Drive Disable

in STOP Mode 1/O Reset

é; Programmable
R PxPUP ‘D—‘ Pull-up and Pull-down
(Pull-up Control) :—l:l—

A

PxPDN
"| (Pull-down Control)

. PXCR
”| (Output Control) —

PxFR1
"] (Function Control1)

A

A

PxFR2
(Function Control2) Function 1 Port
]
Output2 Input/output

A

sng eleq |euwssiu|

PXDATA
(Output Latch) 0

> PxOD
(Open-Drain Control)

A

PxIE
(Input Control)

A

pd

A

Port Read

Function
Inputl

Figure 8.10 Port Type T10
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8.4.11. Type T11

sng eleq |euJalu|

PXPUP

A

Y

(Pull-up Control)

Drive Disable
in STOP Mode

1/0 Reset

PxPDN

A

"1 (Pull-down Control)

YD»J
-

PxCR

(Output Control)

PxFR1

A

(Function Control1)

PxFR2

A

(Function Control2)

PXDATA

(Output Latch)

O

i
pl

Programmable
Pull-up and Pull-down

R PxOD

A

i (Open-Drain Control)

L X

PxIE

A

(Input Control)

A

T
T

Port Read

Function
Inputl

Function
Input2

Figure 8.11

|

Port Type T11
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8.4.12. Type T12

sng eleq |euJalu|

PXPUP

A

Y

(Pull-up Control)

Drive Disable

in STOP Mode

1/0 Reset

PxPDN

A

"1 (Pull-down Control)

PxCR

(Output Control)

PxFR1

A

(Function Control1)

PxFR2

A

(Function Control2)

PXDATA

(Output Latch)

D—

VD%
=

Programmable
Pull-up and Pull-down

IS
pl

Port

|

R PxOD

A

i (Open-Drain Control)

L X

PxIE

A

(Input Control)

e

A

Interrupt

Port Read

Input

Function
Inputl

Noise Filter
(30ns Typ.)

Input/output

Figure 8.12 Port Type T12
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8.4.13. Type T13

Drive Disable

in STOP Mode I/O Reset

Programmable
PxPUP :})—‘ Pull-up and Pull-down
(Pull-up Control) ::'_:'_

(Pull-down Control)

PxCR
(Output Control) >i

PxFR1
”| (Function Control1)

A

A
\ 4

A

A

PXFR2 —— )
Function Control2) | Function
( ) Output2 = 1 0 Port
Function Input/output
PXDATA | Outputl 0
(Output Latch) 0

A

sng ereq [eusalu|

PxOD
(Open-Drain Control)

y

A

PxIE
(Input Control)

A

e

A

Port Read

Figure 8.13 Port Type T13
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8.4.14. Type T14

sng eleq |euwssiu|

PXPUP

A

(Pull-up Control)

Drive Disable

in STOP Mode

1/0 Reset

PxPDN

A

(Pull-down Control)

PxCR

A

(Output Control)

PxFR1

A

"] (Function Control1)

PxFR2

(Function Control2)

PXDATA

(Output Latch)

Function
Outputl

1

D—

Y
O
-

Programmable
Pull-up and Pull-down

e
pl

Port

O

PxOD

A

A

"1 (open-Drain Control)

By

PxIE

(Input Control)

pd

A

Interrupt

Port Read

Input

—

Noise Filter

Input/output

(30ns Typ.)

Figure 8.14 Port Type T14
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8.4.15. Type T15

Drive Disable

in STOP Mode /O Reset

Programmable
NG ||PXP(L;JPt ) )O—| Pull-up and Pull-down
ull-up Control

A

PXPDN —D_J

"] (Pull-down Control)

PxCR
(Output Control) >i
N PxFR1
"| (Function Control1) tJ

PxFR2
(Function Control2)

A

A

A

A

sng ereq [euoiu|

Function 1
Output2

PxFR3
(Function Control3)

A

Port
Input/output

° N
PXDATA L Ll
(Output Latch)

> PxOD
(Open-Drain Control)

A

PxIE
(Input Control)

A

A

e
N :

Function
Inputl

Port Read
Function
Input2

Function
Input3

Figure 8.15 Port Type T15
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8.4.16. Type T16

Drive Disable

in STOP Mode

1/0 Reset

Q; Programmable

- PxPUP ‘D—l Pull-up and Pull-down

7| (Pull-up Control)

== I

= 7| (Pull-down Control)

PR PXCR

7| (Output Control) 37
=1
@
S
L
o
Q
&
w
7

PXDATA s Port
(Output Latch) \/‘ Input/output

< PxOD

= 7| (Open-Drain Control)

. PxIE

- (Input Control)

0
< 1
1
Port Read
"\
Analog
Input
Figure 8.16 Port Type T16
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8.4.17. Type T17

sng eleq |euwssiu|

PxPUP

A

Y

(Pull-up Control)

Drive Disable

in STOP Mode

1/0 Reset

Y

PxPDN

A

\ 4

(Pull-down Control)

[ ™
=

PxCR

A

(Output Control)

PxFR1

A

(Function Controll1)

PxDATA

A

\ 4

(Output Latch)

J

e
jl

Programmable
Pull-up and Pull-down

O

N PxOD

| (Open-Drain Control)

L\

PxIE

A

(Input Control)

e

A

Interrupt

Analog

Port Read

Input

———

Noise Filter
(30ns Typ.)

A

Input

Figure 8.17 Port Type T17
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8.4.18. Type T18

sng eleq |eulaju|

A

PxPUP
(Pull-up Control)

Drive Disable
in STOP Mode

1/0 Reset

PxPDN
(Pull-down Control)

=D

A

PxCR
(Output Control)

A

PxFR1
(Function Control1)

PxDATA
(Output Latch)

Function Outputl

ar—t
!

Programmable
:})—‘ Pull-up and Pull-down

Port
{J

)

A

Y

PxOD
(Open-Drain Control)

A

PxIE
(Input Control)

e

A

Port Read

Figure 8.18 Port Type T18

Input/output
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8.4.19. Type T19

sng eleq |eulaju|

PXPUP

\ 4

(Pull-up Control)

Drive Disable
in STOP Mode

PxPDN

A

> (Pull-down Control)

T
|

PxCR

(Output Control)

PxFR1

A

(Function Control1)

Function Outputl Enable

PxDATA

(Output Latch)

Programmable
Pull-up and Pull-down

)

Port
{J

\/Z

PxOD

A

\ 4

(Open-Drain Control)

Function Outputli‘{'
1/

PxIE

A

(Input Control)

e

A

Port Read

Figure 8.19 Port Type T19

Input/output
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8.4.20. Type T20

sng eleq  |eussiu|

PXPUP

A

Y

(Pull-up Control)

Drive Disable
in STOP Mode

1/0 Reset

PxPDN

A

”| (Pull-down Control)

Programmable
q Pull-up and Pull-down

PxCR

A

(Output Control)

PxFR1

A

(Function Controll1)

PxDATA

A

(Output Latch)

Fe
pl

Port
|

R PxOD

i (Open-Drain Control)

L\

PxIE

A

(Input Control)

e

A

Port Read

Function ¢ ( I:
Inputl

Input/output

BOOT <

Figure 8.20 Port Type T20
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8.4.21. Type T21

Drive Disable

in STOP Mode

1/0 Reset

> Programmable
PEEEN PxPUP 3}—‘ Pull-up and Pull-down
(Pull-up Control) |:|

N PXPDN _D—I

= 7| (Pull-down Control)

P PxCR

A I
_ (Output Control) —O}
>
@
5
=
O
2
Q
w
@

R PXDATA a Port
“|  (Output Latch) \/‘ Input/output

< 3 PxOD

D i (Open-Drain Control)

P PxIE

- (Input Control)

0
€ /I
1
Port Read
External high-
speed <
Oscillator
Figure 8.21 Port Type T21
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8.5. Precaution

8.5.1. Pin status during a reset

During the reset, the pin status is high impedance except for below pins. And, the pull-up/pull-down is invalid.

e  The debug interface pins (PB3 to PB7) are debug pin.

e PFO (BOOT) is used as a BOOT function. It is enabled to be input and pulled-up during pin reset. At the
rising edge of the reset signal, when PFO0 is "High" level, the MCU enters single chip mode and boots from
the built-in flash memory. When PFO is "Low" level, the MCU enters single BOOT mode and boots from the
built-in BOOT ROM.

8.5.2. Unused pins
We recommend that each unused pin should be connected to the power supply pins or GND pins via resistors.
Generally, when MCU operates while the high-impedance pins left open, electrostatic damage or latch-up may

occur in the internal LSI due to induced voltage influenced from external noise.

8.5.3. Notice of using debug interface pins used as general-purpose ports

After releasing reset, when the debug interface pins are used as the general-purpose ports by the user program, the
debug tool cannot be connected to MCU and cannot be controlled.
When the debug tool cannot be used for debugging, erase the flash memory by using UART connection and set

single BOOT mode to connect it to MCU again. For details, refer to "20. Flash Operations”.
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9. 16-bit Timer/Event Counter (TMRB)

9.1. Outline
TMRB has the following features:

e  16-bit interval timer mode

e 16-bit event counter mode

16-bit programmable square wave output (PPG) mode

External trigger programmable square wave output (PPG) mode

By using the capture function, TMRB can be used for the following purposes.

®  One-shot pulse output from an external trigger

e  Pulse width measurement

In the description below, "x" means the channel number.
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9.2. Block Diagram

TMRB consists of a 16-bit up counter, two 16-bit timer registers (double buffer configuration), two 16-bit capture

registers, two comparators, and a capture input control, a timer flip-flop and a timer flip-flop control circuit. Timer

operation mode and timer flip-flop are controlled by registers.
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9.3. Registers

9.3.1. List of Registers

The control registers and addresses are listed below.

Register name

Base+ (Address)

Enable Register TBXEN 0x0000
RUN Register TBxRUN 0x0004
Control Register TBxCR 0x0008
Mode Register TBxMOD 0x000C
Flip-flop Control Register TBxFFCR 0x0010
Status Register TBxST 0x0014
Interrupt Mask Register TBxIM 0x0018
Up Counter Capture Register TBxUC 0x001C
Timer Register 0 TBxRGO 0x0020
Timer Register 1 TBxRG1 0x0024
Capture Register 0 TBxCPO 0x0028
Capture Register 1 TBxCP1 0x002C
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9.3.2. TBXEN (Enable Register)
31 30 29 28 27 26 25 24
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol TBEN - - - - - - -
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:8 - R [Readas"0"
TMRB operation control
0: Disabled
1: Enabled
2 TBEN RIW Specifies the operation of TMRB. The clock is not supplied to other registers of TMRB in the operation
disabled state, so power consumption can be reduced. (In this state, read and write to registers except
TBXEN cannot be performed.)
When using TMRB, set <TBEN> to "1" before setting the registers of TMRB. When operation is
disabled after TMRB is operated, the settings of the registers are retained.
6:0 - R [Readas"0"
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9.3.3. TBxRUN (RUN Register)
31 30 29 28 27 26 25 24
Bit symbol -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol -
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit symbol -
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol TBPRUN TBRUN
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:3 R [Readas"0"
Prescaler operation control
2 TBPRUN R/W 0: Stop and clear
1: Start counting
1 R [Readas"0"
Up counter operation control
0 TBRUN R/W 0: Stop and clear
1: Start counting

Notel: When starting counting by an external trigger, be sure to set TBXRUN<TBRUN> to "1".

Note2: If TBXUC<TBxUC][15:0]> is read while the up counter stops(TBXRUN<TBRUN?> is set to "0"), the last
captured value in operation of the up counter is read.
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9.3.4. TBxCR (Control Register)
31 30 29 28 27 26 25 24
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
7 6 5 4 8 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".
Double buffer control
7 TBWBF R/W 0: Disabled
1: Enabled
6:5 - R/W | Write as "0".
4 - R Read as "0".
Operation in IDLE mode control
3 12TB R/W 0: Stop
1: Operation
2 - R Read as "0".
External trigger select
1 TRGSEL R/W 0: Rising edge
1: Falling edge
Selecting the start method of the up counter
0 CSSEL R/W 0: Software start
1: External trigger start

Notel: Do not modify TBXCR while TMRB is operating.

Note2: When the external trigger start is selected as the method to start up counter, after set TBXCR<CSSEL> and

TBXCR<TRGSEL>, set TBXRUN<TBRUN> and TBXRUN<TBPRUN> to "1".
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9.3.5. TBxMOD (Mode Register)
31 30 29 28 27 26 25 24
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit symbol - - - - - - - -
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 0 1 0 0 0 0 0
Bit Bit Symbol Type Function
31:7 - R |Read as "0".
Write timing control to timer registers 0 and 1 when double buffer is used
0: Even if only one side is ready to write to timer register O and timer register 1, one side at a time
6 TBRSWR R/W can write to the timer register.
1: If neither timer register O nor timer register 1 is ready to be written, the timer register cannot be
written.
R Read as "1".
Software capture control
5 TBCP W 0: Software Capture
1: Don't care
Writing "0" to this bit captures the count value into the capture register 0 (TBxCPO).
Capture control
00: Disabled
01: Capture register 0 (TBXxCPO) captures the count value at the rising edge of TBxIN pin.
4:3 TBCPM[1:0] RIW P g! (TBXCPO) captu unt vaiu ! dedo x p'_ )
10: Capture register 0 (TBxCPO) captures the count value at the rising edge of TBxIN pin input, and
capture register 1 (TBxCP1) captures the count value at the falling edge of TBxIN pin input.
11: Disabled
Up counter clear control
0: Clear disabled
1: Clear enabled
2 TBCLE R/W
Controls clear control of the up counter.
When this bit is set to "0", clearing is disabled. When this bit is set to "1", clearing is performed when
up counter matches the timer register 1 (TBXRG1).
TMRB source clock select
00: TBxIN pin input
1:0 TBCLK[1:0] R/W 01: ®T1
10: T4
11: ®T16

Note: Do not modify TBXMOD while the TMRB is operating.
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9.3.6. TBXFFCR (Flip-Flop Control Register)
31 30 29 28 27 26 25 24
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
7 6 5 4 8 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".
TBXFFO inversion control when the up counter value is captured to TBxCP1
0: Invert disabled
5 TBC1T1 R/W 1: Invert enabled
When this bit is set to "1", TBXFFO is inverted when the up counter value is captured to TBXCP1. When
"0" is set, it is not inverted.
TBXFFO inversion control when the up counter value is captured to TBxCPO
0: Invert disabled
4 TBCOT1 R/W 1: Invert enabled
When this bit is set to "1", TBXFFO is inverted when the up counter value is captured to TBXCPO. When
"0" is set, it is not inverted.
TBXFFO inversion control when up counter matches TBxRG1
0: Invert disabled
3 TBE1T1 R/W 1: Invert enabled
When this bit is set to "1", TBxFFO is inverted when the up counter matches TBXRG1. When "0" is set,
it is not inverted.
TBXFFO inversion control when up counter matches TBXRGO
0: Invert disabled
2 TBEOT1 R/W 1: Invert enabled
When this bit is set to "1", TBxFFO is inverted when the up counter matches TBXRGO. When "0" is set,
it is not inverted.
R Read as "11".
TBXFFO control
1:0 TBFFOC[].O] 00: Invert TBXFFO.
w 01: Set TBxFFO to "1".
10: Clear TBxFFO to "0".
11: Don't care

Note: Do not change TBXFFCR while TMRB is operating.
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9.3.7. TBxXST (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".
Overflow flag
0: No overflow occurs.
2 INTTBOF R
1: Overflow occurs.
When the up counter overflows, this flag is set to "1".
Flag matching up counter and TBXRG1
0: No match is detected
1 INTTB1 R . . .
1: Matching with TBXxRGL1 is detected.
When the up counter matches TBxRG1, this flag is set to "1".
Flag matching up counter and TBXRGO
0: No match is detected
0 INTTBO R . .
1: Matching with TBXRGO was detected.
When the up counter matches TBxRGO, this flag is set to "1".

Notel: Even if the interrupt request is masked by TBxIM, the flag is set when an interrupt request occurs.

Note2: The flags are automatically cleared when the register is read.
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9.3.8. TBxIM (Interrupt Mask Register)
31 30 29 28 27 26 25 24
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol - - - - - TBIMOF TBIM1 TBIMO
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:3 - R |Read as "0".
Overflow interrupt request mask control
0: Do not mask interrupt request
2 TBIMOF R/W .
1: Mask the interrupt request
Setting this bit to "0" does not mask the overflow interrupt request. Masks when "1" is set.
Matching interrupt request masking control for the up counter and TBXRG1
0: Do not mask interrupt request
1 TBIM1 R/W 1: Mask the interrupt request
When this bit is set to "0", the up counter and TBXxRG1 matching interrupt request is not masked.
Masks when "1" is set.
Matching interrupt request masking control for the up counter and TBXRGO
0: Do not mask interrupt request
0 TBIMO R/W 1: Mask the interrupt request
When this bit is set to "0", the up counter and TBXRGO matching interrupt request is not masked.
Masks when "1" is set.

Note: When an interrupt request is generated even if the interrupt request is masked by TBxIM, the each flag in
TBXST is set.
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9.3.9. TBxUC (Up Counter Capture Register)
31 30 29 28 27 26 25 24
Bit symbol -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol -
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit symbol TBUC
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol TBUC
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:16 R [Readas"0"
Capture value of the up counter
15:0 TBUC[15:0] R | When TBXxUC<TBxUCJ15:0]> is read during up counter operation, the value of the up counter at
reading is captured and read.

Note: When the up counter is stopped (TBXRUN<TBRUN>= "0"), TBXUC<TBXUC[15:0]> is read the last value

captured during up counter operation.
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9.3.10. TBxRGO (Timer Register 0)
31 30 29 28 27 26 25 24
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit symbol TBRGO
After reset 0 0 0 0 0 0 0 0
7 6 5) 4 3 2 1 0
Bit symbol TBRGO
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:16 - R [Readas"0"
15:0 TBRGO[15:0] R/W | Set the value to be compared with the up counter.
9.3.11. TBxRG1 (Timer Register 1)
31 30 29 28 27 26 25 24
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit symbol TBRG1
After reset 0 0 0 0 0 0 0 0
7 6 5) 4 8 2 1 0
Bit symbol TBRG1
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:16 - R [Readas"0"
15:0 TBRG1[15:0] R/W | Set the value to be compared with the up counter.
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9.3.12. TBxCPO (Capture Register 0)
31 30 29 28 27 26 25 24
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit symbol TBCPO
After reset 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 [Readas"0"
15:0 TBCPO[15:0] R | The captured value of the up counter can be read.
9.3.13. TBxCP1 (Capture Register 1)
31 30 29 28 27 26 25 24
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit symbol TBCP1
After reset 0 0 0 0 0 0 0 0
7 6 5) 4 8 2 1 0
Bit symbol TBCP1
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:16 - R [Readas"0"
15:0 TBCP1[15:0] R | The captured value of the up counter can be read.
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9.4. Operations

9.4.1. Prescaler

The prescaler is a 4-bit prescaler that generates the source clock for the up counter (UC).

The input clock ®TO to the prescaler is fperiph / 1, fperiph / 2, fperiph / 4, fperiph / 8, fperiph / 16, or fperiph / 32
selected by CGSYSCR<PRCK]2:0]>.

The fperiph is the clock for either fgear or fc selected by CGSYSCR<FPSEL>.

The fgear is one of the clocks for fc / 1, fc / 2, fc / 8, fc / 16 selected by CGSY SCR<GEAR[2:0]>.

The operation of the prescaler is controlled by TBXRUN<TBPRUN>. Writing "1" starts counting, and writing "0"
stops counting and clears the prescaler.

Table 9.1 shows the resolution of the output clock from the prescaler.

Table 9.1 Resolution of Output Clock from Prescaler (fc = 80MHz)

CGSYSCR CGSYSCR CGSYSCR Resolution of output clock from prescaler
<FPSEL> <GEAR[2:0]> <PRCK]J2:0]> ®T1 T4 ®T16
000 (fperiph/1) 0.025ps (fc/2Y) 0.1us (fc/2%) 0.4ps (fc/2%)
001 (fperiph/2) 0.05us (fc/2?) 0.2us (fc/2%) 0.8us (fc/29)
000 (fc) 010 (fperiph/4) 0.1us (fc/2°) 0.4ps (fc/25) 1.6ps (fc/2")
011 (fperiph/8) 0.2us (fc/2%) 0.8ps (fc/25) 3.2us (fc/28)
100 (fperiph/16) 0.4us (fc/2°) 1.6ps (fc/27) 6.4ps (fc/2%)
101 (fperiph/32) 0.8us (fc/2°) 3.2us (fc/28) 12.8us (fc/210)
000 (fperiph/1) 0.05ps (fc/2?) 0.2us (fc/2%) 0.8us (fc/29)
001 (fperiph/2) 0.1us (fc/23) 0.4ps (fc/25) 1.6ps (fc/27)
100 (fc / 2) 010 (fperiph/4) 0.2us (fc/2%) 0.8us (fc/25) 3.2us (fc/28)
011 (fperiph/8) 0.4us (fc/2°) 1.6ps (fc/2") 6.4ps (fc/2%)
100 (fperiph/16) 0.8ps (fc/2°) 3.2s (fc/29) 12.8ps (fc/21°)
101 (fperiph/32) 1.6us (fc/27) 6.4us (fc/2°) 25.6ps (fc/21)
000 (fperiph/1) 0.1us (fc/23) 0.4ps (fc/25) 1.6ps (fc/27)
001 (fperiph/2) 0.2us (fc/2%) 0.8us (fc/25) 3.2us (fc/28)
0 (fgear) 101 (fc / 4) 010 (fperiph/4) 0.4us (fc/2°) 1.6ps (fc/2") 6.4ps (fc/2%)
011 (fperiph/8) 0.8us (fc/2%) 3.2us (fc/28) 12.8s (fc/21°)
100 (fperiph/16) 1.6us (fc/27) 6.4us (fc/2°) 25.6us (fc/211)
101 (fperiph/32) 3.2us (fc/28) 12.8us (fc/210) 51.2us (fc/2%?)
000 (fperiph/1) 0.2us (fc/2%) 0.8us (fc/25) 3.2us (fc/28)
001 (fperiph/2) 0.4us (fc/2%) 1.6us (fc/27) 6.4us (fc/2°)
110 (fo/ 8) 010 (fperiph/4) 0.8s (fc/2°) 3.2us (fc/2°) 12.8ps (fc/210)
011 (fperiph/8) 1.6us (fc/27) 6.4us (fc/2°) 25.6us (fc/211)
100 (fperiph/16) 3.2us (fc/28) 12.8us (fc/210) 51.2us (fc/2%?)
101 (fperiph/32) 6.4us (fc/2°) 25.6ps (fc/2'Y) 102.4us (fc/21%)
000 (fperiph/1) 0.4ps (fc/29) 1.6ps (fc/27) 6.4ps (fc/29)
001 (fperiph/2) 0.8us (fc/2%) 3.2us (fc/28) 12.8s (fc/21°)
111 (fc 116) 010 (fperiph/4) 1.6us (fc/27) 6.4us (fc/2°) 25.6us (fc/21)
011 (fperiph/8) 3.2us (fc/29) 12.8ps (fc/210) 51.2us (fc/21?)
100 (fperiph/16) 6.4us (fc/2°) 25.6ps (fc/21) 102.4ps (fc/2)
101 (fperiph/32) 12.8ps (fc/21°) 51.2us (fc/2%?) 204.8ps (fc/2™)
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CGSYSCR CGSYSCR CGSYSCR Resolution of output clock from prescaler
<FPSEL> <GEAR[2:0]> <PRCK]J2:0]> ®T1 T4 ®T16
000 (fperiph/1) 0.025ps (fc/2%) 0.1us (fc/28) 0.4ps (fc/25)
001 (fperiph/2) 0.05us (fc/2?) 0.2us (fc/2%) 0.8us (fc/2°)
000 (fc) 010 (fperiph/4) 0.1ps (fc/2%) 0.4ys (fc/25) 1.6ps (fc/27)
011 (fperiph/8) 0.2us (fc/2%) 0.8ys (fc/2°) 3.2us (fc/28)
100 (fperiph/16) 0.4ps (fc/2°) 1.6ps (fc/27) 6.4us (fc/2°)
101 (fperiph/32) 0.8us (fc/2°) 3.2us (fc/28) 12.8us (fc/210)
000 (fperiph/1) - 0.1us (fc/2%) 0.4ps (fc/25)
001 (fperiph/2) 0.05ps (fc/2?) 0.2us (fc/2%) 0.8ps (fc/2°)
100 (fc/ 2) 010 (fper?ph/4) 0.1us (fc/28) 0.4ps (fc/25) 1.6ps (fc/27)
011 (fperiph/8) 0.2us (fc/2%) 0.8us (fc/2°) 3.2us (fc/28)
100 (fperiph/16) 0.4ps (fc/25) 1.6ps (fc/27) 6.4us (fc/2°)
101 (fperiph/32) 0.8us (fc/2°) 3.2us (fc/28) 12.8us (fc/210)
000 (fperiph/1) - 0.1ps (fc/2%) 0.4ps (fc/25)
001 (fperiph/2) - 0.2us (fc/2%) 0.8ps (fc/25)
1 (fo) 101 (fo/ 4) 010 (fper?ph/4) 0.1ps (fc/29) 0.4ps (fc/25) 1.6us (fc/27)
011 (fperiph/8) 0.2us (fc/2%) 0.8us (fc/29) 3.2us (fc/28)
100 (fperiph/16) 0.4us (fc/2°) 1.6ps (fc/27) 6.4ps (fc/2%)
101 (fperiph/32) 0.8us (fc/2°) 3.2us (fc/28) 12.8us (fc/210)
000 (fperiph/1) - - 0.4ps (fc/2°)
001 (fperiph/2) - 0.2us (fc/2%) 0.8us (fc/25)
10 (fc/ 8) 010 (fper?ph/4) - 0.4ps (fc/25) 1.6ps (fc/27)
011 (fperiph/8) 0.2us (fc/2%) 0.8ps (fc/25) 3.2us (fc/28)
100 (fperiph/16) 0.4ps (fc/29) 1.6ps (fc/27) 6.4ps (fc/29)
101 (fperiph/32) 0.8us (fc/2°) 3.2us (fc/28) 12.8us (fc/210)
000 (fperiph/1) - - 0.4ps (fc/25)
001 (fperiph/2) - - 0.8ps (fc/25)
11 (fc 116) 010 (fperfph/4) - 0.4ps (fc/25) 1.6ps (fc/2")
011 (fperiph/8) - 0.8us (fc/25) 3.2us (fc/28)
100 (fperiph/16) 0.4us (fc/2°) 1.6ps (fc/2") 6.4ps (fc/2%)
101 (fperiph/32) 0.8us (fc/2°) 3.2us (fc/28) 12.8us (fc/210)

Notel: Be sure to select the output clock @Tn from the prescaler so that ®Tn < fsys is satisfied (®Tn becomes

slower than fsys).
Note2: Do not switch the clock gear while TMRB is running.

Note3: "-" in the cell means setting prohibited.

218 /624 2023-07-21

Rev. 1.1




TOSHIBA TMPM370FYDFG

TMPM370FYFG

9.4.2. Up Counter (UC)
UC is 16-bit binary counter.

e  Source clock
The source clock is set by TBXMOD<TBCLK]1:0]>. The prescaler output clock ®T1, ®T4, ®T16, or TBXIN

inputs can be selected.

e  Starting and stopping UC operation
Clearing UC is set by TBXRUN<TBRUN>. When<TBRUN> is set to "1", counting starts. And when it is set

to "0", counting stops and UC is cleared.

e UC clear timing

(@) When compare match
By setting TBXMOD<TBCLE> to "1", UC is cleared with matching of UC and TBxRG1. When
TBxMOD<TBCLE> is set to "0", no match between UC and TBxRG1 is detected. Therefore, UC
operates as a free-running up counter.

(b) When UC is stopped
By setting TBXRUN<TBRUN> to "0", counting stops and UC is cleared.

e UC overflowing

When UC overflows, TBXST<INTTBOF> is set to "1" and an overflow interrupt (INTTBxO0) is generated.

9.4.3. Timer Register (TBXRGO, TBXRG1)

There are two registers which set the value to be compared with UC. The value set in the timer register is
compared with the value of UC by the comparator (CPn), and when it matches, CPn outputs a match detection
signal.

TBXRGO and TBxRGL1 are double buffer configuration and paired with buffer registers. The double buffer is
disabled in the initial state.

Double buffer control is set by TBXCR<TBWBF>. When TBXCR<TBWBF> is set to "0", double buffer is
disabled, and when TBXCR<TBWBF> is set to "1", it is enabled.

When double buffer is enabled, data is transferred from register buffer 0/1 to the timer register TBXRGO0/1,
respectively, when UC matches TBXRG1. When UC is stopped even if the double buffer is enabled, the double

buffer is disabled and the value transferred to TBXRGO/1 as soon as the value is written to the buffer register.
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9.4.4. Capture Control

This circuit controls the timing at which UC value is captured into the capture register TBXxCPO, TBxCP1
according to rising or falling edge of TBXIN pin input. The timing for capturing to the capture register is set by
TBXMOD<TBCPM[1:0]>.

UC value can also be captured to the capture register at any timing by software. When TBXMOD<TBCP> is set to
"0", the value of UC at the set timing is captured into TBxCPO.

9.4.5. Capture Register (TBxCPO, TBXxCP1)
These registers store the captured value of UC. There are two registers. For details about which capture register

stores the captured value, refer to "9.4.4. Capture Control".
To read TBxCPO or TBXCP1, use a 16-bit data transfer instruction or read in the order of lower and higher.

9.4.6. Up Counter Capture Register (TBxUC)

In addition to capture by capture control, the present value of UC can be captured and read by reading TBxUC.

9.4.7. Comparator (CPO, CP1)

CPO0 and CP1 compare UC with the value of TBXRGO and TBXRG1. When they match, a match signal is output
and INTTBx0 and INTTBXx1 are generated.

9.4.8. Timer Flip-Flop (TBxFFO0)

A timer flip-flop (TBxFFO) is a flip-flop whose output is inverted by a match signal from CPn or a signal which
captures the value of UC to TBxCPn. Enable/disable inversion is set by TBXFFCR<TBC1T1>, <TBCOT1>,
<TBE1T1>, <TBEOT1>.

After releasing reset, TBXFFO is undefined.

TBXFFO inverts when TBXFFCR<TBFFOC[1:0]> is set to "00", and is set to "1" and "0" when TBXFFCR
<TBFFOC[1:0]> is set to "01" and "10", respectively.

The value of TBxFFO is output to the timer flip-flop output pin (TBxOUT). When it is output to TBxOUT, it is
necessary to set the corresponding port beforehand.

9.4.9. Capture Interrupt (INTCAPxO0, INTCAPx1)

INTCAPx0 and INTCAPx1 occur when the value of UC is captured into the capture register TBxCPO and
TBxCPL.
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9.5. Explanation of Each Mode

9.5.1. 16-bit Interval Timer Mode

To generate an interrupt with a constant cycle, set an interval time in TBXRGO and TBXRG1 to generate a
INTTBxX0 and INTTBX1, respectively.

7 6 5 4 3 2 1 0
TBXEN — 1 x x X X X X X Enables operation of TMRB.
TBXxRUN — X X x x x 0 x O Stops and clears the operation of the prescaler and UC.
Interrupt enable set — ook ok Rk k% % Set the bit corresponding to INTTBx1 interrupt to "1",
Register enables interrupts.
TBXFFCR — x x 00 0 0O 1 1 Disables TBxFFO invert.
TBxMOD — x 01 0 0 1 Y'Y Prescaler output is used as source clock of UC.

YY ="01","10" or "11" Does not capture by software and hardware.

TBXRG1 — oxoox ok ok k k % Sets the interval time (16 bits).

Xk kK x % * %
TBXxRUN — X x x x x 1 x 1 Starts operation of the prescaler and counting of the UC.

Note: x: Don't care, *: Can be set to any value, -: Cannot be changed

9.5.2. 16-bit Event Counter Mode

Use TMRB as an event counter by setting the source clock of UC as the signal to be input to TBxIN pin.
UC counts up on the rising edge of the signal.
The value of UC can be also captured to TBXCPO by setting TBXMOD<TBCP> to "0".

TBXEN — 1 x X X X X X X Enables operation of TMRB.

TBXRUN — X X x x x 0 x O Stops and clears the operation of the prescaler and UC.

Port register setting Make settings for using the ports assigned to TBxIN pins
as TBxIN pins.

TBXFFCR — x x 0 0 0 0O 1 1 Disables TBxFFO invert.

TBXMOD - «x 010000 0 ‘LI'JIleN pin input signal is used as the source clock of

Does not capture by software and hardware.

TBXRUN — X X x x x 1 x 1 Starts operation of the prescaler and counting of the UC.

TBxMOD — x 0 0 00O 0O 0 O The value of UC is captured to TBxCPO.

Note: x: Don't care, *: Can be set to any value, -: Cannot be changed
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9.5.3. 16-bit Programmable Square Wave Output (PPG) Mode

A square wave (programmable square wave) with an arbitrary duty cycle is output.

The programmable square wave supports either "Low" active or "High™ active.

TBXRG1 determines the cycle of the programmable square wave. TBXRGO determines the duty of the
programmable square wave. Enable TBxFFO invert at matching between UC and TBXRGO, TBXRG1. Set each
parameter so that TBXRG1 is greater than TBXRGO.

To output a programmable square wave from TBxOUT pin, setting to use the port as an TBxOUT pin must be

made beforehand.

|
Match with TBXRG1 —| H
|
‘ l
|
!

 —
-b--b—-
 —

Match with TBXRGO

¥ : ' | | | |
TBXOUT pin __| '

Figure 9.2 Output Waveforms in 16-bit Programmable Square Wave Output (PPG) Mode

Changing TBXRGO may not be in time when reducing the programmable square wave duty.
By enabling double buffer, pre-configured register buffer 0 value is transferred to TBXRGO for UC and TBxRG1

matching.

O e it -
1 ~ -
Qloa UC = Q0 UC = Q0
uc -] P
0

i :
Match with TBXRG1 % i gﬂ !
| |
Match with TBXRGO //( /ﬂ //( /{_L
/ N\ / \
TBxOUT pin

— Set Ql, to TBXRGL.
Register buffer of o1 X o1
TBXRG1 0D ©
\ -~ Set Q0 to TBXRGO. | |
Register buffer of
TBXRGO \ \QO(M) A ) \\\\
TBxRG1 Ql(n_z)\ X Qlny \X Qlw
TBXRGO  Q0nzy A Q01 X Q0
Figure 9.3 Register Buffer Operation
Figure 9.4 shows the output circuit in 16-bit programmable square wave output (PPG) mode.
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Timer flip-flop

TBxMOD TBXRUN
<TBCLK[1:0]> <TBRUN>
T1 Count
T4 clock 16-bit up counter
»T16 (Uo) < Clear
TBxIN
I'T
[ i >
Comparator 0 Comparator 1
— Match
(CPO) Match (CPY) detection
detection
AN AN
g g
Timer register 0 Timer register 1
TBXRGO TBxRG1

TBXRGO

Write

TBxCR
<TBWBF>

{

TBXRG1

Register buffer 0

Write

TBXCR

)

Register buffer 1

<TBWBF>

)

Timer flip-flop output

TBXFFO TBXOUT (PPG output)

—]

Internal data bus

Figure 9.4 Output Circuit in 16-bit Programmable Square Wave Output (PPG) Mode

In 16-bit programmable square wave output (PPG) mode, each register is set as follows.

TBXEN
TBXRUN
TBXCR

TBxRGO

TBxRG1

TBxCR
TBXFFCR

TBxMOD

Port register setting

TBXRUN

Note: x: Don't care, *: Can be set to any value.-: Cannot be changed

7
— 1
«— X
— 0
«— *

*
«— *

*
— 1
«— X
«— X
«— X

6 5 4 3
X X
0 0 x x

o X N

1 0
X X
x 0
x 0
P
P
P
P
X -
1 0

1 0 0 1 Y'Y

YY ="01", "10" or "11"

Enables operation of TMRB.

Stops and clears the operation of the prescaler and UC.
Disables the double buffer. Set counter start method

to software start.

Sets the duty (16 bits).

Sets the cycle (16 bits)

Enables double Buffer.

Sets TBxFFO to "0".

Enables TBxFFO invert by matching

with UC and TBXxRGO, TBxRG1.

Enables UC clearing when UC matches TBXRG1.
Disables capture.

Makes UC source clock to prescaler output clock.

Sets the port assigned to TBXOUT pin

for use as TBxOUT pin.

Starts operation of the prescaler and counting of the UC.
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9.5.4. External Trigger Programmable Square Wave (PPG) Output Mode

A programmable square wave with a delay for the external signal input to TBxIN pin is output.

How to output a "High" pulse-width (p) programmable square wave with a delay of (d) once from the rising edge
of an external signal is explained below.

Set TBXCR<CSSEL> to "1" to start UC with an external trigger. Also, set TBXCR<TRGSEL> to "0" to set the
rising edge of the external signal as an external trigger.

Set a delay (d) in TBXRGO. Set TBXRG1 to (d) + (p) that is added the delay (d) and pulse width (p).

Set TBXFFCR<TBFFOC[1:0]> to "10" to set TBXFFO to "0". Set TBXFFCR<TBE1T1> and <TBEOT1> to "1" to
enable TBxFFO invert at matching UC and TBXRGO, TBXRG1.

UC starts at the rising edge of the external signal. TBXOUT pin changes to "High™ level when UC matches
TBXRGO0. When UC and TBxRGL1 are matched, TBXOUT pin changes to "Low" level and INTTBx1 occurs. In
INTTBX1 interrupt service routine, set TBXFFCR<TBE1T1> and <TBEOT1> to "1" to disable TBXFFO invert, or
set TBXRUN<TBRUN> to "0" to stop and clear UC.

(@ + () |-------

(@ |-------
ucC o

R R

External signal
(TBXIN pin input)

Match with TBXRGO

Match with TBXRG1

(i INTTBx1 generated
|

Reversed 4 Reversed

TBxOUT pin

>
>

Delay (d) " Pulse width (p) :

--x1---1---1----

Figure 9.5 Square Wave Output in External Trigger Programmable Square Wave (PPG) Output
Mode
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9.5.5. Applications Using the Capture Function

By using the capture function, many applications are possible, including the following examples.

(5) Square wave output from external signal

(6) Pulse width measurement

9.5.5.1. Square Wave Output from External Signal

How to output a "High" pulse-width (p) programmable square wave with a delay of (d) once from the rising edge
of an external signal is explained below when UC is operated as a free-running up comer by using the capture

function.

Set TBXMOD<TBCLE> to "0" to disable clearing of UC. UC operates as a free-running up counter.

Set TBXMOD<TBCPM][1:0]> to "01" to capture the value of UC to TBXCAPO at the rising edge of TBXIN pin
input.

Set TBXFFCR<TBFFOC[1:0]> to "10" to set TBXFFO to "0". Set TBXFFCR<TBE1T1> and <TBEOT1> to "1" to
enable TBxFFO invert at matching UC and TBXRGO, TBXRG1.

When the external signal rises, UC value is captured to TBXCAPO and INTCAPX0 occurs. In INTCAPXO interrupt
service routine, read the value (c) of TBXCAPO and set TBXRGO to the value (c) + (d) obtained by adding the
delay (d). Also, set TBXRG1 to the value (c) + (d) + (p) obtained by adding "High" pulse width (p) to (c) + (d).
TBxOUT pin changes to "High" level when UC and TBXRGO are matched. When UC and TBxXRG1 are matched,
TBXOUT pin changes to "Low" level, and INTTBx1 occurs. In INTTBx1 interrupt service routine, set
TBXFFCR<TBELT1> and <TBEOT1> to "1" to disable TBxFFO invert, or set TBXRUN<TBRUN> to "0" to stop

and clear UC.

(©) + @) # () [-=mmmmmmmmm oo

©+@[|--------------m--ooo=s mueECEEEEEEEEEEEE P T FRaEL LIRS
(© |pzo====
ucC o

External signal

1

1

1

:

1

(TBXIN pin input) INTCAPXO i

generated i

Capture UC value to TBXCPO j:_l \

i

i ( ! j] INTTBx1 generated
H ]

] T

1

1

Match with TBXRGO

Match with TBXRG1

¥ Reversed ¥ Reversed

TBXOUT pin

Delay (d) Pulse width (p)

Figure 9.6 Square Wave Output from External Signal Using Free-running Counter (with Delay)
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When using the rising edge of TBxIN pin input signal as a trigger, the following shows a setting for outputting a
2ms width square wave after 3ms from trigger.

(d)=3ms/DT1, (p)=2ms/DPTI
7 6 5 4 3 2 10
[Main Processing] Capture by TBxIN pin Setting
TBXEN — 1 x x X X X X X Enables operation of TMRB.
TBXRUN — X X Stops and clears the operation of the prescaler and UC.
TBXCR — 0 0 0O x x x x O Disables the double buffer.

x
x
x
x

The counter start method is software start.

TBXCR — 1 0 0 x X X X - Enables double buffer.
TBXFFCR — Xx x 0 0 0 01 O Sets TBxFFO to "0". Disables TBxFFO invert.
TBxMOD — x 01 01 0 0 1 Captures the value of UC to TBXCPO at the rising edge

of TBxIN pin. Disables UC clear.
Set UC source clock to ®T1.

. . Sets the port assigned to TBxIN pin for use as TBxIN
Port register setting .

pin.

Port register setting Sets the port assigned to TBxOUT for use as TBxOUT
pin.

Interrupt Enable Setting Enables INTCAPXO.

TBXxRUN — X x x x x 1 x 1 Starts counting of the prescaler and UC.

[INTCAPXO Interrupt Service Routine Handling] Delay and Pulse Width Setting
TBxRGO — ook ok Xk k% % Sets TBXCAPO + (d) as delay.

* * * * * * * *

TBxRG1 — ooRoR R R x ko Sets TBXCAPO + (d) + (p) as pulse width.
ok k% x ok k%
TBXFFCR — x x 0 0 1 1 1 1 Enables TBxFFO invert at matching UC and
TBXRGO, TBXxRG1.
Interrupt Enable Setting Enables INTTBx1.

[INTTBX1 Interrupt Service Routine Handling] TBxFFO invert disabled
TBXFFCR — x x 0 0 0 0 1 1 Disables TBxFFO invert.
Interrupt disable setting Disables INTTBx1.

Note: x: Don't care, *: Any number can be set.
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9.5.5.2. Measuring "High" Level Width of TBxIN Pin Input Pulses

How to measure the "High™ level width of TBXIN pin input pulse by the capture function when UC is operated as

a free-running up comer is explained below.

Set TBXMOD<TBCLE> to "0" to disable clearing of UC. UC operates as a free-running up counter.

Set TBXMOD<TBCPM][1:0]> to "10" to capture the value of UC to TBXCAPO at the rising edge of TBXIN pin
input and to TBXCAP1 at the falling edge.

Set the interrupt enable register to generate an interrupt on INTCAPX1.

When the external signal rises, the value of UC is captured to TBXCAPO.

When the external signal falls, the value of UC is captured to TBXCAP1 and INTCAPXx1 occurs.

In INTCAPXL1 interrupt service routine, subtracting the value of TBXCAPO from the value of TBXCAP1 and
multiplying that value by the cycle of the source clock of UC, the "High" level width of TBxIN pin input pulse can
be obtained.

For example, when the difference between TBXCP1 and TBxCPO is 100 and the cycle of the source clock of UC is
0.5ps, the width of the "High" level is 100 x 0.5us = 50ps.

When measuring the "High" level width which exceeds the maximum count cycle of UC, software-based

processing, such as adding the maximum count cycle of UC, is required.

o e Lo

[0 T = == 1

i i

i i

i i

1 ! 1

C2 pmmmmmmmmmmo oS oo oo oo FTTTTTTT T T i

1 1 1

CO f---oc - : | :

1 1

ue o= | | |
External signal I I
(TBXIN pin input) /|
1
1
1

Capture UC value to TBxCPO

1
1
1
1
1
1
1
:
' INTCAPx1 Calculate
generated C1-CoO

' INTCAPx1 Calculate
generated C3-C2
Capture UC value to TBXxCP1 X x x
TBXCPO X co X c2 X
TBXCP1 X c1 X c3

Figure 9.7 Measuring the "High" Level-Width of TBxIN Pin Input Pulses
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10. Serial Channel (SIO/UART)

10.1. Outline

The serial channel (SIO/UART) has two modes: synchronous communication mode (SIO mode) and asynchronous
communication mode (UART mode).

The following features are available.

e  Transfer clock

Peripheral clock (®T0) can be divided by 2, 8, 32, or 128 with prescaler

The prescaler output clock can be divided by 1 to 16.

The prescaler output clock can be divided by N + %&K) (N=2to 15,K=1to 15) (UART mode only)

System clock fsys available (UART mode only)
e  Transmission/reception double buffer and FIFO

Transmission/reception double buffer and up to 4-byte FIFO are available.
e SIO mode

—  Transfer mode: half duplex (transmission/reception), full duplex

—  Data input/output timing:
SCLKx pin output: input is the rising edge of SCLKx pin, and output is the falling edge of SCLKx pin.
SCLKXx pin input: edge-selectable for SCLKx pin

— Interval time for continuous transfer can be set.

e UART mode

— Data length: 7, 8, 9 bits
—  Addition of parity bit (7-or 8-bit data length)

—  Handshake function using CTSx pin
—  Serial link by wake-up function (9-bit data length)

In the following description, "x" means the channel humber.
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10.2. Block Diagram
Figure 10.1 shows a block diagram of SIO/UART.
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>
>
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Internal data bus
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(Only at UART: /16) <wWu> Interrupt control (Only at UART: /16)
RXDCLK A A TXDCLK
SCxMODO ) Reception Transmission <«
<RXE> control control <_CH—
SCxCR
<PE><EVEN> SCxMODO
<CTSE>
- A

- - Parity control

Reception shift | Transmission shift register |7

register
\ 4 v TT
RB8 Reception buffer Error flag TB8 | Transmission buffer (SCxBUF)
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T T T
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Internal data bus

Figure 10.1 SIO/UART Block Diagram
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10.3. Registers
10.3.1. Register List
The control registers and addresses are listed below.
Register name Address (Base+)
Enable Register SCxEN 0x0000
Transmission/Reception Buffer Register SCxBUF 0x0004
Control Register SCxCR 0x0008
Mode Control Register 0 SCxMODO0 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
Reception FIFO Configuration Register SCxRFC 0x0020
Transmission FIFO Configuration Register SCxTFC 0x0024
Reception FIFO Status Register SCxRST 0x0028
Transmission FIFO Status Register SCxTST 0x002C
FIFO Configuration Register SCxFCNF 0x0030
Note: Do not rewrite the control registers during transmission or reception.
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10.3.2. SCXEN (Enable Register)
31 30 29 28 27 26 25 24
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol - - - - - - - SIOE
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
311 - R [Readas"0"
SIO/UART operation control
0: Disabled
1: Enabled
0 SIOE RIW Specifies the operation of SIO/JUART. When using SIO/UART, set SCXEN<SIOE> to "1" first.
When operation is disabled after SIO/UART is enabled, all register's values except SCXTFC<TIL[1:0]>
are retained.
When operation is disabled, clocking to SIO/UART except SCXEN is stopped, so power consumption
can be reduced.

Note: When SCXEN<SIOE> is set to "0" (disabling SIO/UART operation) or SCxMOD1<12S0> is set to "0" and

operation mode enters to IDLE mode (disabling operation in IDLE mode), re-set SCXTFC after releasing

IDLE mode.
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10.3.3. SCxBUF (Buffer Register)

SCxBUF is used as a transmission buffer or FIFO when writing, and as a reception buffer or FIFO when reading.

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 [Readas"0"
‘ RB[7:0] R | Reception buffer/FIFO
70 TB[7:0] W | Transmission buffer/FIFO
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10.3.4. SCxCR (Control Register)
31 30 29 28 27 26 25 24
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol RB8 EVEN PE OERR PERR FERR SCLKS I0C
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:8 - R [Readas"0"
2 RBS R Reception data bit 8 (UART mode)
This is the 9th bit of reception data in 9-bit UART mode.
Parity bit setting (UART mode)
0: Odd
6 EVEN R/W 1: Even
Sets the parity bit odd/even.
The parity bit is available in 7-bit UART mode and 8-bit UART mode.
Parity bit addition control (UART mode)
0: Disabled
5 PE R/W 1: Enabled
This bit is used to enable/disable parity bit addition.
The parity bit is available in 7-bit UART mode and 8-bit UART mode.
Overrun error (Note)
4 OERR R 0: No error occurs.
1: Error occurs.
Parity/underrun error (Note)
3 PERR R 0: No error occurs.
1: Error occurs.
Framing error (Note)
2 FERR R 0: No error occurs.
1: Error occurs.
Clock edge selection (SIO mode)

0: The data of the transmission shift register is output to TXDx pin one bit at a time on the falling
edge of SCLKXx pin. At the rising edge of SCLKx pin, the data of RXDx pin is input in the reception
shift register one bit at a time. At this time, SCLKXx pin starts at "High" level.

1 SCLKS R/W - . . . . . .

1: At the rising edge of SCLKx pin, the data of the transmission shift register is output to TXDx pin
one bit at a time. At the falling edge of SCLKXx pin, the data of RXDx pin is input in reception shift
register one bit at a time. At this time, SCLKXx pin starts from the "Low" level.

When SCxCR <IOC> is set to "0", set SCXCR<SCLKS> to "0".
Transfer clock input/output selection (SIO mode)
0 I0C R/W 0: SCLKXx pin output
1: SCLKXx pin input

Note: The error flags (OERR, PERR, and FERR) are cleared when they are read.

233 /624 2023-07-21

Rev. 1.1



TOSHIBA

TMPM370FYDFG
TMPM370FYFG
10.3.5. SCxMODO (Mode Control Register 0)
31 30 29 28 27 26 25 24
Bit symbol - - - - - - -
After reset 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol - - - - - - -
After reset 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
7 5 4 8 2 1 0
Bit symbol TB8 CTSE RXE WU SM SC
After reset 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:8 - R Read as "0".
Transmission data bit 8 (UART mode)
7 TB8 R/W e . . . .
This bit is used to set the 9th bit of transmission data in 9-bit UART mode.
Handshake function control (UART mode)
0: Handshake function disabled
6 CTSE R/W 1: Handshake function enabled
Controls the handshake function. When enabled, the handshake function using CTSx pins can be
used.
Reception operation control (Notel) (Note2)
5 RXE R/W 0: Disabled
1: Enabled
Wake-up function control (UART mode)
0: Disabled
4 wu R/W 1: Enabled
This bit is valid only in 9-bit UART mode. It has no meaning in other modes. If enabled, an interrupt is
generated when the reception data of the 9th bit is "1".
Serial transfer mode
00: SIO mode
3.2 SM[1:0] R/W 01: 7-bit UART mode
10: 8-bit UART mode
11: 9-bit UART mode
SIOCLK clock select (UART mode)
00: TMRB TBxOUT
1:0 SC[1:0] R/W 01: Baud rate generator
10: fsys
11: SCLKX pin input

Notel: After setting SCxMODO0, SCxMOD1, SCxMOD?2, set SCXMODO<RXE>.

Note2: Do not set SCXMODO<RXE> to "0" during reception.
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10.3.6. 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
23 22 21 20 19 18 17 16
Bit symbol - - - - - - -
After reset 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
7 5 4 8 2 1 0
Bit symbol - BRADDE BROCK BROS
After reset 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:8 - R Read as "0".
7 - R/W | Write as "0".
N + % divide control (UART mode)
1: Enabled
In SIO mode, set SCxBRCR<BRADDE> to "0".
Baud rate generator input clock selection
00: ®T1
5:4 BROCK][1:0] RW | 01: dT4
10: ®T16
11: ©T64
Divide value "N" setting
0000: 16
0001: 1
3:0 BROS[3:0] R/W
0010: 2
1111:15
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10.3.7. 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 - - - - BROK
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:4 - R [Readas "0".
Divide value "K" setting (UART mode)
0000: Prohibited
3:0 BROK[3:0] RIW 382(1); ;
1111:15

The divide value settings are shown in Table 10.1.

Table 10.1 Division Value Setting

When SCxBRCR<BRADDE>="1" (Notel)
Parameter When SCxBRCR<BRADDE>="0" . .
(Available only in UART mode.)
SCxBRCR<BRO0S> setting Division value "N" setting (Note2)(Note3)
SCxBRADD<BROK> setting No setting required Set "K"
Division value Divided by N Divided by N + (161;3K)

Notel: When dividing by N + %GK) be sure to set SCXBRADD<BROK>to "K" and then set SCxBRCR

<BRADDE> to "1".

Note2: When dividing by N + % in UART mode, the dividing value "N" cannot be set to "1" and "16".

Note3: Division value "N" can be set to 1" only when double buffer is enabled in SIO mode.
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10.3.8. SCxMOD1 (Mode Control Register 1)
31 30 29 28 27 26 25 24
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
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 12S0 FDPX TXE SINT -
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:8 - R Read as "0".
Operation in IDLE mode
7 12S0 R/W 0: Stop
1: Operation
Transfer mode setting
00: Transfer disabled
01: Half duplex reception
6:5 FDPX[1:0] R/W 10: Half duplex transmission
11: Full duplex
Specifies the transfer mode and FIFO configuration in SIO mode.
In UART mode, specify only FIFO configuration.
Transmission operation control (Notel) (Note2)
4 TXE R/W 0: Disabled
1: Enabled
Interval time during continuous transfer (SIO mode)
000: None
001: 1 x SCLKXx cycle
010: 2 x SCLKXx cycle
011: 4 x SCLKXx cycle
100: 8 x SCLKx cycle
31 SINT[2:0] R/W 101: 16 x SCLKXx cycle
110: 32 x SCLKXx cycle
111: 64 x SCLKXx cycle
This bit is enabled when SCLKXx pin output is selected as the transfer clock in SIO mode. It does not
mean in other modes.
Specifies the interval between continuous transfers when double buffer or FIFO is enabled in SIO
mode.
0 - R/W | Write as "0".

Notel: After setting SCxMODO0, SCxMOD1, SCxMOD?2, set SCXMOD1<TXE>.

Note2: Do not set SCXMOD1<TXE> to "0" during transmission.

Note3: When SCXEN<SIOE> is set to "0" (disabling SIO/UART operation) or SCxMOD1<12S0> is set to "0" and

operation mode enters to IDLE mode (disabling operation in IDLE mode), re-set SCXTFC after releasing

IDLE mode.
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10.3.9. 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 8 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".
Transmission buffer empty flag
0: Buffer full
1: Buffer empty
7 TBEMP R | This flag indicates the buffer empty state of the transmission buffer. When data in the transmission
buffer is transferred to the transmission shift register and transmission buffer becomes buffer empty
state, this bit is set to "1". And when transmission data is written to the transmission buffer, this bit is
set to "0". When double buffer is disabled, this flag has no meaning.
Reception buffer full flag
0: Buffer empty
1: Buffer full
6 RBFLL R [This flag indicates the buffer full state of the reception buffer. When the reception operation is
completed and data is stored in the reception buffer from the reception shift register, this bit is set to
"1". And when the received data is read from the reception buffer, this bit is set to "0". When double
buffer is disabled, this flag has no meaning.
Transmission operation flag
0: Stop
1: Operation
This flag indicates transmission operation.
SCxMOD2<TXRUN> and SCxMOD2<TBEMP> indicate the following conditions.
SCxMOD2 SCxMOD2
5 TXRUN R Transmission status
<TXRUN> <TBEMP>
1 - Transmission operation in progress
1 End of transmission
0 0 Transmission buffer contains the next data and waits for
transmission
Transmission STOP bit length selection (UART mode)
0: 1 hit
4 SBLEN R/W 1: 2 bits
Selects the transmission STOP bit length. The reception STOP bit length is only 1 bit regardless of
SCXMOD2<SBLEN>.
Transfer direction selection
0: LSB first
3 DRCHG R/W .
1: MSB first
Selects the transfer direction in SIO mode. In UART mode, set SCxMOD2<DRCHG> to "0".
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Double buffer control
0: Disabled
1: Enabled
2 WBUE RIW This bit is available when SCLKXx pin output is selected as the transfer clock or when SCLKXx pin input
is selected as the transfer clock for transmission in SIO mode.
In UART mode, it is available when Transmitting.
When reception with SCLKXx pin input selected in SIO mode or reception in UART mode, double buffer
is enabled regardless of SCxMOD2<WBUF>.
Software reset
Writing "10" — "01" in this order generates a software reset.
The following bits are initialized by a software reset: In addition, the transmission/reception circuit and
FIFO are initialized. (Notel) (Note2)
Register name Bit
1.0 SWRST[1:0] R/W

SCxMODO <RXE>

SCxMOD1 <TXE>

SCxMOD2 <TBEMP>, <RBFLL>, <TXRUN>

SCxCR <OERR>, <PERR>, <FERR>

Notel: To perform a software reset during transfer operation, perform this procedure twice consecutively.

Note2: Two clocks are required after the instruction is executed to complete the software reset operation.
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10.3.10. SCxRFC (Reception FIFO Configuration Register)
31 30 29 28 27 26 25 24
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
7 6 5 4 8 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".
R Read as "0".
FIFO for reception clearing control (Note)
7 RFCS W 0: Don't care
1: Clear
Writing "1" initializes the used FIFO and read pointer. And initializes SCXRST<RLVL[2:0]> to "000".
Interrupt generation condition select when FIFO is enabled
6 RFIS R/W 0: FIFO level reaches to FILL level.
1: FIFO level reaches to FILL level or exceeds FILL level when new data is read.
5:2 - R Read as "0".
When FIFO is enabled, FILL level at which an interrupt is generated is set.
SCxRFC
Half duplex Full duplex
<RIL[1:0]>
00 Full Full
1:0 RIL[1:0] RIW
01 1 byte 1 byte
10 2 bytes Full
11 3 bytes 1 byte

Note: When FIFO is enabled, clear FIFO for transmission/reception after setting the transfer mode of the
SIO/UART (SCxMOD1<FDPX[1:0]>) and FIFO is enabled (set SCXFCNF<CNFG> to "1").
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10.3.11. SCXTFC (Transmission FIFO Configuration Register) (Note2)
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 TFCS TFIS - - - - TIL
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:8 - R Read as "0".
R Read as "0".
FIFO for transmission clearing control (Notel)
7 TFCS W 0: Don't care
1: Clear
Writing "1" initializes the used FIFO and the write pointer. And initializes SCxTST<TLVL[2:0]> to "000".
Interrupt generation condition selection when FIFO is enabled
6 TFIS R/W 0: FIFO level reaches to FILL level.
1: FIFO level reaches to FILL level or does not reach to FILL level when new data is written.
5:2 - R Read as "0".
When FIFO is enabled, FILL level at which an interrupt is generated is set.
SCXTFC
Half duplex Full duplex
<TIL[1:0]>
00 Empty Empty
1:0 TIL[1:0] RIW
01 1 byte 1 byte
10 2 bytes Empty
11 3 bytes 1 byte

Notel: When FIFO is used, clear FIFO for transmission/reception after setting the transfer mode of the SIO/UART

(SCxMOD1<FDPX[1:0]>) and FIFO is enabled (set SCXFCNF<CNFG> to "1").

Note2: When SIO/UART operation is disabled (set SCXEN<SIOE> to "0") or SCxMOD1<I2S0> is set to "0",

re-set SCXTFC after operation mode enters to IDLE mode (operation disabled during IDLE mode).
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10.3.12. SCxRST (Reception 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".
Overrun error when FIFO is enabled (Note)
7 ROR R 0: No error occurs.
1: Error occurs.
6:3 - R Read as "0".
FILL level of FIFO for reception
000: 0 bytes
001: 1 byte
2:0 RLVL[2:0] R
010: 2 bytes
011: 3 bytes
100: FULL
Note: SCXRST<ROR> is set to "0" when SCxBUF is read.
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10.3.13. SCXTST (Transmission 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 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:8 - R [Readas"0"
Underrun error when FIFO is enabled (Note)
7 TUR R 0: No error occurs.
1: Error occurs.
6:3 - R Read as "0".
FILL level of FIFO for transmission
000: Empty
001: 1 byte
2:0 TLVL[2:0] R
010: 2 bytes
011: 3 bytes
100: 4 bytes
Note: SCXTST<TUR> is set to "0" when SCxBUF is written.
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10.3.14. SCxFCNF(FIFO Configuration Register)
31 30 29 28 27 26 25 24
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol - - - RFST TFIE RFIE RXTXCNT CNFG
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:8 - R |Read as "0".
75 - R/W | Write as "0".
Setting the number of byte of FIFO which is used during reception (Notel)
0: Maximum
1: Same as FILL level of FIFO for reception
4 RFST R/W | When this bit is set to "0", the largest number of bytes of FIFO which is configured can be used.
When this bit is set to "1", the number of bytes of FILL level which is set by SCXRFC<RIL[1:0]> can be
used.
Refer to SCxFCNF<CNFG> for the number of bytes of FIFO which can be used.
Transmission interrupt generation control when FIFO is enabled during transmission
0: Disabled
3 TFIE R/W I
1: Enabled
This bit disables or enables transmission interrupt generation when FIFO is enabled.
Reception interrupt generation control when FIFO is enabled during reception
0: Disabled
2 RFIE R/W I
1: Enabled
This bit disables or enables reception interrupt generation when FIFO is enabled.
Automatic disabling control of SCXxMODO<RXE>/SCxMOD1<TXE>
0: Disabled
1: Enabled
The SIO/UART operates as shown below according to the transfer mode.
Transfer Mode Operation
Half duplex When the specified number of bytes of data is stored in the reception shift
1 RXTXCNT RIW rece t?on register, reception buffer, and FIFO, SCXMODO<RXE> is automatically set to
P "0" and reception operation is disabled.
Half duplex When all data in FIFO, transmission buffer, and transmission shift register are
'p. transmitted, SCxMOD1<TXE> is automatically set to "0" and the transmission
transmission o
operation is disabled.
When the condition either half-duplex reception or half-duplex transmission is
Full duplex satisfied, both SCxMOD1<TXE> and SCxMODO<RXE> are automatically set to
"0" and transmission/reception operation is disabled.
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Enable FIFO control (Note2)
0: Disabled
1: Enabled

According to the transfer mode, FIFO configuration is as follows:

Transfer Mode FIFO configuration

Half duplex

. Reception: 4 bytes
reception

Half duplex

. Transmission: 4 bytes
transmission

Full duplex Reception: 2 bytes + Transmission: 2 bytes

Notel: The number of bytes of FIFO which is used during transmission is always the largest byte.

Note2: The FIFO cannot be used in 9-bit UART mode.
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10.4. Mode
Table 10.2 shows modes and data formats.
Table 10.2 Modes and Data Formats
Data . . . . ... .
Mode Type e Transfer direction | Parity bit addition STOP bit length
Synchronous )
L . LSB first or
Mode 0 communication mode 8 bits .
MSB first
(SIO mode)
Mode 1 Asynchronous 7 bits v . . .
o - ) Transmission: 1 bit or 2 bits
Mode 2 communication mode 8 bits LSB first 4 . .
Reception: 1 bit
Mode 3 (UART mode) 9 bits

v': Available, -: Not available

Mode 0 is SIO mode and is used to extend the 1/0O.

Transmission and reception data is in synchronization with SCLKXx pin. SCLKXx pin can be used for input/output.
The transfer direction is selected from LSB first or MSB first.

Both parity bit addition and STOP bit addition are not supported.

Modes 1 to 3 are UART modes.

Transfer direction is LSB first only.

In mode 1 and mode 2, parity bit can be added. In mode 3, the parity bit cannot be added because the data length is
9 bits.

STOP bit can be added. STOP bit for transmission can be selected from 1 bit or 2 bits. STOP bit length for
reception is 1 bit only.

Mode 3 supports the wake-up function for the master controller to activate the slave controller in serial link

(multi-controller system).
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10.5. Data Format

10.5.1. Data Format List

Figure 10.2 shows a data format.

- ModeO (SIO mode)/LSB first

N\ X 1 X 2 X3XaXsXeX7/

- ModeO (SIO mode)/MSB first

N\ X 6 X

- Model (7-bit UART mode)

Without parity \ start /bito X

a
>
S
>
w
>
N)

XLt X0/

-
N
w
£
[&)]
2]

/ stop
Xparity/ stop o

-
N
w
N
)]
[e)]

With parity o _\ start/ bit0 X

- Mode2 (8-bit UART mode)
Without parity _\ start / bit0 X

-
N
w
N
[&)]
(o]
~

/ stop
Xparity/ stop o

-
N
w
SN
)]
(o]
~

With parity U start /bito X

- Mode3 (9-bit UART mode)

o _\ start/ bit0 X
o _\ Start/ bit0 X

XBX X5X6X7X8/stop__
X 3 X 4 X 5 X 6 X 7 XbitS/stop(wgkg—up)

[EN
N
SN

[Eny
><
N

bit8 = "1" means address (select code).
bit8 = "0" means data.

Figure 10.2 Data Format

10.5.2. Parity Bit Control

In mode 1 and mode 2, parity bit can be added to the transfer data.
When SCxCR<PE> is set to 1", parity bit addition is enabled.
A parity bit odd or even is selected by SCXCR<EVEN>.

10.5.2.1. During Transmission
During transmission, the parity control circuit automatically generates a parity bit for the buffer register data.
In mode 1, parity bit is stored in SCXBUF<TB7>.
In mode 2, parity bit is stored in SCXMODO<TB8>.
SCXCR<PE> and SCXCR<EVEN> should be set before writing transmission data to the buffer registers.
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10.5.2.2. During Reception
During reception, the parity control circuit automatically generates a parity bit when data is stored in the reception
buffer register from the reception shift register.
In mode 1, SCxBUF<RBT7> is compared with the generated parity bit.
In mode 2, SCXCR<RB8> is compared with the generated parity bit.
A parity error occurs when the compared result is not matched, and SCXCR<PERR> is set to "1".
When using FIFO, SCXxCR<PERR> indicates that a parity error has occurred on any of the reception data.

10.5.3. STOP Bit Length
When the serial transfer mode is UART mode, STOP bit length for transmission is selected from 1 bit or 2 bits by

SCXMOD2<SBLEN>.
STOP bit length for reception is only 1 bit regardless of SCXMOD2<SBLEN>.
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10.6. Clock Control

10.6.1. Prescaler

A 7-bit prescaler is built-in to generate a 2/8/32/128 divided clock of ®TO.
The input clock ®TO of the prescaler is selected from fgear and fc by CGSYSCR in the clock/mode control circuit.

The conditions to use the clock that is generated by the prescaler are as follows.

e SIO mode
Set SCxCR<IOC> to "0" to select SCLKx pin output as the transfer clock.

e UART mode
Set SCxMODO<SCJ[1:0]> to "01" to select the baud rate generator as the serial transfer clock.
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Table 10.3 and Table 10.4 show the resolution of the output clock from the prescaler.

Table 10.3 Resolution of Output Clock from Prescaler (fc = 80MHz) (1/2)

CGSYSCR
<FPSEL>

CGSYSCR
<GEAR[2:0]>

CGSYSCR
<PRCK]2:0]>

Resolution of output clock from prescaler

oT1

T4

»T16

»T64

0 (fgear)

000 (fc)

000 (fperiph / 1)

0.1ps (fc / 23)

0.4ps (fc / 25)

1.6s (fc / 27)

001 (fperiph / 2)

0.05ps (fc / 22)

0.2us (fc / 2)

0.8us (fc / 25)

3.2us (fc / 28)

010 (fperiph / 4)

0.1us (fc /28

0.4us (fc / 25)

1.6us (fc /27)

6.4us (fc / 2°)

011 (fperiph / 8)

0.2us (fc /24

0.8us (fc / 28)

3.2us (fc / 28)

12.8us (fc / 21°)

100 (fperiph / 16)

1.6us (fc / 27)

6.4us (fc / 2°)

25.6us (fc / 2™)

101 (fperiph / 32)

)
)
0.4us (fc / 25)
0.8us (fc / 25)

3.2us (fc / 28)

12.8us (fc / 21°)

51.2us (fc /1 21?)

100 (fc / 2)

000 (fperiph / 1)

0.2us (fc / 2)

0.8us (fc / 25)

3.2us (fc / 28)

001 (fperiph / 2)

0.1us (fc / 23)

0.4ps (fc / 25)

1.6s (fc / 27)

6.4ps (fc / 2°)

010 (fperiph / 4)

0.2us (fc / 24)

0.8us (fc / 25)

3.2us (fc / 28)

12.8s (fc / 219)

011 (fperiph / 8)

0.4us (fc /25

1.6ps (fc / 27)

6.4ps (fc / 2°)

25.6ps (fc / 21)

100 (fperiph / 16)

0.8us (fc / 25)

3.2us (fc / 28)

12.8us (fc / 21°)

51.2us (fc /1 21?)

101 (fperiph / 32)

1.6us (fc / 27)

6.4us (fc / 2°)

25.6us (fc / 2™)

102.4ps (fc / 213)

101 (fc / 4)

000 (fperiph /1)

0.4us (fc / 25)

1.6us (fc / 27)

6.4us (fc / 2°)

001 (fperiph / 2)

0.2us (fc / 24)

0.8us (fc / 28)

3.2us (fc / 28)

12.8us (fc / 219)

010 (fperiph / 4)

0.4us (fc / 25)

1.6s (fc / 27)

6.4ps (fc / 2°)

25.6ps (fc / 2')

011 (fperiph / 8)

0.8us (fc / 25)

3.2us (fc / 28)

12.8s (fc / 219)

51.2us (fc/212)

100 (fperiph / 16)

1.6us (fc / 27)

6.4ps (fc / 2°)

25.6ps (fc / 2™)

102.4ps (fc / 213)

101 (fperiph / 32)

3.2us (fc / 28)

12.8s (fc / 219)

51.2us (fc /1 212)

204.8ps (fc / 214)

110 (fc / 8)

000 (fperiph /1

0.8us (fc / 28

3.2us (fc / 28)

12.8us (fc / 219)

001 (fperiph / 2

0.4us (fc / 25)

6.4us (fc / 2°)

25.6us (fc / 2™)

010 (fperiph / 4

0.8us (fc / 25)

)
1.6us (fc / 27)
3.2us (fc / 28)

12.8us (fc / 21°)

51.2us (fc /1 21?)

)
)
)
)

011 (fperiph / 8

1.6us (fc / 27)

6.4us (fc / 2°)

(
25.6us (fc / 2™)

102.4ps (fc / 213)

100 (fperiph / 16)

3.2us (fc / 28)

12.8s (fc / 219)

51.2us (fc / 2'2)

204.8ps (fc / 214)

101 (fperiph / 32)

6.4ps (fc / 2°)

25.6ps (fc / 2™)

102.4ps (fc / 213)

409.6ys (fc / 215)

111 (fc /16)

000 (fperiph /1)

1.6s (fc / 27)

6.4us (fc / 29)

25.6ps (fc / 2')

001 (fperiph / 2)

0.8us (fc / 25)

3.2us (fc / 28)

12.8s (fc / 219)

51.2us (fc / 2'2)

010 (fperiph / 4)

1.6us (fc / 27)

6.4us (fc / 2°)

25.6s (fc / 2™)

102.4ps (fc / 213)

011 (fperiph / 8)

3.2us (fc / 28)

12.8ps (fc / 21°)

51.2us (fc / 212)

204.8s (fc / 2'4)

100 (fperiph / 16)

6.4us (fc / 29)

25.6us (fc / 2™)

102.4ps (fc / 213)

409.6ps (fc / 2'5)

101 (fperiph / 32)

12.8us (fc / 210)

51.2us (fc / 212)

204.8s (fc / 214)

819.2us (fc / 2'6)

Notel: Always select the output clock ®Tn from the prescaler so that ®Tn < fsys / 2 is satisfied (®Tn becomes

slower than fsys / 2).

Note2: Do not change CGSYSCR<FPSEL>, CGSYSCR<GEAR[2:0]>, CGSYSCR<PRCK]2:0]> during
SIO/UART operation.

Note3: "-" means the prohibited setting.
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Table 10.4 Resolution of Output Clock from Prescaler (fc = 80MHz) (2/2)

CGSYSCR
<FPSEL>

CGSYSCR
<GEAR[2:0]>

CGSYSCR
<PRCK]2:0]>

Resolution of output clock from prescaler

oT1

oT4

»T16

»T64

1 (fc)

000 (fc)

000 (fperiph / 1)

0.1ps (fc / 23)

0.4ps (fc / 25)

1.6s (fc / 27)

001 (fperiph / 2)

0.05ps (fc / 22)

0.2us (fc / 2)

0.8us (fc / 25)

3.2us (fc / 28)

010 (fperiph / 4)

0.1us (fc / 23

0.4us (fc / 25)

1.6us (fc /27)

6.4us (fc / 2°)

011 (fperiph / 8)

0.2us (fc /24

0.8us (fc / 28)

3.2us (fc / 28)

12.8us (fc / 21°)

100 (fperiph / 16)

0.4us (fc / 25

1.6us (fc /27)

6.4us (fc / 2°)

25.6us (fc / 2™)

101 (fperiph / 32)

( )
( )
( )
( )

0.8us (fc /28

3.2us (fc / 28)

12.8us (fc / 21°)

51.2us (fc /1 21?)

100 (fc / 2)

000 (fperiph / 1)

0.1ps (fc / 2°)

0.4ps (fc / 25)

1.6s (fc / 27)

001 (fperiph / 2)

0.2us (fc / 2)

0.8us (fc / 25)

3.2us (fc / 28)

010 (fperiph / 4)

0.1us (fc / 23)

0.4ps (fc / 25)

1.6s (fc / 27)

6.4ps (fc / 2°)

011 (fperiph / 8)

0.2us (fc / 2%)

0.8us (fc / 25)

3.2us (fc / 28)

12.8s (fc / 219)

100 (fperiph / 16)

0.4us (fc / 25)

1.6us (fc / 27)

6.4us (fc / 2°)

25.6us (fc / 2™)

101 (fperiph / 32)

0.8us (fc / 25)

3.2us (fc / 28)

12.8us (fc / 21°)

51.2us (fc /1 21?)

101 (fc / 4)

000 (fperiph /1)

0.4us (fc / 25)

1.6us (fc / 27)

001 (fperiph / 2)

0.2us (fc / 2%)

0.8us (fc / 28)

3.2us (fc / 28)

010 (fperiph / 4)

0.4ps (fc / 25)

1.6s (fc / 27)

6.4ps (fc / 2°)

011 (fperiph / 8)

0.2us (fc / 2%)

0.8us (fc / 25)

3.2us (fc / 28)

12.8s (fc / 219)

100 (fperiph / 16)

0.4us (fc / 25)

1.6s (fc / 27)

6.4ps (fc / 2°)

25.6ps (fc / 2')

101 (fperiph / 32)

0.8us (fc / 25)

3.2us (fc / 28)

12.8s (fc / 219)

51.2us (fc/212)

110 (fc / 8)

000 (fperiph /1

0.4us (fc /2%

1.6us (fc / 27)

001 (fperiph / 2

0.8ps (fc / 2°

3.2us (fc / 28)

010 (fperiph / 4

0.4ps (fc / 2%)

1.6us (fc /27

6.4us (fc / 2°)

)
)
)
)

011 (fperiph / 8

0.8us (fc / 28)

( )
( )
( )
( )

3.2us (fc /28

12.8us (fc / 219)

100 (fperiph / 16)

0.4us (fc / 25)

1.6s (fc / 27)

6.4ps (fc / 2°)

25.6ps (fc / 2')

101 (fperiph / 32)

0.8us (fc / 25)

3.2us (fc / 28)

12.8s (fc / 219)

51.2us (fc/212)

111 (fc /16)

000 (fperiph /1)

1.6us (fc / 27)

001 (fperiph / 2)

0.8ps (fc / 25)

3.2us (fc / 28)

010 (fperiph / 4)

1.6us (fc / 27)

6.4us (fc / 2°)

011 (fperiph / 8)

0.8us (fc / 28)

3.2us (fc / 28)

12.8ps (fc / 21°)

100 (fperiph / 16)

1.6us (fc / 27)

6.4us (fc / 2°)

25.6s (fc / 2™)

101 (fperiph / 32)

0.8us (fc / 25)

3.2us (fc / 28)

12.8ps (fc / 21°)

51.2us (fc / 212)

Notel: Always select the output clock ®Tn from the prescaler so that ®Tn < fsys / 2 is satisfied (OTn becomes

slower than fsys / 2).

Note2: Do not change CGSY SCR<FPSEL>, CGSY SCR<GEAR][2:0]>, CGSYSCR<PRCK][2:0]> during
SIO/UART operation.

Note3: "-" means the prohibited setting.

251 /624

2023-07-21
Rev. 1.1




TOSHIBA TMPM370FYDFG

TMPM370FYFG

10.6.2. Serial Clock Generation Circuit

This circuit generates the transmission/reception clock (SIOCLK).

It consists of a baud rate generator and a clock selection circuit.

10.6.2.1. Baud Rate Generator

The baud rate generator is the circuit which is used to generate clocks that determine SIO/UART transfer rate.

The baud rate generator input clock is divided by the divider circuit to output the baud rate generator output clock.

(1) Baud rate generator input clock

The input clock of the baud rate generator is selected from the 2/8/32/128 divided clock output from the
prescaler. The divided clocks are selected by SCXBRCR<BROCK[1:0]>.

(2) Baud rate generator output clock

(16-K)

The divider circuit consists of an N divider circuit and an N + divider circuit.

The divide value is set by SCkBRCR<BRADDE>, <BR0S[3:0]>, SCxBRADD<BROK>.

Table 10.5 shows the division setting and divider values which can be used for each serial transfer mode.

Table 10.5 Settable Division Values

Serial Transfer Division setting Divide value "N" Divide value "K"
Mode SCxBRCR<BRADDE> SCxBRCR<BRO0S[3:0]> SCxBRADD<BROK>
0: N+ 5 division disabled
SIO mode 1 to 16 (Note) No meaning
(N division is used)
0: N+ 5 division disabled
1to 16 No meaning
UART mode (N division is used)
1: N+ {22 division enable 2t0 15 1t0 15

Note: The division by 1 can be used only when the double buffer is enabled.

252 /624 2023-07-21
Rev. 1.1



TOSHIBA

TMPM370FYDFG
TMPM370FYFG

10.6.2.2. Clock Selection Circuit

This circuit selects the clock depending on the serial transfer mode.
Serial transfer mode is specified by SCxMODO0<SM[1:0]>.

The baud rate generator output clock in SIO mode is specified by SCXCR<IOC> and SCXCR<SCLKS>.
The baud rate generator output clock in UART mode is specified by SCxMODO0<SCJ[1:0]>.

(1) Transfer clock in SIO mode

Table 10.6 shows register setting for transfer clocks that can be used in SIO mode.

Table 10.6 Register Settings for Transfer Clock that Can be Used in SIO Mode

Serial transfer Mode in u-l;;sztsnz: lelzlétion Clock edge selection Transfer clock
scxMopo<sMm[1:0]>|"P P SCXCR<SCLKS>
SCxCR <IOC>

0: Transmission: Falling edge |Clock which is divided baud rate generator output
0: SCLKXx pin output

Reception: Rising edge clock by 2

0: Transmission: Falling edge
00: SIO mode

Reception: Rising edge

1: SCLKXx pin input SCLKXx pin input clock

1: Transmission: Rising edge

Reception: Falling edge
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The maximum frequency of the transfer clock is shown below.

Note: Set the clock so that the AC electrical characteristics in chapter "24.7. AC Electrical Characteristics" are
satisfied.

—  Clock/mode control circuit setting
= fc=80MHz
= fgear = 80MHz (CGSYSCR<GEAR[2:0]>="000", selects fc)
= fperiph = 80MHz (CGSYSCR<FPSEL>="0", selects fgear)
=  ®OTO0=80MHz (CGSYSCR<PRCK][2:0]>="000", selects the clock which is divided fperiph by one)

e  When using SCLKx pin output for the transfer clock

—  Setting SIO/UART when double buffer is enabled
= Prescaler output clock selection (SCXxBRCR<BROCK][1:0]>="00", selects ®T1) = 40MHz
= Divide value "N" (SCxBRCR<BROS[3:0]>= "0001", divided by 1), divider output = 40MHz
When double buffer is enabled, the divide value "N" can be set to "1".
=  SIOCLK (divider output frequency / 2) = 20MHz

—  Setting SIO/UART when double buffer is disabled
= Prescaler output clock (SCxBRCR<BROCK]1:0]>="00", selects ®T1) =40MHz
= Divide vale "N" (SCxBRCR<BROS[3:0]>="0010", divided by 2), divider output = 20MHz
When double buffer is disabled, the minimum value to which the divide value "N" can be set is "2".

= SIOCLK (divider output frequency / 2) = 10MHz

e  When using SCLKX pin input as the transfer clock

—  Setting SIO/UART when double buffer is enabled
=  SCLKX pin input transfer clock cycle > 6 / fsys
The maximum frequency of the transfer clock is less than fscikx = 80MHz / 6 = 13.3MHz@fsys =
80MHz.

—  Setting SIO/UART when double buffer is disabled
*  SCLKX pin input transfer clock cycle > 8 / fsys
The maximum frequency of the transfer clock is less than fscixkx = 80MHz / 8§ = I0MHz@fsys =
80MHz.
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(2) Transfer clock in UART mode
Table 10.7 shows the register settings for SIOCLK clock which can be used in UART mode.
In UART mode, the reception/transmission counter divides SIOCLK clock selected in SCxMODO0<SC[1:0]>

by 16.

Table 10.7 Register Settings for SIOCLK Clock which Can be Used in UART Mode

Mode SIOCLK clock selection
SCxMODO0<SM[1:0]> SCxMODO0<SC[1:0]>

00: TMRB TBxOUT

01: UART mode
01: Baud rate generator

10: UART mode
10: fsys
11: UART mode

11: SCLKXx pin input
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The baud rate for each SIOCLK clock selected in SCxMODO0<SCJ1:0]> is shown below.

e  When using TMRB TBxOUT
When using TMRB TBxOUT, select the UC source clock beforehand, and set TBXFFO output invert when
matching the UC and TBXRG1. The baud rate calculation formula when ®T1 is selected as the UC source

clock is shown below.

Baud rate calculation formula:

DTl
(TBXRG1 x 2) x2 x16
A

Baud rate=

When timer prescaler clock ®T1 (divided by 2) is selected

One clock is generated when TBXFFO is inverted twice.
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Table 10.8 shows examples of baud rate when using TMRB TBxOUT with the clock setting shown below.

—  Clock/mode control circuit setting
= fc=80MHz, 9.8304MHz, SMHz
= fgear = 80MHz, 9.8304MHz, 8MHz (CGSYSCR<GEAR[2:0]>="000", selects fc)
= fperiph = 80MHz, 9.8304MHz, 8MHz (CGSYSCR<FPSEL>="0", selects fgear)
=  O®TO0=80MHz, 9.8304MHz, 8MHz (CGSYSCR<PRCK]2:0]>="000", selects the clock which is
divided fperiph by one)

— TMRB setting
= UC source clock = 40MHz, 4.9152MHz, 4MHz (TBxMOD<TBCLK][1:0]>="01", selects ®T1)

Table 10.8 Example of Baud Rate in UART Mode. (Unit: kbps)

fc (MHz)
TBXxRG1 setting
80 9.8304 8

0x0001 625.0 76.8 62.5
0x0002 312.5 384 31.25
0x0003 - 25.6

0x0004 156.25 19.2 15.625
0x0005 125.0 15.36 12.5
0x0006 - 12.8

0x0008 78.125 9.6

0x000A 62.5 7.68 6.25
0x0010 39.025 4.8

0x0014 31.25 3.84 3.125
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e  When using the baud rate generator

The maximum baud rate when using the baud rate generator is shown below.

—  Clock/mode control circuit setting

fc = 80MHz

fgear = 80MHz (CGSYSCR<GEAR[2:0]>="000", selects fc)

fperiph = 80MHz (CGSYSCR<FPSEL>="0", selects fgear)

®TO = 80MHz (CGSYSCR<PRCK][2:0]>="000", selects the clock which is divided fperiph by one)

—  SIO/UART setting

®T1 = 40MHz (SCxBRCR<BROCK][1:0]>= "00", selects ®T1)

When SCxBRCR<BRADDE> is set to "0"

When the divide value "N" is set to "1", SIOCLK is 40MHz. The baud rate is 2.5Mbps when
SIOCLK is divided by 16.

When SCxBRCR<BRADDE> is set to "1"

When the divide value "N" is set to "2" and the divide value "K" is set to "15", SIOCLK is 19.4MHz.
The baud rate is 1.2Mbps when SIOCLK is divided by 16.

Table 10.9 shows examples of baud rate when the baud rate generator is used for below settings.

—  Clock/mode control circuit setting

fc = 9.8304MHz

fgear = 9.8304MHz (CGSYSCR<GEAR][2:0]>="000", selects fc)

fperiph = 9.8304MHz (CGSYSCR<FPSEL>="0", selects fgear)

OTO0 =4.9152MHz (CGSYSCR<PRCK]J2:0]>="001", selects the clock which is divided fperiph by

two)

—  SIO/UART setting

When SCXBRCR<BRADDE> is set to "0"

Table 10.9 Example Baud Rate in UART Mode (Unit: kbps)

c (Miz) | Dividevalue "N’ oT1 oT4 oT16 OT64
(SCXBRCR<BRS[3:0]>) |  (®T0/2) (®TO/8) (®T0/ 32) (®TO / 128)
0010: 2 76.800 19.200 4.800 1.200
0100: 4 38.400 9.600 2.400 0.600
9.830400
1000: 8 19.200 4.800 1.200 0.300
0000: 16 9.600 2.400 0.600 0.150
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e  When using SCLKx pin
—  SCLKXx pin input cycle > 2 / fsys
Since SIOCLK is less than 40MHz, the maximum baud rate is 40MHz / 16 = less than 2.5Mbps.

e  When using fsys
Since fsys is up to 80MHz, the maximum baud rate is 80 / 16 = SMbps.
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10.7. Transmission/Reception Buffers and FIFO

10.7.1. Block Diagram
The configuration of the transmission/reception buffers and FIFO is shown in Figure 10.3.
To use the transmission/reception buffers and FIFO, the registers of SIO/UART must be set beforehand. In

addition, FIFO configuration depends on the transfer mode.

RXDx—>| IRe(I:eptllon slhlftlregllsterI |

| 'I:ranlsmlslsmnI Shllﬂ reglst(?r |—> TXDx

U

Reception buffer |

U

Reception FIFO  First stage

Second stage

Third stage

Forth stage

0

Transmission buffer |

0

Transmission FIFOFirst stage

Second stage

Third stage

Forth stage

Figure 10.3 Configuration of Transmission/Reception Buffers and FIFO

10.7.2. Transmission/Reception Buffers

The transmission/reception buffers can be selected to enable or disable the double buffer. Enabling or disabling the
double buffer is specified by SCxMOD2<WBUF>,

When SCLKX pin input is used as the transfer clock of reception in SIO mode, or when reception in UART mode,
double buffer is enabled regardless of the setting of SCXMOD2<WBUF>.

Otherwise, enabling or disabling the double buffer depends on the setting of SCxMOD2<WBUF>.

Table 10.10 shows the relationship between serial transfer mode and buffer configuration.

Table 10.10 Serial Transfer Mode and Buffer Configuration

(SCLKXx pin input)

SCxMOD2<WBUF>
Serial Transfer Mode
0 1
Transmission Double buffer disabled Double buffer enabled
UART mode
Reception Double buffer enabled Double buffer enabled
SIO mode Transmission Double buffer disabled Double buffer enabled

Reception

Double buffer enabled

Double buffer enabled

S10 mode
(SCLKXx pin output)

Transmission

Double buffer disabled

Double buffer enabled

Reception

Double buffer disabled

Double buffer enabled
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10.7.3. FIFO

In addition to double buffer, 4 bytes FIFO can be used.
To enable FIFO, set SCxMOD2<WBUF> to "1" and SCXFCNF<CNFG> to "1".
FIFO configuration is set in SCXMOD1<FDPX]1:0]>.

Note: When FIFO is used, be sure to clear FIFO for transmission/reception after setting the transfer mode of the
SIO/UART (half duplex or full duplex) and FIFO is enabled (set SCXFCNF<CNFG> to "1").

Table 10.11 shows the relationship between the transfer mode and FIFO configuration.

Table 10.11 Transfer Mode and FIFO Configuration

Transfer mode

SCxMOD1<FDPX][1:0]>

Reception FIFO

Transmission FIFO

Half duplex reception 01 4 bytes
Half duplex transmission 10 - 4 bytes
Full duplex 11 2 bytes 2 bytes

10.8. Status Flag

SCxMOD2<RBFLL> is a flag which indicates the reception buffer full. This flag is set to "1" when data is stored

in the reception buffer from the reception shift register after data reception is completed. This bit is set to "0" when

the reception buffer is read.

SCxMOD2<TBEMP> is a flag that indicates transmission buffer empty. This flag is set to "1" when data is

transferred from the transmission buffer to the transmission shift register. This flag is set to "0" when data is

written to the transmission buffer.

These status flags have meaning only when double buffer is enabled.
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10.9. Error Flags
These flags are cleared to "0" when SCXCR is read.
Table 10.12 Error Flags
Flag
Serial Transfer Mode
SCXCR<OERR> SCxCR<PERR> SCxCR<FERR>
UART mode Overrun error Parity error Framing error

Underrun error
(Double buffer

enabled or Double

SIO mode buffer and FIFO
Overrun error "0"
(SCLKXx pin input) enabled)
llOII

(Double buffer and
FIFO are disabled.).

SI0 mode
No meaning End of transmission "o"
(SCLKXx pin output)

10.9.1. OERR Flag

An overrun error occurs in UART mode or SIO mode when the reception of the next data is completed before
reading the data in the reception buffer, and OERR flag is set to "1".

When FIFO is enabled, the data in the reception buffer is automatically transferred to FIFO. Therefore, OERR flag
is not set to "1" until FIFO becomes full.

When SCLKXx pin output is used for the transfer clock in SIO mode, SCLKX pin output is stopped when all data is
stored in the available reception buffer and FIFO, so OERR flag has no meaning.

Note: When SCLKXx pin output is used for the transfer clock in SIO mode, read SCxCR and clear OERR flag

before changing the transfer mode and transfer clock.
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10.9.2. PERR Flag
PERR flag indicates a parity error in UART mode, or an underrun error or completion of transmission in SIO

mode.
A parity error occurs when the parity bit generated from the received data differs from the received parity bit, and

PERR flag is set to "1".

An underrun error occurs when there is no next data to be transmitted in the double buffer or FIFO, and when the
next transfer clock is input, and PERR flag is set to "1".

When SCLKXx pin output is used for the transfer clock in SIO mode, SCLKXx pin output is automatically stopped

when all data is transmitted, so an underrun error does not occur.

Note: When SCLKx pin output is used for the transfer clock in SIO mode, read SCXCR to clear PERR flag before

changing the transfer mode and transfer clock.

10.9.3. FERR Flag
Framing error occurs when STOP bit is sampled near the middle of STOP bit timing in UART mode and it is "0",
and FERR flags is set to "1".
In SIO mode, this bit is always "0".
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10.10. Reception

10.10.1. Reception Counter
The reception counter is a 4-bit binary counter.
In SIO mode, it is incremented by SIOCLK clock.
In UART mode, it is increased by 16 SIOCLK clocks.

10.10.2. Reception Control

10.10.2.1. For SIO Mode
When SCLKXx pin output is used as the transfer clock, RXDx pin is captured at the rising edge of SCLKx pin

output.
When SCLKX pin input is used as the transfer clock, RXDx pin is captured at the rising or falling edge of SCLKXx
pin input depending on SCXCR<SCLKS> setting.

10.10.2.2. For UART Mode
The reception control circuit has a start bit detection circuit. It detects the correct start bit and starts reception

operation.
For data reception, RXDx pin is sampled at the 7th, 8th, and 9th clock of SIOCLK, and the received data is

determined by the majority decision.
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10.10.3. Reception Operation

10.10.3.1. Reception Buffer Operation

The received data is stored in the reception shift register one by one, and a reception interrupt (INTRXX) is
generated when reception is completed.

When double buffer is enabled, the reception buffer full flag (SCxMOD2<RBFLL>) is set to "1" when the
reception operation is completed and the received data is stored from the reception shift register to the reception
buffer. SCxMOD2<RBFLL> is set to "0" when data is read from the reception buffer.

When double buffer is disabled, SCxMOD2<RBFLL> has ho meaning.

Reception shift register | DATA1

Reception buffer |

|
|
|
DATAL |
|
|

1 Ff T

Reception interrupt (INTRXx)

>
SCXMOD2<RBFLL>—’ |—

Read SCxMOD2<RBFLL>.

Figure 10.4 Reception Buffer Operation

10.10.3.2. Operation of FIFO
When FIFO is enabled, SCxMOD2<RBFLL> is "0" as soon as the reception data is transferred from the reception

buffer to FIFO after the reception operation is completed.

An interrupt is generated according to SCXRFC<RIL[1:0]> setting.

The setting and operation for half duplex reception of 4-byte data are shown below.

SCxMOD1<FDPX[1:0]>="01" : Set transfer mode to half-duplex reception
SCXFCNF<RFST><TFIE><RFIE> : Enable automatic disabling after reaching FILL level.
<RXTXCNT><CNFG>="10111" The number of byte of the used FIFO is same as FILL level

which generates an interrupt.

SCXRFC<RIL[1:0]>= "00" : FILL level which generates an interrupt is set to 4 bytes.
SCXRFC<RFCS><RFIS>="11" : Clears FIFO and sets interrupt generation conditions.
SCXFCNF<CNFG>="1" : FIFO is enabled.
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After FIFO enable is set in the above setting, data reception starts when SCXMODO<RXE> is set to "1". When
4-byte data is stored in FIFO, INTRXx occurs. When data is stored in the reception shift register, reception buffer,
and reception FIFO, SCXMODO<RXE> is automatically set to "0" to terminate reception.

When automatic disabling after reaching FILL level is disabled in the above settings, the reception operation is
continued when data in FIFO is read.

|
Reception shift register| DATAL | DATA2

| | | | |
| DATA3 | DATA4 | DATAS | DATA6 |
N\ | ! ! ! |
Reception buffer | | DATAL | DATA2 | DATA3 | DATA4 | DATA5 | DATAS
| | | | | |
RX FIFO First stage ! DATAL DATA2 DATA3 DATA4 DATA4 DATA4
Second stage DATAL DATA2 DATA3 DATA3 DATA3
Third stage DATAL DATA2 DATA2 DATA2
Fourth stage DATA1 DATA1 DATA1
Reception interrupt (INTRXx) |_|

SCXMOD2<RBFLL> [ ] [ ] [ ] [ ] |
SCXMODO<RXE>_|

Figure 10.5 Reception FIFO Operation

10.10.3.3. Reception in SIO Mode and SCLKx Pin Output

The timing of stopping/restarting SCLKXx pin output varies depending on the reception buffer and FIFO
enabling/disabling.

(1) When double buffer is disabled

When data is stored in the reception shift register, SCLKx pin output is stopped. SCLKXx pin output restarts

when data is read from the reception buffer.

(2) When double buffer is enabled

When data is stored in both the reception shift register and reception buffer, SCLKx pin output is stopped.
When data in reception buffer is read, the received data is transferred from the reception shift register to the

reception buffer, and SCLKx pin output restarts.

266 /624 2023-07-21
Rev. 1.1



TOSHIBA TMPM370FYDFG

TMPM370FYFG

(3) When FIFO is enabled
When data is stored in the reception shift register, reception buffer, and FIFO, SCLKx pin output is stopped.
When data in FIFO is read, the received data is transferred from the reception buffer to FIFO and from the

reception shift register to the reception buffer, restarts SCLKx pin output.

Note that when SCXFCNF<RXTXCNT> is set to "1", SCLKx pin output is stopped and SCXMODO<RXE> is

set to "0". And the reception operation is stopped.

10.10.3.4. Reading Reception Data

Reads data from SCxBUF regardless of whether FIFO is enabled or disabled.

When FIFO is disabled, SCXMOD2<RBFLL> is set to "0" by reading.

The next reception data can still be stored in the reception shift register before reading the reception buffer. The
MSB is stored in SCXCR<RB8> in mode 2 with parity bit addition and mode 3.

FIFO cannot be enabled in mode 3. When parity bit is added in mode 1, the parity bit cannot be stored in FIFO.

But a parity error is determined for each received data, and the result is stored in SCXCR<PERR>.

10.10.3.5. Wake-up Function

In mode 3, when SCxMODO<WU> is set to "1" (the wake-up function control enabled), the wake-up operation of

the slave controller can be used. INTRXx can be generated only when SCxCR<RB8> is "1".

10.10.3.6. Overrun Error

When FIFO is not enabled, an overrun error occurs when reception of the next data is completed before reading
the reception buffer.

When an overrun error occurs, the content of the reception buffer is maintained. The content of SCXCR<RB8> is
also maintained.

When FIFO is enabled, an overrun occurs when the reception of next data is completed before reading FIFO even
though FIFO is FULL.

When an overrun error occurs, the contents of FIFO are maintained.
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10.11. Transmission

10.11.1. Transmission Counter
The transmission counter is a 4-bit binary counter.
In SIO mode, it is increased by SIOCLK.
In UART mode, it is increased by 16 SIOCLK clocks. TXDCLK is generated every 16 SIOCLK clocks.

SIOCLK
15161 2 34 56 7 8 9101112131415161 2

TXDCLK I I

Figure 10.6 Generation of Transmission Clock in UART Mode

10.11.2. Transmission Control

10.11.2.1. For SIO Mode

When SCLKXx pin output is used as the transfer clock, the data of the transmission shift register is output to TXDx
pin one by one at the falling edge of SCLKXx pin output.
When SCLKXx pin input is used as the transfer clock, the data of the transmission shift register is output to TXDx

pin one by one at the rising or falling edge of SCLKXx pin input according to the SCXCR<SCLKS> setting.

10.11.2.2. For UART Mode

When transmission data is written to the transmission buffer, transmission starts at the rising edge of the next
TXDCLK clock and generates the transmission shift clock.
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10.11.3. Transmission Operation

10.11.3.1. Transmission Buffer Operation

When double buffer is disabled, transmission data is written to the transmission shift register, and a transmission
interrupt (INTTXXx) occurs when transmission is completed.

When double buffer is enabled or double buffer/FIFO are enabled, the data written to the transmission buffer is
transferred to the transmission shift register. At the same time, INTTXx occurs and SCXMOD2<TBEMP> is set to
"1". When the next data is written to the transmission buffer, SCxMOD2<TBEMP> is set to "0".

Write data ¢ ¢

ya
Transmission buffer &\ ‘ DATA1 | DATA2

4
Transmission shift register g\
7”7

Transmission interrupt (INTT Xx)

SCxMOD2<TBEMP> _|_—|—

Figure 10.7 Transmission Buffer Operation

10.11.3.2. Operation of FIFO

When FIFO is enabled, the transmission buffer and FIFO can contain up to 5 bytes of transmission data. When
transmission is enabled, the data stored in the transmission buffer is transferred to the transmission shift register
and transmission starts. At this time, when transmission data is stored in FIFO, transmission data is transferred to
the transmission buffer and SCxMOD2<TBEMP> flag is cleared to "0".

An interrupt is generated according to SCXTFC <TIL[1:0]> setting.
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The setting and operation for half-duplex transmission of 4-byte data are shown below.

SCxMOD1<FDPX[1:0]>="10" . Set transfer mode to half duplex transmission
SCXFCNF<RFST><TFIE><RFIE> : Enable automatic disabling when FIFO is empty.
<RXTXCNT><CNFG>="10111" The number of bytes of the used FIFO is the same as FILL level

which generates an interrupt.

SCXTFC<TIL[1:0]>="00" : FILL level which generates interrupt is set to O bytes.
SCXTFC<TFCS><TFIS>="11" : Clears FIFO and sets interrupt generation conditions.
SCXFCNF<CNFG>="1" : FIFO is enabled.

After FIFO is enabled in the above setting, write 5 bytes of transmission data to the transmission buffer and FIFO,
and set SCxMOD1<TXE> to "1" to start data transmission. INTTXx occurs when the last transmission data has
been transferred to the transmission buffer. SCxMOD1<TXE> is automatically set to "0" when the transmission of
the last transmission data is completed.

When automatic disabling after reaching FILL level is disabled in the above setting, transmission operation

continues when transmission data is written.

Transmission FIFO Fourth stage DATA5
Third stage DATA4 DATAS
Second stage DATA3 DATA4 DATA5
First stage DATA2 DATA3 DATA4 DATAS
| | | | | |
| | | | | |
Transmission buffer DATA1 DATA2 DATA3 DATA4 DATAS
| A
Transmission shift register DATA1 DATA2 DATA3 DATA4 DATAS
Transmission interrupt (INTT Xx) |_|
SCXMOD2<TBEMP> |_| |_| |_| |_| |
SCXxMOD1<TXE>

Figure 10.8 Transmission FIFO Operation
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10.11.3.3. Transmission in SIO Mode and SCLKx Pin Output
The timing of stopping and restarting SCLKx pin output depends on the transmission buffer and FIFO

enabling/disabling.

@)

)

®3)

When double buffer is disabled

When transmission of data in the transmission shift register is completed, SCLKx pin output is stopped.

When the transmission data is written to the transmission buffer, SCLKx pin output restarts.

When double buffer is enabled

When transmission of data in the transmission shift register and transmission buffer are completed, SCLKx
pin output is stopped. When transmission data is written to the transmission buffer, data is transferred from

the transmission buffer to the transmission shift register, and SCLKx pin output restarts.

When FIFO is enabled

When transmission of data in the transmission shift register, transmission buffer, and FIFO are completed,
SCLKXx pin output is stopped. When the next data is written, the data is transferred from the transmission
buffer to the transmission shift register and SCLKx pin output restarts.

Note that when SCXFCNF<RXTXCNT> is set to "1", SCLKx pin output is stopped and SCXMOD1<TXE> is

set to "0". And the transmission operation is stopped.

10.11.3.4. Underrun Error

An underrun error occurs when the next data is not written to the transmission buffer before the next transmission

starts after the transmission of the data in the transmission shift register is completed.
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10.12. Handshake Function

The handshake function is the function which transmits 1 data by 1 data. This function avoids an overrun error.
The handshake function is used in UART mode.
The handshake function can be enabled or disabled by SCxMODO<CTSE>.

When the CTSx pin input becomes "High™ level, transmission is stopped until the CTSx pin input becomes to
"Low" level after completion of current transmission.

The next transmission data is written to the transmission buffer in INTTXXx interrupt service routine to make
SIO/UART to transmission wait state.

Notel: When the CTSx pin input becomes "High™ level during transmission, transmission operation stops after
completion of data transmission. (Figure 10.10 "a")

Note2: Transmission starts from the first TXDCLK clock after CTSx pin input becomes "Low" level. (Figure
10.10 "b")

Although there is no RTS pin, the handshake function can be easily constructed by assigning one of any port to
the RTS pin. Set this port to "High" level in the reception interrupt service routine at the end of reception to
request the transmission side to suspend transmission.

TXD » RXD
CTS|< RTS (Any port)
Transmission side Reception side

Figure 10.9 Handshake Function Connection
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Figure 10.10 CTS Signal Timing
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10.13. Interrupt/Error Generation Timing

10.13.1. Reception Interrupt (INTRXx)
Figure 10.11 shows the data flow for reception operation and the read path.Figure 10.11 Reception Operation
Data Flow and Read Path

is empty, data is moved.

RXDx—>| IRe(I:eptIon §h|ftlreg||sterI |—>

When the receive buffer

Interrupt occurs after receiving all bits.

O (1) Reading in disabling double buffer

| Reception buffer

] (2) Reading in enabling double buffer
When FIFOis not ful, @ Interrupt occurs when data is moved to
data is moved. reception buffer.
Receive FIFO First stage
Second stage (3) Reading in using FIFO
! Interrupt occurs when data is moved to
Third stage FIFO or when reading FIFO.
Fourth stage —>
Figure 10.11 Reception Operation Data Flow and Read Path

10.13.1.1. Buffer Configuration and INTRXx Occurrence Timing

INTRXx occurs at the following timings depending on buffer configuration and the transfer mode:

Table 10.13 Buffer Configuration and INTRXx Generation Timing

Buffer Configuration

Transfer mode

UART mode

SIO mode

Double Buffer Disable

Immediately after the rising edge of the SCLKx output at the last-bit of the

data when SCLKXx pin output is used as transfer clock

Double Buffer Enable

Immediately after the rising/falling edge of the SCLKXx input at the last-bit of
the data when SCLKXx pin input is used as transfer clock (rising/falling edge

according to SCxCR<SCLKS> setting.)

Near the center of the first STOP bit |[Immediately after the rising edge of the last-bit SCLKx output when SCLKXx pin

output is used as transfer clock

When data is transferred from the reception shift register to the reception

buffer by reading the reception buffer

Note: No interrupt occurs when an overrun error occurs.
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10.13.1.2.

When FIFO is Enabled

When the FIFO is used, a receive interrupt occurs on depending on the timing described in Table 10.14 and the
condition specified with SCXRFC<RFIS>.

Table 10.14 Conditions for INTRXx Generation when FIFO is Enabled

SCxRFC<RFIS> Conditions of occurrence Interrupt generation timing
When FIFO fill level (SCxRST<RLVL[2:0]>) = - When transfer a received data from receive buffer to receive
0 Receive FIFO fill level to generate receive FIFO

interrupt <RIL[1:0]>

When FIFO fill level (SCxRST<RLVL[2:0]>) 2 - When read a receive data from receive FIFO
Receive FIFO fill level to generate receive - When transfer a received data from receive buffer to receive

interrupt <RIL[1:0]> FIFO

10.13.2. Transmission Interrupt (INTTXXx)

Figure 10.12 shows the data flow for transmission operation and the write path.

TXDx <—| Transmission shift register |<—
fansmission shijt reg (1) Writing in disabling double buffer

When shift register is Interrupt occurs after transmitting all bits.
empty, data is moved.
| Transmission buffer |<— o )
(2) Writing in enabling double buffer
When transmission buffer ﬁ Interrupt occurs when data is moved to transmission
is empty, data is moved. shift register.

Transmission FIFOFirst stage

(3) Writing in enabling FIFO
Second stage Interrupt occurs when data is moved to transmission
Third stage buffer or when writing to FIFO.

Fourth stage

Figure 10.12 Transmission Operation Data Flow and Write Path
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10.13.2.1. Buffer Configuration and INTTXx Generation Timing

INTTXx occurs at the following timings depending on the transfer mode and buffer configuration:

Table 10.15 Buffer Configuration and INTTXx Generation Timing

Buffer Configuration UART mode SIO mode

Immediately after the rising or falling edge of the SCLKXx pin input at the

last-bit of the data when SCLKXx pin input is used as transfer clock (rising or
Immediately before STOP bit
Double buffer disabled falling edge according to SCXCR<SCLKS> setting).
transmission
Immediately after the falling edge of the last-bit SCLKx pin output when

SCLKXx pin output is used as transfer clock

Double buffer enabled [When data is transferred from the transmission buffer to the transmission shift register

Note: With double buffer enabled, INTTXXx also occurs when data is transferred from the transmission buffer to

the transmission shift register by writing to transmission buffer.

10.13.2.2. When FIFO is Enabled

When the FIFO is used, a transmit interrupt occurs depending on the timing described in Table 10.16 and the
condition specified with SCXTFC<TFIS>.

Table 10.16 Conditions for INTTXx Generation when FIFO is Enabled

SCXTFC<TFIS> Conditions of occurrence Interrupt generation timing
When FIFO fill level (SCxTST<TLVL[2:0]>) = - When transmitted data is transferred from transmit FIFO to
0 Transmit FIFO fill level to generate transmit transmit buffer

interrupt <TIL[1:0]>

When FIFO fill level (SCxTST<TLVL[2:0]>) < - When transmit data is write into transmit FIFO
1 Transmit FIFO fill level to generate transmit - When transmitted data is transferred from transmit FIFO to
interrupt <TIL[1:0]> transmit buffer
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10.13.3. Interrupt Generation Timing When Errors Occur

10.13.3.1. SIO Mode

Table 10.17 Timing of Error Interrupt Generation in SIO Mode

Transfer clock

Error
SCLKXx pin output SCLKXx pin input

For reception, immediately after the
rising/falling edge of the SCLKx pin
Overrun error None input at the last-bit of the data
(rising/falling edge according to
SCxCR<SCLKS> setting).

For transmission, immediately after
the rising/falling edge of SCLKXx pin
Underrun error None input of the first bit of the next data
(rising/falling edge according to
SCxCR<SCLKS> setting)

10.13.3.2. UART Mode

Table 10.18 Error Interrupt Generation Timing in UART Mode

Mode
Error Mode 3 Mode 1, Mode 2 Mode 1, Mode 2
Parity bit addition Parity bit addition Parity bit addition
disabled disabled enabled
Framing error Near the center of STOP | Near the center of STOP | Near the center of STOP
Overrun error bit bit bit
Near the center of the
Parity error None None
parity bit

10.14. Software Reset

Software reset is generated by writing "10" — "01" to SCxMOD2<SWRST[1:0]>. For the initialization range,
refer to "10.3.9. SCxMOD2 (Mode Control Register 2)".
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10.15. Explanation of Operation for Each Mode

10.15.1. Mode 0 (SIO Mode)

In this mode, the transfer clock shows below.

e SCLKX pin output is used as transfer clock.

e SCLKx pin input is used as transfer clock.

The following explains the reception, transmission, and transmission/reception operations when FIFO is disabled.
For details of FIFO operation, refer to "10.7.3. FIFO".

10.15.1.1. Reception

(1) When SCLKXx pin output is used as the transfer clock
When SCXMODO<RXE> is set to "1", SCLKX pin output is started and the data of RXDx pin is captured.

e  When double buffer is disabled (SCxXMOD2<WBUF>= "(0")
Each time reception data is read, the transfer clock is output from SCLKx pin and the next data is stored in

the reception shift register. INTRXx occurs when data reception is completed.

e  When double buffer is enabled (SCXMOD2<WBUF>="1")
Because the data stored in the reception shift register is transferred to the reception buffer, the next data can
be received continuously.
When data is transferred from the reception shift register to the reception buffer, SCxMOD2<RBFLL> is set
to "1" and INTRXx occurs.
When there is data in the reception buffer and the data in the reception buffer is not read before completion of
reception of the next data, INTRXx does not occur and SCLKx pin output is stopped.
In this situation, reading data from the reception buffer transfers the data in the reception shift register to the

reception buffer and INTRXx occurs. Transfer clock is output from SCLKx pin and reception is restarted.
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Received data read timing H\
SCLKXx output [ [ [ ‘ \
RXDx : bit0 :>< bit1 :>< : bit6 :>< i bit7 :>< bit0 :x:
1 1 1 1 1 I 1 1
INTRXx interrupt request | | | | | H | |
/

Received data read timing H /

SCLKx output —|
L | L
RXDX bity D< bito X bit1 | \\JX bite X Hit7 >< Hito >< it
T | | | T
I I I
INTRXX interrupt request —| \\ —|
I

SCxMOD2<RBFLL>

Received data read timing

SCLKXx output —‘

| |
RXDx bit:7 N bito Y itz ! \\JX bit6 | 4it7
[ [
|
|
|
|
|

INTRXx interrupt request —‘

SCxMOD2<RBFLL>

Figure 10.13 SIO Mode Reception Operation (When SCLKx Pin Output is Used for Transfer Clock)
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(2) When SCLKx pin input is used as the transfer clock
When SCxXMODO<RXE> is set to "1" and the transfer clock is input to SCLKx pin, the data of RXDx pin is
captured.
Reception double buffer is enabled whenever SCLKx pin input is used as the transfer clock. Therefore, the
received data is transferred from the reception shift register to the reception buffer, and the next data can be
received continuously.
INTRXx occurs each time received data is transferred to the reception buffer.
When there is data in the reception buffer and the data in the reception buffer is not read before the

completion of reception of the next data, INTRXx does not occur and SCXxCR<OERR> is set to "1".

Received data read timing

SCLKXx input
(SCXCR<SCLKS> ="0")

SCLKXx input
(SCXCR<SCLKS> ="1")

e

| |
RXDx tit7 X bito X bitl | A bite X bit7 D< bito X
T | | | | | T | |
| | | | | | |
INTRXx interrupt request —I —I
SCXMOD2<RBFLL> |
- I
When data is read from buffer
Received data read timing //

SCLKXx input
(SCXCR<SCLKS> ="0")

SCLKx input —]
(SCXCR<SCLKS> ="1")

| |
RXDX bt D< bito | bitl D< \\M bit6 D< L bit7

1 T

I I

INTRXX interrupt request —I

{0

SCXMOD2<RBFLL>

T T T T=Z
=)
=
o

SCXCR<OERR>

Figure 10.14 SIO Mode Reception Operation (When SCLKXx Pin Input is Used as Transfer Clock)
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10.15.1.2. Transmission

(1) When SCLKXx pin output is used as the transfer clock
When SCXMODI1<TXE> is set to "1" after transmission data is written, the transfer clock is output from

SCLKXx pin and data is output from TXDx pin.

e  When double buffer is disabled (SCxXMOD2<WBUF> = "(Q")
Each time data is written to the transmission buffer, data is output from TXDx pin and transfer clock is output

from SCLKx pin. INTTXx occurs when data transmission is completed.

e  When double buffer is enabled (SCXMOD2<WBUF>="1")
Data is transferred from the transmission buffer to the transmission shift register when data is written to the
transmission buffer while transmission is stopped or when data transmission in the transmission shift register
is complete. At this time, SCXMOD2<TBEMP> is set to "1" and INTTXx occurs.
When no data is written to the transmission buffer at the end of data transmission in the transmission shift
register, INTTXx does not occur and SCLKx pin output is stopped.
In this situation, when data is written to the transmission buffer, the data in the transmission buffer is
transferred to the transmission shift register and INTTXx occurs. The transfer clock is output from SCLKx

pin and transmission restarts.
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Transmission data write timing
SCLKx output
TXDx

INTTXX interrupt request

Transmission data write timing
SCLKx output

TXDx

INTT XX interrupt request

SCxMOD2<TBEMP>

Transmission data write timing
SCLKx output

TXDx

INTT XX interrupt request

SCxMOD2<TBEMP>

i N
]
J

bit7 X' bit0

O

3
Al

O

=
==L

O

>

it7 >< bit0 >< bitl

e
v
<
<
<
<
—

: bito: bit1:>< : bit6:><

— T |-

Figure 10.15 SIO Mode Transmission Operation
(When SCLKx Pin Output is Used for Transfer Clock)
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(2) When SCLKx pin input is used as the transfer clock

e  When double buffer is disabled (SCxMOD2<WBUF> = "(Q")
When a transfer clock is input to SCLKx pin when data is written in the transmission buffer, data is output
from TXDx pin. INTTXx occurs when the data is transmitted. Write the next data by point A shown in Figure
10.16.

e  When double buffer is enabled (SCxXMOD2<WBUF> = "1")
Data is transferred from the transmission buffer to the transmission shift register when data is written to the
transmission buffer while transmission is stopped or when data transmission in the transmission shift register
is complete. At this time, SCxMOD2<TBEMP> is set to "1" and INTTXx occurs. Write the next data by point
A shown in Figure 10.16.
If transfer clock is input to SCLKx pin when data transmission of the transmission shift register is completed
and the next data is not written to the transmission buffer, the transmission operation is continued, but an
underrun error occurs. At this time, SCXCR<PERR> is set to "1", and dummy data "OxFF" for 8 bits is output

from TXDx pin.
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] //

Transmission data write timing

SCLKx input
(SCXCR<SCLKS> ="0")

SCLKx input
(SCXCR<SCLKS> ="1")

i

| | | | | | |
TXDx X bito X bitr ! D< bité X | bit7 D< bito !
| | | | | T | |
| | | | | | |
INTT Xx interrupt request l_l
I
< > =
A
Transmission data write timing / |_|
SCLKXx input
(SCXCR<SCLKS> ="0")
SCLKx input
(SCXCR<SCLKS> ="1")
| | | | | | | |
TXDx X" bito X bitz ! \' bit6 D< | bit7 D< bito 'Y
| | | | | T | |
| | | | | | |
INTT Xx interrupt request |_| —I
SCxMOD2<TBEMP> I_I
< > =
A
Transmission data write timing //
SCLKx input
(SCXCR<SCLKS> ="0")
SCLKx input
(SCXCR<SCLKS> ="1")
| | | | |
TXDx X' bito X bitr ! \\D< bité X | bit7
| T
|

INTT Xx interrupt request

SCxMOD2<TBEMP>

SCXCR<PERR>
(Under run error)

e e =
N
N

< S ="

Figure 10.16 SIO Mode Transmission Operation
(When SCLKXx Pin Input is Used for Transfer Clock)
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10.15.1.3. Transmission/Reception (Full Duplex)
(1) When SCLKXx pin input is used as the transfer clock

e  When double buffer is disabled (SCxXMOD2<WBUF>="(Q")
When data is written to the transmission buffer, SCLKx pin output starts.
The reception data is stored in the reception shift register via RXDx pin and INTRXx occurs. In addition,
INTTXx occurs when data written to the transmission buffer is output from TXDx pin and data transmission
is completed. At this time, SCLKX pin output is stopped.
When the reception buffer is read and the next data is written to the transmission buffer, SCLKx pin output is
restarted and the next data is received and transmitted.
The order in which the reception buffer is read and the transmission buffer is written is arbitrary. When both

conditions are satisfied, SCLKx pin output is restarted.

e  When double buffer is enabled (SCXMOD2<WBUF>="1")
When data is written to the transmission buffer, SCLKX pin output starts.
The reception data is stored in the reception shift register via RXDx pin and INTRXx occurs. In addition,
INTTXx occurs when data written to the transmission buffer is output from TXDx pin, and data transmission
is completed, and the next data is written to the transmission buffer.
In such cases, SCLKx pin continues to be output, the next data is received and transmitted.
INTTXx does not occurs when the data is not written to transmission buffer. SCLKx pin output is also
stopped.
When the reception buffer is read and the next data is written to the transmission buffer, SCLKx pin output is

restarted.
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Figure 10.17 SIO Mode Transmission/Reception Operation
(When SCLKx Pin Output is Used for Transfer Clock)
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(2) When SCLKx pin is used as the transfer clock

e  When double buffer is disabled (SCxXMOD2<WBUF>= "(0")
Double buffer is enabled on reception by regardless of the setting of SCXMOD2<WBUF>.
When the transfer clock is input to SCLKx pin when data is written in the transmission buffer, the
transmission data is output from TXDx pin. Reception data is also stored in the reception shift register
through RXDx pin.
An INTTXx occurs when outputting data is completed. When reception is completed, data is stored from the
reception shift register to the reception buffer, and an INTRXx is generated.
Write the next data by point A shown in Figure 10.18. Read the reception data before the next data reception

is completed.

e  When double buffer is enabled (SCXMOD2<WBUF>="1")
If the transfer clock is input to SCLKx pin when data is written in the transmission buffer, data is transferred
from the transmission buffer to the transmission shift register, and an INTTXXx is generated. Transmission
data is output from TXDx pin in synchronization with the transfer clock input to SCLKx pin. Reception data
is also stored in the reception shift register through RXDx pin.
An INTTXx occurs when the transmission shift register has finished transmission data. At the end of
reception, data is transferred from the reception shift register to the reception buffer and an INTRXx occurs.
Write the next transmission data by point A shown in Figure 10.18. Read the reception data before the
reception of the next data is completed. When the transfer clock of the next data is subsequently input to
SCLKXx pin, the data of the transmission buffer is transferred to the transmission shift register, and an
INTTXx is generated. Reception data is also stored in the reception shift register through RXDx pin.
If the data in the reception buffer has not been read before the reception of the last bit of this data, an overrun
error occurs. If the next transmission data has not been written to the transmission buffer before point A

shown in Figure 10.18, an underrun error occurs.
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Figure 10.18 SIO Mode Transmission/Reception Operation
(When SCLKx Pin Input is Used for Transfer Clock)
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10.15.2. Mode 1 (7-bit UART Mode)
When SCxMODO0<SM[1:0]> is set to "01", UART operates in mode 1.
Parity bit can be added in this mode. SCXCR <PE> enable/disable of parity bit addition is controlled. Uses
SCXCR<EVEN?> to set the parity bit to Odd or Even.
For transmission only, select STOP bit length in SCXMOD2<SBLEN>. For reception, STOP bit length is 1 bit
only.

The following shows a setting example when transmitting data in the following format.

TXDX___\start/bitOX 1 X 2 X 3 X 4 X 5 X 6 Xs;'f;}',/stop T

Transfer speed 2400bps @ fc = 9.8304MHz

fsysI fc
fgear: fc
®TO:  fperiph / 32 (fperiph = fsys)

Clock
condition

Figure 10.19 Mode 1 (7-bit UART Mode)

7 6 5 4 3 2 10
SCxMODO — x 0 0001 01 Selects 7-bit UART. mode
SCxCR — x 1 1 x x x 0 0 Enables parity bit addition, set to even
SCxBRCR — 0 01 0 0 1 0O Sets the baud rate to 2400 bps (®T16, N = 4)
SCxBUF — ook ok ok xx %k Set transmission data
Note: x: Don't care, *: Any parameter can be set.
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10.15.3. Mode 2 (8-bit UART Mode)

When SCxMODO0<SM[1:0]> is set to "10", UART operates in mode 2.

Parity bit can be added in this mode. SCXCR<PE> is controlled enable/disable of parity bit addition. Use

SCXCR<EVEN?> to set the parity bit to Odd or Even.

For transmission only, select STOP bit length in SCXMOD2<SBLEN>. For reception, STOP bit length is 1 bit

only.

The following shows a setting example when receiving data in the following format.

Rxox  N\start/bioX 1 X 2 X 3 X a X 5 X 6 X 7 X

Transfer speed 9600bps @ fc = 9.8304MHz

/ stop o

fsys: fc
cctlzfjli(tion fgear:  fc
®TO:  fperiph / 32 (fperiph = fsys)
Figure 10.20 Mode 2 (8-bit UART Mode)
6 5 4 3 2 1 0
SCxMODO — 0 0 01 0 0 1 Selects 8-bit UART mode.
SCxCR — x 1 1 x x x 0 0 Enables parity bit addition, set to Odd.
SCxBRCR — 0 001 01 0O Sets the baud rate to 9600 bps (T4, N = 4)
SCxMODO — x 1 - Enables reception

Note: x: Don't care, -: Cannot be changed
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10.15.4. Mode3 (9-bit UART mode)

When SCxMODO0<SM[1:0]>) is set to "11", UART operates in mode 3.

In this mode, the parity bit cannot be added, and SCXCR<PE> must be set to "0".

The MSB of the data is written to SCxMODO<TB8> for transmission and is read from SCxCR<RB8> for
reception. Writing data and reading data is firstly done from the MSB of the data .

For transmission only, select STOP bit length in SCXMOD2<SBLEN>. For reception, STOP bit length is 1 bit
only.

In mode 3, the wake-up function of the slave controller can be used.

10.15.4.1. Wake-up Function

(1) Serial link with wake-up function

In mode 3, the wake-up function of the slave controller can be used. To enable the wake-up function, set

SCxMODO<WU>to "1".
When the wake-up function is enabled, INTRXx occurs only when the received data in SCXxCR<RB8&>is "1".

Note: Be sure to set PxOD register for TXDx pin of the slave controller to open drain output mode.

TXD RXD TXD RXD TXD RXD TXD RXD

Master Slave 1 Slave 2 Slave 3

Figure 10.21 Serial Link with Wake-up Function
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(2) Protocol

(@) Set the master and slave controllers to mode 3.
(b) Set SCxMODO<WU> of each slave controller the respective to "1".
Set SCXMODO<RXE> to "1" to enable reception.
The master controller transmits one frame containing the select code (8 bits) of the slave controller.

At this time, set SCxXMODO0<TB8&> of the master controller to "1".

TXD}RXDx  \start/boX 1 X 2 X 3 X 4 X 5 X 6 X 7 / 8 sop
\ )\

)

Select code of slave controller "

Figure 10.22 1st Frame Format for Wake-up Function

(c) Each slave controller receives the above frame and sets SCXMODO<WU> to "0" when the received select
code matches its own select code.

(d) The master controller transmits data to the specified slave controller (a controller whose SCxMODO
<WU> is set to "0").
At this time, set SCxXMODO<TB&> of the master controller to "0".

TXDXRXDx N\ stat/bioX 1 X 2 X 3 X 4 X 5 X 6 X 7 \ 8 /sop
\ N

Data "0"

Figure 10.23 2nd Frame Format for Wake-up Function

(e) For slave controllers that did not match their own select code, INTRXx does not occurs because
SCxMODO0<WU> remains "1" and the MSB of the received data is "0".
For a slave controller which matches its own select code, INTRXx occurs because SCxXMODO<WU> is
set to "0". The slave controller can also transmission data to the master controller in INTRXx interrupt

service routine and notify the master controller that reception is complete with the transmitted data.
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11. 12-Bit Analog-to-Digital Converter (ADC)

The TMPM370FYDFG/TMPM370FYFG contain two 12-bit successive-approximation analog-to-digital converter
(ADC). The ADC supports a vector control for motors in cooperation with the Vector Engine for motor control and
PMD circuit.

The ADC unit A has 15 analog inputs. 6 inputs are able to use for measurement of motor 0. 3 inputs out of 6 inputs
are connected to the output of op-amps/comparators in the MCU. Therefore, 12 inputs can use for external input.
The ADC unit B has 17 analog inputs. 6 inputs are able to use for measurement of motor 0. And 2 inputs are able
to use for measurement of motor 1. 4 inputs out of 8 inputs are connected to the output of op-amps/comparators in
the MCU. Therefore, 13 inputs can use for external input.

22 analog input pins (AINAO to AINA8, AINA9/AINBO, AINA10/AINB1, AINA1L/AINB2, AINB3 to AINB12)

can also be used as input/output ports.

11.1. Functions and features

(1) Start AD conversion for any analog input synchronously with receiving trigger signal from PMD or TMRB.

(2) Start AD conversion for any analog input in the Software Trigger Program and the Constant Conversion

Program.
(3) The ADC has twelve registers for AD conversion result
(4) The ADC generates interrupt signal at the end of the program which was started by trigger.

(5) The ADC generates interrupt signal at the end of the program which was started by the Software Trigger
and/or the Constant Conversion.
(6) The ADC has the AD conversion monitoring function. When this function is enabled, an interrupt is generated

when matching specified compare condition.
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11.2. Block Diagram
AVDD5ANREFHA
B <
I

»

PHO(AINAO)E AINAO
PH1(AINAL)[} AINAL —>» PMDOOVV AVSSA/VREFLA
: ) . ADC A [ INTADASFT
. . : —>» INTADATMR
PIO(AINAS) [} AINAS —>» INTADAPDA/B
AINAS —>» INTADACPA/B
AINAL0 «— PMDOTRGO to 5
AINAL1L €«— PMD1TRGO to 5
AINA12(AMPA) €— INTTB51
] AINA13(AMPB) <:> CcPU
| AINA14(AMPC)
> VE
PI1(AINA9/AINBO) [ AMPA
—1 CMPA
PI2(AINALO/AINB1) L} AMPB
1-shunt or 3- — CMPB —\ » PMDO EMG
shunt resistor —
circuit for
channel 0 PI3(AINALL/AINB2) [} AMPC
current
—1{ CMPC
» PMD1EMG
Reference voltage for AINBO —» PMD10OVV
CMPA/B/C[F— AINB1 —> INTADBSFT
(CVREFABC) AINB2 L » INTADBTMR
AINB3
— INTADBPDA/B
1-shunt resistor PJO(AINB3) ['5 AMPD L% INTADBCPA/B
circuit for Reference voltage for [} CMPD ADCB |€«— PMDOTRGO 05
hannel 1 CMPD (CVREFD)
c <€— PMDI1TRGO to 5
current PJ1(AINB4) [1 AINB4 €«— INTTB51
) ) ) <= cru
) :> AVDD5B/VREFHB
. . . VE
PKL1(AINB12)C1 AINB12 I— Q
AINB13(AMPA)
. _QAMPVDD5__| —— AINB14(AMPB) — A7
Common power pin for — AINB15(AMPC) AVSSB/VREFLB
op-amps and /J7AMPVSS . AINB16(AMPD)
comparators
Figure 11.1 AD converter Block Diagram
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11.3. List of Registers

Register Name

Address (Base+)

Clock Setting Register ADxCLK 0x0000
Mode Setting Register 0 ADxMODO 0x0004
Mode Setting Register 1 ADxMOD1 0x0008
Mode Setting Register 2 ADxMOD2 0x000C
Monitoring Setting Register 0 ADxCMPCRO 0x0010
Monitoring Setting Register 1 ADXxCMPCR1 0x0014
Conversion Result Compare Register 0 ADxCMPO 0x0018
Conversion Result Compare Register 1 ADxCMP1 0x001C
Conversion Result Register 0 ADXxREGO 0x0020
Conversion Result Register 1 ADXREGH1 0x0024
Conversion Result Register 2 ADXxREG2 0x0028
Conversion Result Register 3 ADXREG3 0x002C
Conversion Result Register 4 ADXxREG4 0x0030
Conversion Result Register 5 ADXxREG5 0x0034
Conversion Result Register 6 ADXREG6 0x0038
Conversion Result Register 7 ADxREG?7 0x003C
Conversion Result Register 8 ADXREGS 0x0040
Conversion Result Register 9 ADxREG9 0x0044
Conversion Result Register 10 ADXxREG10 0x0048
Conversion Result Register 11 ADxREG11 0x004C
PMD Trigger Program Number Select Register 0 ADxPSELO 0x0050
PMD Trigger Program Number Select Register 1 ADxPSELA1 0x0054
PMD Trigger Program Number Select Register 2 ADxPSEL2 0x0058
PMD Trigger Program Number Select Register 3 ADxPSEL3 0x005C
PMD Trigger Program Number Select Register 4 ADxPSEL4 0x0060
PMD Trigger Program Number Select Register 5 ADXxPSEL5 0x0064
PMD Trigger Program Number Select Register 6 ADXxPSEL6 0x0068
PMD Trigger Program Number Select Register 7 ADXPSEL7 0x006C
PMD Trigger Program Number Select Register 8 ADxPSEL8 0x0070
PMD Trigger Program Number Select Register 9 ADXPSEL9 0x0074
PMD Trigger Program Number Select Register 10 ADxPSEL10 0x0078
PMD Trigger Program Number Select Register 11 ADxPSEL1M1 0x007C
PMD Trigger Interrupt Select Register 0 ADxPINTSO 0x0080
PMD Trigger Interrupt Select Register 1 ADXPINTS1 0x0084
PMD Trigger Interrupt Select Register 2 ADXPINTS2 0x0088
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Register Name

Address (Base+)

PMD Trigger Interrupt Select Register 3 ADXPINTS3 0x008C
PMD Trigger Interrupt Select Register 4 ADxPINTS4 0x0090
PMD Trigger Interrupt Select Register 5 ADXPINTS5 0x0094
PMD Trigger Program Select Register 0 ADxPSETO 0x0098
PMD Trigger Program Select Register 1 ADxPSET1 0x009C
PMD Trigger Program Select Register 2 ADxPSET2 0x00A0
PMD Trigger Program Select Register 3 ADXPSET3 0x00A4
PMD Trigger Program Select Register 4 ADxPSET4 0x00A8
PMD Trigger Program Select Register 5 ADXPSET5 0x00AC
Timer Trigger Program Registers 0 to 3 ADXTSETO03 0x00B0O
Timer Trigger Program Registers 4 to 7 ADXTSET47 0x00B4
Timer Trigger Program Registers 8 to 11 ADXTSET811 0x00B8
Software Trigger Program Registers 0 to 3 ADXSSETO03 0x00BC
Software Trigger Program Registers 4 to 7 ADXSSET47 0x00CO0
Software Trigger Program Registers 8 to 11 ADXSSET811 0x00C4
Constant Conversion Program Registers 0 to 3 ADXASETO03 0x00B8
Constant Conversion Program Registers 4 to 7 ADXASET47 0x00BC
Constant Conversion Program Registers 8 to 11 ADXASET811 0x00DO0
Mode Setting Register 3 ADxMOD3 0x00D4
296 /624 2023-07-21

Rev. 1.1



TOSHIBA TMPM370FYDFG

TMPM370FYFG
11.4. Register Descriptions
AD conversion is performed at the clock frequency selected in the Clock Setting Register.
11.4.1. ADxCLK (Clock Setting Register)
31 30 29 28 27 26 25 24
bit symbol - - - - - -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol - - - - - -
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol - - - - - -
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol - TSH ADCLK
After reset 0 1 0 1 1 0 0 0
Bit Bit Symbol Type Function
317 - R [Readas"0"
6:3 TSH[3:0] R/W | Write as "1001".
Select AD conversion clock (SCLK)
000: fc (Notel)
001: fc/2
2:0 ADCLK[2:0] | RW ¢
010: fc/4
011: fc/8
Ixx: fc/16

000 001 010 011 1XX

<ADCLK[2:0]>
fc—» 1 2 4 | 8 | 16

—» SCLK

Yy Y Y VY I

Notel: Frequency of SCLK can be used up to 40MHz. Do not set <ADCLK]2:0]> to 000" when fc is more than
40MHz.

Note2: AD conversion is performed at the clock selected in above register. The conversion clock must be selected

to ensure the guaranteed accuracy.

Note3: The conversion clock setting must not be changed while AD conversion is in progress.
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11.4.2. ADxMODO (Mode Setting 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 8 2 1 0
bit symbol - - - - - - DACON ADSS
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:2 - R Read as "0".
DAC control
0: OFF
1 DACON R/W
1: ON
Setting <DACON> to "1", when using the ADC.
Start software triggered conversion
0: Don't care
1: Start conversion
0 ADSS w . . . .
When ADxMOD1<ADEN> is set to "1" for enabling conversion, setting <ADSS> to "1" starts AD
conversion. And receiving trigger signal from PMD or TMRB interrupt also starts AD conversion. For
details of setting of PMD trigger timing and TMRB interrupt, refer to the section of PMD and TMRB.
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11.4.3. ADxMOD1 (Mode Setting 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 ADEN - - - - - - ADAS
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:8 - R Read as "0".
AD conversion control
0: Disable
7 ADEN R/W 1: Enable
Setting <ADEN> to "1" enables AD conversion. When setting <ADEN> to "1", setting <ADAS> to "1"
starts AD conversion.
6:1 - R Read as "0".
Constant conversion control
0 ADAS W 0: Disable
1: Enable
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11.4.4. ADxMOD2 (Mode Setting 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 - - - - - - ADSFN ADBFN
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:2 - R |Read as "0".
Software conversion flag
1 ADSFN R 0: Software conversion completed
1: Software conversion in progress
AD conversion busy flag
0: Conversion not in progress
0 ADBFN R 1: Conversion in progress
The <ADBFN> is an AD conversion busy flag. When AD conversion is started, <ADBFN> is set to "1".
When finished AD conversion, <ADBFN> is cleared to "0".
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11.4.5. ADxCMPCRO (Monitoring Setting Register 0)
After determining the result, the interrupt signal (INTADXCPn) is generated.
(n=A, B, A: Monitor 0, B: Monitor 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 - - - - CMPCNTO
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol CMPOEN - - ADBIGO REGSO0
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31:12 - R |Read as "0".
Number of comparisons for determining the result
0: Every comparison is valid.
1: Two comparisons or more is valid.
11:8 | CMPCNTO[3:.0] | RIW
15: 16 comparisons or more is valid.
Monitoring function control
7 CMPOEN R/W 0: Disable
1: Enable
6:5 - R Read as "0".
Comparison condition
4 ADBIGO R/W 0: Larger than compare register
1: Smaller than compare register
AD conversion result register to be compared
0000: ADXREGO 0100: ADXREG4 1000: ADXREGS8
3.0 REGSO0[3:0] R/W 0001: ADXREG1 0101: ADXREG5 1001: ADXREG9
0010: ADXREG2 0110: ADXREG6 1010: ADXREG10
0011: ADXREG3 0111: ADXREG7 1011: ADXREG11
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11.4.6. ADxCMPCRL1 (Monitoring Setting Register 1)
After determining the result, the interrupt signal (INTADXCPn) is generated.
(n=A, B, A: Monitor 0, B: Monitor 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 - - - - CMPCNT1
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol CMP1EN - - ADBIG1 REGS1
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31:12 - R |Read as "0".
Comparison number for determining the result
0: Every comparison is valid.
1: Two comparisons or more is valid.
11:8 | CMPCNT1[3:.0] | RIW
15: 16 comparisons or more is valid.
Monitoring function control
7 CMP1EN R/W 0: Disable
1: Enable
6:5 - R Read as "0".
Comparison condition
4 ADBIG1 R/W 0: Larger than compare register
1: Smaller than compare register
AD conversion result register to be compared
0000: ADXREGO 0100: ADXREG4 1000: ADXREGS8
3.0 REGS1[3:0] R/W 0001: ADXREG1 0101: ADXREG5 1001: ADXREG9
0010: ADXREG2 0110: ADXREG6 1010: ADXREG10
0011: ADXREG3 0111: ADXREG7 1011: ADXREG11
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11.4.7. ADxCMPO (Conversion Result Compare Register 0)

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

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

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

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

Bit Bit Symbol Type Function
31:16 - R [Readas"0"
15:4 ADOCMPO[11:0] | RIW The Yalue to be compared with an AP conversion resglt
Specify the value to be compared with an AD conversion result.
3.0 - R [Readas"0"
11.4.8. ADxCMP1 (Conversion Result Compare Register 1)

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

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

15 14 13 12 11 10 9 8
bit symbol ADOCMP1
After reset 0 0 0 0 0 0 0 0

7 6 5) 4 3 2 1 0
bit symbol ADOCMP1 - - - -
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31:16 - R Read as "0".
154 ADOCMPI[11:0] | RIW The v.alue to be compared with an AP conversion resglt
Specify the value to be compared with an AD conversion result.
3.0 - R [Readas"0"
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11.4.9. ADXREGO (Conversion Result 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 ADRO
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol ADRO - - OVRO ADRORF
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:16 - R [Readas"0"
15:4 ADRO[11:0] R | The value of an AD conversion result
3:2 - R Read as "0".
Over Run flag
0: No overrun occurred
1 OVRO R 1: Overrun occurred
This flag is set to "1" when a new AD conversion result is stored before the value of ADXREGO is read
and is cleared to "0" when the low-order byte of ADXREGO is read.
AD conversion result store flag
0: No result stored
0 ADRORF R 1: Result stored
This flag is set to "1" when an AD conversion result is stored in the ADXREGO register and is cleared to
"0" when the low-order byte of ADXREGO is read.
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11.4.10. ADXREG1 (Conversion Result 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 ADR1
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol ADR1 - - OVR1 ADRI1RF
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:16 - R [Readas"0"
15:4 ADR1[11:0] R | The value of an AD conversion result
3:2 - R Read as "0".
Over Run flag
0: No overrun occurred
1 OVR1 R 1: Overrun occurred
This flag is set to "1" when a new AD conversion result is stored before the value of ADXREGL is read
and is cleared to "0" when the low-order byte of ADXREGL1 is read.
AD conversion result store flag
0: No result stored
0 ADRI1RF R 1: Result stored
This flag is set to "1" when an AD conversion result is stored in the ADXREGL register and is cleared to
"0" when the low-order byte of ADXREG1 is read.
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11.4.11. ADXREG2 (Conversion Result 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 ADR2
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol ADR2 - - OVR2 ADR2RF
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:16 - R [Readas"0"
15:4 ADR2[11:0] R | The value of an AD conversion result
3:2 - R Read as "0".
Over Run flag
0: No overrun occurred
1 OVR2 R 1: Overrun occurred
This flag is set to "1" when a new AD conversion result is stored before the value of ADXREG2 is read
and is cleared to "0" when the low-order byte of ADXREG2 is read.
AD conversion result store flag
0: No result stored
0 ADR2RF R 1: Result stored
This flag is set to "1" when an AD conversion result is stored in the ADXREG2 register and is cleared to
"0" when the low-order byte of ADXREG2 is read.
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11.4.12. ADXREG3 (Conversion Result 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 ADR3
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol ADR3 - - OVR3 ADR3RF
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:16 - R Read as "0".
15:4 ADR3[11:0] R | The value of an AD conversion result
3:2 - R Read as "0".
Over Run flag
0: No overrun occurred
1 OVR3 R 1: Overrun occurred
This flag is set to "1" when a new AD conversion result is stored before the value of ADXREG3 is read
and is cleared to "0" when the low-order byte of ADXREG3 is read.
AD conversion result store flag
0: No result stored
0 ADR3RF R 1: Result stored
This flag is set to "1" when an AD conversion result is stored in the ADXREG3 register and is cleared to
"0" when the low-order byte of ADXREG3 is read.
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11.4.13. ADXREG4 (Conversion Result 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 ADRA4
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol ADR4 - - OVR4 ADR4RF
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:16 - R [Readas"0"
15:4 ADRA4[11:0] R The value of an AD conversion result
3:2 - R Read as "0".
Over Run flag
0: No overrun occurred
1 OVR4 R 1: Overrun occurred
This flag is set to "1" when a new AD conversion result is stored before the value of ADXREG4 is read
and is cleared to "0" when the low-order byte of ADXREG4 is read.
AD conversion result store flag
0: No result stored
0 ADRA4RF R 1: Result stored
This flag is set to "1" when an AD conversion result is stored in the ADXREG4 register and is cleared to
"0" when the low-order byte of ADXREG4 is read.
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11.4.14. ADXREGS5 (Conversion Result 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 ADR5
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol ADR5 - - OVR5 ADRS5RF
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:16 - R [Readas"0"
15:4 ADRS5[11:0] R | The value of an AD conversion result
3:2 - R Read as "0".
Over Run flag
0: No overrun occurred
1 OVR5 R 1: Overrun occurred
This flag is set to "1" when a new AD conversion result is stored before the value of ADXREGS is read
and is cleared to "0" when the low-order byte of ADXREGS is read.
AD conversion result store flag
0: No result stored
0 ADR5RF R 1: Result stored
This flag is set to "1" when an AD conversion result is stored in the ADXREGS5 register and is cleared to
"0" when the low-order byte of ADXREGS is read.
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11.4.15. ADXREG®6 (Conversion Result Register 6)
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 ADRG6
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol ADRG6 - - OVR6 ADR6RF
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:16 - R Read as "0".
15:4 ADRG6[11:0] R | The value of an AD conversion result
3:2 - R Read as "0".
Over Run flag
0: No overrun occurred
1 OVR6 R 1: Overrun occurred
This flag is set to "1" when a new AD conversion result is stored before the value of ADXREGS is read
and is cleared to "0" when the low-order byte of ADXREGS is read.
AD conversion result store flag
0: No result stored
0 ADR6RF R 1: Result stored
This flag is set to "1" when an AD conversion result is stored in the ADXREG6 register and is cleared to
"0" when the low-order byte of ADXREGE is read.
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11.4.16. ADXREGY7 (Conversion Result Register 7)
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 ADR7
After reset 0 0 0 0 0 0 0 0
7 6 5 4 8 2 1 0
bit symbol ADR7 - - OVR7 ADR7RF
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:16 - R [Readas"0"
15:4 ADR7[11:0] R The value of an AD conversion result
3:2 - R Read as "0".
Over Run flag
0: No overrun occurred
1 OVR7 R 1: Overrun occurred
This flag is set to "1" when a new AD conversion result is stored before the value of ADXREG7 is read
and is cleared to "0" when the low-order byte of ADXREG?7 is read.
AD conversion result store flag
0: No result stored
0 ADR7RF R 1: Result stored
This flag is set to "1" when an AD conversion result is stored in the ADXREG7 register and is cleared to
"0" when the low-order byte of ADXREGY is read.
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11.4.17. ADXREGS (Conversion Result Register 8)
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 ADRS8
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol ADRS8 - - OVR8 ADR8RF
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:16 - R |Read as "0".
15:4 ADRS8[11:0] R | The value of an AD conversion result
3:2 - R Read as "0".
Over Run flag
0: No overrun occurred
1 OVR8 R 1: Overrun occurred
This flag is set to "1" when a new AD conversion result is stored before the value of ADXREGS is read
and is cleared to "0" when the low-order byte of ADXREGS is read.
AD conversion result store flag
0: No result stored
0 ADR8RF R 1: Result stored
This flag is set to "1" when an AD conversion result is stored in the ADXREGS register and is cleared to
"0" when the low-order byte of ADXREGS is read.
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11.4.18. ADXREGH9 (Conversion Result Register 9)
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 ADR9
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol ADR9 - - OVR9 ADR9RF
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:16 - R Read as "0".
15:4 ADR9[11:0] R | The value of an AD conversion result
3:2 - R Read as "0".
Over Run flag
0: No overrun occurred
1 OVR9 R 1: Overrun occurred
This flag is set to "1" when a new AD conversion result is stored before the value of ADXREG9 is read
and is cleared to "0" when the low-order byte of ADXREGO is read.
AD conversion result store flag
0: No result stored
0 ADRIRF R 1: Result stored
This flag is set to "1" when an AD conversion result is stored in the ADXREG9 register and is cleared to
"0" when the low-order byte of ADXREG9 is read.
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11.4.19. ADXREG10 (Conversion Result Register 10)
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 ADR10
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol ADR10 - - OVR10 ADR10RF
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:16 - R [Readas"0"
15:4 ADR10[11:0] R | The value of an AD conversion result
3:2 - R Read as "0".
Over Run flag
0: No overrun occurred
1 OVR10 R 1: Overrun occurred
This flag is set to "1" when a new AD conversion result is stored before the value of ADXREG10 is read
and is cleared to "0" when the low-order byte of ADXREG10 is read.
AD conversion result store flag
0: No result stored
0 ADR10RF R 1: Result stored
This flag is set to "1" when an AD conversion result is stored in the ADXREG10 register and is cleared
to "0" when the low-order byte of ADXREG10 is read.
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11.4.20. ADXREG11 (Conversion Result Register 11)
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 ADR11
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol ADR11 - - OVR11 ADR11RF
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:16 - R Read as "0".
15:4 ADR11[11:0] R | The value of an AD conversion result
3:2 - R Read as "0".
Over Run flag
0: No overrun occurred
1 OVR11 R 1: Overrun occurred
This flag is set to "1" when a new AD conversion result is stored before the value of ADXREG11 is read
and is cleared to "0" when the low-order byte of ADXREG11 is read.
AD conversion result store flag
0: No result stored
0 ADR11RF R 1: Result stored
This flag is set to "1" when an AD conversion result is stored in the ADXREG11 register and is cleared
to "0" when the low-order byte of ADXREG11 is read.
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11.4.21. PMD Trigger Program Registers

AD conversion can be started by a trigger signal from the PMD.
The PMD trigger program registers are used to specify the program to be started by each of 12 triggers generated
by the PMD, to control the interrupt to be generated upon completion of the program and to select the AIN input to

be used.

The PMD trigger program registers include 3 types of registers.

e  PMD Trigger Program Number Select Register (ADXPSELO to ADxPSEL11)
The PMD Trigger Program Number Select Registers (ADXPSELO to ADxPSEL11) specify the program
number (0 to 5) to be started by each of 12 AD conversion corresponding to 12 triggers (PMDOTRGO to
PMDOTRGS, PMDITRGO to PMD1TRGS) generated by the PMD.
ADxPSELO to ADXPSELS registers correspond to PMDOTRGO to PMDOTRGS. ADxPSEL6 to ADXPSEL11
registers correspond to PMD1TRGO to PMD1TRGS.

e  PMD Trigger Interrupt Select Register (ADXxPINTSO0 to ADxPINTSS)
The PMD Trigger Interrupt Select Registers (ADXxPINTSO to ADxPINTSS) select the presence or absence of
interrupt or the kind of interrupt (INTADXPDA or INTADxPDB) to be generated upon completion of each
program number.

ADxXPINTSO0 to ADXPINTSS registers correspond to program 0 to 5.

e  PMD Trigger Program Select Register (ADXPSETO to ADXPSETS)
The PMD Trigger Program Select Registers (ADxPSETO0 to ADXPSETS) for each of program number (0 to 5)
specify AIN input number which is used for AD conversion, and the U/V/W phase to inform to the vector
engine. One PMD Trigger Program Select Register is assigned for one program number. One PMD Trigger
Program Select Register has four sets of registers which specify AIN input number which is used for AD
conversion, and the U/V/W phase to inform to the vector engine. Conversion result for each set is stored to

Conversion Result Register 0 to 3 (ADXREGO to ADXREG3),
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PMD Trigger Signal (AD conversion start request signal)
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€941TANd
YOdLTANd
SOHLTANd

| YOd10aNd

______ = PMD Trigger Program Number
Select Registers
(ADXPSELO to ADXPSEL11)

>
o
x
vl
%]
m
it
[N

Zlasdxav
€73Sdxav
v13Sdxav
L73Sdxav
873Sdxav
673 Sdxav
0T13Sdxav
TTI3Sdxav
R

l Select the program which is started

PMD Trigger Interrupt
Program 0 Program 1 Program 2 Program 3 Program 4 Program 5 Select Registers
TS S oo T T T ST Ty m s s s - === == === ==~ (ADXPINTSO to ADXPINTS5)

1
i [ apxpinTso ] [ ADxpinTsi | [ apxpinTs2 | [ ApxpinTs3| [ ADxpinTs4 ] [ ApxpinTsSs | '
L_'_'_'_'_':_'_'_'_'_'_'_'_'_'_'_'_'_'_'::::_'_'_'_'_'_'_'::_'_'_'_'_'_'_'_'_'_'::.':_'_'_'_'_':_'_':___'::::::::::::::::::::::::::: PMD Trigger Program
r 1 .
| | Select Registers
I | ADXPSETO ADXPSET1 ADXPSET2 ADXPSET3 ADXPSET4 ADXPSET5 | 1 (ADXPSETO to ADXPSETS)
|
' REGO 1 REGO — REGO 1 REGO — REGO i REGO —— Conversion Result Register0 : ADXREGO
1
: REG1 —1 REG1 — REG1 1 REG1 1 REG1 & REG1 :—} Conversion Result Registerl : ADXREG1
! REG2 — REG2 i REG2 | REG2 | REG2 ‘B REG2 ——— Conversion Result Register2 : ADXREG2
1
: REG3 _ REG3 — REG3 1 REG3 —1 REG3 ¢ REG3 —:—P Conversion Result Register3 : ADXREG3
|

Figure 11.2 PMD Trigger Program Registers
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11.4.21.1. ADxPSELO to ADxPSEL11 (PMD Trigger Program Number Select Register 0 to
11)

ADXPSELOQ: PMD Trigger Program Number Select 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 PENSO - - - - PMDSO
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:8 - R [Readas"0"
PMDOTRGO trigger control
7 PENSO R/W 0: Disable
1: Enable
6:3 - R [Readas"0"
2:0 PMDS0[2:0] R/W | Program number select (Refer to Table 11.1)
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ADXPSEL1: PMD Trigger Program Number Select 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 PENS1 - - - - PMDS1
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:8 - R [Readas"0"
PMDOTRGL1 trigger control
7 PENS1 R/W 0: Disable
1: Enable
6:3 - R [Readas"0"
2:0 PMDS1[2:0] R/W | Program number select (Refer to Table 11.1)
ADXPSEL2: PMD Trigger Program Number Select 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 PENS2 - - - - PMDS2
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:8 - R |Read as "0".
PMDOTRG?2 trigger control
7 PENS2 R/W 0: Disable
1: Enable
6:3 - R [Readas"0"
2:0 PMDS2[2:0] R/W | Program number select (Refer to Table 11.1)
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ADXPSEL3: PMD Trigger Program Number Select 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 PENS3 - - - - PMDS3
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:8 - R [Readas"0"
PMDOTRGS3 trigger control
7 PENS3 R/W 0: Disable
1: Enable
6:3 - R [Readas"0"
2:0 PMDS3[2:0] R/W | Program number select (Refer to Table 11.1)
ADXPSEL4: PMD Trigger Program Number Select 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 PENS4 - - - - PMDS4
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:8 - R |Read as "0".
PMDOTRG4 trigger control
7 PENS4 R/W 0: Disable
1: Enable
6:3 - R [Readas"0"
2:0 PMDS4[2:0] R/W | Program number select (Refer to Table 11.1)
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ADXPSELS5: PMD Trigger Program Number Select 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 PENS5 - - - - PMDS5
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:8 - R [Readas"0"
PMDOTRGS trigger control
7 PENS5 R/W 0: Disable
1: Enable
6:3 - R [Readas"0"
2:0 PMDS5[2:0] R/W | Program number select (Refer to Table 11.1)
ADXPSEL6: PMD Trigger Program Number Select Register 6
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 PENS6 - - - - PMDS6
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:8 - R |Read as "0".
PMD1TRGO trigger control
7 PENS6 R/W 0: Disable
1: Enable
6:3 - R [Readas"0"
2:0 PMDS6[2:0] R/W | Program number select (Refer to Table 11.1)
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ADXPSEL7: PMD Trigger Program Number Select Register 7
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 PENS7 - - - - PMDS7
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:8 - R [Readas"0"
PMD1TRGL1 trigger control
7 PENS7 R/W 0: Disable
1: Enable
6:3 - R [Readas"0"
2:0 PMDS7[2:0] R/W | Program number select (Refer to Table 11.1)
ADXPSELS8: PMD Trigger Program Number Select Register 8
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 PENS8 - - - - PMDS8
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:8 - R |Read as "0".
PMD1TRG?2 trigger control
7 PENSS8 R/W 0: Disable
1: Enable
6:3 - R [Readas"0"
2:0 PMDS8[2:0] R/W | Program number select (Refer to Table 11.1)
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ADXPSEL9: PMD Trigger Program Number Select Register 9
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 PENS9 - - - - PMDS9
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:8 - R [Readas"0"
PMD1TRGS3 trigger control
7 PENS9 R/W 0: Disable
1: Enable
6:3 - R [Readas"0"
2:0 PMDS9[2:0] R/W | Program number select (Refer to Table 11.1)
ADXPSEL10: PMD Trigger Program Number Select Register 10
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 PENS10 - - - - PMDS10
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:8 - R |Read as "0".
PMD1TRG4 trigger control
7 PENS10 R/W 0: Disable
1: Enable
6:3 - R [Readas"0"
2:0 PMDS10[2:0] R/W | Program number select (Refer to Table 11.1)
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ADXPSEL11: PMD Trigger Program Number Select Register 11
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 ® 4 3 2 1 0
bit symbol PENS11 - - - - PMDS11
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:8 - R Read as "0".
PMD1TRGS trigger control
7 PENS11 R/W 0: Disable
1: Enable
6:3 - R |Read as "0".
2:0 PMDS11[2:0] R/W | Program number select (Refer to Table 11.1)
Table 11.1 Program number select
<PMDS0[2:0]> to Program number
<PMDS11[2:0]> 9
000 Program O
001 Program 1
010 Program 2
oM Program 3
100 Program 4
101 Program 5
110 Reserved
111 Reserved
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11.4.21.2. ADxPINTSO to 5 (PMD Trigger Interrupt Select Register 0 to 5)
ADXPINTSO0: PMD Trigger Interrupt Select 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 - INTSELO
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:2 R [Readas"0"
Interrupt select
00: No interrupt output
01: INTADXPDA
1:0 INTSELO[1:0] RIW
10: INTADxPDB
11: No interrupt output
The starting interrupt is selected for program 0.
325 /624 2023-07-21

Rev. 1.1



TOSHIBA

TMPM370FYDFG
TMPM370FYFG
ADXPINTS1: PMD Trigger Interrupt Select 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 - - - - - - INTSEL1
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:2 - R Read as "0".
Interrupt select
00: No interrupt output
01: INTADxPDA
1:0 INTSEL1[1:0] RIW
10: INTADxPDB
11: No interrupt output
The starting interrupt is selected for program 1.
ADXPINTS2: PMD Trigger Interrupt Select 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 - - - - - - INTSEL2
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:2 - R Read as "0".
Interrupt select
00: No interrupt output
01: INTADxPDA
1:0 INTSEL2[1:0] R/W
10: INTADxPDB
11: No interrupt output
The starting interrupt is selected for program 2
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ADXPINTS3: PMD Trigger Interrupt Select 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 - - - - - - INTSEL3
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:2 - R [Readas"0"
Interrupt select
00: No interrupt output
01: INTADxPDA
1:0 INTSEL3[1:0] RIW
10: INTADxPDB
11: No interrupt output
The starting interrupt is selected for program 3
ADXPINTS4: PMD Trigger Interrupt Select 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 - - - - - - INTSEL4
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:2 - R Read as "0".
Interrupt select
00: No interrupt output
01: INTADxPDA
1.0 INTSEL4[1:0] R/W
10: INTADxPDB
11: No interrupt output
The starting interrupt is selected for program 4
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ADXPINTS5: PMD Trigger Interrupt Select 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 - - - - - - INTSEL5
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:2 - R [Readas"0"
Interrupt select
00: No interrupt output
01: INTADxPDA
1:0 INTSELS5[1:0] RIW
10: INTADxPDB
11: No interrupt output
The starting interrupt is selected for program 5
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11.4.21.3. ADxPSETO to 5 (PMD Trigger Program Select Register 0 to 5)

Each ADXPSETn (n = 0 to 5: Program number) is composed of 4 sets. One set includes <AINSPnm[4:0]> for

selecting AIN pin, <UVWISnm[1:0]> for informing to the vector engine, and <ENSPnm> for enabling
ADXREGmM (m =0 to 3).

ADXREGmM
ADXPSETN m=0 m=1 m=2 m=3

<ENSP00O> <ENSPO1> <ENSP02> <ENSP03>
n=0 <UVWISO00[1:0]> <UVWISO01[1:0]> <UVWISO02[1:0]> <UVWIS03[1:0]>
<AINSPO00[4:0]> <AINSP01[4:0]> <AINSP02[4:0]> <AINSPO03[4:0]>

<ENSP10> <ENSP11> <ENSP12> <ENSP13>
n=1 <UVWISI0[1:0]> | <UVWISL1[1:0]> | <UVWIS12[1:0]> | <UVWIS13[1:0]>
<AINSP10[4:0]> <AINSP11[4:0]> <AINSP12[4:0]> <AINSP13[4:0]>

<ENSP20> <ENSP21> <ENSP22> <ENSP23>
n=2 <UVWIS20[1:0]> <UVWIS21[1:0]> <UVWIS22[1:0]> <UVWIS23[1:0]>
<AINSP20[4:0]> <AINSP21[4:0]> <AINSP22[4:0]> <AINSP23[4:0]>

<ENSP30> <ENSP31> <ENSP32> <ENSP33>
n=3 <UVWIS30[1:0]> | <UVWIS31[1:0]> | <UVWIS32[1:0]> | <UVWIS33[1:0]>
<AINSP30[4:0]> <AINSP31[4:0]> <AINSP32[4:0]> <AINSP33[4:0]>

<ENSP40> <ENSP41> <ENSP42> <ENSP43>
n=4 <UVWIS40[1:0]> | <UVWIS41[1:0]> | <UVWIS42[1:0]> | <UVWIS43[1:0]>
<AINSP40[4:0]> <AINSP41[4:0]> <AINSP42[4:0]> <AINSP43[4:0]>

<ENSP50> <ENSP51> <ENSP52> <ENSP53>
n=>5 <UVWIS50[1:0]> | <UVWIS51[1:0]> | <UVWIS52[1:0]> | <UVWIS53[1:0]>
<AINSP50[4:0]> <AINSP51[4:0]> <AINSP52[4:0]> <AINSP53[4:0]>
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Table 11.2 Select the AIN pin
<AINSP0O0[4:0]> to ADC ADC
<AINSP53[4:0]> Unit A Unit B
0_0000 AINAO AINBO
0_0001 AINA1 AINB1
0_0010 AINA2 AINB2
0_0011 AINA3 AINB3
0_0100 AINA4 AINB4
0_0101 AINA5 AINB5
0_0110 AINAG AINB6
0_0111 AINA7 AINB7
0_1000 AINA8 AINB8
0_1001 AINA9 AINB9
0_1010 AINA10 AINB10
0_1011 AINA11 AINB11
0_1100 AINA12 AINB12
0_1101 AINA13 AINB13
0_1110 AINA14 AINB14
0_1111 Reserved AINB15
1_0000 Reserved AINB16
1_0001to1_1111 Reserved Reserved
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ADXPSETO0: PMD Trigger Program Register 0
31 30 29 28 27 26 25 24
bit symbol ENSPO03 UVWIS03 AINSPO3
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol ENSP02 UVWIS02 AINSP02
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol ENSPO1 UVWISO01 AINSPO1
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol ENSPOO UVWIS00 AINSPO00
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
ADXREG3 enable
31 ENSPO03 R/W 0: Disable
1: Enable
Phase select (for Vector Engine
30:29 UVWISO03[1:0] R/W ( gine)
See table below.
AIN select
28:24 AINSPO03[4:0] R/W .
Refer to "Table 11.2 Select the AIN pin".
ADXREG2 enable
23 ENSPO02 R/W 0: Disable
1: Enable
Phase select (for Vector Engine
22:21 | UVWIS02[1:0] | RMW ( gine)
See table below.
AIN select
20:16 AINSP02[4:0] R/W .
Refer to "Table 11.2 Select the AIN pin".
ADXREG1 enable
15 ENSPO1 R/W 0: Disable
1: Enable
Phase select (for Vector Engine
14:13 UVWIS01[1:0] R/W ( gine)
See table below.
AIN select
12:8 AINSPO01[4:0] R/W .
Refer to "Table 11.2 Select the AIN pin".
ADXREGO enable
7 ENSPOO R/W 0: Disable
1: Enable
Phase select (for Vector Engine)
6:5 UVWISO00[1:0] R/W
See table below.
AIN select
4:0 AINSPO00[4:0] R/W )
Refer to "Table 11.2 Select the AIN pin".
Phase select
<UVWIS00[1:0]> to
Phase select
<UVWIS03[1:0]>
00 Not specified
01 U
10 \Y
11 W
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ADXPSET1: PMD Trigger Program Register 1
31 30 29 28 27 26 25 24
bit symbol ENSP13 UVWIS13 AINSP13
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol ENSP12 UVWIS12 AINSP12
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol ENSP11 UvWwiIS11 AINSP11
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol ENSP10 UVWIS10 AINSP10
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
ADXREG3 enable
31 ENSP13 R/W 0: Disable
1: Enable
Phase select (for Vector Engine
3020 | UVWIS13[L:0] | RW ( gine)
See table below.
AIN select
28:24 | AINSP13[4:0] RIW .
Refer to "Table 11.2 Select the AIN pin".
ADXREG2 enable
23 ENSP12 R/W 0: Disable
1: Enable
Phase select (for Vector Engine
22:21 | uVwWIS12[1:0] | RW ( gine)
See table below.
AIN select
20:16 | AINSP12[4:0] RIW .
Refer to "Table 11.2 Select the AIN pin".
ADXREG1 enable
15 ENSP11 R/W 0: Disable
1: Enable
Phase select (for Vector Engine
14:13 UVWIS11[1:0] R/W ( gine)
See table below.
AIN select
12:8 AINSP11[4:0] R/W .
Refer to "Table 11.2 Select the AIN pin".
ADXREGO enable
7 ENSP10 R/W 0: Disable
1: Enable
Phase select (for Vector Engine)
6:5 UVWIS10[1:0] | R/W
See table below.
AIN select
4:0 AINSP10[4:0] RIW )
Refer to "Table 11.2 Select the AIN pin".
Phase select
<UVWIS10[1:0]> to
Phase select
<UVWIS13[1:0]>
00 Not specified
01 U
10 \Y
11 W
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ADXPSET2: PMD Trigger Program Register 2
31 30 29 28 27 26 25 24
bit symbol ENSP23 UVWIS23 AINSP23
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol ENSP22 UVvVWwISs22 AINSP22
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol ENSP21 UvwiISs21 AINSP21
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol ENSP20 UVWIS20 AINSP20
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
ADXREG3 enable
31 ENSP23 R/W 0: Disable
1: Enable
Phase select (for Vector Engine
3020 | UvwiIs23[1:0] | RW ( gine)
See table below.
AIN select
28:24 AINSP23[4:0] R/W .
Refer to "Table 11.2 Select the AIN pin".
ADXREG2 enable
23 ENSP22 R/W 0: Disable
1: Enable
Phase select (for Vector Engine
22:21 | uvwiIs22[1:0] | RW ( gine)
See table below.
AIN select
20:16 AINSP22[4:0] R/W .
Refer to "Table 11.2 Select the AIN pin".
ADXREG1 enable
15 ENSP21 R/W 0: Disable
1: Enable
Phase select (for Vector Engine
14:13 UVWIS21[1:0] R/W ( gine)
See table below.
AIN select
12:8 AINSP21[4:0] R/W .
Refer to "Table 11.2 Select the AIN pin".
ADXREGO enable
7 ENSP20 R/W 0: Disable
1: Enable
Phase select (for Vector Engine)
6:5 UVWIS20[1:0] | R/W
See table below.
AIN select
4:0 AINSP20[4:0] RIW )
Refer to "Table 11.2 Select the AIN pin".
Phase select
<UVWIS20[1:0]> to
Phase select
<UVWIS23[1:0]>
00 Not specified
01 U
10 \Y
11 W
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ADXPSET3: PMD Trigger Program Register 3
31 30 29 28 27 26 25 24
bit symbol ENSP33 UVWIS33 AINSP33
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol ENSP32 UVWIS32 AINSP32
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol ENSP31 UVWIS31 AINSP31
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol ENSP30 UVWIS30 AINSP30
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
ADXREG3 enable
31 ENSP33 R/W 0: Disable
1: Enable
Phase select (for Vector Engine
30:29 UVWIS33[1:0] R/W ( gine)
See table below.
AIN select
28:24 AINSP33[4:0] R/W .
Refer to "Table 11.2 Select the AIN pin".
ADXREG2 enable
23 ENSP32 R/W 0: Disable
1: Enable
Phase select (for Vector Engine
22:21 | UVWIS32[1:0] | RW ( gine)
See table below.
AIN select
20:16 AINSP32[4:0] R/W .
Refer to "Table 11.2 Select the AIN pin".
ADXREG1 enable
15 ENSP31 R/W 0: Disable
1: Enable
Phase select (for Vector Engine
14:13 UVWIS31[1:0] R/W ( gine)
See table below.
AIN select
12:8 AINSP31[4:0] R/W .
Refer to "Table 11.2 Select the AIN pin".
ADXREGO enable
7 ENSP30 R/W 0: Disable
1: Enable
Phase select (for Vector Engine)
6:5 UVWIS30[1:0] | R/W
See table below.
AIN select
4:0 AINSP30[4:0] RIW )
Refer to "Table 11.2 Select the AIN pin".
Phase select
<UVWIS30[1:0]> to
Phase select
<UVWIS33[1:0]>
00 Not specified
01 U
10 \Y
11 W
334 /624 2023-07-21

Rev. 1.1



TOSHIBA

TMPM370FYDFG
TMPM370FYFG
ADXPSET4: PMD Trigger Program Register 4
31 30 29 28 27 26 25 24
bit symbol ENSP43 UVvWwIS43 AINSP43
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol ENSP42 UVWISs42 AINSP42
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol ENSP41 UvWwiIs41 AINSP41
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol ENSP40 UVWIS40 AINSP40
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
ADXREG3 enable
31 ENSP43 R/W 0: Disable
1: Enable
Phase select (for Vector Engine
3029 | UVwIS43[1:0] | RIW ( gine)
See table below.
AIN select
28:24 | AINSP43[4:0] RIW .
Refer to "Table 11.2 Select the AIN pin".
ADXREG2 enable
23 ENSP42 R/W 0: Disable
1: Enable
Phase select (for Vector Engine
2221 | uvwis42[1:0] | RW ( gine)
See table below.
AIN select
20:16 | AINSP42[4:0] RIW .
Refer to "Table 11.2 Select the AIN pin".
ADXREG1 enable
15 ENSP41 R/W 0: Disable
1: Enable
Phase select (for Vector Engine
14:13 UVWIS41[1:0] R/W ( gine)
See table below.
AIN select
12:8 AINSP41[4:0] RIW )
Refer to "Table 11.2 Select the AIN pin".
ADXREGO enable
7 ENSP40 R/W 0: Disable
1: Enable
Phase select (for Vector Engine)
6:5 UVWIS40[1:0] | R/W
See table below.
AIN select
4:0 AINSP40[4:0] RIW )
Refer to "Table 11.2 Select the AIN pin".
Phase select
<UVWIS40[1:0]> to
Phase select
<UVWIS43[1:0]>
00 Not specified
01 U
10 \Y
11 W
335 /624 2023-07-21

Rev. 1.1



TOSHIBA

TMPM370FYDFG
TMPM370FYFG
ADXPSET5: PMD Trigger Program Register 5
31 30 29 28 27 26 25 24
bit symbol ENSP53 UVWIS53 AINSP53
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol ENSP52 UVWIS52 AINSP52
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol ENSP51 UVWIS51 AINSP51
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol ENSP50 UVWIS50 AINSP50
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
ADXREG3 enable
31 ENSP53 R/W 0: Disable
1: Enable
Phase select (for Vector Engine
30:29 UVWIS53[1:0] R/W ( gine)
See table below.
AIN select
28:24 | AINSP53[4:0] RIW .
Refer to "Table 11.2 Select the AIN pin".
ADXREG2 enable
23 ENSP52 R/W 0: Disable
1: Enable
Phase select (for Vector Engine
22:21 | UVWIS52[1:0] | RW ( gine)
See table below.
AIN select
20:16 | AINSP52[4:0] RIW .
Refer to "Table 11.2 Select the AIN pin".
ADXREG1 enable
15 ENSP51 R/W 0: Disable
1: Enable
Phase select (for Vector Engine
14:13 UVWIS51[1:0] R/W ( gine)
See table below.
AIN select
12:8 AINSP51[4:0] R/W .
Refer to "Table 11.2 Select the AIN pin".
ADXREGO enable
7 ENSP50 R/W 0: Disable
1: Enable
Phase select (for Vector Engine)
6:5 UVWIS50[1:0] | R/W
See table below.
AIN select
4:0 AINSP50[4:0] RIW )
Refer to "Table 11.2 Select the AIN pin".
Phase select
<UVWIS50[1:0]> to
Phase select
<UVWIS53[1:0]>
00 Not specified
01 U
10 \Y
11 W
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11.4.22. ADXTSETO3/ADXTSET47/ADXTSET811 (Timer Trigger Program Registers)
AD conversion can be started by trigger signal INTTB51 generated by TMRB5.

Timer Trigger Program Registers are configured by twelve setting register set. The Timer Trigger Program

Register number (m = 0 to 11) corresponds to the AD Conversion Result Register number.

Setting <ENSTm> to "1" enables one setting register set.

<AINSTm[4:0]> are used to select the AIN input which is used for AD conversion.

When finished AD conversion by a timer trigger, INTADXTMR is generated.

Table 11.3 Select the AIN pin

<AINSTO[4:0]> to ADC ADC

<AINST11[4:0]> Unit A Unit B
0_0000 AINAO AINBO
0_0001 AINA1 AINB1
0_0010 AINA2 AINB2
0_0011 AINA3 AINB3
0_0100 AINA4 AINB4
0_0101 AINA5 AINB5
0_0110 AINA6 AINB6
0_0111 AINA7 AINB7
0_1000 AINAS8 AINBS8
0_1001 AINA9 AINB9
0_1010 AINA10 AINB10
0_1011 AINA11 AINB11
0_1100 AINA12 AINB12
0_1101 AINA13 AINB13
0_1110 AINA14 AINB14
0_1111 Reserved AINB15
1_0000 Reserved AINB16

1_0001 to 1_1111 Reserved Reserved
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ADXTSETO03: Timer Trigger Program Registers 03
31 30 29 28 27 26 25 | 24
bit symbol ENST3 - - AINST3
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol ENST2 - - AINST2
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol ENST1 - - AINST1
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol ENSTO - - AINSTO
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
ADXREG3 enable
31 ENST3 R/W 0: Disable
1: Enable
30:29 - R Read as "0".
AIN select
28:24 AINST3[4:0] RIW .
Refer to "Table 11.3 Select the AIN pin".
ADXREG2 enable
23 ENST2 R/W 0: Disable
1: Enable
22:21 - R Read as "0".
AIN select
20:16 AINST2[4:0] RIW .
Refer to "Table 11.3 Select the AIN pin".
ADXREG1 enable
15 ENST1 R/IW 0: Disable
1: Enable
14:13 - R Read as "0".
AIN select
12:8 AINST1[4:0] R/IW .
Refer to "Table 11.3 Select the AIN pin".
ADXREGO enable
7 ENSTO R/W 0: Disable
1: Enable
6:5 - R Read as "0".
AIN select
4:0 AINSTO[4:0] RIW )
Refer to "Table 11.3 Select the AIN pin".
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ADXTSET47: Timer Trigger Program Registers 47
31 30 29 28 27 26 25 | 24
bit symbol ENST7 - - AINST7
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol ENST6 - - AINST6
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol ENST5 - - AINST5
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol ENST4 - - AINST4
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
ADXREG?7 enable
31 ENST7 R/W 0: Disable
1: Enable
30:29 - R Read as "0".
AIN select
28:24 AINST7[4:0] RIW .
Refer to "Table 11.3 Select the AIN pin".
ADXREGS6 enable
23 ENST6 R/W 0: Disable
1: Enable
22:21 - R Read as "0".
AIN select
20:16 AINST6[4:0] RIW .
Refer to "Table 11.3 Select the AIN pin".
ADXREGS5 enable
15 ENST5 R/IW 0: Disable
1: Enable
14:13 - R Read as "0".
AIN select
12:8 AINST5[4:0] RIW _
Refer to "Table 11.3 Select the AIN pin".
ADXREG4 enable
7 ENST4 R/W 0: Disable
1: Enable
6:5 - R Read as "0".
AIN select
4:0 AINST4[4:0] RIW )
Refer to "Table 11.3 Select the AIN pin".
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ADXTSET811: Timer Trigger Program Registers 811
31 30 29 28 27 26 25 | 24
bit symbol ENST11 - - AINST11
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol ENST10 - - AINST10
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol ENST9 - - AINST9
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol ENST8 - - AINST8
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
ADXREG11 enable
31 ENST11 R/W 0: Disable
1: Enable
30:29 - R Read as "0".
AIN select
28:24 | AINST11[4:0] RIW .
Refer to "Table 11.3 Select the AIN pin".
ADXREG10 enable
23 ENST10 R/W 0: Disable
1: Enable
22:21 - R Read as "0".
AIN select
20:16 AINST10[4:0] RIW .
Refer to "Table 11.3 Select the AIN pin".
ADXREG9 enable
15 ENST9 R/IW 0: Disable
1: Enable
14:13 - R Read as "0".
AIN select
12:8 AINST9[4:0] R/IW .
Refer to "Table 11.3 Select the AIN pin".
ADXREGS enable
7 ENSTS8 R/W 0: Disable
1: Enable
6:5 - R Read as "0".
AIN select
4:0 AINST8[4:0] RIW )
Refer to "Table 11.3 Select the AIN pin".
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11.4.23. ADXSSETO03/ADXxSSET47/ADxSSET811 (Software Trigger Program Registers)

AD conversion can be started by software.

Software Trigger Program Registers are configured by twelve setting register set. The numbers of the Software

Trigger Program Registers (m = 0 to 11) correspond to those of the AD Conversion Result Registers.

Setting <ENSSm> to "1" enables one setting register set.

<AINSSmM[4:0]> are used to select the AIN input which is used for AD conversion.

When finished AD conversion by a software trigger, INTADXSFT is generated.

Table 11.4 Select the AIN pin

<AINSS0[4:0]> to ADC ADC

<AINSS11[4:0]> Unit A Unit B
0_0000 AINAO AINBO
0_0001 AINA1 AINB1
0_0010 AINA2 AINB2
0_0011 AINA3 AINB3
0_0100 AINA4 AINB4
0_0101 AINA5 AINB5
0_0110 AINA6 AINB6
0_0111 AINA7 AINB7
0_1000 AINAS8 AINBS8
0_1001 AINA9 AINB9
0_1010 AINA10 AINB10
0_1011 AINA11 AINB11
0_1100 AINA12 AINB12
0_1101 AINA13 AINB13
0_1110 AINA14 AINB14
0_1111 Reserved AINB15
1_0000 Reserved AINB16

1_0001 to 1_1111 Reserved Reserved
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ADXSSETO03: Software Trigger Program Registers 03
31 30 29 28 27 26 25 | 24
bit symbol ENSS3 - - AINSS3
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol ENSS2 - - AINSS2
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol ENSS1 - - AINSS1
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol ENSSO0 - - AINSSO
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
ADXREG3 enable
31 ENSS3 R/W 0: Disable
1: Enable
30:29 - R Read as "0".
AIN select
28:24 AINSS3[4:0] R/W .
Refer to "Table 11.4 Select the AIN pin".
ADXREG2 enable
23 ENSS2 R/W 0: Disable
1: Enable
22:21 - R Read as "0".
AIN select
20:16 AINSS2[4:0] R/W .
Refer to "Table 11.4 Select the AIN pin".
ADXREG1 enable
15 ENSS1 R/IW 0: Disable
1: Enable
14:13 - R Read as "0".
AIN select
12:8 AINSS1[4:0] RIW .
Refer to "Table 11.4 Select the AIN pin".
ADXREGO enable
7 ENSSO0 R/W 0: Disable
1: Enable
6:5 - R Read as "0".
AIN select
4:0 AINSS0[4:0] R/W )
Refer to "Table 11.4 Select the AIN pin".
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ADXSSET47: Software Trigger Program Registers 47
31 30 29 28 27 26 25 | 24
bit symbol ENSS7 - - AINSS7
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol ENSS6 - - AINSS6
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol ENSS5 - - AINSS5
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol ENSS4 - - AINSS4
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
ADXREG?7 enable
31 ENSS7 R/W 0: Disable
1: Enable
30:29 - R Read as "0".
AIN select
28:24 AINSS7[4:0] RIW .
Refer to "Table 11.4 Select the AIN pin".
ADXREGS6 enable
23 ENSS6 R/W 0: Disable
1: Enable
22:21 - R Read as "0".
AIN select
20:16 AINSS6[4:0] R/W .
Refer to "Table 11.4 Select the AIN pin".
ADXREGS5 enable
15 ENSS5 R/W 0: Disable
1: Enable
14:13 - R Read as "0".
AIN select
12:8 AINSS5[4:0] RIW .
Refer to "Table 11.4 Select the AIN pin".
ADXREG4 enable
7 ENSS4 R/W 0: Disable
1: Enable
6:5 - R Read as "0".
AIN select
4:0 AINSS4[4:0] RIW )
Refer to "Table 11.4 Select the AIN pin".
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ADXSSET811: Software Trigger Program Registers 811
31 30 29 28 27 26 25 24
bit symbol ENSS11 - - AINSS11
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol ENSS10 - - AINSS10
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol ENSS9 - - AINSS9
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol ENSS8 - - AINSS8
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
ADXREG11 enable
31 ENSS11 R/W 0: Disable
1: Enable
30:29 - R Read as "0".
AIN select
28:24 | AINSS11[4:0] RIW .
Refer to "Table 11.4 Select the AIN pin".
ADXREG10 enable
23 ENSS10 R/W 0: Disable
1: Enable
22:21 - R Read as "0".
AIN select
20:16 AINSS10[4:0] R/W .
Refer to "Table 11.4 Select the AIN pin".
ADXREG9 enable
15 ENSS9 R/W 0: Disable
1: Enable
14:13 - R Read as "0".
AIN select
12:8 AINSS9[4:0] RIW .
Refer to "Table 11.4 Select the AIN pin".
ADXREGS enable
7 ENSS8 R/W 0: Disable
1: Enable
6:5 - R Read as "0".
AIN select
4:0 AINSS8[4:0] R/W )
Refer to "Table 11.4 Select the AIN pin".
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11.4.24. ADXASETO3/ADXASET47/ADXASET811 (Constant Conversion Program
Registers)
AD conversion can be used as constant conversion.
Constant Conversion Program Registers are configured by twelve setting register set. The numbers of the Constant
Conversion Program Registers (m = 0 to 11) correspond to those of the AD Conversion Result Registers.
Setting <ENSAmM> to "1" enables one setting register set.

<AINSAmM[4:0]> are used to select the AIN input which is used for AD conversion.

Table 11.5 Select the AIN pin

<AINSAOQ[4:0]> to ADC ADC

<AINSA11[4:0]> Unit A Unit B
0_0000 AINAO AINBO
0_0001 AINA1 AINB1
0_0010 AINA2 AINB2
0_0011 AINA3 AINB3
0_0100 AINA4 AINB4
0_0101 AINA5 AINB5
0_0110 AINA6 AINB6
0_0111 AINA7 AINB7
0_1000 AINAS8 AINBS8
0_1001 AINA9 AINB9
0_1010 AINA10 AINB10
0_1011 AINA11 AINB11
0_1100 AINA12 AINB12
0_1101 AINA13 AINB13
0_1110 AINA14 AINB14
0_1111 Reserved AINB15
1_0000 Reserved AINB16

1_0001 to 1_1111 Reserved Reserved
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ADXASETO03: Constant Conversion Program Registers 03
31 30 29 28 27 26 25 | 24
bit symbol ENSA3 - - AINSA3
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol ENSA2 - - AINSA2
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol ENSA1 - - AINSA1
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol ENSAO - - AINSAO
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
ADXREG3 enable
31 ENSA3 R/W 0: Disable
1: Enable
30:29 - R Read as "0".
AIN select
28:24 AINSA3[4:0] RIW .
Refer to "Table 11.5 Select the AIN pin".
ADXREG2 enable
23 ENSA2 R/W 0: Disable
1: Enable
22:21 - R Read as "0".
AIN select
20:16 AINSA2[4:0] RIW .
Refer to "Table 11.5 Select the AIN pin".
ADXREG1 enable
15 ENSA1 R/IW 0: Disable
1: Enable
14:13 - R Read as "0".
AIN select
12:8 AINSA1[4:0] RIW )
Refer to "Table 11.5 Select the AIN pin".
ADXREGO enable
7 ENSAO R/W 0: Disable
1: Enable
6:5 - R Read as "0".
AIN select
4:0 AINSA0[4:0] RIW )
Refer to "Table 11.5 Select the AIN pin".
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ADXASET47: Constant Conversion Program Registers 47
31 30 29 28 27 26 25 | 24
bit symbol ENSA7 - - AINSA7
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol ENSA6 - - AINSA6
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol ENSA5 - - AINSA5
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol ENSA4 - - AINSA4
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
ADXREG?7 enable
31 ENSA7 R/W 0: Disable
1: Enable
30:29 - R Read as "0".
AIN select
28:24 AINSA7[4:0] RIW .
Refer to "Table 11.5 Select the AIN pin".
ADXREGS6 enable
23 ENSA6 R/W 0: Disable
1: Enable
22:21 - R Read as "0".
AIN select
20:16 AINSA6[4:0] RIW .
Refer to "Table 11.5 Select the AIN pin".
ADXREGS5 enable
15 ENSA5 R/IW 0: Disable
1: Enable
14:13 - R Read as "0".
AIN select
12:8 AINSA5[4:0] RIW .
Refer to "Table 11.5 Select the AIN pin".
ADXREG4 enable
7 ENSA4 R/W 0: Disable
1: Enable
6:5 - R Read as "0".
AIN select
4:0 AINSA4[4:0] RIW )
Refer to "Table 11.5 Select the AIN pin".
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ADXASET811: Constant Conversion Program Registers 811
31 30 29 28 27 26 25 24
bit symbol ENSA11 - - AINSA11
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol ENSA10 - - AINSA10
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol ENSA9 - - AINSA9
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol ENSA8 - - AINSAS8
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
ADXREG11 enable
31 ENSA11l R/W 0: Disable
1: Enable
30:29 - R Read as "0".
AIN select
28:24 | AINSA11[4:0] RIW .
Refer to "Table 11.5 Select the AIN pin".
ADXREG10 enable
23 ENSA10 R/W 0: Disable
1: Enable
22:21 - R Read as "0".
AIN select
20:16 | AINSA10[4:0] RIW .
Refer to "Table 11.5 Select the AIN pin".
ADXREG9 enable
15 ENSA9 R/IW 0: Disable
1: Enable
14:13 - R Read as "0".
AIN select
12:8 AINSA9[4:0] RIW .
Refer to "Table 11.5 Select the AIN pin".
ADXREGS enable
7 ENSA8 R/W 0: Disable
1: Enable
6:5 - R Read as "0".
AIN select
4:0 AINSAB8[4:0] RIW )
Refer to "Table 11.5 Select the AIN pin".
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11.4.25. ADxMOD3 (Mode Setting Register 3)
31 30 29 28 27 26 25 24
bit symbol -
After reset 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
15 14 13 12 11 10 9 8
bit symbol -
After reset 0 0 0 0 1 0 0
7 5 4 3 2 1 0
bit symbol PMODE -
After reset 0 0 1 1 0 0 0
Bit Bit Symbol Type Function
31:16 R |Readas"0"
15:11 R/W [ Write as "00000".
10:6 R/W | Write as "10001".
5:3 PMODE[2:0] R/W | Write as "100".
2:0 R/W | Write as "000".
Note: The value which is specified in above table must be set to ADxMOD3.
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11.5. Operation Descriptions

11.5.1. Analog Reference Voltage
For the analog reference voltage, "High" level and "Low" level voltage are applied to the VREFHx and VREFLXx
pins of ADC unit B, respectively. There are no registers for controlling current between VREFHXx and VREFLX.

The constant current is flowed continuously.

Notel: During AD conversion, do not change the output data of port I/J/K, to avoid the influence on the
conversion result.
Note2: AD conversion results might be unstable by the following conditions.
- Input operation is executed during AD conversion.
- Output operation is executed during AD conversion.
- Output current of port varies during AD conversion.
Take a countermeasure such as averaging the multiple conversion results, to get precise value.

11.5.2. Starting AD Conversion
AD conversion is started by the following 3 trigger signals.
= Software trigger
= PMD trigger

= Timer trigger
These start triggers are given priorities as shown below.
PMD trigger0 > - > PMDtrigger5 > Timertrigger > Software trigger > Constant conversion
When a higher-priority trigger occurs while an AD conversion is in progress, the ongoing AD conversion is
handled to stop, and a program corresponding to a higher-priority trigger starts. When the higher-priority PMD
trigger occurs while a PMD triggered AD conversion is in progress, the PMD trigger is handled after the ongoing

AD conversion is completed.

It has some delay from generation of trigger to start of AD conversion. The following timing chart and table show

the delay.
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Trigger

1st conversion
Busy flag

2nd conversion

ADXMOD2<ADBFN> _ ' | E'_
1
[}

AD conversion result

1
1
Resulf of 1st conversion

1

register O(ADXREGO)

AD conversion result
register 1(ADXxREG1)

Result of 2nd conversion

o fo e

_L___><_4f

< Sl Sl
) 1 0
Delay time AD conversion time Delay time AD conversion time
from trigger to the next
conversion

Figure 11.3 Timing Chart of AD Conversion

Table 11.6 AD conversion time and delay time (SCLK = 40MHz)

fsys = 80MHz fsys = 40MHz
Conversion start
. MIN MAX MIN MAX
trigger
PMD 0.125 0.163 0.225 0.3
Delay time from
. TMRB 0.125 0.263 0.225 0.5
trigger [us]
Software,
(Note1) _ 0.138 0.275 0.25 0.525
Constant conversion
AD comparison time
- 1.85 1.85
[bs]
Delay time to the next PMD 0.1 0.125 0.175 0.225
conversion [us] TMRB, Software,
. 0.1 0.238 0.175 0.425
(Note2) Constant conversion

Notel: Delay time from trigger to start of AD conversion

Note2: Delay time to the 2nd or after conversion in plural conversions with one trigger
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11.5.3. AD Conversion Monitoring Function

The ADC has the AD conversion monitoring function. When this function is enabled, an interrupt is generated

when the result matches the specified comparison condition.

To enable the monitoring function, set ADXCMPCRn<CMPNEN> to "1". In the monitoring function, the value of
AD conversion result register specified by <REGSn> and the value of ADXCMPn are compared. When the
compared result is matched to the condition which is specified by <ADBIGn>, the compare counter is
incremented. The comparison is executed at the timing of storing the conversion result.

When the compare counter is matched to the condition specified by <CMPCNTn[3:0]>, INTADXCPn is generated.

Notel: The AD conversion result store flag (<KADRORF> to <ADR11RF>) is not cleared by reading of the AD

conversion monitoring function.

Note2: The AD conversion monitoring function differs from reading the conversion result by software. Therefore,
when the next conversion is completed without reading the previous result by software, the overrun flag
(<OVRO0> to <OVR11>) is set.

11.6. Timing chart of AD conversion

The following shows a timing chart of software trigger conversion, constant conversion and acceptance of PMD

and timer trigger.

11.6.1. Software trigger Conversion

In the software trigger conversion, the interrupt is generated after completion of conversion programmed by
ADXSSET03, ADXSSET47 and ADXSSET811 (Refer to Figure 11.4).

When ADXMOD1<ADEN> is cleared to "0" during AD conversion, the ongoing conversion stops without storing

to the result register (Refer to Figure 11.5).
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Condition
Software Trigger setting: AINXx9, AINx10, AINx11, AINx12

Software Trigger conversion
ADXMODO<ADSS> ="1" _/_\

AINX9
conversion

AINX10
conversion

AINx11
conversion

AINX12
conversion

AD conversion

Busy flag varies

. every conversion.
AD conversion busy flag Y

ADXMOD2<ADBFN>

Software conversion busy flag
ADXMOD2<ADSFN> / INTADXSFT is generated by < \

the completion of selected
AD conversion at the timing
Software trigger AD conversion of clearing <ADSFN> to "0". / \
interrupt (INTADXSFT)

Figure 11.4 Software Trigger AD Conversion Timing Chart

Condition
Software Trigger setting: AINx10, AINx11, AINx12

AD conversion enable/ disable
ADXMOD1<ADEN> /

A\

During AD conversion, ADSFN is
cleared to "0" immediately

Software Trigger conversion _/_\ after clearing ADEN to "0".
ADXMODO<ADSS> ="1"

AD conversion busy flag Clearing of <ADBFN> is delayed
ADXMODE2<ADBFEN> /  AINx10 conversion \ / AINx11 conversion \ against <ADSFN>.

[

. R
Software conversion busy flag / The result of AINx10 The conversion of AINx12 doesn't start.
ADXMOD2<ADSFN> is stored to the result .
register. The result of AINx11 is not

stored to the result register.
AD Conversion result register X Result register for AINx10

Figure 11.5 Writing "0" to <ADEN> during Software Trigger AD Conversion
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11.6.2. Constant Conversion
In the constant conversion, when the next conversion completes without reading the previous result from the
conversion result register, the overrun flag is set to "1". In this case, the previous conversion result in the
conversion result register is overwritten by the next result. The overrun flag is cleared by reading of the conversion

result. (Refer to Figure 11.6)

Condition
Constant conversion setting: AINx9

Constant conversion control
ADXMOD1<ADAS> ="1" /

AD Conversion / AINX9 AINX9 / AINX9  \ /AN \ /" AINXO
conversion conversion conversion conversion < conversion

>F N\
S><PF N\

AD conversion result register X 1st result of AINX9 Zrid result of AINX9 3rld result of AINX9 X 4th result of AINx9

AD conversion busy flag /
ADXMOD2<ADBFN> / \_/ \__/
2nd result is read. 3rd resutlt is read.
Reading the result register \
(16bit) \

AD conversion result store flag /

ADXREG9<ADRI9RF> / \_/ \—

Over run flagis set Reading of 2nd result makes
caused by no reading over run flag cleared.

Over run flag of 1stresult. /—\
ADXREG9<OVR9>

Figure 11.6 Constant Conversion Timing Chart
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11.6.3. AD Conversion by Trigger

When the PMD trigger is occurred during the software trigger conversion, the ongoing conversion stops
immediately and start AD conversion corresponding to PMD trigger. (Refer to Figure 11.7) After the completion
of conversion by PMD trigger, the software trigger conversion starts from the beginning programmed setting.

When the timer trigger is occurred, also same response. (Refer to Figure 11.8)

Condition
Software Trigger setting: AINAO,AINAL,AINA2
PMD trigger setting: AINA4

PMD trigger / \ <

A)The conversion of AINAL is stopped R

by PMD trigger and starts the

conversion }_rigge_r byPMD._ ______ N
i AINAO conversion AINAL / . \
AD conversion by software trigger \ / conversion \ /' AINA4 Conversion by '\ AINAO to AINA2

by software | PMD trigger conversion by
trigger | |

software trigger

»

A

] 250ns |« >

. . AD Conversion by
PMD trigger conversion Software trigger PMD trigger
interrupt request

(When the interrupt request is / \ «
Y

The interrupt
request occurs
after completion
of the software
AD conversion.

AD Conversion by AD Conversion by

|
|
! Upto ! :
I
! Software trigger

enabled by ADxPINTS)
Software trigger conversion l
interrupt request /_\_
(INTADXSFT) %

Figure 11.7 AD Conversion by PMD Trigger During AD conversion

Condition
Software Trigger setting: AINAO,AINAL,AINA2
Timer trigger setting: AINA4

Timer trigger

The conversion of AINAL is stopped »
by timer trigger and starts the

conversionrtﬂgggred by timer,

___________ \
AD conversion /  AINAO conversion  \ / AINAL / . \
by software trigger conversion ! ?INA‘: Conversion by AINAO to AINA2
by software | | imer trigger conversion by

software trigger

: |
trigger | | |
|
"upto ! ! i
< | 9P | g ! g The interrupt
< - i 450ns € - =T i ti
AD Conversion by AD Conversion by | AD Conversion by requestis
. . . Software trigger ' ' timer trigger ' Software trigger generated after
Timer trigger conversion completion of the
interrupt request (INTADXTMR) /_\ software AD
<C conversion.
P
Software trigger conversion
interrupt request
(INTADXSFT) I
P2

Figure 11.8 AD Conversion by Timer Trigger During AD conversion

Note: When timer trigger is not used, do not use INTTB51. Set TB5IM<TBIM1> to "1".
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11.7. Usage Example

11.7.1. Example When Using PMD chO (3 shunts) and one AD converter (unit A)

An example circuit when using PMD chO (3 shunts) and one AD converter (unit A) is shown below;

U ——p
V ——— P

W ——— P

Figure 11.9 Example Circuit When Using PMD ChO0 (3 Shunts) and One AD Converter (Unit A)

An example of AD converter unit A settings is shown in "Table 11.7 Example of AD Converter Unit A Settings".
A program number (0 to 5) for 6 trigger signals from PMD ch0 (PMDOTRGO to PMDOTRGS) is selected by

AINAO

AINA2

AINA1 ADCunitA

PMDOTRGO to 5

PMD chO

ADAPSELO0<PMDSO0[2:0]> to ADAPSEL5<PMDS5[2:0]>.
"U", "V" and "W" indicate the phase of a motor. AIN inputs which obtain these phases are selected.

When a trigger signal input occurs, AD conversion of AIN specified by ADAPSETN[7:0] is firstly started.
Secondly, AD conversion of AIN specified by ADAPSETN[15:8] is started. Each conversion result is stored to

one's conversion result register, INTADAPDA interrupt request occurs.

Table 11.7 Example of AD Converter Unit A Settings

» INTADAPDA

Program number 0 1 2 3 4 5
ADAPSETN[7:0] u U w \% W u
ADAPSETN[15:8] \% W U U \% w
Interrupt request INTADAPDA | INTADAPDA | INTADAPDA | INTADAPDA | INTADAPDA | INTADAPDA
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11.7.2. Example When Using PMD chO (3 shunts) and two AD converters (unit A and B)

An example circuit when using PMD chO (3 shunts) and two AD converters (unit A and B) is shown below;

U » AINA9
PMDOTRGO to 2
Y »| AINAL1O ADC unit A <€ PMD chO
w » AINA11L
» INTADAPDA
»| AINBO
»| AINBL ADC unitB <
| AINB2

» INTADBPDA

Figure 11.10 Example Circuit When Using PMD ch0 (3 shunts)

and two AD converters (unit A and B)

An example of AD converter unit A and B settings is shown in "Table 11.8 Example of AD Converter Unit Aand
B Settings".

A program number (0 to 2) for 3 trigger signals from PMD ch0 (PMDOTRGO to PMDOTRG?2) is selected by
ADAPSELO0<PMDS0[2:0]> to ADAPSEL2<PMDS2[2:0]> in AD converter unit A.

A program number (0 to 2) for 3 trigger signals from PMD ch0 (PMDOTRGO to PMDOTRG?2) is selected by
ADBPSEL0<PMDSO0[2:0]> to ADBPSEL2<PMDS2[2:0]> in AD converter unit B.

"U", "V" and "W" indicate the phase of a motor. AIN inputs which obtain these phases are selected.

When a trigger signal input occurs, AD conversions of AIN specified by ADAPSETn[7:0] and ADBPSETN[7:0]
are started simultaneously. Each conversion result is stored to one's conversion result register, INTADAPDA and
INTADBPDA interrupt requests occur.

Table 11.8 Example of AD Converter Unit A and B Settings

Program number 0 1 2
ADAPSETN[7:0] U v w
Interrupt request INTADAPDA | INTADAPDA | INTADAPDA
ADBPSETN[7:0] U v w
Interrupt request INTADBPDA | INTADBPDA | INTADBPDA
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11.7.3. Example When Using PMD chO (3 shunts), chl (1 shunt) and two AD converters
(unit A and B)
An example circuit when using PMD ch0 (3 shunts), chl (1 shunt) and two AD converters (unit A and B) is shown

below;
The AD convertor unit B is set as not generating an interrupt request in this case.

u »{ AINA9
PMDOTRGO to 5
» »i
\% B AINALO [\ i <« PMD chO
w »{ AINALL <«
R »{ AINAS
» INTADAPDA
” INTADAPDB
PMD1TRGO,1
P»{ AINBO
P AINBL ADC unitB « L PMD ch1
| AINB2

Figure 11.11 Example Circuit When Using PMD ch0 (3 shunts), ch1 (1 shunt)

and two AD converters (unit A and B)
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An example of AD converter unit A and B settings is shown in "Table 11.9 Example of AD Converter Unit A
Settings" and "Table 11.10 Example of AD Converter Unit B Settings".
In AD converter unit A, a program number (0 to 2) for 6 trigger signals (PMDOTRGO to PMDOTRG5) out of 8
trigger signals from PMD chO0 and chl is selected by ADAPSELO<PMDSO0[2:0]> to ADAPSEL5<PMDS5[2:0]>
and a program number (3 and 4) for 2 trigger signals (PMD1TRGO and PMDI1TRG1) is selected by
ADAPSEL6<PMDS6[2:0]> and ADAPSEL7<PMDS7[2:0]>.
In AD converter unit B, a program number (0 to 2) for 6 trigger signals (PMDOTRGO to PMDOTRG5) from PMD
chO is selected by ADBPSELO<PMDSO0[2:0]> to ADBPSEL5<PMDS5[2:0]>
"U", "V" and "W" indicate the phase of a motor. AIN inputs which obtain these phases are selected. "R" indicates
a resistor. AIN input which is connected with the resister is selected.
When a trigger signal input occurs, AD conversions of AIN specified by ADAPSETN[7:0], ADAPSETN[15:8],
ADAPSETN[23:16] and ADBPSET][7:0] are started. Each conversion result is stored to one's conversion result
register, INTADAPDA interrupt request for the trigger signal from PMD ch0 and INTADAPDB interrupt request
for one from PMD chl occur.

Table 11.9 Example of AD Converter Unit A Settings

Trigger signal Emgglggg Emgglggi imgglggg PMD1TRGO PMD1TRG1
Program number 0 1 2 3 4
ADAPSETN[7:0] U v w
ADAPSETN[15:8] - - - R
ADAPSETN[23:16] - - - - R
Interrupt request INTADAPDA INTADAPDA INTADAPDA - INTADAPDB

Table 11.10 Example of AD Converter Unit B Settings

PMDOTRGO PMDOTRG1 PMDOTRG2

ST S PMDOTRG3 | PMDOTRG4 | PMDOTRGS

Program number 0 1 2

ADBPSETN[7:0] % w U

Interrupt request
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11.7.4. Example When Using PMD chO (1 shunt) and one AD converter (unit A)

An example circuit when using PMD chO (1 shunt) and one AD converter (unit A) is shown below;

R—— 3 AINAD
PMDOTRGO, 1
ADC unit A ——— PMD cho

» INTADAPDA

Figure 11.12 Example Circuit When Using PMD chO (1 shunt) and one AD converter (unit A)

An example of AD converter unit A settings is shown in "Table 11.11 Example of AD Converter Unit A
Settings".

A program number (0 and 1) for 2 trigger signals from PMD chO (PMDOTRGO and PMDOTRG1) is selected by
ADAPSEL0<PMDS0[2:0]> and ADAPSEL1<PMDS1[2:0]>.

"R" indicates a resistor. AIN input which is connected with the resister is selected.

When a trigger signal input occurs, AD conversion of AIN specified by ADAPSETN[7:0] is firstly started.
Secondly, AD conversion of AIN specified by ADAPSETN[15:8] is started. Each conversion result is stored to

one's conversion result register, INTADAPDA interrupt request occurs.

Table 11.11 Example of AD Converter Unit A Settings

Trigger signal PMDOTRGO PMDOTRG1
Program number 0 1
ADAPSETN[7:0] R
ADAPSETN[15:8] - R
Interrupt request - INTADAPDA
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12. Motor Control Circuit (PMD)

12.1. Outline

The PMD consists the conduction output control and the DC overvoltage detection input to achieve one-shunt

sensorless motor control. It also can control a motor in conjunction with ADC, AMP/CMP and VE.

CPU
< Internal data bus
i Interrupt Interrupt Interrupt
request request request
A T A
> VE <
A
A4 PWM/Trigger Conversion
setting result
PMDx Synchronize trigger to ADC ADC
A
T T l Comparator AMP/CMP A
. , output
EMG detection Over voltage Conduction output Analog input for motor
input detection input oy vOx, WOXx current and motor voltage
EMGx OVVx  XOx, YOx, ZOx detection

Figure 12.1 In Conjunction with PMD, ADC, AMP/CMP and VE
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12.2. Block Diagram

The PMD is broadly divided into two blocks: a waveform generator circuit and a synchronous trigger generator
circuit.
The following circuits constitute the waveform generation circuit.

e  The pulse width modulation circuit generates 3-phase independent PWM waveforms with equal PWM

frequencies.

e  The conduction control circuit determines the output patterns of the upper and lower phases of U, V, and W

phases.

e  The protection circuit performs emergency output stop by EMGx pin input, PMDXEMG (Comparator
output) and OVVx pin input.

e The dead time control circuit prevents short circuits during switching of the upper and lower phases.

The synchronous trigger generator also generates a synchronous trigger signal to ADC.

’ Wave Generation Circuit ‘
’ PMDXMODSEL ‘ ’ PMDXCNTSTA ‘ ’ PMDXMDCR ‘ ’ PMDXMDOUT ‘ ’ o ‘ ’ PMDXEMGREL ‘ ’ PMDXDTR ‘ ’ PMDXMDPOT
’ 1 ‘ l I I I ]
Y[ v ¥ l l l l l
9 u
PMDXCMPU pwmy X L] Uoxpin
—— —— f———[] XOx pin
v d VOx pin
Y —
PMDXCMPV pwmy. Y Dead time pi
f——=— control | ——— "] YOx pin
Conduction
control w WOX pil
E— —{
- z : xon
Pulse width E— ——{J ZOx pin
modulation Protection control
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Figure 12.2 PMD Block Diagram
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12.3. Registers

12.3.1. List of Registers

The control registers and addresses are listed below.

Register name

Base+ (Address)

PMD Enable Register PMDxMDEN 0x0000
Port Output Mode Register PMDxPORTMD 0x0004
PMD Control Register PMDxMDCR 0x0008
PWM Counter Status Register PMDxCNTSTA 0x000C
PWM Counter Register PMDxMDCNT 0x0010
PWM Cycle Register PMDxMDPRD 0x0014
PWM Compare U Register PMDxCMPU 0x0018
PWM Compare V Register PMDxCMPV 0x001C
PWM Compare W Register PMDxCMPW 0x0020
Mode Select Register PMDxMODESEL 0x0024
PMD Output Control Register PMDxMDOUT 0x0028
PMD Output Setting Register PMDxMDPOT 0x002C
EMG Release Register PMDxEMGREL 0x0030
EMG Control Register PMDxEMGCR 0x0034
EMG Status Register PMDxEMGSTA 0x0038
OVV Control Register PMDxOVVCR 0x003C
OVV Status Register PMDxOVVSTA 0x0040
Dead Time Register PMDxDTR 0x0044
Trigger Compare 0 Register PMDxTRGCMPO 0x0048
Trigger Compare 1 Register PMDxTRGCMP1 0x004C
Trigger Compare 2 Register PMDxTRGCMP2 0x0050
Trigger Compare 3 Register PMDxTRGCMP3 0x0054
Trigger Control Register PMDxTRGCR 0x0058
Trigger Output Mode Setting Register PMDxTRGMD 0x005C
Trigger Output Select Register PMDxTRGSEL 0x0060
Reserved - 0x007C
Note: Access to the "Reserved" address is prohibited.
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12.3.2. PMD Control
12.3.2.1. PMDxMDEN (PMD 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 - - - - - - - PWMEN
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
311 - R Read as "0".
Waveform synthesis function enable/disable control
0: Disabled
1: Enabled
0 PWMEN R/W . .
When the ports are used as a function output (PWM output), when PMDxMDEN<PWMEN> is set to
"0", the ports used as a function output are set to "Hi-Z".
Set PMDxMDEN<PWMEN> to "1" after making settings such as output port polarity selection, etc..
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12.3.2.2. PMDxPORTMD (Port Output 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 - PORTMD
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:2 R [Readas"0"
U-phase, V-phase, W-phase, X-phase, Y-phase, Z-phase output pin control
00: Upper phase "Hi-Z"/Lower phase "Hi-Z"
01: Upper phase "Hi-Z"/Lower phase ON (Note3)
1:0 PORTMDI[1:0] R/W 10: Upper phase ON (Note3)/Lower phase "Hi-Z"
11: Upper phase ON (Note3)/Lower phase ON (Note3)
Set the output of the upper phase (UOx, VOx, and WOx pins) and the lower phase (XOx, YOx, and
ZOx pins) when debugger is halted.

Notel: When PMDXMDEN<PWMEN> is "0", the UOx, VOx, WOx, XOx, YOXx, and ZOx output pins are set to

"Hi-Z" regardless of the port output control register setting.

Note2: The UOx, VOx, WOx, XOx, YOx, and ZOx output pin control is also performed according to the setting of
PMDXEMGCR<EMGMD[1:0]> when the EMGx pin input is "Low" level

Note3: ON: PWM output continues.
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12.3.2.3. PMDxMODESEL (Mode Select 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 - - - - - - - MDSEL
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
311 - R [Readas"0"
Mode select register
0: Bus mode
1: VE Mode
PMDxMODESEL<MDSEL> selects the input method to the subsequent stage of the double buffer
from the bus mode which uses the register value set from the bus or the VE mode which uses the
value from VE.
0 MDSEL R/W
PMDxCMPU, PMDxCMPV, PMDxCMPW, PMDXTRGCMPO, PMDXTRGCMP1, and PMDxMDOUT
have a double buffer configuration.
When PMDxMODESEL<MDSEL> is "0", the data written to the register is immediately loaded to the
subsequent stage of the double buffer.
When PMDxMODESEL<MDSEL> is "1", the data is loaded to the subsequent stage of the double
buffer at the update timing inside the PMD.
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12.3.3. Pulse Width Modulation circuit

The pulse width modulation circuit has a PMD counter as a 16-bit up/down counter. It generates PWM carrier
with a resolution of 12.5ns@fsys = 80MHz. The PWM carrier waveform mode can be selected from edge-aligned
PWM (sawtooth wave modulation) as PWM mode 0 and center-aligned PWM (triangle wave modulation) as mode
1.

In addition, by setting the PWM cycle extension mode (PMDXxMDCR<PWMCK> = "1"), the PWM counter

generates PWM carriers with a resolution of 50ns.

PMDxXCNTSTA PMDxMDCR

<PWMCK>, <PINT>, <INTPRD>, <PWMMD>

PWM interrupt request
PWM control INTPWMx

A

Up/Down l

— PWM counter

Carrier peak Carrier bottom

PMDXMDPRD = ;:’c‘)'l’:irs!mg Buffer |t > j
on
—> determined |
>|  PMDXVDCNT
PMDXCMPU [T Ef'f ]:; < pwmu
—— > uffer |I
VECMPUX C—»
PMDXCMPV : |:V <
I:> ::}Eﬁer [ > P pwmy
VECMPVX C—)
—
PMDXCMPW [T v <
::> Buffer || >l P
VECMPWx C—>
PMDXMODESEL
Figure 12.3 Pulse Width Modulation Circuit
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12.3.3.1. PWM Cycle Setting
The PWM cycle is determined by PMDxMDPRD<MDPRDJ[15:0]>. PMDxMDPRD has a double-buffer

configuration and the comparator inputs are updated in PWM cycle. Updating (loading every half cycle) for each

PWM half cycle can also be selected.

Oscillation frequency [Hz]

Sawtooth wave PWM: PMDxMDPRD register setting = PWM frequency [Hz]
z

Oscillation frequency [Hz]

Triangle wave PWM: PMDxMDPRD register setting = PWM frequency x 2[Hz]
z

12.3.3.2. Compare Function

The comparator compares the 3-phase PWM compare register (PMDXCMPU/V/W) value with the carrier
generated by PMDXMDCNT<MDCNT/[15:0]> to produce a PWM waveform with the desired duty.

The PMD compare register for each phase has a comparison register, and a double-buffer configuration.

The PMD compare register value is synchronized with the PWM cycle and loaded into the compare register when
PMDxMDCNT<MDCNT[15:0]> matches PMDxMDPRD<MDPRD[15:0]>.

Update in PWM half cycle (loading every half cycle) can also be selected.

PMDxMDCNT<MDCNT[15:0]> is counted-
up to PMDXMDPRD<MDPRD[15:0]>. It is
set to "1" at the next source clock.

[ [Sawtooth wave] |

PMDxMDCNT<MDCNT[15:0]>

~
PMDXMDPRD<MDPRD[15:0]>  |========mmm oo oo e e e

PMDXCMPU<CMPU[15:0]>  |=-=====pf=mmmmfid-mmmmfomma oo oe

on
PWMU waveform

off

[ [Triangular wave] |

When switching from counting down to When switching from counting up to counting down,
counting up, PMDXMDCNT<MDCNT[15:0]> || PMDXMDCNT<MDCNT[15:0]> is PMDxMDPRD<MDPRDI[15:0]>
is "1" in two source clock counts. in two source clock counts.

PMDXMDCNT<MDCNT[15:0]>
A
PMDXMDPRD<MDPRD[15:0]>  |c-=--=======d-mmmmmmmmm oo oo

PMDXCMPU<CMPU[15:0]> | -=---3--=--==m--mmmmmmmmmmo oo Yoo

t

| | |
1 1 1
on 1 H
PWMU waveform
off

Figure 12.4 PWM Waveforms of Sawtooth and Triangle Waveform
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12.3.3.3. Waveform Mode

The following 3-phase PWM generation modes can be selected.

(1) 3-phase independent duty mode: Generates 3-phase independent PWM waveforms by setting independent
values to the 3-phase PMD compare register. This is used for arbitrary drive waveform generation, such as a

sine wave.

(2) 3-phase common duty mode: A value is set only to the U-phase PMD compare register, and 3-phase identical
PWM waveforms are generated with the set value of the U-phase. This is used for square-wave driving of DC

motor.

12.3.3.4. Interrupt Processing

The pulse width modulation circuit generates a PWM interrupt request (INTPWMX) in synchronization with the

PWM waveform. The frequency of INTPWMXx can be selected from the following.

(1) Once per half cycle of PWM cycle
(2) Once per one cycle of PWM cycle
(3) Once per two cycles of PWM cycle

(4) Once per four cycles of PWM cycle
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12.3.3.5. PMDxMDCR (PMD 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 - PWMCK SYNTMD DTYMD PINT INTPRD PWMMD
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:7 - R [Readas"0"

PWM cycle extension mode selection

0: Normal cycle

1: Quadruple cycle
6 PWMCK R/W | When the normal cycle is selected, the PWM counter operates at a resolution of 12.5ns@fsys
80MHz. The sawtooth wave resolution is 12.5ns and the triangle wave resolution is 25ns.

When the quadruple cycle is selected, the PWM counter operates at a resolution of 50ns@fsys
80MHz. The resolution of the sawtooth wave is 50ns and that of the triangle wave is 100ns.
UOx, VOx, WOx, XOx, YOx, ZOx output pin mode setting
Set the UOx, VOx, WOx, XOx, YOx, and ZOx output pins. For details, refer to Table 12.2.
Duty mode selection

0: 3-phase common duty mode
4 DTYMD R/W 1: 3-phase independent duty mode
Selects whether to use PMDxCMPU value for the duty setting for all three phases or to use
PMDxCMPU/V/W setting value independently for each of the three phases.
INTPWMx generation timing select

0: When PWM counter PMDXMDCNT<MDCNT[15:0]> = "0x0001" (min), INTPWMx occurs.

1: When PWM counter PMDxMDCNT<MDCNT[15:0]> = PMDXxMDPRD<MDPRDI[15:0]>,

INTPWMX occurs.
INTPWMx generation timing is selected from when PWM counter is "0x0001" or when PWM counter is
PMDxMDPRD<MDPRDI[15:0]>.
When PMDxMDCR<PINT>= "1", INTPWMx generation timing is as shown below according to the
setting of PMDxMDCR<PWMMD>.
When PMDXMDCR<PWMMD> = "0": When PMDxMDCNT<MDCNT[15:0]> equals to PMDxMDPRD
<MDPRD[15:0]>, INTPWMx occurs.
When PMDXMDCR<PWMMD>= "1": When PMDXxMDCNT<MDCNTJ[15:0]> equals to "0x0001" or
PMDxMDPRD<MDPRDI[15:0]>, INTPWMx occurs.

5 SYNTMD R/W

3 PINT R/W

INTPWMx generation cycle select
00: Generates INTPWMx once per half cycle of PWM cycle
(only when PMDXxMDCR<PWMMD>= "1") (Note)
2:1 INTPRD[1:0] R/W 01: Generates INTPWMx once per one cycle of PWM cycle
10: Generates INTPWMx once per 2 cycles of PWM cycle
11: Generates INTPWMx once per 4 cycles of PWM cycle
Selects the frequency at which INTPWMx occurs from every 0.5, 1, 2, and 4 PWM cycles.
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0 PWMMD

R/IW

PWM carrier waveform selection
0: PWM mode 0 (edge-aligned PWM, sawtooth wave modulation)
1: PWM mode 1 (center-aligned PWM, triangle wave modulation)

Selects PWM mode. PWM mode O is the edge-aligned PWM, and PWM mode 1 is the center-aligned

PWM.

Note: When PMDXMDCR<INTPRDI[1:0]> is "00" and PMDXxMDCNT<MDCNTJ[15:0]> matches "0x0001" or
PMDxMDPRD<MDPRD[15:0]>, data are stored to the subsequent stage of the double buffers of
PMDxCMPU/V/W and PMDxMDPRD.
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12.3.3.6. PMDxCNTSTA (PWM Counter 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 - - - - - - - UPDWN
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
311 - R [Readas"0"
PWM counter flag
0: Up counting in progress
0 UPDWN R 1: Down counting in progress
Indicates whether the PWM counter is up counting or down counting.
When PWM mode 0 is selected, "0" is always read.
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12.3.3.7. PMDxMDCNT (PWM Counter 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 MDCNT
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol MDCNT
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:16 - R [Readas"0"
PWM counter reading
The value of the 16-bit PWM counter for counting the PWM cycle can be read.
When PMDxMDCR<PWMCK> is "0", the PWM counter operates at a resolution of 12.5ns@fsys =
80MHz. The sawtooth wave resolution is 12.5ns and the triangle wave resolution is 25ns.
When PMDxMDCR<PWMCK> is "1", the PWM counter operates at a resolution of 50ns@fsys =
15:0 MDCNT[15:0] R o . o
80MHz. The sawtooth wave resolution is 50ns and the triangle wave resolution is 100ns.
When the waveform synthesis function is disabled (PMDxMDEN<PWMEN>= "0"), the PWM counter
value is as follows according to the setting of PMDxMDCR<PWMMD>.
When PMDxMDCR<PWMMD> = "0": "0x0001"
When PMDxMDCR<PWMMD> = "1": value of PMDxMDPRD<MDPRD[15:0]>
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12.3.3.8. PMDxMDPRD (PWM Cycle 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 MDPRD
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol MDPRD
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:16 - R [Readas"0"
PWM cycle setting
Set PMDxMDPRD<MDPRD[15:0]> to "0x0010" or higher.
Set PMDxMDPRD<MDPRD[15:0]> to the PWM cycle.
It has a double buffer configuration, so it can be changed even while the PWM counter is running. The
value written every PWM cycle is loaded in the subsequent stage of the double buffer.
15:0 MDPRD[15:0] R/W | Itis loaded when the PWM counter matches PMDxMDPRD<MDPRDI[15:0]>.
When PMDxMDCR<INTPRD[1:0]> is set to "00", it is loaded when the PWM counter matches
"0x0001" or PMDXxMDPRD<MDPRD[15:0]>.
At this time, set the LSB of PMDxMDPRD<MDPRD[15:0]> to "0".
When PMDxMDPRD<MDPRD[15:0]> is set to a value less than "0x0010", PMDxMDPRD
<MDPRD[15:0]> is set to setting value, but it is treated as setting "0x0010".

Note: Do not write to this register by a byte transfer instruction (upper 8 bits ([15:8]) and lower 8 bits ([7:0]) are

written separately).
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12.3.3.9. PMDxCMPU (PWM Compare U 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 CMPU1
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol CMPU1
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:16 - R |Read as "0".
R First stage of double buffer (written value) can be read.
U-phase PWM pulse width setting
Set the U-phase PWM pulse width with PMDxCMPU<CMPU1[15:0]>.
The resolution of the U-phase PWM pulse width is 12.5ns@fsys = 80MHz. The sawtooth wave
resolution is 12.5ns and the triangle wave resolution is 25ns.
PMDxCMPU<CMPUL1[15:0]> has a double buffer configuration, so it can be changed even while the
15:0 CMPU1[15:0] W PWM counter is running. The value written every PWM cycle is loaded in the subsequent stage of the
double buffer.
PWM pulse width is determined by comparing the value of the PWM counter and the subsequent
stage of double buffer.
PWM pulse width is loaded when the PWM counter matches PMDxMDPRD<MDPRD[15:0]>.
When PMDXxMDCR<INTPRDI[1:0]> is set to "00", PWM pulse width is loaded when the PWM counter
matches "0x0001" or PMDxMDPRD<MDPRD[15:0]>.

Notel: To load the data written in this register to the subsequent stage of double buffer immediately, set

PMDxMODESEL <MDSEL> to "0".

Note2: Do not write to this register by byte transfer command (upper 8 bits ([15:8]) and lower 8 bits ([7:0]) are

written separately).
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12.3.3.10. PMDxCMPV (PWM Compare V 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 CMPV1
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol CMPV1
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:16 - R |Read as "0".
R First stage of double buffer (written value) can be read.
V-phase PWM pulse width setting
Set the V-phase PWM pulse width with PMDxCMPV<CMPV1[15:0]>.
The resolution of the V-phase PWM pulse width is 12.5ns@fsys = 80MHz. The sawtooth wave
resolution is 12.5ns and the triangle wave resolution is 25ns.
PMDxCMPV<CMPV1[15:0]> has a double buffer configuration, so it can be changed even while the
15:0 CMPV1[15:0] W PWM counter is running. The value written every PWM cycle is loaded in the subsequent stage of the
double buffer.
PWM pulse width is determined by comparing the value of the PWM counter and the subsequent
stage of double buffer.
PWM pulse width is loaded when the PWM counter matches PMDxMDPRD<MDPRD[15:0]>.
When PMDXxMDCR<INTPRDI[1:0]> is set to "00", PWM pulse width is loaded when the PWM counter
matches "0x0001" or PMDxMDPRD<MDPRD[15:0]>.

Notel: To load the data written in this register to the subsequent stage of double buffer immediately, set
PMDxMODESEL <MDSEL> to "0".

Note2: Do not write to this register by byte transfer command (upper 8 bits ([15:8]) and lower 8 bits ([7:0]) are

written separately).
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12.3.3.11. PMDxCMPW (PWM Compare W 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 CMPW1
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol CMPW1
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:16 - R |Read as "0".
R First stage of double buffer (written value) can be read.
W-phase PWM pulse width setting
Set the W-phase PWM pulse width with PMDxCMPW<CMPW1[15:0]>.
The resolution of the W-phase PWM pulse width is 12.5ns@fsys = 80MHz. The sawtooth wave
resolution is 12.5ns and the triangle wave resolution is 25ns.
PMDxCMPW<CMPW?1[15:0]> has a double buffer configuration, so it can be changed even while the
15:0 CMPW1[15:0] W PWM counter is running. The value written every PWM cycle is loaded in the subsequent stage of the
double buffer.
PWM pulse width is determined by comparing the value of the PWM counter and the subsequent
stage of double buffer.
PWM pulse width is loaded when the PWM counter matches PMDxMDPRD<MDPRD[15:0]>.
When PMDXxMDCR<INTPRDI[1:0]> is set to "00", PWM pulse width is loaded when the PWM counter
matches "0x0001" or PMDxMDPRD<MDPRD[15:0]>.

Notel: To load the data written in this register to the subsequent stage of double buffer immediately, set
PMDxMODESEL <MDSEL> to "0".

Note2: Do not write to this register by byte transfer command (upper 8 bits ([15:8]) and lower 8 bits ([7:0]) are

written separately).
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12.3.4. Conduction Control Circuit

The conduction control circuit controls the PWM output according to the content set in PMDxMDOUT and
PMDxMDPOT.

The conduction control circuit is broadly divided into the selection of PMDxMDOUT reload timing and the PWM
output setting.

Use PMDXMDPOT<PSYNCS> to select PMDxMDOUT reload timing. Synchronization timing can be selected
from PWM counter synchronization and asynchronous. PWM output is updated at reload timing.

For the PWM output setting, set "Low™" active/"High™ active for each of the upper and lower phases of the PWM
output by using PMDXMDPOT<POLH>, <POLL>.

Set the selection of "High" level/"Low" level output and PWM output in PMDXMDOUT<WPWM>, <VPWM>,
<UPWM?> for the U-, V-, and W-phases of the PWM output, respectively.

When "High" level/"Low" level output is selected, the conduction control circuit outputs "High™ level or "Low"
level.

When PWM output is selected, the conduction control circuit outputs the PWM waveform.

Refer to Table 12.1 and Table 12.2 for the relation between the setting of PWM output by PMDxMDOUT and the
setting of polarity by PMDXxMDPOT.

PMDxMODESEL
PMDxMODESEL<MDSEL>
Y.
PMDxMDOUT >
VEOUTCRX ———— >
( 6-Phase output control)
. PWMU_
PMDXMDCR PMDXMDPOT<PSYNCS[1:0] > U
PMDXMDCR<DTYMD <UPWM>. | Decoder
X ) g v <UOC[L:0]>, X
PWMU N
PWMV NEl pwmu >
<UPWM> PWMY
> T Pe——
PWMW > owmv <UOCJ1:0]> N v
——————— > o —
P Synchrom;atnon <VPWM>]| Decoder
7 circuit —>
> <VOCI[L:0]> <VOC[1:0]> | Ly
pwmw —————— > >
> 0 <WPWM>
———————>
> <WOC[1:0]>
>
PWMW |
> L W
<WPWM> | Decoder
<WOC[1:0]> 7
Figure 12.5 Conduction Control Circuit
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Table 12.1 Conduction Control Circuit Output by PMDxMDOUT
(When PMDxMDPOT<POLH><POLL> ="00")

PMDxMDOUT
PMDxMDOUT <UPWM>, <VPWM>, <WPWM>
<WOCIL:0]> | (e by e :
<VOC[1:0]> 0: "High"/"Low" level output 1: PWM output
<UOC[1:0]> | Upper phase | Lower phase | Upper phase | Lower phase
output output output output
00 "High" level "High" level PWM output | PWM output
01 "High" level "Low" level "High" level | PWM output
10 "Low" level "High" level | PWM output | "High" level
1 "Low" level "Low" level | PWM output | PWM output
Table 12.2 Conduction Control Circuit Output by PMDxMDOUT

(When PMDxMDPOT<POLH><POLL> = "11")

PMDxMDOUT

PMDxMDOUT <UPWM>, <VPWM>, <WPWM>

<WOCI[L:01> | i v . )

<VOC[1:0]> 0: "High"/"Low" level output 1: PWM output

<UOC[1:0]> | Upper phase | Lower phase | Upper phase | Lower phase

output output output output

00 "Low" level "Low" level PWM output | PWM output
01 "Low" level "High" level "Low" level PWM output
10 "High" level "Low" level PWM output "Low" level
11 "High" level "High" level PWM output [ PWM output

The detection of one shunt current can be performed by setting as shown below.

Table 12.3 One Shunt Current Detection Settings

Register Normal U-phase PWM shift V-phase PWM shift W-phase PWM shift
PMDxCMPU duty U <MDPRD[15:0]>-duty_U duty U duty U
PMDxCMPV duty V duty V <MDPRD[15:0]>-duty_V duty V
PMDxCMPW duty W duty W duty W <MDPRDI[15:0]>-duty W
PMDxMDOUT

11 00 11 11
<UoC[1:0]>
PMDxMDOUT
11 11 00 11
<VOCI1:0]>
PMDxMDOUT
11 11 11 00
<WOCI1:0]>
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12.3.4.1. PMDxMDPOT (PMD Output Setting Register)
31 30 29 28 27 26 25 24
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol - - - - POLH POLL PSYNCS
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:4 - R |Read as "0".
PWM output upper phase polarity select
3 POLH R/W 0: "Low" active
1: "High" active
PWM output lower polarity select
2 POLL R/W 0: "Low" active
1: "High" active
PMDxMDOUT reload timing select
00: PWM counter asynchronous
01: Reload when PWM counter <MDCNT[15:0]> = "0x0001"
10: Reload when PWM counter <MDCNT[15:0]> = PMDxMDPRD<MDPRD[15:0]>
1:0 PSYNCSJ[1:0] RIW
11: Reload when PWM counter <MDCNT[15:0]> = "0x0001" or PMDxMDPRD<MDPRD[15:0]>
Selects the reload timing of PMDxMDOUT. PWM output is updated at reload timing.
When set this register to "00", the PWM output is updated at PMDxMDOUT updating timing.
It is also valid for VEOUTCR1 from VE.

Note: Set this register when PMDXMDEN<PWMEN> is set to "0".
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12.3.4.2. PMDxMDOUT (PMD 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 - - - - - WPWM VPWM UPWM
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol - - WOC VOC uocC
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:11 - R [Readas"0"
10 WPWM R/W [U-, V-, and W-phase output control
9 vPWM RIW 0: "High"/"Low" level
8 UPWM RIW 1: PWM output
For details, refer to Table 12.1 and Table 12.2.
7:6 - R [Readas"0"
>4 WOCL:0] RIW U-, V-, and W-phase output control
3:2 VOCJ[1:0] R/W
o UOC[L] W For details, refer to Table 12.1 and Table 12.2.

Notel: To load the data written in this register to the subsequent stage of double buffer immediately, set
PMDxMODESEL <MDSEL> to "0".

Note2: Do not write to this register by byte transfer command (upper 8 bits ([15:8]) and lower 8 bits ([7:0]) are
written separately).
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12.3.5. Protection Control Circuit

The protection control circuit consists of an EMG protection control circuit, an OVV protection control circuit,

and a port output disable circuit.

PMDxOVVSTA

PMDXEMGCR PMDxOVVCR

PMDXEMGREL

PMDXEMGSTA

h

<OWST>

A 4

A

PTENC <«

Protection control

<EMGST>

EMG protection
control circuit

OVV protection
control circuit

[e—— EMGXx pin
> INTEMGx

OVVx pin

— INTOVVXx

v

PTEN_Px

A

PTEN_Nx

PORT output disable
circuit

N < X £ < C

i

IRt

Figure 12.6 Protection Control Circuit

PMDXEMG (Comparator output)

EMG detection signal (from PORT)

OVV detection signal (from PORT)

Upper phase output enable (to PORT)
Lower phase output enable (to PORT)
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12.3.5.1. EMG Protection Control Circuit

The EMG protection control circuit is a protection circuit for emergency stop. It is used in combination with the
port output disable circuit.

The operation of EMG protection control circuit is set by PMDXEMGCR.
When PMDXEMGCR<EMGEN> is set to "1", operation of EMG protection control circuit is enabled.

The PMD stops immediately when EMG input becomes "Low" level. EMG input is selected from EMGx pin
input or PMDXEMG (Comparator output).

Note: After the reset is released, EMG protection control circuit is enabled.

e EMGx pin
A noise filter is inserted into EMGx pin. The duration of noise filtering is specified by PMDXxEMGCR
<EMGCNT(3:0]>. The noise filter is ignored when PMDXxEMGCR<EMGCNT][3:0]>is set to "0000".

e PMDXEMG (Comparator output)
PMDXEMG is a output signal from comparator in AMP/CMP. Refer to reference manual "19.
Op-amplifiers/Analog Comparators (AMP/CMP)" for details.

Note: When PMDXEMGCR<EMGCNT](3:0]> is rewritten while enabling EMG protection control circuit, EMG
protection control circuit may be under EMG protection. Therefore, execute "Release under EMG
protection" when PMDXEMGCR<EMGCNT[3:0]> is rewritten.

e  Operation of the protection control circuit
When EMG input becomes the "Low" level, EMG protection control circuit operates and is under EMG
protection. At this time, a control signal is output to disable UOx, VOx, WOx, XOx, YOx, and ZOx output
pins. This will disable each output pin immediately. When each output pin is disabled, the output is set by
PMDxEMGCR<EMGMDJ1:0]>. It also generates EMG interrupt (INTEMGx).
When PMDXEMGSTA<EMGST> is read and the read value is "1", it indicates that EMG protection control

circuit is under EMG protection.
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Note:

@
()
®3)

(4)

Release under EMG protection

Set all of PMDxMDOUT<WPWM>, <VPWM>, <UPWM>, <WOC[1:0]>, <VOC[1:0]>, and <UOCJ[1:0]>
to "0" to inactivate the UOx, VOx, WOx, XOx, YOx, and ZOx output pins.

Then, set PMDXEMGCR<EMGRS> to "1" to release under EMG protection.

When releasing under EMG protection, be sure to read PMDXEMGSTA<EMGI> to confirm by checking that
it becomes "1". When PMDXEMGSTA<EMGI> is "1", EMG input is "High" level. When EMG input is

"Low" level and the release sequence is executed, it is ignored.

For 1/0O port which is also used as EMGx pin input, the port function is selected after the reset is released,
but EMG protection control circuit is enabled. Therefore, EMG protection control circuit may be under

EMG protection. Follow the procedure below to release under EMG protection.

Select EMG function by using the function register (PxFRn) of the port.

Read PMDXEMGSTA<EMGI> and check that it is "1".

Set all of PMDxMDOUT<WPWM>, <VPWM>, <UPWM>, <WOC[1:0]>, <VOC[1:0]>, and <UOC[1:0]>
to "0", and all of UOx, VOx, WOx, XOx, YOx, and ZOx output pins are inactive.

Set PMDXEMGCR<EMGRS> to "1" to release under EMG protection.

Disable EMG protection control circuit operation
To disable EMG protection control circuit operation, set PMDXEMGREL to "0x5A" — "0xAS5". Then set
PMDxEMGCR<EMGEN> to "0". To prevent EMG protection control circuit from being accidentally

disabled, three instructions must be executed continuously.
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12.3.5.2. PMDxXEMGREL (EMG Release 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 EMGREL
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:8 - R [Readas"0"
EMG protection control circuit/OVV protection control circuit disable code
7:0 EMGRELJ[7:0] W | Setting "Ox5A" "— "0xA5" disables EMG protection control circuit and OVV protection control circuit.
After writing the disable code, set PMDXEMGCR<EMGEN> or PMDXEMGCR<OVVEN> to "0".

Note: Writing a disable code is required when EMG protection control circuit is disabled and when OVV

protection control circuit is disabled.
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12.3.5.3. PMDxXEMGCR (EMG 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 - - - - EMGCNT
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol - - INHEN EMGMD EMGISEL EMGRS EMGEN
After reset 0 0 1 1 1 0 0 1
Bit Bit Symbol Type Function
31:12 - R |Read as "0".
EMG input detection time
"0000" to "1111" (When set to "0000", the noise filter is turned through.)
11:8 EMGCNT[3:0] R/W | Sets the noise cancel time for EMGx pin input. The noise cancel removal time is expressed by the
following formula.
PMDXEMGCR<EMGCNT[3:0]>x 16 / fsys (resolution 200ns@fsys = 80MHz)
7:6 - R Read as "0".
PMD in halt enable/disable
0: Disabled
5 INHEN R/W I _ .
1: Enabled (initial state is enabled)
Selects whether to stop the PMD in halt.
EMG protection mode selection
00: All phases "Hi-Z"
01: All upper phases ON/AIl lower phases "Hi-Z"
4:3 EMGMDI[1:0] R/W 10: All upper phases "Hi-Z"/All lower phases ON
11: All phases "Hi-Z"
Set the output of the upper phase (UOx, VOx, and WOXx pins) and the lower phase (XOx, YOx, and
ZOx pins) when EMG protection control circuit operates. "ON" indicates PWM output.
EMG input selection
0: EMGX pin input
2 EMGISEL R/W 1: PMDXEMG (Comparator output)
EMG input which is input to the protection circuit is selected from EMGx pin input or PMDXEMG
(Comparator output).
R |Read as "0".
Releasing under EMG protection
0: Don't care
1 EMGRS W 1: Release under EMG protection
Set all of PMDxMDOUT<WPWM>, <VPWM>, <UPWM>, <WOCJ1:0]>, <VOC[1:0]>, and <UOC[1:0]>
to "0". After confirm that PMDXEMGSTA<EMGI> is "1", set PMDXEMGCR<EMGRS> to "1" to release
under EMG protection.
EMG protection control circuit control
0: Disabled
0 EMGEN R/W 1: Enabled
To disable, set PMDXxEMGREL to "0x5A" — "OxA5". After that, set PMDxEMGCR<EMGEN> to "0".
Execute 3 instructions continuously.
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12.3.5.4. PMDxXEMGSTA (EMG 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 - - - - - - EMGI EMGST
After reset 0 0 0 0 0 0 Undefined 0
Bit Bit Symbol Type Function
31:2 - R [Readas"0"
EMG input status
0: "Low" level input
1 EMGI R . .
1: "High" level input
By reading, the state of EMG input can be monitored.
EMG protection status
0: Normal operation
0 EMGST R .
1: Under EMG protection
By reading, the state of EMG protection can be monitored.
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12.3.6. OVV protection control

OVV protection control circuit is a protection circuit for emergency stop. Use in combination with the port output

disable circuit.

The operation of OVV protection control circuit is set by PMDxOVVCR.
When PMDxXOVVCR<OVVEN> is set to "1", the operation of OVV protection control circuit is enabled. The

PMD stops immediately when OVV input becomes to the "Low" level.
Note: After the reset is released, OVV protection control circuit is disabled.

e OVVinput
OVV input can be selected from OVVx pin input and ADC monitoring function signal by PMDxOVVCR
<OVVISEL>.
The ADC monitoring function can disable/enable the monitoring signal by PMDxOVVCR<ADINOEN> and
<ADINIEN>.
A noise filter is inserted into OVVx pin. The duration of noise filtering is specified by PMDxOVVCR
<OVVCNT]J[3:0]>. When setting PMDxOVVCR<OVVCNT[3:0]> to "0000", it operates as a "0001" setting.
PMDxOVVCR<OVVCNT][3:0]> is enabled only when PMDxOVVCR<OVVISEL> is set to "1".

Note: When PMDxOVVCR<OVVCNT[3:0]> is rewritten while enabling OVV protection control circuit, OVV
protection control circuit may be under OVV protection. Therefore, execute "Release under OVV
protection" when PMDxOVVCR<OVVCNT[3:0]> is rewritten.

e  Operation of OVV protection
When OVV input changes to the active level, OVV protection control circuit operates and is under OVV
protection. At this time, a control signal is output to disable UOx, VOx, WOx, XOx, YOx, and ZOx output
pins. This will disable each output pin immediately. When each output pin is disabled, the output is set by
PMDxOVVCR<OVVMDI[1:0]>. It also generates OVV interrupt (INTOVVXx).
When PMDxOVVSTA<OVVST> is read, and the read value is "1", it indicates that OV'V protection control

circuit is under OVV protection.
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e Release under OVV protection
Set PMDxOVVCR<OVVRS> to "1" to release under OVV protection.
When releasing under OVYV protection, be sure to read PMDxOVVSTA<OVVI> to confirm by checking that
it becomes "1". When PMDXxOVVSTA<OVVI>is "1", OVV input is inactive level. When OVV input is at
the active level and a release sequence is executed, it is ignored.
When PMDXOVVCR<OVVRS>is set to "1", OVV protection is released at the timing where the PWM
counter and PMDxMDPRD<MDPRD[15:0]> match after OVV input becomes inactive level.
However, in 0.5 cycle PWM interrupt setting, OVV protection is released at the timing when the PWM
counter matches "0x0001" or PMDxMDPRD<MDPRDJ[15:0]>.

e Disable OVV protection control circuit operation
To disable OV'V protection control circuit operation, set PMDXEMGREL to "0x5A" — "0xAS5". Then set
PMDxOVVCR<OVVEN> to "0". To prevent OVV protection control circuit from being accidentally disabled,

three instructions must be executed continuously.
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12.3.6.1. PMDxOVVCR (OVV 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 - - - - OVVCNT
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol - ADIN1EN ADINOEN OVVMD OVVISEL OVVRS OVVEN
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:12 - R |Read as "0".
OVV input detection time (Notel)
"0000" to "1111" (When "0000" is set, it operates as a "0001" setting.)
11:8 OVVCNT[3:0] R/IW . . . . L .
Sets the noise cancel time of OVV input. The noise cancel time is expressed by the following formula.
PMDxOVVCR<OVVCNT[3:0]>x 16 / fsys (resolution 200ns@fsys = 80MHz)
7 - R Read as "0".
ADC monitoring signal 1 input control (Note2)
0: Disabled
1: Enabled
6 ADIN1EN R/W . . Lo . o . Lo
This bit enables or disables the monitoring signal from the ADC monitoring function 1. The monitoring
signal of the monitoring function 1 of the ADC can be used as OVV input only when it is set to enable
and the ADC monitoring signal is selected as OVV input.
ADC monitor signal 0 input control (Note2)
0: Disabled
1: Enabled
6 ADINOEN R/W . . L . - . Lo
This bit enables or disables the monitoring signal from the ADC monitoring function 0. The monitoring
signal of the monitoring function 0 of the ADC can be used as OVV input only when it is set to enable
and the ADC monitoring signal is selected as OVV input.
OVV protection mode selection (Note3)
00: No output control
01: All upper phases ON/AIl lower phases OFF
10: All upper phases OFF/All lower phases ON
4:3 OVVMDI[1:0] RIW
11: All phases OFF
Sets the output of the upper phases (UOx, VOx, and WOXx pins) and the lower phases (XOx, YOXx, and
ZOx pins) when OVV protection control circuit operates. "ON" indicates active level output, and "OFF"
indicates inactive level output.
OVV input selection (Notel)
0: OVVx pin
2 OVVISEL R/W L .
1: ADC monitoring signal
Selects OVV input to be input to OVV protection control circuit.
Release under OVV protection
0: Don't care
1 OVVRS R/W 1: Release under OVV protection
After checking that PMDXOVVSTA<OVVI> is "1", setting PMDxOVVCR<OVVRS> to "1" to releases
under OVV protection.
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0 OVVEN

R/IW

Control of OVV protection control circuit
0: Disabled
1: Enabled

To disable, set PMDXEMGREL to "0x5A" — "0OxA5". After this, set PMDxOVVCR<OVVEN> to "0".

Execute 3 instructions continuously.

Notel: Effective only when PMDxOVVCR<OVVISEL> is set to "1".

Note2: For details of the ADC monitoring function, Refer to "11.5.3. AD Conversion Monitoring Function" in the

operation description of "12-Bit Analog-to-Digital Converter (ADC)".

Note3: When OVV/EMG protection control circuit operates at the same time, the setting of PMDXEMGCR
<EMGMDI1:0]> takes precedence.
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12.3.6.2. PMDxOVVSTA (OVV 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 - - - - - - OowVI OVVST
After reset 0 0 0 0 0 0 Undefined 0
Bit Bit Symbol Type Function
31:2 - R [Readas"0"
OVV input status
0: "Low" level input
1 owvI R . .
1: "High" level input
By reading, the state of OVV input can be monitored.
OVV protection status
0: Normal operation
0 OVVST R )
1: Under OVYV protection
By reading, the state of OVV protection can be monitored.
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12.3.7. Protection Control When Break Occurs in Debugger

The UOx, VOx, WOx, XOx, YOXx, and ZOx output pins are disabled even during PMD protection control when a
break occurs in the debugger. Use PMDXPORTMD<PORTMD> to set the output when the output pins are
disabled.
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12.3.8. Dead time circuit

The dead time circuit consists of a dead time circuit and an output polarity switching circuit.

The dead time circuit delays the on time to avoid short circuiting of the upper phases (UOx, VOXx, and WOX pins)
and the lower phases (XOx, YOXx, and ZOx pins) when the upper and lower phases are reversed.

The delay time can be set with a resolution of 8 / fsys (100ns@fsys = 80MHz) according to PMDxXDTR
<DTR[7:0]>.

The output polarity switching circuit sets "High" active or "Low" active for the upper phase (UOx, VOx, and WOXx
pins) and the lower phase (XOx, YOXx, and ZOx pins) respectively by PMDxMDPOT<POLH>, <POLL>.

PMDxDTR PMDxMDPOT
N N
2 T
o e o @)
fsys /8 > ON delay circuit i 8 \ U
1 | — L
A\
(—
» ON delay circuit
y ) —] >——— v
T 7y l L/ L
\' \
—-I \ )] Jo—mm Y
y ;/ 7
ON delay circuit |
> elay circui
D——_)D—’ w

w T A |

Figure 12.7 Dead Time Circuit
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12.3.8.1. PMDxDTR (Dead Time 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 DTR
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:8 - R |Readas"0"
Dead time setting.
"0x00" to "OxFF"
0 DTR(7:0] RIW Dead time is expressed by the following formula.
<DTR[7:0]>x 8 / fsys (Up to 25.5us@fsys = 80MHz)
Note: Change this register when PMDXMDEN<PWMEN> is "0".
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12.3.9. Synchronous Trigger Generation Circuit

The synchronous trigger generation circuit generates a trigger signal to sample the ADC in synchronization with
the phase-specific PWM carrier.

A trigger signal (TRGO to TRG3) is generated when PMDXMDCNT<MDCNT/[15:0]> matches PMDXTRGCMPn
<TRGCMPN[15:0]>.

Select the generation timing from the following.

(1) Match during up counting operation
(2) Match during down counting operation

(3) Match in both up and down counting operations

When edge-aligned mode is selected, the generation timing is up counting.
When PMDxMDEN<PWMEN> is "0", no trigger signal is output.

12.3.9.1. Timing of Updating PMDxTRGCMPn (n =0 to 3)

PMDxXTRGCMPn has a double buffer configuration. When PMDXTRGCR<TRGNnBE> is set to "0", the update
timing of the subsequent stage of the double buffer is determined by PMDXTRGCR<TRGnMDI[2:0]>. When
PMDXTRGCR<TRGNBE> is set to "1", the data written to PMDXTRGCMPn is immediately transferred to the
subsequent stage of the double buffer.

Table 12.4 Timing of Updating Subsequent Stage of Trigger Compare Register

PMDxTRGCMPNn<TRGCMPN[15:0]> subsequent stage of double buffer

PMDXxTRGCR<TRGnMD[2:0]> o
update timing

000: Trigger output disabled Always update subsequent stage of double buffer.

Subsequent stage of double buffer updated at carrier peaks
001: Trigger output at match during down counting
(PMDxCNT<MDCNT[15:0]> matches PMDxMDPRD<MDPRD[15:0]>)

Subsequent stage of double buffer updated at carrier bottom

(PMDxCNT<MDCNT[15:0]> matches "0x0001")

010: Trigger output at match during up counting

011: Trigger output at match during up and down
Subsequent stage of double buffer updated at carrier peaks and bottoms
counting

100: Trigger output at PWM carrier peak

101: Trigger output at PWM carrier bottom

Always update subsequent stage of double buffer.
110: Trigger output at PWM carrier peak and bottom

111: Trigger output disabled
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12.3.9.2. Trigger Output Pattern
When the trigger output mode is set to trigger fixed output mode (PMDXTRGMD<TRGOUT> = "0"), the ADC

synchronous trigger signal (PMDXxTRGn) is output as shown below.

e  When PMDXxMDCNT<MDCNT[15:0]> matches PMDXxTRGCMPn<TRGCMPn[15:0]>, the signal is output
to the ADC synchronous trigger signal (PMDxTRGn) regardless of PMDXxTRGSEL<TRGSEL[2:0]>.

When the trigger output mode is set to trigger selected output mode (PMDXxTRGMD<TRGOUT>= "1"), the ADC
synchronous trigger signal (PMDxTRGn) is output as shown below.

e  When PMDxMDCNT<MDCNT[15:0]> matches PMDxTRGCMPO<TRGCMPO[15:0]>, the signal is output
to the ADC synchronous trigger signal (PMDxTRGn) selected by PMDxTRGSEL<TRGSEL[2:0]>.

Table 12.5 Trigger Output

PMDxTRGMD PMDxTRGCMPn PMDxTRGSEL ADC synchronous
<TRGOUT> compare register <TRGSEL[2:0]> trigger output
PMDxTRGCMPO PMDxTRGO
PMDxTRGCMP1 PMDxTRG1
° PMDxTRGCMP2 ) PMDxTRG2
PMDxTRGCMP3 PMDxTRG3
000 PMDxTRGO
001 PMDxTRG1
010 PMDxTRG2
PMDxTRGCMPO
011 PMDxTRG3
1 100 PMDxTRG4
101 PMDxTRG5
PMDxTRGCMP1 No trigger output
PMDxTRGCMP2 - No trigger output
PMDxTRGCMP3 No trigger output
Note: -: Don't care
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12.3.9.3. PMDxTRGCMPn (Trigger Compare n Register) (n =0 to 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 TRGCMPnN
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol TRGCMPRN
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:16 R [Readas"0"
R | When reading, the value (data set from the bus) in the first stage of double buffer can be read.
Trigger compare register
15:0 TRGCMPN[15:0] "0x0001" to PMDxMDPRD<MDPRD[15:0]> - 1
w Others: Prohibited
A trigger signal TRGn is output when the PWM counter PMDXCNT<MDCNT[15:0]> matches
PMDXTRGCMPn<TRGCMPN[15:0]>.

Notel: To load the data written to the subsequent stage of double buffer immediately, set PMDXxMODESEL
<MDSEL> to "0".

Note2: Do not write to this register by byte transfer command (upper 8 bits ([15:8]) and lower 8 bits ([7:0]) are
written separately).

Note3: When PMDXMDCR<PWMMD> is set to "0" (PWM mode 0) and PMDXTRGCMPN<TRGCMPn> is set

to "0x0001", the trigger signal TRGn is not output for the first cycle after PMDXMDEN<PWMEN> is set
to lllll.

399 /624 2023-07-21

Rev. 1.1



TOSHIBA TMPM370FYDFG

TMPM370FYFG
12.3.9.4. PMDxTRGCR (Trigger 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 TRG3BE TRG3MD TRG2BE TRG2MD
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol TRGI1BE TRG1MD TRGOBE TRGOMD
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:16 - R [Readas"0"
Subsequent stage of double buffer for PMDxTRGCMP3 update timing selection (Note 1)
15 TRG3BE R/W 0: Synchronous update (Note 2)

1: Asynchronous update (transferred immediately after writing)
PMDXTRGCMP3 mode setting

000: Trigger output disabled

001: Trigger output at match during down counting

010: Trigger output at match during up counting

011: Trigger output at match during up and down counting

100: Trigger output at PWM carrier peak

101: Trigger output at PWM carrier bottom
14:12 TRG3MDJ[2:0] R/W 110: Trigger output at PWM carrier peak and bottom

111: Trigger output disabled
Selects the matching mode for the trigger output TRG3.
When PWM mode 0 (sawtooth wave) is selected by PMDXMDCR<PMDMD>, TRG3 is output at match
during up counting or PWM carrier peak even if down counting or PWM bottom are selected.
When PMDXTRGCMP3<TRGCMP3[15:0]> is set to "0x0001", and mode 1 (triangle wave) is selected
by PMDxMDCR<PWMMD>, setting PMDXTRGCR<TRG3MD[2:0]> to "011" makes the trigger output
once a cycle.
Subsequent stage of double buffer for PMDxTRGCMP2 update timing selection (Note 1)
11 TRG2BE R/W 0: Synchronous update (Note 2)

1: Asynchronous update (transferred immediately after writing)
PMDxTRGCMP2 mode setting

000: Trigger output disabled

001: Trigger output at match during down counting

010: Trigger output at match during up counting

011: Trigger output at match during up and down counting

100: Trigger output at PWM carrier peak

101: Trigger output at PWM carrier bottom
10:8 TRG2MDJ[2:0] R/W 110: Trigger output at PWM carrier peak and bottom

111: Trigger output disabled
Selects the matching mode for the trigger output TRG2.
When PWM mode 0 (sawtooth wave) is selected by PMDXxMDCR<PMDMD>, TRG2 is output at match
during up counting or PWM carrier peak even if down counting or PWM bottom are selected.
When PMDXTRGCMP2<TRGCMP2[15:0]> is set to "0x0001", and mode 1 (triangle wave) is selected
by PMDxMDCR<PWMMD>, setting PMDxTRGCR<TRG2MD[2:0]> to "011" makes the trigger output
once a cycle.
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Subsequent stage of double buffer for PMDxTRGCMP1 update timing selection (Note 1)
7 TRG1BE R/W 0: Synchronous update (Note 2)

1: Asynchronous update (transferred immediately after writing)
PMDXTRGCMP1 mode setting

000: Trigger output disabled

001: Trigger output at match during down counting

010: Trigger output at match during up counting
011: Trigger output at match during up and down counting
100: Trigger output at PWM carrier peak
101: Trigger output at PWM carrier bottom
6:4 TRG1MDJ[2:0] R/W 110: Trigger output at PWM carrier peak and bottom
111: Trigger output disabled
Selects the matching mode for the trigger output TRG1.
When PWM mode 0 (sawtooth wave) is selected by PMDxMDCR<PMDMD>, TRG1 is output at match
during up counting or PWM carrier peak even if down counting or PWM bottom are selected.
When PMDXTRGCMP1<TRGCMP1[15:0]> is set to "0x0001", and mode 1 (triangle wave) is selected
by PMDxMDCR<PWMMD>, setting PMDXTRGCR<TRG1MD[2:0]> to "011" makes the trigger output
once a cycle.
Subsequent stage of double buffer for PMDxTRGCMPO update timing selection (Note 1)
3 TRGOBE R/W 0: Synchronous update (Note 2)
1: Asynchronous update (transferred immediately after writing)
PMDxTRGCMPO mode setting
000: Trigger output disabled
001: Trigger output at match during down counting
010: Trigger output at match during up counting
011: Trigger output at match during up and down counting
100: Trigger output at PWM carrier peak
101: Trigger output at PWM carrier bottom
2:0 TRGOMDI2:0] R/W 110: Trigger output at PWM carrier peak and bottom
111: Trigger output disabled
Selects the matching mode for the trigger output TRGO.
When PWM mode 0 (sawtooth wave) is selected by PMDXxMDCR<PMDMD>, TRGO is output at match
during up counting or PWM carrier peak even if down counting or PWM bottom are selected.
When PMDXTRGCMPO<TRGCMPOQ[15:0]> is set to "0x0001", and mode 1 (triangle wave) is selected
by PMDxMDCR<PWMMD>, setting PMDXTRGCR<TRGOMD[2:0]> to "011" makes the trigger output
once a cycle.

Notel: When PMDxMDEN<PWMEN> is "0", the data is updated asynchronously regardless of the setting.

Note2: For the update timing, refer to "Table 12.4 Timing of Updating Subsequent Stage of Trigger Compare
Register".
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12.3.9.5. PMDxTRGMD (Trigger Output Mode Setting Register)
31 30 29 28 27 26 25 24
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol - - - - - - TRGOUT EMGTGE
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:2 - R [Readas"0"
Trigger output mode
0: Trigger fixed output mode
1: Trigger selected output mode
In the trigger fixed output mode, each trigger output PMDXTRGO to PMDxTRG3 outputs a trigger
1 TRGOUT R/W | signal when the PWM counter PMDxCNT<MDCNT[15:0]> matches PMDXTRGCMPO<TRGCMPO0> to
PMDXxTRGCMP3<TRGCMP3>. PMDxTRG4 and PMDxTRGS5 are not outputted.
In the trigger selected output mode, the trigger signal which is output when the PWM counter
PMDxCNT<MDCNT[15:0]> matches PMDXxTRGCMPO<TRGCMPO> is output to any of the trigger
output PMDXTRGO to PMDXTRGS5. Trigger out is selected by PMDXxTRGSEL<TRGSEL [2:0]>. (Note)
Output enable setting during EMG protection operation
0 EMGTGE R/W 0: Trigger output disabled during protection operation
1: Trigger output enabled during protection operation

Note: For the trigger output when PMDXTRGMD<TRGOUT> is set to "1", refer to "Table 12.5 Trigger Output".
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12.3.9.6. PMDxTRGSEL (Trigger Output Select 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 - - - - - TRGSEL
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:3 - R [Readas"0"

Trigger output selection

000: Output from PMDXxTRGO

001: Output from PMDXxTRG1

010: Output from PMDXTRG2

011: Output from PMDXTRG3

100: Output from PMDXTRG4
2:0 TRGSEL[2:0] R/W 101: Output from PMDXTRG5

110: No trigger output

111: No trigger output
This register is enabled when the trigger mode is trigger selected output mode (PMDxTRGMD
<TRGOUT> = "1"). Selects the output destination of the trigger signal generated when the PWM
counter PMDXCNT<MDCNT[15:0]> matches PMDxTRGCMPO<TRGCMPO>. (refer to "Table 12.5
Trigger Output".)

403 /624 2023-07-21
Rev. 1.1



TOSHIBA TMPM370FYDFG

TMPM370FYFG

13.

Vector Engine (VE)

13.1. Outline
13.1.1. Features
(1) The basic tasks for vector control (coordinate-axis conversion, phase conversion, and SIN/COS computation)
use fixed-point format data.
—No complicated decimal point position management is required for software processing.
(2) Built in interface (output control, trigger generation, input processing) to control PMD and ADC
= Converts the computation result in fixed-point format to the data format of PMD.
= Generates timing data for interactive operation
= Converts AD conversion result to data in fixed-point format
(3) Calculates current, voltage, and rotation speed with normalized values based on their respective maximum
values.
In this case, the decimal is in fixed-point format
(4) Built in PI control in current control
(5) Built in phase interpolation that integrates rotation speed
Current control Output phase DUTYa, > >
- DUTYb >
|DREF——_:1@ vD » Output coordinate |-YA |  conversion DUTY > Output > PWM output
axis conversion - c > control | setting (PMD)
IQREF » o control vQ > dg—AB VB . SECTOR >
SVM _
44 ¢ i ) Trigger —® Sync. trigger
generation | 4. setting (PMD)
R SIN/COS computation
® " SIN
w > Phase g icos ||COS
interpolation v
VDC# vDC
Yvy
D < 1D Input coordinate | LA Input phase ¢ L Input — Current/Voltage
axis conversion conversion  |q—lV processing |4 Detection (ADC)
1Q < 10 dg—AB  |IB 23 PRy «—
Figure 13.1 Block Diagram of Vector Control
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13.1.2. Main

Functions

(1) Space vector conversion is used for phase conversion from 2-phase to 3-phase. The conversion method

supports 2-phase modulation and 3-phase modulation.

(2) In trigger generation, the sampling timing of the ADC corresponding to the sensorless current detection

method can be generated. The current detection supports the 1-shunt method, 3-shunt method, and 2-sensor

method.

(3) In current control, PI control is implemented independently for d-axis and g-axis. It is also possible to set

voltage reference value directly without using current control processing.

(4) SIN/COS computations are performed with approximations using series expansion. For phase information,

direct setting and phase interpolation that integrates with the PWM cycle from the rotation speed are possible.

Note 1: For using VE , the PMD and ADC must be set. For the PMD setting, select the VE mode using the mode
select register (PMDxMODESEL).

Note 2: For the ADC setting, set the program (trigger enable, AIN selection, result register selection) for each

synchronous trigger from the PMD.

13.2. Block Diagram

The configuration of VE is shown in Figure 13.2.

Schedule Scheduler Tasks
e
ADC Interrupt > Schedule control Schedule 0 Current Control Computation
Outputvoltage Unit
Schedule 1 conversion
Decoder
PWM Interrupt— ° Trigger generation
Schedule 9 Registers
| t volt
Ve iterupt¢——— _imterruptcontrol_| Comversion
A
v
ADC PMD
Figure 13.2 Configuration of VE
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13.2.1. VE, PMD, and ADC Relationships

As shown in Figure 13.3, the VE allows direct interaction with the PMD and ADC.

When PMDxMODESEL is set to the VE mode, the PMD register PMDxCMPU, PMDXCMPV, PMDxCMPW,
PMDxMDOUT, PMDXTRGCMP0O, PMDXTRGCMP1 and PMDXTRGSEL switched to the VE registers
VECMPUxX, VECMPVX, VECMPWx, VEOUTCRX, VETRGCMPOX, VETRGCMP1x, VETRGSELX respectively.
In this case, only data in these VE registers can control the motor, and the data in PMD registers which are written
by the CPU cannot control. Other PMD registers have no read/write restrictions.

The ADC registers ADXREGO, ADXREG1l, ADXREG2, ADXREG3 and ADXPSETn<UVWISnO[1:0]>,
<UVWISn1[1:0]>, <UVWISn2[1:0]>, and <UVWISn3[1:0]> which are read from the VE as the VE registers
VEADREGOX, VEADREG1x, VEADREG2x, VEADREG3x, VEPHNUMOx, VEPHNUM1x, VEPHNUM2x and

VEPHNUMB3YX, respectively (These registers are dedicated that cannot be accessed by the CPU). These ADC
registers can be written and read from the CPU.
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Vector Engine PMDXMODESEL PMD
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control
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PMDXCMPV > » WOx
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PMDXCMPW > Z0x
VECMPWx
PMDxMDOUT
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PMDXEMGCR
<EMGRS> .
MUX p.| Protection
control <
VEEMGRSx w
PMDXTRGCMPO Trigger generation
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.
PMDXTRGCMP3 2
o
X
PMDXTRGSEL T G;l%
MUX o
VETRGSELX 153
(62}
\ /
4 Input tasks
VEADREGOx == ADXREGO ADC
Trigger detection |«
VEADREG1x = ADXREG1
VEADREG2x == ADXREG2
VEADREG3x = ADXREG3 Monitor function
VEPHNUMOXx = <UVWISn0> Analog input
AINXmM
VEPHNUM1x = <UVWISN1> <
«
VEPHNUM2x ™ <UvwiSn2> AD conversion *
L]
VEPHNUM3Xx = <UvWwIiSn3> (n=0to5) °
\ :
Figure 13.3 Interaction among VE, PMD and ADC
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13.3. Registers
The VE registers are divided into the following three types.

= VE control registers

VE control registers and temporary registers

= Common registers

Registers commonly used for channel

*  Dedicated registers

Computation data and control registers for channel

13.3.1. List of Registers

13.3.1.1.

VE Control Register

Register name

Address (Base+)

VE Operation Enable/Disable Register VEEN 0x0000
CPU Start Trigger Selection Register VECPURUNTRG 0x0004
Task Specification Register VETASKAPP 0x0008
Operation Schedule Selection Register VEACTSCH 0x000C
Start Trigger Mode Setting Register VETRGMODE 0x0014
Error Interrupt Enable/Disable Setting Register VEERRINTEN 0x0018
VE Forced Termination Register VECOMPEND 0x001C
Error Detection Register VEERRDET 0x0020
zzt;?izlre Execution Status/Executing Task VESCHTASKRUN 0x0024
Reserved - 0x0028
Temporary 0 Register VETMPREGO 0x002C
Temporary 1 Register VETMPREG1 0x0030
Temporary 2 Register VETMPREG2 0x0034
Temporary 3 Register VETMPREG3 0x0038
Temporary 4 Register VETMPREG4 0x003C
Temporary 5 Register VETMPREG5 0x0040
Reserved - 0x01BC

Note: Do not access addresses with "Reserved".
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13.3.1.2. Common Register
Register name Address (Base+)
Reserved - 0x0174
ADC-Conv§r3|on Time Setting (based on PWM VETADC 0x0178
clock) Register
Note: Do not access addresses with "Reserved".
13.3.1.3. Specific Registers
Register name Address (Base+)
Status Flag Register VEMCTLFx 0x0000
Task Control Mode Register VEMODEXx 0x0004
Flow Control Register VEFMODEX 0x0008
PWM Cycle Rate (PWM cycle [s] x maximum

VETPWM 0x000C
speed (Note1) x 216) Setting Register X X
Rotation Speed (speed [Hz] / maximum speed

VEOMEGA 1
(Note1) x 2'%) Setting Register OMEGAX 0x0010
16
Moth Phasg (motor phase [deg] / 360 x 21°) VETHETAx 0x0014
Setting Register
d-Axis Reference Current Value (current [A] /

VEIDREF 1
maximum current (Note2) x 25) Setting Register X 0x0018
g-Axis Reference Current Value (current [A] /

VEIQREF 1
maximum current (Note 2) x 2'%) Setting Register QREFX 0x001C
d-Axis Voltage (voltage [V]/ maximum voltage

VEVD 0x0020
(Note3) x 23") Setting Register X X
g-Axis Voltage (voltage [V]/ maximum voltage

VEV 0x0024
(Note3) x 23") Setting Register Qx X
d-Axis Currgnt Contlrol Integral Coefficient for PI VECIDKIx 0x0028
Control Setting Register
d-Axis Current Control Proportional Coefficient

VECIDKP 0x002C
for Pl Control Setting Register X X
g-Axis Currgnt Cont.rol Integral Coefficient for Pl VECIQKIx 0x0030
Control Setting Register
g-Axis Current Control Proportional Coefficient

VECIQKP 4
for Pl Control Setting Register CIQKPx 0x003
d-Axis VoItage Integral Term Hold (upper 32 bits VEVDIHx 0x0038
of VDI) Register
d-Axis Voltage Integral Term Hold (lower 32 bits VEVDILHx 0x003C
of VDI) Register
q-Axis Voltage Integral Term Hold (upper 32 bits VEVQIHx 0x0040
of VQI) Register
q-Axis Voltage Integral Term Hold (lower 32 bits VEVQILHx 0x0044
of VQI) Register
Rotation Speed When Shlft PWM is Enabled with VEFPWMCHGx 0x0048
2-phase Modulation Register
PWM Cycle Setting (setting the value as same as
PMD’s PWM cycle) Register VEMDPRDx 0x004C
Minimum Pulse Width Difference Setting Register| ~ VEMINPLSx 0x0050
Syn(.:hronous Trigger Correction Value Setting VETRGCRCx 0x0054
Register
Reserved - 0x0058
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Register name Address (Base+)

Cosine Value by THETA for Output Conversion

VECOS 0x005C
(Q15 data) Register X X
Sine Value by THETA for Output Conversion

VESIN 0x0060
(Q15 data) Register X X
Previous Cosine Value for Input Processing (Q15 VECOSMx 0x0064
data) Register
Previous Sine Value for Input Processing (Q15 VESINMx 0x0068
data) Register
Sector Information Register VESECTORX 0x006C
Previous Sector Information Register VESECTORMx 0x0070
AD Conversion Result at Detecting a-Phase Zero

VEIA 74
Current Register (Note4) Ox 0x00
AD Conversion Result at Detecting b-Phase Zero

VEIB 7
Current Register (Note4) Ox 0x0078
AD Conversion Result at Detecting c-Phase Zero

VEICO 0x007C
Current Register (Note4) X X
a-Phase Current AD Conversion Result Register VEIAADCx 0x0080
(Note4)
b-Phase Current AD Conversion Result Register VEIBADCx 0x0084
(Note4)
c-Phase Current AD Conversion Result Register VEICADCx 0x0088
(Note4)
DC Supply Voltage (voltage [V] / maximum

VEVD
voltage (Note3) x 2'%) Register Cx 0x008C
d-Axis Current (current [A] / maximum current

VEID
(Note2) x 23') Register X 0x0090
g-Axis Current (current [A] / maximum current
VEI 4

(Note2) x 23') Register Qx 0x009
PMD Control: U-Phase PWM Pulse Width Setting VECMPUx 0x00C0
Register
PMD Control: V-Phase PWM Pulse Width Setting VECMPVx 0x00C4
Register
PMD Control: W-Phase PWM Pulse Width VECMPWx 0x00C8
Setting Register
PMD Control: 6-Phase Output Control Register VEOUTCRx 0x00CC
PMD Control: Trigger Timing Setting (TRGCMPO0) VETRGCMPOX 0x00DO
Register
PMD Control: Trigger Timing Setting (TRGCMP1) VETRGCMP1x 0x00D4
Register
PMD Control: Synchronous Trigger Setting VETRGSELx 0x00D8
Register
PMD Control: EMG Return Setting Register VEEMGRSx 0x00DC

Note 1: Maximum speed: Maximum rotation speed [Hz] that can be controlled or operation.

Note 2: Maximum current: The current value [A] when it becomes "0x7FF0"after the AD conversion result of the

phase current corrected to zero level.

Note 3: Maximum voltage: Voltage value [V] when the AD conversion result of the supply voltage (VDC)
becomes "OxFFFO".

Note 4: AD conversion result is stored in the upper 12 bits of 16-bit register.

Note 5: Do not access the address in "Reserved".
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13.3.2. VE Control Register
13.3.2.1. VEEN (VE Operation Enable/Disable 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 - - - - - - VEIDLEN VEEN
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:2 - R [Readas"0"
Clock operation control in IDLE mode
1 VEIDLEN R/W 0: Stop
1: Operation
VE operation control
0 VEEN R/W 0: Disabled
1: Enabled
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13.3.2.2. VECPURUNTRG (CPU Start Trigger Selection 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 - - - - - - VCPURTB VCPURTA
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:2 - R [Readas"0"
R |Read as "0".
1 VCPURTB Starts VE ch1 by software (Notel)
W 0: -
1: Operation start
R |Readas"0".
0 VCPURTA Starts VE chO by software (Notel)
w 0: -
1: Operation start

Notel: When this bit is written to "1", it is cleared in the next cycle.
Note2: The task to be started is determined by the settings of the VEACTSCH and VETASKAPP.

Note3: When task of channel under executing schedule is restarted, it must be restarted by VECPURUNTRG after
it must be terminated by VECOMPEND.
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13.3.2.3. VETASKAPP (Task Specification 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 VTASKB VTASKA
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:8 - R |Read as "0".
Specifies the started task of VE.
0x0: Output control
Ox1: Trigger generation
0x2: Input processing
0x3: Input phase conversion
0x4: Input coordinate axis conversion
7:4 VTASKB[3:0] RIW
0x5: Current control
0x6: SIN/COS computation
0x7: Output coordinate axis conversion
0x8: Output phase conversion
0x9 to OxF: Prohibited
Specifies the task to be started when VE chl is started by software.
Specifies the started task of VE.
0x0: Output control
0x1: Trigger generation
0x2: Input processing
0x3: Input phase conversion
0x4: Input coordinate axis conversion
3.0 VTASKB([3:0] RIW
0x5: Current control
0x6: SIN/COS computation
0x7: Output coordinate axis conversion
0x8: Output phase conversion
0x9 to OxF: Prohibited
Specifies the task to be started when VE chO is started by software.
Note: Only those tasks that are included in operating schedules can be specified.
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13.3.2.4. VEACTSCH (Operation Schedule Selection 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 VACTB VACTA
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:8 - R Read as "0".
Specify the operation schedule of VE ch1l.
0x0: Task execution
0x1: Schedule 1
7:4 VACTB[3.0] | Rw | o >cnedue
0x4: Schedule 4
0x9: Schedule 9
Others: Prohibited
Specify the operation schedule of VE chO.
0x0: Task execution
0x1: Schedule 1
3.0 VACTA[3:0] RIW X !
0x4: Schedule 4
0x9: Schedule 9
Others: Prohibited
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13.3.2.5. VEREPTIME (Operation Schedule Repetition Count Specification 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 VREPB VREPA
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:8 - R [Readas"0"
Specifying the repetition number of the VE ch1l operation schedule (Note)
7:4 VREPB[3:0] R/W 0: Do not execute the schedule
1 to 15: Execute schedule a specified number of times
Specifying the repetition number of the VE chO0 operation schedule (Note)
3.0 VREPA[3:0] R/W 0: Do not execute the schedule
1 to 15: Execute schedule a specified number of times
Note: When this register is set to 0", no schedule is executed.
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13.3.2.6. VETRGMODE (Start Trigger Mode Setting Register)
31 30 29 28 27 26 25 24
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol - - - - VTRGB VTRGA
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:4 - R |Read as "0".

Trigger mode of VE chl

00: Ignore both INTADAPDB (ADC unit A, PMD ch1 trigger conversion completion interrupt request)
and INTADBPDB (ADC unit B, PMD chl trigger conversion completion interrupt request).

01: Start by INTADAPDB (ADC unit A, PMD ch1 trigger conversion completion interrupt request).

3:2 VTRGB[L:0] | RW y ( ! 199 ) pletion interrupt request)

10: Start by INTADBPDB (ADC unit B, PMD chl trigger conversion completion interrupt request).

11: Start when both INTADAPDB (ADC unit A, PMD chl trigger conversion completion interrupt
request) and INTADBPDB (ADC unit B, PMD chl trigger conversion completion interrupt request)
occur.

Trigger mode of VE chO

00: Ignore both INTADAPDA (ADC unit A, PMD ch0 trigger conversion completion interrupt request)
and INTADBPDA (ADC unit B, PMD chO trigger conversion completion interrupt request).

01: Start by INTADAPDA (ADC unit A, PMD chO trigger conversion completion interrupt request).

1.0 VTRGA[1:0] R/W Y ( . .gg . P Lo prred )

10: Start by INTADBPDA (ADC unit B, PMD ch0 trigger conversion completion interrupt request).

11: Start when both INTADAPDA (ADC unit A, PMD chO trigger conversion completion interrupt
request) and INTADBPDA (ADC unit B, PMD ch9 trigger conversion completion interrupt request)
occur.
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13.3.2.7. VEERRINTEN (Error Interrupt Enable/Disable Setting Register)
31 30 29 28 27 26 25 24
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol - - - - - - VERRENB VERRENA
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:2 - R [Readas"0"
Interrupt control when VE ch1 error is detected
1 VERRENB R/W 0: Disabled
1: Enabled
Interrupt control when VE chO error is detected
0 VERRENA R/W 0: Disabled
1: Enabled
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13.3.2.8. VECOMPEND (VE Forced Termination 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 - - - - - - VCENDB VCENDA
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:2 - R [Readas"0"
R [Readas"0"
1 VCENDB Forcefully terminates the schedule in operating VE chl. (Note)
W 0: -
1: Terminated
R [Readas"0"
0 VCENDA Forcefully terminates the schedule in operating VE ch0. (Note)
W 0: -
1: Terminated
Note: When this register is set to "1", it is cleared in the next cycle.
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13.3.2.9. VEERRDET (Error Detection 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 - - - - - - VERRDB VERRDA
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:2 - R |Read as "0".
VE ch1l Error Flag
0: No error detected
1 VERRDB R 1: Error detected
When a PWM interrupt is detected during execution of a schedule (excluding wait for a start trigger),
the error flag is set to "1".
VE chO Error Flag
0: No error detected
0 VERRDA R 1: Error detected
When a PWM interrupt is detected during execution of a schedule (excluding wait for a start trigger),
the error flag is set to "1".

Note: The error flag is cleared when the register is read.
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13.3.2.10. VESCHTASKRUN (Schedule Execution Status/Executing Task 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 - - - - - - VRTASKB
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol VRTASKB VRSCHB VRTASKA VRSCHA
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:10 - R |Read as "0".
Task number currently executing in VE chl
0x0: Output control
Ox1: Trigger generation
0x2: Input processing
0x3: Input phase conversion
9:6 VRTASKBJ[3:0] R 0x4: Input coordinate axis conversion
0x5: Current control
0x6: SIN/COS computation
0x7: Output coordinate axis conversion
0x8: Output phase conversion
0x9 to OxF: Prohibited
Schedule execution status in VE chl
5 VRSCHB R 0: Stop
1: Executing
Task number currently executing in VE chO
0x0: Output control
0x1: Trigger generation
0x2: Input processing
0x3: Input phase conversion
4:1 VRTASKA[3:0] R 0x4: Input coordinate axis conversion
0x5: Current control
0x6: SIN/COS computation
0x7: Output coordinate axis conversion
0x8: Output phase conversion
0x9 to OxF: Prohibited
Schedule execution status in VE chO
0 VRSCHA R 0: Stop
1: Executing
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13.3.2.11. VETMPREGnN (Temporary n Register) (n = 0 to 5)
31 30 | 29 28 | 27 | 26 25 24
Bit symbol TMPREGnN
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol TMPREGnN
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit symbol TMPREGnN
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol TMPREGN
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:0 TMPREGN[31:0] | R/W [Temporary n register
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13.3.3. Common Register

13.3.3.1. VETADC (AD Conversion Time Setting (based on PWM clock) 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 TADC
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol TADC
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:16 R [Readas"0"
15:0 TADC[15:0] RIW AD conversion time o
"0x0000" to "OXFFFF": (Set the AD conversion time [s] / PWM counter clock cycle [s])

Note: This register is effective when the 1-shunt current detection mode is selected and shift PWM is enabled.
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13.3.4. Specific Registers
13.3.4.1. VEMCTLFx (Status 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 - - PLSLFM PLSLF - LVTF LAVFM LAVF
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:8 - R [Readas"0"
7:6 - R/W [ Write as "0".
5 PLSLFM R/W [ Previous value of <PLSLF>
Pulse with minimum flag
4 PLSLF R/W 0: Minimum pulse width difference 2 VEMINPLSx<MINPLS>
1: Minimum pulse width difference < VEMINPLSx<MINPLS >
3 - R/W [ Write as "0".
Low supply voltage flag
2 LVTF R/IW 0: VEVDCx<VDC> 2= 1/128
1: VEVDCx<VDC> < 1/128
1 LAVFM R/W | Previous value of VEMCTLFx<LAVF>
Low speed Flag
0 LAVF R/IW 0: VEOMEGAx<OMEGA> = VEFPWMCHGx<FPWMCHG > (high speed)
1: VEOMEGAX<OMEGA> < VEFPWMCHGx<FPWMCHG > (low speed)
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13.3.4.2. VEMODEX (Task Control 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 - - - - OCRMD ZIEN PVIEN
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:8 - R Read as "0".
74 - R/W | Write as "0".
Output control operation
00: Output off
3:2 OCRMDI1:0] R/W 01: Output enable
10: Prohibited
11: EMG return
Zero current detection control
1 ZIEN R/W 0: Disabled
1: Enabled
Phase interpolation Control
0 PVIEN R/W 0: Disabled
1: Enabled
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13.3.4.3. VEFMODEX (Flow 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 - - - - - - MREGDIS CRCEN
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol ADCSEL - PMDSEL ADCSEL IDMODE SPWMEN C2PEN
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:16 - R Read as "0".
15:10 - R/W | Write as "0".
Keeping previous value of SIN/COS/SECTOR selection
0: Enabled
9 MREGDIS R/W )
1: Disabled
When disabled, VESINMx = VESINX, VECOSMx = VECOSx, VESECTORMx = VESECTORx
Trigger correction enable
8 CRCEN R/W 0: Disabled
1: Enabled
Used ADC unit selection
00: Unit A
01: Unit B
10: Unit A, B
7:6 ADCSEL R/W 11: Unit A, B
ADC unit must be selected shown below by VE channel.
VE ch0: Used ADC unit Aor A, B
VE chl: Used ADC unit B or A, B
5 - R/W [ Write as "0".
Used PMD channel selection
0: Channel 0
1: Channel 1
4 PMDSEL R/W
PMD channel must be selected shown below by VE channel.
VE ch0: Used PMD channel channel 0
VE chl: Used PMD channel channel 1
Current detection mode
00: 3 shunts
3:2 IDMODE R/IW 01: 2 sensors
10: 1 shunt (PMDTRG up counter (Note))
11: 1 shunt (PMDTRG down counter (Note))
Shift PWM enable
1 SPWMEN R/IW 0: Disabled
1: Enabled
Modulation mode selection
0 C2PEN R/W 0: 3-phase modulation
1: 2-phase modulation

Note: When the 1-shunt mode is used, refer to below for PMDTRG setting value.
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VEFMODEX PMDXTRGCR PMDXTRGCR
<IDMODE[1:0]> <TRGOMD[2:0]> <TRGIMD[2:0]>
10 010 (up count) 010 (up count)
10 101 (carrier bottom) [010 (up count)
11 001 (down count) 001 (down count)
11 001 (down count) 101 (carrier bottom)
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13.3.4.4. VETPWMx (PWM Cycle Rate (PWM cycle [s] x maximum speed x 216) 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 TPWM
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol TPWM
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:16 - R [Readas"0"
Set the PWM cycle rate and integration unit during phase interpolation. 16-bit fixed point data "0.0" to
"1.0"
15:0 TPWM[15:0] R/W |"0x0000" to "OXFFFF": PWM cycle [s] x Max_Hz x 21¢
Indicates the ratio between the PWM frequency and the maximum rotation speed.
(Max_Hz: Maximum rotation speed)
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13.3.4.5. VEOMEGAX (Rotation Speed (speed [Hz] / maximum speed x 215) 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 OMEGA
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol OMEGA
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:16 - R [Readas"0"
Rotation speed setting, 16-bit fixed-point data "-1.0" to "1.0"
15:0 OMEGA[15:0] R/W |"0x0000" to "OxFFFF": Rotation speed [Hz] / Max_Hz x 21°
(Max_Hz: Maximum rotation speed)

13.3.4.6. VETHETAX (Motor Phase (motor phase [deg] / 360 x 2'5) 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 THETA
After reset 0 0 0 0 0 0 0 0
7 6 5) 4 3 2 1 0
Bit symbol THETA
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:16 - R [Readas"0"
15:0 THETA[15:0] RIW Phase getting, 16-bit fixed-point data "0.0" to "1.0"
Calculation formula: Phase [deg] / 360 x 26
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13.3.4.7. VEIDREFx (d-Axis Reference Current Value (current [A] / maximum current x
2'5) 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 IDREF
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol IDREF
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:16 - R [Readas"0"
d-axis current reference value 16-bit fixed-point data "-1.0" to "1.0"
15:0 IDREF[15:0] R/W |"0x0000" to "OxFFFF" (d-axis current reference value [A] / Max_| x 21%)
Max_l: (When ADC converted value changes 1 LSB, amount of change in phase current [A] ) x 21!
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13.3.4.8. VEIQREFx (q-Axis Reference Current Value (current [A] / maximum current x
2'5) 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 IQREF
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol IQREF
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:16 - R [Readas"0"
g-axis current reference value 16-bit fixed-point data "-1.0" to "1.0"
15:0 IQREF[15:0] R/W |"0x0000" to "OXFFFF" (g-axis current reference value [A] / Max_| x 2%)
Max_l: (When ADC converted value changes 1 LSB, amount of change in phase current [A] ) x 21!
13.3.4.9. VEVDx (d-Axis Voltage (voltage [V] / maximum voltage x 231) Setting Register)
31 30 | 29 28 | 27 | 26 25 | 24
Bit symbol VD
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol VD
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit symbol VD
After reset 0 0 0 0 0 0 0 0
7 6 5) 4 3 2 1 0
Bit symbol VD
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
d-axis voltage, 32-bit fixed-point data "-1.0" to "1.0"
31:0 VD[31:0] R/W |"0x0000_0000" to "OXFFFF_FFFF" (d-axis voltage / Max_V x 2°%%)
Max_V: (When ADC converted value changes 1 LSB, amount of change in supply voltage [V])x 22
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13.3.4.10. VEVQx (q-Axis Voltage (voltage [V] / maximum voltage x 231) Setting Register)

31 30 | 29 28 | 27 26 25 | 24
Bit symbol VQ
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol vVQ
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit symbol VQ
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol VQ
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
g-axis voltage, 32-bit fixed-point data "-1.0" to "1.0"
31.0 VQ[31:0] R/W |"0x0000_0000" to "OXFFFF_FFFF" (g-axis voltage / Max_V x 2°3%)
Max_V: (When ADC converted value changes 1 LSB, amount of change in supply voltage [V]) x 212

13.3.4.11. VECIDKIx (d-Axis Current Control Integral Coefficient for Pl Control 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 CIDKI
After reset 0 0 0 0 0 0 0 0
7 6 5) 4 3 2 1 0
Bit symbol CIDKI
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:16 - R |[Readas"0"
15:0 CIDKI[15:0] R/W | Integral coefficient for PI control of d-axis: "0x0000" to "OxFFFF"
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13.3.4.12. VECIDKPx (d-Axis Current Control Proportional Coefficient for Pl Control
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 CIDKP
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol CIDKP
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:16 R [Read as "0"
15:0 CIDKP[15:0] R/W | Proportional coefficient for PI control of d-axis: "0x0000" to "OxFFFF"

13.3.4.13. VEVCIQKIx (q-Axis Current Control Integral Coefficient for Pl Control 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 CIQKI
After reset 0 0 0 0 0 0 0 0
7 6 5) 4 3 2 1 0
Bit symbol CIQKI
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:16 R [Readas"0"
15:0 CIQKI[15:0] R/W | Integral coefficient for PI control of g-axis: "0x0000" to "OxFFFF"
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13.3.4.14. VECIQKPx (gq-Axis Current Control Proportional Coefficient for Pl Control
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 CIQKP
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol CIQKP
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:16 R [Read as "0"
15:0 CIQKP[15:0] R/W | Proportional coefficient for PI control of g-axis: "0x0000" to "OxFFFF"

13.3.4.15. VEVDIHx (d-Axis Voltage Integral Term Hold (upper 32-bit of VDI) Register)

31 30 | 29 28 | 27 | 26 25 | 24
Bit symbol VDIH
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol VDIH
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit symbol VDIH
After reset 0 0 0 0 0 0 0 0
7 6 5) 4 3 2 1 0
Bit symbol VDIH
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:0 VDIH[31:0] R/W | Upper 32-bit integral term (VDI) for Pl control of d-axis
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13.3.4.16. VEVDILHXx (d-Axis Voltage Integral Term Hold (lower 32-bit of VDI) Register)

31 30 | 29 28 | 27 | 26 25 | 24
Bit symbol VDILH
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol VDILH
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit symbol -
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol -
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:16 VDILH[15:0] R/W | Lower 32-bit integral term (VDI) for PI control of d-axis, but lower 16 bits are fixed to "0x0000".
15:0 R [Readas"0"

Note: VDI: 64-bit fixed-point data (fractional of 63bits “-1.0"to"1.0")

13.3.4.17. VEVQIHXx (g-Axis Voltage Integral Term Hold (upper 32-bit of VQI) Register)

31 30 | 29 28 | 27 | 26 25 | 24
Bit symbol VQIH
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol VQIH
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit symbol VQIH
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol VQIH
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:0 VQIH[31:0] R/W | Upper 32-bit integral term (VQI) for PI control of g-axis
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13.3.4.18. VEVAQILHx (q-Axis Voltage Integral Term Hold (lower 32-bit of VQI) Register)

31 30 | 29 | 28 | 27 | 26 25 | 24
Bit symbol VQILH
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol VQILH
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:16 VQILH[15:0] R/W | Lower 32-bit integral term (VQI) for PI control of g-axis, but lower 16 bits are fixed to "0x0000"
15:0 - R [Readas"0"

Note: VQI: 64-bit fixed point data (fractional of 63bits "-1.0" to "1.0")

13.3.4.19. VEFPWMCHGXx (Rotation Speed When Shift PWM is Enabled with 2-Phase
Modulation 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 FPWMCHG
After reset 0 0 0 0 0 0 0 0
7 6 5) 4 8 2 1 0
Bit symbol FPWMCHG
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:16 - R Read as "0".
PWM rotation speed setting when shift PWM is enabled
15:0 [ FPWMCHG[15:0] | R/W |Set the rotation speed [Hz] / Max_Hz x 215
(Max_Hz: Maximum rotation speed [Hz])
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13.3.4.20. VEMDPRDx (PWM Cycle Setting (setting the value as same as PMD’s PWM
cycle.) 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 VMDPRD
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol VMDPRD
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:16 - R [Readas"0"
150 | VMDPRDIIS0] | RIW g\e/\t”;/lh:):/‘:eileuze:f”t]r?e PMD’s PMDXxMDPRD
13.3.4.21. VEMINPLSx (Minimum Pulse Width Difference 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 MINPLS
After reset 0 0 0 0 0 0 0 0
7 6 5) 4 3 2 1 0
Bit symbol MINPLS
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:16 - R [Readas"0"
Set the minimum pulse width difference. (Minimum value of duty difference of 3-Phase PWM
15:0 MINPLS[15:0] | R/W |(VECMPUx, VECMPVx, VECMPWx))
Set value: minimum pulse width difference [s] / PWM counter clock cycle [s]
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13.3.4.22. VETRGCRCx (Synchronous Trigger Correction 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 TRGCRC
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol TRGCRC
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:16 - R [Readas"0"
15:0 TRGCRC[15:0] RIW gztr r\(/ez;:ltuﬁecsc:/rrrt:triz:iilgit[rsl?gllelirvt\llrl\?llr::?).unter clock cycle [s]

13.3.4.23. VECOSx (Cosine Value by THETA for Output Conversion (Q15 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 COos
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol COS
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:16 - R [Readas"0"
15:0 COS[15:0] RIW Cosine value by THETA value, 16-bit fixed point data "-1.0" to "1.0"
"0x0000" to "OXFFFF"
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13.3.4.24. VESINXx (Sine Value by THETA for Output Conversion (Q15 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 SIN
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol SIN
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:16 - R [Readas "0".
15:0 SIN[15:0] RIW Sine value by THETA value, 16-bit fixed point data "-1.0" to "1.0"
"0x0000" to "OxFFFF"

13.3.4.25. VECOSMx (Previous Cosine Value for Input Processing (Q15 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 COSM
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol COSM
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:16 - R [Readas"0"
15:0 COSM[15:0] RIW Store previous VECOSx value
"0x0000" to "OXFFFF"
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13.3.4.26. VESINMx (Previous Sine Value for Input Processing (Q15 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 SINM
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol SINM
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:16 - R [Readas"0"
150 | siwpso) | R | S8 previus VESIN value
13.3.4.27. VESECTORX (Sector Information 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 - - - - SECTOR
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:4 - R [Readas"0"
Sector information
3:0 SECTOR[3:0] R/W | Set value: "0x0" to "OxF"
Indicates the rotation position at the time of output divided by 12 sectors each 30 degrees.
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13.3.4.28. VESECTORMXx (Previous Sector Information 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 - - - - SECTORM
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:4 - R |Readas"0"
Previous sector information
3.0 SECTORM[3:0] | R/W | Set value: "0x0" to "OxF"
Used in input processing.

13.3.4.29. VEIAOx (AD Conversion Result at Detecting a-Phase Zero Current 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 IAO
After reset 0 0 0 0 0 0 0 0
7 6 5) 4 8 2 1 0
Bit symbol IAO
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:16 - R |Read as "0".
150 IAO[15:0] RIW Store AD conversion result of a-phase zero current. (Stores the AD conversion result of
a-phase current when a motor is stopped.)

Notel: The AD conversion result is automatically stored when zero current detection is enabled.

Note2: The AD conversion result is stored in the upper 12 bits. The lower 4 bits are always "0".
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13.3.4.30. VEIBOx (AD Conversion Result at Detecting b-Phase Zero-Current 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 IBO
After reset 0 0 0 0 0 0 0 0
7 6 5) 4 3 2 1 0
Bit symbol IBO
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:16 - R |Read as "0".
150 IBO[15:0] RIW Store AD conversion result of b-phase zero current. (Stores the AD conversion result of
b-phase current when a motor is stopped.)

Notel: The AD conversion result is automatically stored when zero current detection is enabled.

Note2: The AD conversion result is stored in the upper 12 bits. The lower 4 bits are always "0".

441 /624 2023-07-21
Rev. 1.1



TOSHIBA

TMPM370FYDFG
TMPM370FYFG

13.3.4.31. VEICOx (AD Conversion Result at Detecting c-Phase Zero-Current 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 ICO
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol ICO
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:16 - R |Read as "0".
15:0 ICO[15:0] RIW Store AD conversion result of c-phase zero current. (Stores the AD conversion result of
c-phase current when a motor is stopped.)

Notel: The AD conversion result is automatically stored when zero current detection is enabled.

Note2: The AD conversion result is stored in the upper 12 bits. The lower 4 bits are always "0".
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13.3.4.32. VEIAADCXx (a-Phase Current AD Conversion Result 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 IAADC
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol IAADC
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:16 - R |Read as "0".
15:0 IAADC[15:0] R/W | Store the AD conversion result of a-phase current "0x0000" to "OxFFF0"
Note: The AD conversion result is stored in the upper 12 bits. The lower 4 bits are always "0".
13.3.4.33. VEIBADCXx (b-Phase Current AD Conversion Result 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 IBADC
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol IBADC
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:16 - R |Read as"0".
15:0 IBADCJ[15:0] R/W | Store the AD conversion result of b-phase current "0x0000" to "OxFFF0"
Note: The AD conversion result is stored in the upper 12 bits. The lower 4 bits are always "0".
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13.3.4.34. VEICADCXx (c-Phase Current AD Conversion Result 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 ICADC
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol ICADC
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:16 - R [Readas "0"
15:0 ICADC[15:0] R/W | Store the AD conversion result of c-phase current "0x0000" to "OxFFFQ"

Note: The AD conversion result is stored in the upper 12 bits. The lower 4 bits are always "0".

13.3.4.35. VEVDCx (DC Supply Voltage (voltage [V] / maximum voltage x 27%) 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 vDC
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol VDC
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:16 - R |Read as "0".
Supply voltage, 16-bit fixed-point data "0" to "1.0"
Set value: "0x0000" to "Ox7FFF"
15:0 VDC[15:0] R/W [ The actual voltage value: VDC value x Max_V / 2
(Max_V: (When ADC converted value changes 1 LSB, amount of change in supply voltage [V])
x 212)
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13.3.4.36. VEIDx (d-Axis Current (current [A] / maximum current x 23') Register)

31 | 30 | 29 | 28 | 27 | 26 | 25 | 24
Bit symbol ID
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol ID
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit symbol ID
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol ID
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
d-axis current, 32-bit fixed-point data "-1.0" to "1.0"
Setting value: "0x0000_0000" to "OxFFFF_FFFF"
31.0 ID[31:0] R/W | The actual current value: ID value x Max_|/ 23
(Max_l: (When ADC converted value changes 1 LSB, amount of change in phase current [A] )
x 211)

13.3.4.37. VEIQx (g-Axis Current (current [A] / maximum current x. 23') Register)

31 | 30 | 29 | 28 | 27 | 26 | 25 | 24
Bit symbol [0)
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol 1Q
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit symbol [0)
After reset 0 0 0 0 0 0 0 0
7 6 5) 4 8 2 1 0
Bit symbol 1Q
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
g-axis current, 32-bit fixed-point data "-1.0" to "1.0"
Setting value: "0x0000_0000" to "OxFFFF_FFFF"
310 IQ[31:0] R/W | The actual current value: IQ value x Max_| / 2%
(Max_l: (When ADC converted value changes 1 LSB, amount of change in phase current [A] )
x 211)
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13.3.4.38. VECMPUx (PMD Control: U-Phase PWM Pulse Width 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 VCMPU
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol VCMPU
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:16 - R |Read as "0".
150 VCMPU[15:0] | RIW U-phase PWM pulse width setting
Set value: "0x0000" to "OXFFFF"

13.3.4.39. VECMPVx (PMD Control: V-Phase PWM Pulse Width 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 VCMPV
After reset 0 0 0 0 0 0 0 0
7 6 5} 4 3 2 1 0
Bit symbol VCMPV
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:16 - R |Read as "0".
150 VCMPV[15:0] | RW V-phase PWM pulse width setting
Set value: "0x0000" to "OxFFFF"
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13.3.4.40. VECMPWx (PMD Control: W-Phase PWM Pulse Width 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 VCMPW
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol VCMPW
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:16 - R |Read as "0".
50 | vewmwsal | m |10 PO e e o
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13.3.4.41. VEOUTCRXx (PMD Control: 6-Phase 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 - - - - - - - WPWM
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol VPWM UPWM woC VOC uocC
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:9 - R |Read as "0".
PWM of W-phase
8 WPWM R/W 0: ON/OFF output
1: PWM output
PWM of V-phase
7 VPWM R/W 0: ON/OFF output
1: PWM output
PWM of U-phase
6 UPWM R/W 0: ON/OFF output
1: PWM output
Output control of W-phase
00: WO OFF, ZO OFF (Note)
5:4 WOC[1:0] R/W | 01: WO OFF, ZO ON
10: WO ON, ZO OFF
11: WO ON, ZO ON
Output control of V-phase
00: VO OFF, YO OFF (Note)
3:2 VOC[1:0] R/W 01: VO OFF, YO ON
10: VO ON, YO OFF
11: VO ON, YO ON
Output control of U-phase
00: UO OFF, XO OFF (Note)
1:0 UOC[1:0] R/W 01: UO OFF, XO ON
10: UO ON, XO OFF
11: UO ON, XO ON
Note: When VEOUTCRx<WPWM>, <VPWM>, <UPWM >="1", both are ON.
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Output control of U, V, and W phases of PMD is shown below. (Only the combination used in VE is shown.)

Table 13.1 VEOUTCRx<UPWM>, VEOUTCRx<UOC[1:0]> PMD setting: Output control of U-phase

(UOXx, XOx)
Setting Output
VEOUTCRXx VEOUTCRx
UOx XOx
<UPWM> <UOCJ[1:0]>
0 00 OFF output OFF output
PWMU invert
1 00 PWMU output
output
PWMU invert
1 11 PWMU output
output

(VOx, YOx)
Setting Output
VEOUTCRx VEOUTCRXx
VOx YOx
<VPWM> <VOC[1:0]>
0 00 OFF output OFF output
PWMV invert
1 00 PWMV output
output
PWMV invert
1 11 PWMV output
output

Table 13.2 VEOUTCRx<VPWM>, VEOUTCRx<VOC[1:0]> PMD setting: Output control of V-phase

Table 13.3 VEOUTCRx<WPWM>, VEOUTCRx<WOC[1:0]> PMD setting: Output control of W-phase

(WOx, ZOx)
Setting Output
VEOUTCRXx VEOUTCRXx
WOx Z0Ox
<WPWM> <WOC[1:0]>
0 00 OFF output OFF output
PWMW invert
1 00 PWMW output
output
PWMW invert
1 11 PWMW output
output
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13.3.4.42. VETRGCMPOx (PMD Control: Trigger Timing Setting (TRGCMPO0) 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 VTRGCMPO
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol VTRGCMPO
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:16 - R |Read as "0".
Sets the trigger timing (PMD setting) for sampling ADC in synchronization with PMD.
15:0 VTRGCMPO RIW 0 x 0000: Prohibited
[15:0] 0x0001 to (PMDxMDPRD<MDPRDI[15:0]> - 1): Trigger timing
PMDxMDPRD<MDPRD[15:0]> to "OxFFFF": Prohibited

Notel: Enabled when one of the following is selected as the trigger mode of the PMD.

= Match during down counting
= Match during up counting

= Match during up and down counting

Note2: It is invalid when trigger selected output (PMDXTRGMD<TRGOUT> ="1") is selected as trigger output
mode of PMD.
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13.3.4.43. VETRGCMP1x (PMD Control: Trigger Time Setting (TRGCMP1) 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 VTRGCMP1
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol VTRGCMP1
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:16 - R |Read as "0".
Sets the trigger timing (PMD setting) for sampling ADC in synchronization with PMD.
15:0 VTRGCMP1 RIW 0 x 0000: Prohibited
[15:0] 0x0001 to (PMDxMDPRD<MDPRDI[15:0]> - 1): Trigger timing
PMDxMDPRD<MDPRDI[15:0]> to "OxFFFF": Prohibited

Notel: Enabled when one of the following is selected as the trigger mode of the PMD.
= Match during down counting
= Match during up counting

*  Match during up and down counting

Note2: It is invalid when trigger selected output (PMDXxTRGMD<TRGOUT> ="1") is selected as trigger output
mode of PMD.
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13.3.4.44. VETRGSELXx (PMD Control: Synchronous Trigger Setting Register)

31 30 29 28 27 26 25 24
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol - - - - - VTRGSEL
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:3 - R |Read as "0".
Specifying the synchronous trigger number which is output at the setting timing of
20 | vireseLza) | RW VETRGCMPOX<VTRGCMPO[15:O]>. (Note)
0 to 5: Output trigger number
6 to 7: Prohibited

Note: Enabled when the trigger selection output (PMDXTRGMD<TRGOUT> = "1") is selected as the trigger
output mode of the PMD.

13.3.4.45. VEEMGRSx (PMD Control: EMG Return Setting Register)

31 30 29 28 27 26 25 24
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
7 6 5) 4 3 2 1 0
Bit symbol - - - - - - - EMGRS
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
311 - R |Read as"0"
EMG return command (PMD setting)
0 EMGRS R/W 0: -
1: EMG return command
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13.4. Operations

13.4.1. Schedule Management

Motor control is performed in the flow shown in Figure 13.4. VE transitions the each operation status by switching
between scheduled setting and MODE setting.

Change
VEACTSCH

\ 4 AN
A Y
N
Change VEACTSCH
Change VEMODEXx
y

Forced
commutation

\*ﬁ

I

Change VEACTSCH -~ /
Change VEACTSCH Change VEMODE);/ ’
4

Change VEMODEXx ’
\ 4 Il /!
/
Speed control by /
/
current feedback J
I,
Change VEACTSCH /
Change VEMODEXx /

y /

Brake

A
¥

Change VEACTSCH

Q : Executed by the VE

_—
________ » : Software control

Figure 13.4 Motor Control Operation Flow Example
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RESET MCU reset
Initial Settings Initial setting by user software
Stop Motor stop
Initial input Sample and store zero-current data at motor stop
Positioning Positioning control at motor start
. Motor is rotated at the set speed without feedback
Forced commutation . A
control for the starting specified time
Speed control by current Control motor rotation by current feedback
feedback
Brake Deceleration control
EMG return Return from EMG protection status
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13.4.1.1. Schedule Control
The operation schedules are selected with VEACTSCH.

A schedule is comprised of an output schedule handling output processing and an input schedule handling input

processing. An output schedule consists of output-related tasks, and an input schedule consists of input-related

tasks. Table 13.4 lists the relationship between schedules and tasks to operate.

In addition, phase interpolation enable, output control operation, and zero current detection are switched in
VEMODEX setting according to the motor control flow (Table 13.5).

Table 13.4 Tasks to be Executed in Each Schedule

Output Schedule Input Schedule
i Output Input
Schedule Selection p Output _ Input p.
VEACTSCH Current SIN/COS | coordinate hEse Output Trigger Input HiEse coordinate
control computation axis . control generation | processing . axis
: conversion conversion :
conversion conversion
0: Individual operation (Notel) (Notel) (Notel) (Notel) (Notel) (Notel) (Notel) (Notel) (Notel)
1: Schedule 1 v v (Note2) v v v (Note3) v v (Note4) v v
4: Schedule 4 v (Note2) v v v (Note3) v v (Note4) v v
9: Schedule 9 v’ (Note3) v v’ (Note4)
v': Atask that is executed according to the schedule.,-: A task that is independent of the schedule.
Notel: Only specified task is executed.
Note2: Phase interpolation setting
Note3: Output off setting: VEEMGRSX<EMGRS>
Note4: Task operation to be switched by zero current detection.
Table 13.5 Example Setting in Typical Operation Flow
Setting Phase
. Task . . Output control Zero current
Schedule setting L interpolation . .
specification operation detection
VEACTSCH enable
VETASKAPP VEMODEX VEMODEX
Motor <VACTB[3:0]> VEMODEX
<VTASKBI[3:0]> <OCRMDJ[1:0]> <ZIEN>
Control Flow <PVIEN>
Stop 1001 0000 00 0
Initial input 1001 0000 00 1
Positioning 0001 0101 0 01 0
Forced commutation 0001 0101 1 01 0
Speed control by
0001 0101 1 01 0
current feedback
Brake 0100 0110 0 01 0
EMG return 1001 0000 11 0
- Not set
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An output schedule begins executing by the command (VECPURUNTRG). When all output related tasks are
completed, the VE enters a standby state and waits for a start trigger. At this time, schedule of other channels can
be executed.

An input schedule begins executing by a start trigger. When all input related tasks are completed, the VE generates
an interrupt to the CPU and enters a halt state. However, if the schedule repeat count (VEREPTIME) is set to 2 or
more times, the output schedule is started without generating an interrupt until the set count is reached.

Start command

Execute
output schedule

l

Wait for
start trigger

lStart trigger

Execute
input schedule

Repeated specified
umber of times?2

Schedule end

Figure 13.5 Operation Transition in Operation Schedule
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13.4.1.2. Start Control
Enable the VE (VEEN<VEEN>= "1"). Set the operation schedule specification (VEACTSCH), task specification
(VETASKAPP), and repetition count (VEREPTIME). The operation schedule of the VE is comprised of output
schedule and input schedule. Basically, the VE executes output schedule first, enters the standby state, and then

starts executing the input schedule by the start trigger.

The output schedule and the input schedule are started by each following conditions.

e  Starting the output schedule

(a) Starting the specified task (VETASKAPP) with the command start (VECPURUNTRG)
(b) Repeat start (VEREPTIME > 2) is executed after the input schedule is completed.

e  Starting the input schedule
(a) Starting the input processing task by the start trigger (Trigger input selected in VETRGMODE) after the

output schedule completes
(b) Starting the specified task (VETASKAPP) with the command start (VECPURUNTRG)
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13.4.2. Task Overview

The following is the overview of each task that operates on the schedule.

To specify an individual operation or startup task, specify the task number of the Table 13.6.

Table 13.6 Task Overview

Task

Task function

Task number

Qutput
Schedule

Current control

dq current control

5

SIN/COS computation

Sine/cosine computation, phase
interpolation

6

Output coordinate axis
conversion

Convert from dq coordinate axis
to aff coordinate axis

Output phase
conversion

Convert from 2-phase to 3-phase

Output control

Data conversion to PMD setting
format
Shift PWM switching

Trigger generation

Synchronous trigger timing
generation

Input
Schedule

Input processing

Capture AD conversion results
Data conversion to fixed-point
data

Input phase conversion

Convert from 3-phases to
2-phases

Input coordinate axis
conversion

Convert from af coordinate axis
to dq coordinate axis
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13.4.2.1. Current Control

The current control unit is comprised of a Pl control unit for d-axis and a PI control unit for g-axis. It calculates

d-axis and g-axis voltages.

(1) PI control of d-axis current

<Formula>

AID = VEIDREFx — VEIDx<ID[31:0]>

VDIx = VECIDKIx x AID + VDIx

VEVDx = VECIDKPx x AID + VDIx

: Integral term operation
: Voltage calculation using proportional term

Table 13.7 PI Control of d-axis Current

: Difference between current reference value and current feedback

Register name

Function

Data format

32-bit fixed-point data (31 bits after the

VEIDx d-axis current . .
decimal point)
VEIDREFx d-axis current reference 16-t.>|t flxed.-pomt data (15 bits after the
Input value decimal point)
VECIDKPx Proportional coefficient  |16-bit data
VECIDKIx Integral coefficient 16-bit data
Output VEVDx d-axis voltage 32-p|t flxed.-pomt data (31 bits after the
decimal point)
Internal VDlx d-axis voltage integral 64-t?|t flxed.-pomt data (63 bits after the
term hold decimal point)
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(2) PI control of g-axis current

<Formula>

AIQ = VEIQREFx — VEIQx<IQ[31:0]>

VQIx = VECIQKIx x AIQ + VQIx

VEVQx = VECIQKPx x AIQ + VQIx

. Integral term operation

: Voltage calculation using proportional term

Table 13.8 PI Control of g-axis Current

: Difference between current reference value and current feedback

Register name

Function

Data format

32-bit fixed-point data (31 bits after the

VEIQx g-axis current decimal point)
VEIQREFx g-axis current reference 16-t?|t flxed.-pomt data (15 bits after the
Input value decimal point)
VECIQKPx Proportional coefficient  [16-bit data
VECIQKIx Integral coefficient 16-bit data
Output VEVQX q-axis voltage 32-t?|t flxed.-pomt data (31 bits after the
decimal point)
Internal VQlix g-axis voltage integral 64-p|t flxed.-pomt data (63 bits after the
term hold decimal point)
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13.4.2.2. SIN/COS Computation

The SIN/COS computation unit is comprised of phase interpolation unit and SIN/COS computation unit.

Phase interpolation calculates the rotation speed by integral with the PWM cycle. It is executed only when phase

interpolation is enabled.

(1) phase interpolation

<Formula>
VETHETAXx = VEOMEGAX x VETPWMx + VETHETAX - Integral of rotation speed,
only when phase interpolation is enabled
Table 13.9 Phase Interpolation
Register name Function Data format
VETHETAX Phase 0 16-lz'>|t flxed.-pomt data ("0.0" to "1.0", 16 bits after the
decimal point)
VEOMEGAX Rotation speed 16-lz'>|t flxed.-pomt data ("-1.0" to "1.0", 15 bits after the
Input decimal point)
VETPWMx PWM cycle rate 16-lz'>|t flxed.-pomt data ("0.0" to "1.0", 16 bits after the
decimal point)
VEMODEX Phase Interpolation Setting
Enable
Output VETHETAX Phase 0 16-lz'>|t flxed.-pomt data ("0.0" to "1.0", 16 bits after the
decimal point)
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(2) SIN/COS computation

<Formula>

VESINMX = VESINX
VECOSMx = VECOSX
VESINx = sin(VETHETAX x )

VECOSx = sin((VETHETAx + 1/ 4) x m)

. Saves previous value (for input processing)

. Saves previous value (for input processing)
: SIN/COS computation

: SIN/COS computation

Table 13.10 SIN/COS Computation

Register name Function Data format
Input VETHETAX Phase 0 16-t?|t flxed.-pomt data ("0.0" to "1.0", 16 bits after the
decimal point)
VESINX Sine value at 6
Output VECOSx Cosine value at® |46 pit fixed-point data ("-1.0" to "1.0", 15 bits after the
VESINMx Previous sine value |decimal point)
VECOSMx Previous cosine value
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13.4.2.3. Output Voltage Conversion (Coordinate Axis Conversion/Phase Conversion)

Output voltage conversion is comprised of dg-af coordinate axis conversion and 2-3-phase conversion. The dg-aff
coordinate axis conversion calculates Va, VB from Vd, Vq, VESINx, and VECOSXx.

In the 2-3 phase conversion, the sector is decided from Vo and VB and Va, Vb, and V¢ are calculated by executing
space vector conversion according to the decided sector.

In 2-3 phase conversion, 2-phase modulation or 3-phase modulation can be selected as the conversion method.

(1) dg-op coordinate axis conversion

<Formula>
VETMPREG3 = VECOSx x VEVDX - VESINX x VEVQX : Calculates Va
VETMPREG4 = VESINx x VEVDx + VECOSx x VEVQX : Calculates VB
Table 13.11 dqg-apf Coordinate Axis Conversion
Register name Function Data format
VEVDx d-axis voltage 32-lz'>|t flxed.-pomt data ("-1.0" to "1.0", 31 bits after the
decimal point)
VEVQXx q-axis voltage 32-lz'>|t flxed.-pomt data ("-1.0" to "1.0", 31 bits after the
Input decimal point)
VESINX Sine value at 16-lz'>|t flxed.-pomt data ("-1.0" to "1.0", 15 bits after the
decimal point)
VECOSx Cosine value at 8 16-lz'>|t flxed.-pomt data ("-1.0" to "1.0", 15 bits after the
decimal point)
VETMPREG3 a-axis voltage 32-t'>|t flxed.-pomt data ("-1.0" to "1.0", 31 bits after the
Output decimal point)
VETMPREG4 B-axis voltage 32-plt flxed.-pomt data ("-1.0" to "1.0", 31 bits after the
decimal point)
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(2) 2-3 phase conversion (space vector conversion)

(a) sector decision

<Formula>
VESECTORMx = VESECTORX . Stores previous sector
if (Va>0& VB >0) : Calculates V3
if (Vo > [VB|/\3)
if (Va| / V3> |VB|) SECTOR="0"
else SECTOR ="1"
else SECTOR ="2"
else if (Va <0 & VB >0)
if (IVa) < [VB|/\3) SECTOR ="3"
else if (Vo] /3 < [VP|) SECTOR = "4"
else SECTOR ="5"
else if (Va<0 & VB <0)
if (Vo > [VB|/\3)
if (Va| / V3 > |VB|) SECTOR ="6"
else SECTOR ="7"
else SECTOR ="8"
elseif (Vo >0 & VB <0)
if ([Va| <[VP| /\3) SECTOR ="9"
else if (Vo] /\3 < [VP|) SECTOR ="10"
else SECTOR ="11"
Table 13.12 2-3 Phase Conversion (Space Vector Conversion)
Register name Function Data format
VETMPREG3 a-axis voltage 32-pit fixed.-point data ("-1.0" to "1.0", 31 bits after the
Input ggiﬁxzzl.?iim data ("1.0" to "1.0", 31 bits after the
VETMPREG4 B-axis voltage decimal point) ' o
VESECTORX Sector 4-bit data
Output
VESECTORMXx Previous sector 4-bit data
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(b) 3 phase voltage calculation (when VESECTORx<SECTOR[3:0]>="0")

<Formula>
if (VESECTORX<SECTOR([3:0]>="0")

tl = (V3) / (VEVDCx) x (3) /2 x Va.- 1 /2 x Vp)

t2 = (\3) / (VEVDCx) x (VP)
tB3=1-tl—1t2

if (VEFMODEX<C2PEN> = "0")
VETMPREGO =t1 +t2 +t3/2
VETMPREG1 =2 +t3/2
VETMPREG2 =13/ 2

: Calculates V1 period

: Calculates V2 period

: Calculates VO + V7 period
: 3-phase modulation

: Calculates Va

: Calculates Vb

: Calculates VVc

else : 2-phase modulation
VETMPREGO =11 + t2 : Calculates Va
VETMPREGL1 =2 : Calculates Vb
VETMPREG2 ="0" : Calculates Vc
Table 13.13 3 Phase Voltage Calculation (When VESECTORx<SECTOR[3:0]>= "0")
Register name Function Data format
VETMPREG3 a-axis voltage 32-lz'>|t flxed.-pomt data ("-1.0" to "1.0", 31 bits after the
decimal point)
VETMPREG4 B-axis voltage 32-lz'>|t flxed.-pomt data ("-1.0" to "1.0", 31 bits after the
decimal point)
16-bit fixed-point data ("0.0" to "1.0", 15 bits after the
Input VEVDCx Supply voltage door poir:)t) (
VESECTORX Sector 4-bit data
VEFMODEx<C2PEN>
VEFMODEX Modulation mode 0: 3-phase modulation
1: 2-phase modulation
VETMPREGO a-phase voltage 32-t'>|t flxed.-pomt data ("0.0" to "1.0", 31 bits after the
decimal point)
Output VETMPREG1 b-phase voltage 32-t'>|t flxed.-pomt data ("0.0" to "1.0", 31 bits after the
decimal point)
VETMPREG2 c-phase voltage 32-t'>|t flxed.-pomt data ("0.0" to "1.0", 31 bits after the
decimal point)
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13.4.2.4. Output Control

The output control unit converts the 3-phase voltage value to VECMPUX, VECMPVX, VECMPWHx of the PWM

setting format and sets VEOUTCRX according to the operation mode.

When 1-shunt current detection and 2-phase modulation are selected and shift PWM is enabled, if the rotation

speed is slower than the shift PWM switching reference value, output is switched to shift PWM output.

Table 13.14 Output Control

Register name Function Data format
VETMPREGO a-phase voltage 32-p|t flxed.-pomt data ("0.0" to "1.0", 31 bits after the
decimal point)
VETMPREG1 b-phase voltage 32-t?|t flxed.-pomtdata ("0.0" to "1.0", 31 bits after the
decimal point)
VETMPREG? c-phase voltage 32-p|t flxed.-pomt data ("0.0" to "1.0", 31 bits after the
decimal point)
VEMDPRDXx PWM cycle setting 16-bit data (PMD PWM cycle setting)
VESECTORX Sector 4-bit data
Input e . WA A pa g .
VEOMEGAX Rotational speed 16-t.>|t flxed.-pomtdata ("-1.0" to "1.0", 15 bits after the
decimal point)
VEFPWMCHGx Shift PWM switching 16-t?|t f|xed.-p0|ntdata ("0.0" to "1.0", 15 bits after the
reference decimal point)
VEMODEXx Output control operation |Setting
PMD channel
selection/Shift PWM .
VEFMODEX enable /modulation mode Setting
/detection mode
VECMPUx Spgftﬁ]g’phase PWM 16-bit data (0 - VEMDPRDx<VMDPRD[15:0]>value)
VECMPVx Spgftﬁ];/’phase PWM 16-bit data (0 - VEMDPRDx<VMDPRD[15:0]>value)
VECMPWx PMD W-phase PWM |15 it data (0 - VEMDPRDx<VMDPRD[15:0]>value)
Output setting
VEOUTCRXx PMD output control 9-bit setting
setting
VEEMGRSx PMD EMG return 1-bit setting
VEMCTLFx Shift Switching Flag Status
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13.4.2.5. Trigger Generation

The trigger generator unit calculates the trigger timing according to the current detection method from VECMPUX,

VECMPVX, VECMPWHXx and sets VETRGCMPOx and VETRGCMP1x to the calculated trigger timing.

Table 13.15 Trigger Generation

Register name

Function

Data format

PMD U-phase PWM

VECMPUXx setting 16-bit data (0 - VEMDPRDx<VMDPRD[15:0]>value)
VECMPVx zgfta;/'phase PWM 16-bit data (0 - VEMDPRDx<VMDPRD[15:0]>value)
VECMPWx :gfta;’v'phase PWM |16-bit data (0 - VEMDPRDXx<VMDPRD[15:0]>value)
VEMDPRDXx PWM cycle setting 16-bit data (PMD PWM cycle setting)
VETADC AD conversion time 16-bit data (0 - VEMDPRDx<VMDPRD[15:0]>value)
Input  |VETRGCRCx \T/Z?U%er Compensation 1,6 it ata (0 - VEMDPRDx<VMDPRD[15:0]>value)

VESECTORX Sector 4-bit data
VEMODEXx Output control operation |Setting

PMD channel

selection/Shift PWM
VEFMODEX enable /modulation mode |Setting

/detection mode/trigger

correction enable
VEMCTLFx Shift Switching Flag Status

PMD trigger 0 timing .
VETRGCMPOx setting 16-bit data (0 - VEMDPRDx<VMDPRD[15:0]>value)

Output PMD trigger 1 timing .
VETRGCMP1x setting 16-bit data (0 - VEMDPRDx<VMDPRD[15:0]>value)
VETRGSELXx PMD Trigger Select 3-bit data
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13.4.2.6. Input Processing

In the input processing task, the current conversion result is judged and stored as 3-phase component, and the
conversion result of current and voltage is converted to fixed-point data. And, the result of zero current conversion
is stored in initial input operation.

Table 13.16 Input Processing

Register name Function Data format
VEADREGOx AD conversion result 0
VEADREG1x AD conversion result 1
16-bit data (results held in the upper 12 bits)
VEADREG2x AD conversion result 2
VEADREG3x AD conversion result 3
VEPHNUMOx ADREGQX detection phase
information
VEPHNUM1x .ADREGjIX detection phase
information .
- 2-bit data
Input  [\/EPHNUMZ2x ADREG2x detection phase
information
VEPHNUMS3x ADREG?x detection phase
information
VESECTORMXx Sector information 4-bit data
VEMODEXx Zero current detection Setting
PMD channel
VEFMODEX selection/Current detection  |Setting
mode/shift PWM enable
VEMCTLFx Shift Switching Flag Status
VEVDCx Supply voltage 16-t?|t flxed.-pomt data ("0.0" to "1.0", 15 bits after the
decimal point)
Output VETMPREGO a-phase current
VETMPREG1 b-phase current 32-t?|t flxed‘-pomtdata ("-1.0" to "1.0", 31 bits after the
decimal point)
VETMPREG2 c-phase current
VEIAOX a-phase. zero current
conversion result
-ph
VEIBOX b-phase zero current 16-bit data (results held in the upper 12 bits)
conversion result
VEICOX c-phase zero current

conversion result
a-phase current conversion
result

Internal  |VEIAADCx

b-phase current conversion

VEIBADC
X result 16-bit data (results held in the upper 12 bits)

c-phase current conversion
VEICADCXx
result
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13.4.2.7. Input Current Conversion (Phase Conversion/Coordinate Axis Conversion)

The input current conversion consists of 3-2 phase conversion and af3-dq coordinate axis conversion.

The 3-2 phase conversion calculates Ia and If from Ia, Ib and Ic.

The af-dq coordinate conversion calculates Id and Iq from Ia, If, and VESINMx, VECOSMx.

(1) 3-2 phase conversion

<Formula>

VETMPREG3 = VETMPREG0
VETMPREG4 = 1 / V3 x VETMPREGI - 1 / V3 x VETMPREG2 : Calculates Ip

: Calculates Ia

Table 13.17 3-2-phase Conversion

Register name

Function

Data format

32-bit fixed-point data ("-1.0" to "1.0", 31 bits after the

decimal point)

VETMPREGO a-phase current . .
decimal point)
Input VETMPREGH1 b-phase current 32-lz'>|t flxed.-pomt data ("-1.0" to "1.0", 31 bits after the
decimal point)
VETMPREG?2 c-phase current 32-t?|t flxed.-pomt data ("-1.0" to "1.0", 31 bits after the
decimal point)
VETMPREG3 -axis current 32-t_)|t flxed.-pomt data ("-1.0" to "1.0", 31 bits after the
Output decimal point)
VETMPREG4 B-axis current 32-bit fixed-point data ("-1.0" to "1.0", 31 bits after the

(2) ap-dq coordinate axis conversion

<Formula>

VEIDx = VECOSMx x VETMPREG3 + VESINMx x VETMPREG4
VEIQx = - VESINMx x VETMPREG3 + VECOSMx x VETMPREG4

: Calculates Id

: Calculates Ig

Table 13.18 ap-dq Coordinate Axis Conversion

Register name

Function

Data format

VETMPREG3 _ |o-axis current 32-bit fixed-point data ("-1.0" to "1.0", 31 bits after the
VETMPREG4 B-axis current decimal point)
Input
VESINMx Sine value at 8 16-bit fixed-point data ("-1.0" to "1.0", 15 bits after the
VECOSMx Cosine value at 8 decimal point)
Output VEIDx d-axis current 32-bit fixed-point data ("-1.0" to "1.0", 31 bits after the
VEIQx g-axis current decimal point)
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13.5. VE and AD Conversion Result Register
The combination of PMD channel and ADC unit which can be used has restriction depending on the used VE
channel.

And the values of AD conversion result registers 0 to 2 (ADXREGO to 2, x = A, B) are calculated as current values,
and the values of AD conversion result register 3 (ADXREG3, x = A, B) are calculated as voltage values. Allocate
the AD conversion result register according to each mode of VE as shown in Table 13.19.

Table 13.19 Combination of VE Channel and PMD Channel

VE channel PMD channel
ch0 ch0
ch1 ch1

Table 13.20 Combination of VE Channel, ADC Unit and AD Conversion Result Register

VE ADC unit A ADC unit B
Current ADC unit
detection mode selection
Channel ADAREGO|ADAREG1|ADAREG2|ADAREG3|ADBREGO|ADBREG1 (ADBREG2|ADBREGS3
VEFMODEX VEFMODEX
<IDMODE[1:0]> | <ADCSEL][1:0]>
Current Current
00 (Notel) | VDC data
o data 1 data 2
Current VDC data | Current
0 1* - (Notel)
data 1 data 2
Current Current VDC data
1* 00 -
data 1 data 2
Current Current VDC data
00 - - - - (Notel)
o+ data 1 data 2
Current Current VDC data
1 1* - - - (Notel)
data 2 data 1
1% o1 Current Current VDC data
data 1 data 2

Notel: No ADXREG2 conversion is required, but phase information must be set. Refer to "11. 12-Bit
Analog-to-Digital Converter (ADC)".

Note2: *: Don't care

Note3: Prohibit except shown above combination of current detection mode and AD conversion result register.
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14. Encoder Input Circuit (ENC)

14.1. Outline

The encoder input circuit supports four operation modes including encoder mode, sensor mode (two types) and

timer mode. And the functions are as follows:

e  Supports incremental encoders and Hall sensor ICs. (signals of Hall sensor IC can be input directly)
e  24-bit general-purpose timer mode

e  Built-in multiply-by-4 (multiply-by-6) circuit

e  Built-in rotational direction detection circuit

e  Built-in 24-bit counter

e  Compare enable/disable

e Interrupt request output: 1

e  Built-in digital noise filters for input signals

The encoder input circuit can obtain the absolute position of the motor, based on input signals from the

incremental encoder.

14.2. Block Diagram

ENCAx[ | Noisefiter |1 _ 1
ENCzx | | Noisefiter | |

Interrupt request
INTENCx

J0199|9s Indu|
'
Japodag
.
J13]uno9 Jawl |
Jelulnoa
1s8anbai 1dnuau|

Figure 14.1 Block diagram of encoder input circuit
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14.3. Registers
14.3.1. List of Registers
The following is control registers and addresses.
Register name Address (Base+)

Encoder Input Control Register ENXTNCR 0x0000

Encoder Counter Reload Register ENXRELOAD 0x0004

Encoder Compare Register ENXINT 0x0008

Encoder Counter Register ENXCNT 0x000C
14.3.2. ENXTNCR (Encoder 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 - - - - - MODE P3EN
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol CMP REVERR ub ZDET SFTCAP ENCLR ZESEL CMPEN
After reset 0 0 0 0 0 0 0 0

7 6 ) 4 3 2 1 0
bit symbol ZEN ENRUN NR INTEN ENDEV
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31:19 - R [Readas "0"

Encoder input mode setting
00: Encoder mode
18:17 MODE[1:0] R/W 01: Sensor mode (event count)
10: Sensor mode (timer count)
11: Timer mode
2-phase/3-phase input selection (sensor mode) (Note 1)
0: 2-phase input

16 P3EN R/W .
1: 3-phase input
Sets the number of input signals.
Compare flag
0: -
15 CMP R 1: Compare (Clear by read)

When comparing is executed, <CMP> is set to "1".
Flag is cleared by reading the values. When <ENRUN> = "0", always "0" is set. Writing to this bit
is no effect.
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14

REVERR

Reverse error flag (Sensor mode (at timer count)) (Note 2)
0: -
1: Error (Clear by read)
In sensor mode (at timer count), when a reverse error occurs, <REVERR> is set to "1".
Flag is cleared by reading the values. When <ENRUN> ="0", always "0" is set.
Writing to this bit is no effect.
In the encoder mode, sensor mode (event count) and timer mode, this bit has no meaning.

13

ub

Rotation direction

0: CCW direction

1: CW direction
<UD> is set to "1" when the CW direction is indicated. <UD> is cleared to "0" when the CCW direction
is indicated. When <ENRUN> ="0", <UD> is always set to "0".

12

ZDET

Z- phase detected
0: Not detected
1: Z-phase detected
<ZDET> is set to "1" on the first edge of Z input signal (ENCZx) after <ENRUN> is written from "0" to
"1". This occurs on a rising edge of the signal Z-phase (CW direction) or on a falling edge of Z-phase
(CCW direction).
<ZDET> is always set to "0" when <ENRUN> ="0".
<ZEN> has no influence on the value of <ZDET>.
<ZDET> is always set to "0" in the sensor mode (event count) and sensor mode (timer count)

11

SFTCAP

Executes software capture (timer mode/sensor mode (at timer count))

0: -

1: Software capture
When <SFTCAP> is set to "1", the value of the encoder counter is captured into the ENXCNT register.
Writing "0" to <SFTCAP> has no effect. Reading <SFTCAP> always returns "0".
In Encoder and Sensor Event Count modes, <SFTCAP> has no effect; writing "1" to this bit is no
meaning.

10

ENCLR

Encoder pulse counter clear
0: -
1: Clear
Writing a "1" to <ENCLR> clears the encoder counter to "0". Once cleared, the encoder counter
restarts
counting from "0". Writing "0" to <ENCLR> has no effect. Reading <ENCLR> always returns "0".

ZESEL

R/W

Edge selection of ENCZx (timer mode)

0: Rising edge

1: Falling edge
In timer mode, this bit selects inputs edge of ENCZx used as external trigger.
In the other mode, this bit has no meaning.

CMPEN

R/W

Compare enable

0: Disable

1: Enable
When <CMPEN> is set to "1", counter values of encoder counter and register value of ENXINT are
compared. When <CMPEN> is set to "0" , this compare is disabled.

ZEN

R/W

Z-phase enable (Encoder mode/timer mode)
0: Disable
1: Enable

In the other mode, this bit has no meaning.

<Encoder mode>: Sets clearing of encoder counter using ENCZx input

When <ZEN> = "1", if a rising edge of ENCZx is detected during CW rotation, the encoder counter is
cleared to "0". When a falling edge of ENCZx is detected during CCW rotation, the encoder counter is
cleared to "0". When the timing of ENCLK (clock derived by multiplying the decoded A-phase and
B-phase signals by 4) and the edge of ENCZx coincide, the encoder counter is cleared to "0" without
incrementing or decrementing (i.e., the clear takes precedence).

<Timer mode>: Sets ENCZXx input to use as an external trigger.
When <ZEN> = "1", the value of the encoder counter is captured and cleared to "0" on the edge of
ENCZx selected by <ZESEL>.
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ENRUN

R/IW

Encoder operation enable
0: Disable
1: Enable
When setting <ENRUN> to "1", clears <ZDET> to "0" and enables the encoder operation.
Clearing <ENRUN> to "0" disables the encoder operation.
There are counters and flags that are cleared and not cleared when <ENRUN> bit is cleared to "0".

5:4

NR[1:0]

R/W

Noise filter
00: No filtering
01: Filters out pulses narrower than 31 / fsys as noise
10: Filters out pulses narrower than 63 / fsys as noise
11: Filters out pulses narrower than 127 / fsys as noise
Sets the width of the pulse to be removed as noise with the digital noise filter.

INTEN

R/W

Encoder interrupt enable

0: Disable

1: Enable
Setting <INTEN> to "1" enables interrupt generation. Setting <INTEN> to "0" disables interrupt
generation.

2:0

ENDEV[2:0]

R/W

Sets Encoder pulse division
000: divided by 1 100: divided by 16
001: divided by 2 101: divided by 32
010: divided by 4 110: divided by 64
011: divided by 8 111: divided by 128
Sets encoder pulse division.
The encoder pulse is divided by <ENDEV[2:0]>. The divided signal is used for the interval of the event
interrupt.

Notel:

In the encoder mode or timer mode, <P3EN> must be set to "0".

Note2: When changing the mode, read the flag to clear to "0".
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The operation mode is determined by <MODE[1: 0]>, <P3EN>, and <ZEN>, and there are 8 modes in total. The
operation mode settings are as follows:

<MODE[1:0]> <ZEN> <P3EN> Input pin Mode
0 A B Encoder mode
00 0
1 A /B, Z Encoder mode (use of Z-phase)
0 U v Sensor mode (event count, 2-phase input)
01 0
1 U, VvV, W Sensor mode (event count, 3-phase input)
0 U,V Sensor mode (timer count, 2-phase input)
10 0
1 U, Vv,w Sensor mode (timer count, 3-phase input)
0 - Timer mode
11 0
1 z Timer mode (use of Z-phase)

The following is the status of <KENRUN> and each signal.

Counter/flag

<ENRUN> ="0"
(After reset)

<ENRUN>="1"
(Operating)

<ENRUN> = "0"
(Stopping)

<ENRUN> ="0"

Object flag/counter clear

procedure

Maintains a value

Software clear

Encoder counter 0x000000 Count operation
when stopping (<ENCLR> ="1" WR)
Noise filter Count-up operation
0b0000000 Count-up operation Only reset
counter (Always filtering)
Encoder pulse Count-down
0x00 Stopped and cleared | Clear when <ENRUN> = "0"
division counter operation
"1" is set when
Compare flag
0 comparing Cleared Clear when <ENRUN> = "Q"
<CMP>
Clear when read.
"1" is set when error
Reverse error flag
0 occurs. Cleared Clear when <ENRUN> = "Q"
<REVERR>
Clear when read.
Z detection flag "1" is set when Z is
0 Cleared Clear when <ENRUN> = "0"
<ZDET> detected.
"0"/"1" is set
Rotation direction bit
0 depending Cleared Clear when <ENRUN> = "Q"

<UbD>

on the direction

475 /624

2023-07-21

Rev. 1.1



TOSHIBA

TMPM370FYDFG
TMPM370FYFG
14.3.3. ENXRELOAD (Encoder Counter Reload 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 RELOAD
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol RELOAD
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:16 - R [Readas"0"
Sets the Encoder counter period (after multiplied by 4 or 6)
"0x0000" to "OxFFFF"
Z-phase is used : Sets the number of count pulses for one rotation
Z-phase is notused : Sets the number of count pulses minus one for one rotation
15:0 RELOADI[15:0] R/W | <RELOADI[15:0]> defines the encoder counter period multiplied by 4 or 6.
When the encoder counter is counting up, when the value of the counter becomes equal to the value
of <RELOAD [15: 0]>, it will be cleared to "0" at the next ENCLK timing. When down counting is
performed, the value of <RELOAD [15: 0]> is loaded into the encoder counter at the timing of the next
ENCLK when the value of the counter becomes "0".

Notel: ENXRELOAD register is only used in Encoder mode.

Note2: ENXRELOAD register should be accessed in word size.
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14.3.4. ENXINT (Encoder Compare 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 INT
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol INT
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol INT
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:24 - R [Readas"0"
Counter compare value setting
<Encoder mode>
Interrupt condition setting of the encoder pulse position: "0x0000" to "OxFFFF"
While <CMPEN> ="1", when an encoder counter value matches a value of <INT[15:0]>, <CMP> is set
to "1". When <INTEN> ="1", an interrupt request (INTENCx) occurs.
However when <ZEN> = "1", an interrupt request does not occur until <ZDET> = "1".
<Sensor mode (event count)>
Interrupt condition setting of the encoder pulse position: "0x0000" to "OxFFFF"
While <CMPEN> ="1", when an encoder counter value matches a value of <INT[15:0]>, <CMP> is set
to "1". When <INTEN> ="1", an interrupt request (INTENCx) occurs.
23:0 INT[23:0] R/W | This bit has no effect on a value of <ZEN>.
<Sensor mode (Timer count)>
Interrupt condition setting of abnormal pulse detection time: "0x000000" to "OxFFFFFF"
When <CMPEN> = "1", when an internal counter value matches a value of <INT[23:0]>, abnormal
pulse detection time error is determined and <CMP> is set to "1". When <INTEN> = "1", an interrupt
request (INTENCx) occurs. This bit has no effect on a value of <ZEN>.
<Timer mode>
Interrupt condition setting of timer compare: "0x000000" to "OxFFFFFF"
When <CMPEN> = "1", when an internal counter value matches a value of <INT[23:0]>, <CMP> is set
to "1". When <INTEN> ="1", an interrupt request (INTENCXx) occurs. This bit has no effect on a value
of <ZEN>.

Note 1: <INT[23:16]> is used only in Sensor mode (timer count) and Timer mode.

Note 2: ENXINT register should be accessed in word size.
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14.3.5. ENXCNT (Encoder Counter 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 CNT
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol CNT
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol CNT
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:24 - R [Readas"0"
Encoder counter/captured value
<Encoder mode>
Counter value of encoder pulse: "0x0000" to "OxFFFF"
The value of encoder count can be read.
In Encoder mode, the encoder counter counts up or down on each encoder pulse (ENCLK). During
CW rotation, encoder counter counts up; when it has reached to the value of <RELOAD[15:0]>, it is
cleared to "0" on the next ENCLK timing. During CCW rotation, encoder counter counts down; when it
has reached to "0", it is loaded with the value of <RELOAD[15:0]> on the next ENCLK timing.
<Sensor mode (event count)>
Counter value of encoder pulse: "0x0000" to "OxFFFF"
The value of encoder count can be read.
In Sensor Event Count mode, the encoder counter counts up or down on each encoder pulse
(ENCLK). During CW rotation, encoder counter counts up; when it has reached to "OxFFFF", it is
cleared to "0" on the next ENCLK timing. During CCW rotation, encoder counter counts down; when
the encoder counter has reached to "0", "OxFFFF" is loaded to the counter on the next ENCLK timing.
23:.0 CNT[23:0] R/W )
<Sensor mode (Timer count)>
Pulse detection time or captured value by software: "0x000000" to "OxFFFFFF"
This bit can read the value captured by the encoder counter by the encoder pulse (ENCLK) or the
value captured for the encoder counter by writing "1" in <SFTCAP>. The captured value is cleared to
"0" by system reset. It can also be cleared by software capture after clearing the counter by setting
<ENCLR> to "1" and then setting <SFTCAP> to "1". In Sensor mode (Timer Count), the encoder
counter is configured as a free-running counter that counts up with fsys. The encoder counter is
cleared to "0" when the encoder pulse (ENCLK) is detected. When it has reached to "OXFFFFFF", it is
cleared to "0" automatically.
<Timer mode>
Captured value of internal counter or captured value by software: "0x000000" to "OxFFFFFF"
The value of encoder counter captured by software can be read by writing "1" to <SFTCAP>.When
<ZEN> ="1", the value of the encoder counter is also captured into <CNT[23:0]> on the Z-phase edge
selected by <ZESEL>. The captured value is cleared to "0" by reset. After the counter is cleared by
setting <ENCLR> to "1", it can also be cleared by software capture. In Timer mode, the encoder
counter is configured as a free-running counter that counts up with fsys. When it has reached to
"OxXFFFFFF", it is cleared to "0" automatically.

Note 1: <CNT[23:16]> is used only in the sensor mode (Timer counting) or timer mode. In the encoder mode or
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sensor mode (event counting), always reads as "0".

Note 2: ENXCNT register should be accessed in word size.
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14.4. Operational Description

14.4.1. Encoder Mode

It supports AB encoder input and ABZ encoder input in High-speed position sensor (phase judgment).

e  Event detection (rotation pulse) — Interrupt generation

e  Event count — Match detection interrupt generation (measures the amount of transferring)
e  Detects rotation direction

e  Up/down-count (changeable in operation)

e  Settable counter cycle

14.4.2. Sensor Mode

It supports UV Hall sensor input and UVW Hall sensor input in low-speed position sensor (zero cross judgment).

There are two kinds of sensor modes such as event count mode and timer count mode (counts with fsys).

14.4.2.1. Event Count Mode
e Event detection (rotation pulse) — Interrupt generation
e  Event count — Match interrupt occurs (measuring the amount of transfer)

e Rotation direction detection

14.4.2.2. Timer Count Mode
e  Event detection (rotation pulse) — Interrupt generation
e  Timer count
e  Rotation direction detection

e  Capture function — Event capture (measures event intervals) — Interrupt generation

Software capture
e  Abnormal detection time error (timer compare) — Match detection interrupt generation

e  Reverse detection error — Error flag caused by changing rotation direction
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14.4.3. Timer Mode

This mode can be used as a general-purpose 24-bit timer.

e  24-bit up counter

e  Counter clear control (software clear, timer clear, external trigger and free-run count)

e  Compare function — Match detection interrupt generation

e  Capture function — External trigger capture — Interrupt generation

Software capture

14.5. Function

14.5.1. Mode Operation Outline

14.5.1.1. Encoder Mode

(1) When <ZEN>="1" (<RELOADI[15:0]> = "0x0380", <INT[15:0]> = "0x0002")

fove (AR TAAARA

S I e T

ENCBXx

ENCZx

Encoder pulse ENXCLK _|_| |_| |_| |_| |_|_ _|_| |_|

Intemal Z phase |—|

detection signal

Z phase detecting <ZDET>

Rotation direction <UD> CW direction CCW direction

Rotation direction < > <€ >

Counter clear

TIMPLS (divided by2) _ [] [ M LT [ [ [

Encoder counter 0110 | 0111 |0112|o| 0001 | 0002 |0003 0 | 0001 | 0 | 0380 | 037F |03FE| o| 0380 |037F

Interrupt request INTENCXx |_|
I
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(2) When <ZEN>="0" (KRELOADI[15:0]> = "0x0380", <INT[15:0]> = "0x0002")

ENcBx | [ | I S
ENCZx [ ] [ ]
Encoder pulse ENXCLK _|_| |_| |_| |_| |_|_ _|_| |_| |_| |_| |_| |_| |_|

Intemal Z phase
detection signal |_| \\ |_|

Z phase detecting <ZDET>

Rotation direction <UD> CW direction CCW direction
Rotation direction

Counter clear |_|

TIMPLS (divided by2) _[] M M |1 [ [ [

Encoder counter 0110 | 0111 | 0112 |0113| 0| 0001 |0002 0 | 0001 | 0 | 0380 | 037F | 037E | 037D |037C

A
\ 4
A
A4

Interrupt request INTENCx

|

e  The incremental encoder inputs of the MCU should be connected to the A, B and Z phase. The encoder
counter counts pulses of ENCLK, which is multiplied by 4 clock derived from A and B signals.

e  During CW rotation (i.e., A phase is 90 degrees ahead of B phase), the encoder counter counts up; when it has

reached to the value of <RELOAD[15:0]>, it cleared to "0" on the next ENCLK.

e  During CCW rotation (i.e., A phase is 90 degrees behind B phase), the encoder counter counts down; when it

has reached to "0x0000", the value of <RELOAD [15: 0]> is set in the counter. on the next ENCLK.

e  Additionally, when <ZEN>="1", the encoder counter is cleared to "0" on the rising edge of Z-phase during
CW rotation and on the falling edge of Z-phase during CCW rotation. When the ENCLK edge matches

Z-phase edge, the encoder counter is cleared to "0" without counting.
e  When <ENCLR> is set to "1", the encoder counter is cleared to "0".
e <UD>issetto"1" during CW rotation and is set to "0" during CCW rotation.
e TIMPLS, which is derived by dividing ENCLK, can be taken out.

e  When <CMPEN>is set to "1", an interrupt is generated when the value of the encoder counter has reached to

the value of <INT[15:0]>. When <ZEN> = "1", however, an interrupt does not occur while <ZDET> = "0".

e  When <ENRUN> is set to "0", <ZDET> and <UD> are cleared to "0".
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14.5.1.2. Sensor Mode (Event count)
(1) When <P3EN>="1" (<INT[15:0]> = "0x0002")

fS YS

ENCAX (U)

ENCBXx (V)

ENCZx (W)

Encoder pulse ENXCLK
Rotation direction
Rotation direction
Counter clear

TIMPLS (divided by 2)

Encoder counter

Interrupt request INTENCx

T

N
]

I

L

e e e T e e e e

CW direction

A

CCW direction

>
>

<
<

V|

S .

[

[

[

[

[ JL

|Frrc]rrro]Frre|FrrF| 0000] 0001] 0002 000s]

| 0002 [oo01|oooo|Frrd|rrrelrrrd]Frrd Frre] FrA ]

[

[

(2) When <P3EN> = "0" (<INT[15:0]> = "0x0002")

fS YsS

ENCAXx (U)

ENCBXx (V)

ENCZx (W)

Encoder pulse ENXCLK
Rotation direction <UD>
Rotation direction
Counter clear

TIMPLS (divided by 2)

Encoder counter

Interrupt request INTENCx

.
| I L

J S N S

J_I_I_I_I'I_H_I_I_I_I_I'I_ﬂ_\_ﬂ_ﬂ_l_l_l_l_l_l_l'l_ﬂ_l_l_l_l_l'l_

CW direction

<

CCW direction

<

>
>

<
<

>
>

[ ) I

[

[

[

[

T

FFFBlFFFClFFFDlFFFElFFFFl 0 |0001|0002|0003

0001|

0002

| OODll 0 |FFFF|FFFE|FFFI4FFFC| FFFBlFFFAI FFF9

[

[

il
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e  The Hall sensor inputs of the MCU should be connected to the U, V and W -phase. The encoder counter
counts the pulses of Hall sensor, which is either multiplied by 4 clock (when <P3EN> = "(") derived from U
and V signals or multiplied by 6 clock (when <P3EN>="1") derived from U, V and W signals.

e  During CW rotation (i.e., U-phase is 90 degrees ahead of V-phase, V-phase is 90 degrees ahead of W-phase.),

the encoder counter counts up; when it has reached to "OXFFFF", it cleared to "0" on the next ENCLK.

e  During CCW rotation (i.e., U-phase is 90 degrees behind V-phase, V-phase is 90 degrees behind W-phase),
the encoder counter counts down; when it has reached to "0x0000", it is set to "OxFFFF" on the next ENCLK.

e  When <ENCLR> is set to "1", the counter is cleared to "0".
e <UD>issetto "1" during CW rotation and is set to "0" during CCW rotation.
e TIMPLS, which is derived by dividing ENCLK, can be taken out.

e  When <CMPEN> is set to "1", an interrupt is generated when the value of the counter has reached to the

value of <INT[15:0]>.

e  When <ENRUN> are set to "0", <UD> is cleared to "0".
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14.5.1.3. Sensor Mode (Timer count)
(1) When <P3EN>="1" (<INT[23:0]> = "0x0002")

s JUUTUUUUUUUUUU ) UUruuyuU gyt
ENCAX(U) | | |
ENCBx (V) |
ENCZX (W) | ] —
Encoder pulse ENxCLK [ ] [ M M M B M ul
Rotation direction <UD> CW direction | CaW direction

<

Rotation direction
TIMPLS (divided by 2)

<

»€
> <€

Encoder counter [2]sfo]1]2]s]o]1]2]s]o]1]2]5

2[afofs]2fo]sf2]a]ofs]2[a]ofs]2]5]

0 (initial

value) 3

Capture register

3 2 3

[ 1 [ ] [

Interrupt request INTENCx —|_|

| |
] [T [ ] [ L

Reverse error <REVERR>

(2) When <P3EN> = "0" (<INT[23:0]> = "0x0002")

fSVS

ENCAX(U) | | | ——
ENCBXx (V) | | B
ENCZx (W)
Encoder pulse ENXCLK [ ] ] M M M B M M
Rotation direction <UD> ) CW direction \\ | COW direction

>
> <€

Y|

Rotation direction
TIMPLS (divided by 2)

<

Encoder counter [2]sfof1]2]s]o]1]2]s]o]1]2]s

2[sfofs]zfo]s]2fa]ofs]2[a]ofs]2]5]

0 (nitial

\alie) 3

Capture register

3 2 3

[ ] [ ] [

Interrupt request INTENCx —|_|

| |
ml [T [ ] 'L

Reverse error <REVERR>
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e  The Hall sensor inputs of the MCU should be connected to the U, V and W -phase. The encoder counter
counts the pulses of Hall sensor, which is either multiplied by 4 clock (when <P3EN> = "(") derived from U

and V signals or multiplied by 6 clock (when <P3EN>="1") derived from U, V and W signals.

e  The encoder counter always counts up; it is cleared to "0" on ENCLK. When the encoder counter has reached

to "OXxFFFFFF", it cleared to "0".
e  When <ENCLR> is set to "1", the encoder counter is cleared to "0".

e  The counter value at the time is captured by ENCLK. The captured counter value can be read out from

ENxCNT.

e  Setting <SFTCAP> to "1", the counter value at the time is captured. This capture operation can be performed

at any time. The captured counter value can be read out from ENxCNT.
e <UD>issetto "1" during CW rotation and is set to "0" during CCW rotation.

e  When <CMPEN> is set to "1", an interrupt is generated when the value of the encoder counter has reached to

the value of <INT[23:0]>.
e  When <ENRUN> is set to "0", <UD> is cleared to "0".
e <REVERR>is set to "1" when the rotation direction has changed. This bit is cleared to "0" on reading.

e  The value of the ENXCNT register (the captured value) is retained, regardless of the value of <ENRUN>. The
ENXCNT register is only cleared by a reset.
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14.5.1.4. Timer Mode
(1) When <ZEN> = "1" (<INT[23:0]> = "0x0006")

s UL U uUuuuuyyyyut
ENCAx | L |

ENCBx [
ENCZx
Encoder pulse ENXCLK |_|

Internal Z phase
detection signal

-

M

CW direction

Rotation direction <UD>
Rotation direction

CCW direction

|

Z phase edge selection |
<ZSEL>

Counter clear

TIMPLS (divided by 2)

Encoder counter | 03] o04] 05] 06 J07] o8] 0] 0aJoB] o0] 01 ] 02] 0] 04]}a1 [ 32] 53] 34] 5] 36] 37] s8] 30] 40] 42] 00 01] 02 5] 04] 0]

| 0B 0B | 41

M1 [

Capture interrupt ” Capture interrupt
request request

Capture register 0 (initil value)

-

Timer compare
interrupt request

Interrupt request INTENCx

(2) When <ZEN> = "0" (<INT[23:0]> = "0x0006")

ENCAx |

ENCBx

ENCZx

Encoder pulse ENxCLK

Intemal Z phase
detection signal

Rotation direction <UD> | CCW direction

Rotation direction

CW direction

l___—

Z phase edge selection |
<ZSEL>

Counter clear

M

Software capture

TIMPLS (divided by 2)

Encoder counter | 03]04] 05 06 J07] 08] 09| 0a o8] oc] o] o€] oF[ 1031 [ 32] 53] 34] 5] 36 00] 01 02] 03] 04] 05] 6] 07] 8] 00] 0a]

Capture register | 0A

0 (initial value)

-

Timer compare

M

Timer compare

Interrupt request INTENCx

interrupt request

interrupt request
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e  When <ZEN>="1", the Z input pin is used as an external trigger. When <ZEN> = "(", no external input is

used.

e  The encoder counter always counts up. When <ZEN>="1", the counter is cleared to "0" on the rising edge of
Z-phase when <ZESEL> is set to "0" and on the falling edge when <ZESEL> is set to "1". When the encoder
counter has reached to "OxFFFFFF", it is cleared to "0".

e  When <ENCLR> is set to "1", the encoder counter is cleared to "0".

e  The counter value is captured by Z-phase detection at the time. The captured counter value can be read out

from ENxCNT.

e  Setting <SFTCAP> to "1", the encoder counter value at the time is captured. This capture operation can be

performed at any time. The captured counter value can be read out from ENxCNT.
e <UD>issetto "1" during CW rotation and is set to "0" during CCW rotation.

e  When <CMPEN> is set to "1", an interrupt is generated when the value of the encoder counter has reached to
the value of <INT[23:0]>.

e  When <ENRUN> is set to "0", <UD> is cleared to "0".

e  The value of the ENXCNT register (the captured value) is retained, regardless of the value of <ENRUN>. The
ENxCNT register is only cleared by a reset.
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14.5.2. Counter and interrupt generate operation when <CMPEN>="1"

14.5.2.1. Encoder Mode

o UL, RO, , .

e _ [ 1L Lo 1

mes L\ 11\ 1L
encoderpuseenveik L1 ) 1AL 1L ) LA A ]

Counter is cleared when counter matches <RELOADI[15:0]>.

<RELOADI[15:0]> = "0x0151" Encoder counter 0000 |0001|oooz|ooos| |o14d014u|o14E|o14F|o150|o151|oooo|ooojl -----------------------------------
<INT[15:0]> = "0x0150" INTENCx "
(Compare register) o .
(Timer compare termupt feduest) Counter is cleared when counter

Encoder counter

<RELOADI[15:0]> = "OxFF
<INT[15:0]> = "OXFFFF"
(Compare register)

INTENCXx "
Timer compare interrupt request)

matches <REL OAD[15:0]>.
FF" 000 Jooorfooofoood - |014401AD|01AE|01AF|0150|0151|0152| |FFFEIFFFdFFFqOOO_O|OOO; 0003

14.5.2.2. Sensor Mode (Event count)

o MUY, , TR, L

men L _r—1 o1 ( L1 1
e [ LWL 1L 1Y o1 1L
encogerpuseenserk L1 ) LA 00 ) L]

Counter is cleared when counteris overflowed.

<INT[15:0]> = "0x0150" Encoder counter oooolooollooozlooozl |014C1014E1014ElOl4F|0150|015]l0152I |FFFL{FFFE|FFFF|0000|000]IOO02I
(Compare register) INTENCx
Number of rotation pulse . ) "

Timer compare interrupt request)
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14.5.2.3. Sensor Mode (Timer count)

we UL SUTUTLALLLILILIE S U

ENCAX (U)/ENCBx (V)/ENCZx (W) [

Encoder pulse ENXCLK
Counter is cleared by rotation pulse.

. . / 00_ [ oo_| oo_|o0_ - 00_J00_Joo_f00_[00_[00_JO0_[O0_ |  suusuesssssssssnssssnsnnnnnnnnnnns
eWithout abnommal pulse detection time error Encoder counter -ﬂmemlﬂmzlm&L Jﬂmﬁ'-ﬂﬂ&E'-ﬂﬂﬂﬂLﬂmulﬂmZ'-ﬂﬂﬂil-ﬂﬂml-ﬂﬂﬂsL

<INT[23:0]> = "0x00_0150" INTENCx I_l
(Compare register) — (Capture interrupt request)
Abnormal pulse detection time error INTENCx

\(Tirner compare interrupt request)

. _— Counter is cleared when counteris overflowed.
eWith abnomal pulse detection time error ~_~

00_ [ oo_| oo_|oo_ - 00_| 00_| 00_| oo_| 0o_| 0o_| 0o_ e FF_| FF_| FF_] 0o_| oo_| oo_ -
<INT[23:0]> = "0x00_0150" Encoder counter i |l anelamal e e o ! o e e

(Compare register) — INTENCx |_|
Abnormal pulse detection time error | (Timer compare interrupt request)

Counter is cleared when counteris overflowed.

00_ | 00_| 0o_| 0o_ . 00_| 0o_| oo_J oo_|oo_]oo_| oo - FF_| FF_| FF_] 00_| oo_| 00_ -
<INT[23:0]> = "OXFF_FFFF" Encoder counter _mnnlanmlmml.nmzj. Jms.clmn'.nuﬁ'.uu;'.mm]mslmzl_ seedceg HEJ | <| |

(Compare register) — INTENCx |_|
Abnormal pulse detection time error [ (Timer compare interrupt request)
N~

\/

14.5.2.4. Timer mode

fSVS % %
Counter is cleared when counter matches <INT[23:0]>.

00_ | oo_]oo_]oo_ 00_[oo_foo_foo_foo_| suiiiiiiiiienessanssnnsnanarnnnnn
<INT[23:0]> = "0x00_0150" Encoder counter 2

(Compare register) INTENCXx |_|
(Timer compare interrupt request)

Counter is cleared when counter
matches <INT[23:0]>.

00_ | 00_| 00_| 00_ - 00_| 00_| 00_| 00_| 00_ - FF_| FF_| FF_] 00_| 00_| 00_ -
<INT[23:0]> = "OXFF_FFFF]| Encoder counter gt [ | velavel Lol al sl el ] e e e e B

(Compare register) INTENCx
(Timer compare interrupt request)
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14.5.3. Counter and interrupt generate operation when <CMPEN> ="0"

14.5.3.1. Encoder Mode

<ENDEV[2:0]>="000"

encoderpiseensek L L1 ) L1 ) LA

Counter is cleared when counter matches <RELOAD[15:0]>.

Encoder counter  oooo |0001|oooz|0003| e |014c|014u| 014E|014F|0150|0151|0000| 0001| -----------------------------------

<RELOAD[15:0]> = "0x0151"

<INT[15:0]> = "0X0150" INTENCX pnnnnrnanna nornrnnnnm

(Compare register) (Event intemupt request) Counter is cleared when counter
matches <RELOAD[15:0]>.

<RELOADI[15:0]> = "OXFFFF" Encoder counter 0000 |0001|0002|0003| R |Dl4C|014D|Dl4E|014F|0150|0151|0151|0152 aee |FFF[1FFFEIFFF;|—UDOU| DOUll auozl e

<INT[15:0]> = "OxFFFF"

(Compare register) (Event interrupl’\r‘;—qi’:g; " " " " " " " " " " " " " " " " " " " " "

14.5.3.2. Sensor Mode (Event count)

<ENDEV[2:0]>="000"

L 1111 1 1 MR AR AARATARRLAR

eveaw) _ [ L L 1L I LI 1
ey [ LYW L LT L _ I 1L_TI L
EncoderpulseEnclk [ | ] ] L nnrnd |

Counter is cleared when counter is overflowed .

<|NT[15:0]> = "0x0150" Encoder counter 0000 |0001|0002|0003| LR |014c|014D|014E| 014F|0150|0151|0152| EEEl |FF FEI FF Fel FF FF' ooooloooll Douzl

e oS I [

Number of rotation pulsel (Timer compare interrupt request)
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14.5.3.3. Sensor Mode (Timer count)

eWithout abnormal pulse detection time error

<INT[23:0]> = "0x00_0150"
(Compare register)
Abnormal pulse detection time error

e\With abnomal pulse detection time error

<INT[23:0]> = "0x00_0150"
(Compare register)
Abnormal pulse detection time error

<INT[23:0]> = "OxFF_FFFF"
(Compatre register)
Abnormal pulse detection time error

ENCAX (U)/ENCBX (V)/ENCZx (W)

Encoder pulse ENXCLK

Ve

INTENCx

(Capture interrupt request)
INTENCx

(Timer compare interrupt request)

INTENCx
(Timer compare interrupt request)
N

INTENCx

(Timer compare interrupt request)
~

14.5.3.4. Timer Mode

<INT[23:0]> = "0x00_0150"
(Compatre register)

<INT[23:0>="0XFF_FFFF"

(Compare register) (Timer compare interrpt request)

(Timer compare interrupt request)

M

Counter is cleared by rotation pulse.

-

Counter is cleared when counteris overflowed.

55 oo Too o 5 T oo Too T oo T oo oo oo o I I I A 2
Encoder counter MJW]J.ME'JWEL _|g.u1 waplorael orael rsol onsrl o EEE’JEEE’JEEE’JME ool oo

-

Counter is cleared when counteris overflowed.

-~ 00, 00_| oo_ | oo 00_| oo_| oo_ | oo 00_| 0o_ | oo FF_| FF_| FF_| 0o_| oo_]| oo
Encoder counter 05 foocifooizloosa —| 20| 00| 99| 00_ | 901 90 | FF_| FF_] 0o_ oo_T oo

o

o UL L § s

Encoder counter
INTENCx

Counter is cleared when counter matches <INT[23:0]>.

Counter is cleared when counter matches <INT[23:0]:

INTENCx

-
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14.5.4. Encoder Rotation Direction

This circuit determines a phase either A-, B- or Z-phase.
It is used as 2-phase input (A, B) and 3-phase input (A, B, Z) in common. When 3-phase input is used, set
<P3EN>to "1".

2-phase input 3-phase input

1 1 1 1 : : 1 1 1
I A of1r1i1]orotof1r1!
A of1t1]otof1} I
. . [} | ) | 1 ] | |
CW direction i b i | B o:o:ollilillololo
8 olo[1]1]olo[ BEEEREEE
N [ |
Z 1i1]oioiof1i1i1]o]
1 1 : : 1 1 1 1 :
Co A 1i1]o!o0lof171!1]0!
1
A oiof[1i1]olo] I
T 1 ] I T 1
CCW direction . '
1 1

Biilil 1 0 1§ i
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14.5.5. Counter Circuit

The counter circuit has a 24-bit up/down counter and controls counter.

14.5.5.1. Operation Description

Depending on the operation modes, counting, clearing and reloading operation are controlled as described in Table

14.1.
Table 14.1 Counter control
Counter :
Mode- <ZEN>| <P3EN> Input Count Opera—t Counter clear condition reload Operating
<MODE[1:0]> pin ion . range of counter
condition
[1] Sets <ENCLR> to "1".
upP [2] Matches with -
<RELOAD[15:0]>
0 A B [1] Matches
DOWN [1] Sets <ENCLR> to "1". with
Encoder mode 0 [1] Sets <ENCLR> to "1" 0x0000 "0x0000" to
00 , ’ <RELOADI[15:0]>
Up [2] Matches with i
<RELOAD[15:0]>
1 A B, Z [3] Z-trigger
Encoder [1] Matches
pulse |DOWN [1] Sets <ENCLR> to "1". with
(ENCLK) "0x0000"
UP [1] Sets <ENCLR> to "1". i
[2] Matches with "OxFFFF"
0 u,Vv [1] Matches
Sensor mode DOWN [1] Sets <ENCLR> to "1". with
(event count) 0 "0x0000" "0x0000" to
01 UP [1] Sets <ENCLR> to "1". ) "OxFFFF"
[2] Matches with "OxFFFF"
1 uVv,w [1] Matches
DOWN [1] Sets <ENCLR> to "1". with
"0x0000"
Sensor mode 1] Sets <ENCLR> to "1". - " "
(Timer count) 0 ° oY i [2][l\/}atches with "OxFF_FFFF" ?XOO—OOOO to
10 1 U, V,W uP [3] Encoder pulse (ENCLK) - OxFF_FFFF
[1] Sets <ENCLR> to "1".
0 - foys upP [2] Matches with "OxFF_FFFF" -
Timer mode Don't [3] Matches with <INT[23:0}> "0x00_0000" to
11 care [1] Sets <ENCLR> to "1". "OXFF_FFFF"
1 7 UP [2] Matches with "OxFF_FFFF" i -

[3] Matches with <INT[23:0]>
[4] Z-trigger

Note: The counter value is not cleared by writing "0" to <ENRUN>. When <ENRUN> = "1" is set again, the

counter restarts from the counter value which has stopped. If clear the counter value, write "1" to <ENCLR>

to execute software clear.
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14.5.6. Interrupt

The interrupt consists of including Event (divide pulse and capture) interrupt, Abnormal detecting time interrupt,

Timer compare interrupt and Capture interrupt.

14.5.6.1. Operational Description

When <INTEN> is set to "1", interrupts occurs by counter value and encoder pulses.

Interrupt factor consists of following six kinds of setting for operation modes and the setting of <CMPEN> and

<ZEN>.Table 14.2 shows interrupt factors.

Table 14.2 Interrupt factors
Interrupt factor Description Mode Interrupt output | Status flag
When <CMPEN> ="1", the encoder counter uses a
<INTEN>="1"
counter that counts the events (rotational pulses).
Event count interrupt Encoder mode and <CMP>
Then, notifies that the counter has reached to set
and <CMPEN>="1"
number of times (= <INT[15:0]>).
Sensor mode
The occurrence of an event (encoder pulse) is divided
Event interrupt (event count)
by 1 to 128 according to the <ENDEV> setting and <INTEN>="1" | Not available
(divide pulse)
notified.
Notifies that an event (encoder pulse) has occurred
Event interrupt
and that a capture has executed in an event (rotational <INTEN>="1" | Not available
(capture interrupt)
pulse).
When <CMPEN> ="1", the ENC uses a counter that Sensor mode
counts up with fsys and is cleared by an event (Timer count) | <INTEN>="1"
Abnormal detection
(encoder pulse). Then, notifies that the event does not and <CMP>
time error interrupt
occur for more than certain period of time (= <CMPEN> = "1"
<INT[23:0]>).
<INTEN>="1"
When <CMPEN> ="1" notifies that the counter has
Timer compare interrupt and <CMP>
reached to set time (= <INT[23:0]>).
Timer mode | <CMPEN>="1"
Notifies that the capture was done with an external
Capture interrupt <INTEN>="1" | Not available
trigger (ENCZx input).
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In Sensor mode (Timer Count) and Timer mode, the captured operation of the encoder counter is possible.

The captured counter value can be read out from the <CNT[23:0]>.
In Sensor mode (Timer Count), when the event (encoder pulse) occurs, the value of the counter is captured.

Software capture is also possible by writing 1" to <SFTCAP>.
In Timer mode, software capture is possible by writing "1" to <SFTCAP>. When <ZEN> is set to "1", external

trigger capture at the edge according to <ZESEL> is also possible by using the ENCZx input.
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15. Power-on Reset circuit (POR)

The Power-on reset circuit (POR) generates the Power-on reset signal when power-on.
It also generates the Power-on reset signal when the power supply voltage is lower than it's detection voltage.
The power supply voltage means DVDD5 and RVDD5.

Notel: The POR may not operate properly due to fluctuations of supply voltage. It requires consideration based on
the electrical characteristic when designing the equipment.

Note2: The Power-on reset signal is undefined when the power supply voltage is lower than the operating limit
voltage (the voltage which the reference voltage generation circuit cannot operate).

15.1. Block Diagram

The POR consists of the reference voltage generation circuit, comparators, and the Power-on counter.
This circuit compares a voltage divided by the ladder resistor with a reference voltage generated in the reference
voltage generation circuit by the comparator.

Power supply voltage

Power-on

>‘|>° detect signal
—¢

Reference voltage
generation circuit

5

A\ 4

Power-on counter —— Power-on-reset signal

Figure 15.1 Block Diagram of POR
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15.2. Function

At power on, the Power-on detection signal generates while the power supply voltage is the POR release voltage
or lower. When the power supply voltage is higher than the POR release voltage and the Power-on detect signal is
released, the Power-on counter operates. The power-on reset signal is released after up to 3.7ms elapses.

At power off, the Power-on reset signal is generated when the power supply voltage is the detect voltage of the
POR or lower.

While the Power-on reset signal is generated, the Power-on counter, CPU, and peripheral functions are reset.

When only Power-on reset is used without RESET by RESET pin, the power supply voltage must be increased to
the operating voltage range within 3ms after the power supply voltage exceeds the POR release voltage. If not,
TMPM370FYDFG/TMPM370FYFG will not operate correctly.

Note: When the supply voltage rises, until power supply voltage reaches the operating voltage range (4.5V to
5.5V) and 200us elapses, Port L (PLO and PL1) must be opened or input voltage to Port L must be 0.5V or
less.

498 /624 2023-07-21
Rev. 1.1



TOSHIBA

Operating voltage range

|

Power-on-reset release voltage Vporn

4.5V

Power-on-reset detect voltage Vpore

ov

Power-on detect signal
("Low" level active)
Reset detect signal
("Low" level active)

Power-on counter

Power-on-reset signal
("Low" level active)

TMPM370FYDFG
TMPM370FYFG
tpwup
________ Jd
| tovop |
: | I Power supply voltage
———————— D e e e
Il .
Il ||
Il |
| |
________ Ge———mf—————————— -
—————— —)d - - —_—_ - —- —_————— =
Il |
|1 |
|1 |
|1 |
|1 |
tPORDTl"i . ( :
I 0

I T I |

Operation voltage range

|
I
|
|
|
|
VPORH ____________ - ———— __T___T____r__ ___I_ _____
| | | trorPwW | |
Voo - ———/~ 4————— e 2 e ————f—————— - — —— -
PORL | | | T
| |
| ' | | |
[ | ' | | |
Operating limit voltage A : ———————————————— +t-——-—————- = T————-
ov | t | f T T
| | |
[ | ' | | :
— | — tporos | !
PORDE>! l(— | F’ORDE’! k— PORDEP! H— |
Power-on detect signal | I
tpwup tPWUP

("Low" level active) —| i

Power-on counter |

Power-on-reset signal
("Low" level active)

Figure 15.3 Operation Timing of Power-on reset (2/2)
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Parameter Symbol Min Typ. Max Unit
Power-on reset release time trwup - - 3.7
Rising time of power supply ms
tovop - - 3
voltage
Power-on reset release voltage VPORH 2.8 3 3.2
Power-on reset detect voltage VPORL 2.6 2.8 3
Power-on reset release
tPorDT1 - 30 - us
response time
Power-on reset detect response
tPorRDT2 - 30 - us
time
Minimum pulse width of
trorPW 45 - - us
Power-on reset

Note: The Power-on reset release voltage (Vrorn) is always higher than the Power-on reset detect voltage (VeorL),

since they relatively change.
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16.  Voltage Detection circuit (VLTD)

16.1. Outline

The voltage detection circuit detects a decrease in the power supply voltage and generates a reset signal.

Power supply voltage means DVDD5, RvDD5.

Note: Depending on the fluctuation of the power supply voltage, the voltage detection circuit may not operate

properly. When designing the device, careful consideration must be given to the electrical characteristics.

16.2. Block Diagram

The voltage detection circuit consists of a reference voltage generation circuit, a detection voltage level selection
circuit, a comparator, and control registers.

The power supply voltage is divided by the ladder resistor and input to the detection voltage selection circuit. A
voltage corresponding to the detection voltage (VDCR<VDLVL[1:0]>) is selected by the detection voltage
selection circuit and compared with the reference voltage by the comparator. VLTD generates a voltage detection

reset when the power supply voltage is less than the detection voltage (VDCR<VDLVL[1:0]>).

Power supply voltage

+ > 3—>Voltage detection reset

Reference Voltage
Generation Circuit

UN2UID UONISRS [9As] abe)oA uono8Iad

S ] ] i R

<VDLVL[1:0]>

Figure 16.1 Voltage Detection Circuit
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16.3. Registers
16.3.1. List of Registers
Register name Address (Base+)
Voltage detection control register VDCR 0x0000
16.3.2. VDCR (Voltage Detection 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 - - - - - VDLVL VDEN
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:3 - R [Readas"0"
Detection voltage level selection
00: Prohibited
2:1 VDLVL[1:0] RW | 01:41+0.2Vv
10: 4.4 £0.2V
11: 4.6 £ 0.2V
Voltage detection enabled/disabled
0 VDEN R/W 0: Disabled
1: Enabled
Note: VDCR is initialized by the POR/external reset input.
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16.4. Operations

16.4.1. Control

The voltage detection circuit is controlled by the voltage detection control register.

16.4.2. Function
The voltage detection circuit is set by setting VDCR<VDLVL][1:0]> and VDCR<VDEN >. When the voltage
detection is enabled, if the power supply voltage is less than the detection voltage (VDCR<VDLVL][1:0]>),

voltage detection reset is generated.

16.4.2.1. Enable/disable voltage detection operation
VDCR<VDENS> is cleared to "0" (i.e., VLTD is disabled) after power-on reset and external reset release. When

this bit is set to "1", voltage detection operation is enabled.

Note: When the value of VDCR<VDEN> is changed from "0" (disabled) to "1" (enabled) with the power supply
voltage < detection voltage VDCR<VDLVL[1:0]>, a voltage detection reset occurs immediately.
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16.4.2.2. Detection voltage level selection
Select the detect voltage by VDCR<VDLVL[1:0]>.

Power voltage

VLTD
detection voltage

POR I
detection voltage |

It |
<VDPW ,

POR detect signal

| tvoen
e

Voltage detection

|
enable

Voltage detection
reset signal

By software tVDDll‘

tVD[Ea:
l

e

Figure 16.2 Voltage detection timing

Table 16.1 Voltage detection circuit characteristics
Parameter Symbol Min Typ. Max Unit
Time when the VLTD is enabled tvDEN - 40 -
VLTD detection response time tvbpT1 - 40 -
VLTD detection release time tvobpT2 40 - _
VLTD minimum pulse width tvopw 45 - -
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17. Oscillation Frequency Detector Circuit (OFD)

17.1. Configuration

The oscillation frequency detector circuit (OFD) generates a reset if the external high-speed frequency for CPU
clock is out of the detection frequency range.

The upper and lower limits of the frequency to be detected are set by the OFDMXPLLOFF and OFDMNPLLOFF.
Refer to Figure 17.1, Figure 17.2 for the initial detection frequency of TMPM370FYDFG/TMPM370FYFG.
When the OFD is enabled, writing to OFDMNPLLOFF/OFDMNPLLON/ OFDMXPLLOFF/OFDMXPLLON is
disabled. Therefore, writing the detection frequency to these registers should be done when the OFD is disabled.
And to write to OFDMNPLLOFF/OFDMNPLLON/OFDMXPLLOFF/OFDMXPLLON, the write enable code
"0xF9" should be written to OFDCR1 beforehand.

The OFD is disabled by the external reset input to the RESET pin.

To enable the OFD, set OFDCR?2 to "0OxE4" after setting OFDCRL1 to "0xF9".

When the TMPM370FYDFG/TMPM370FYFG detects the out of frequency range by OFDMNPLLOFF,
OFDMNPLLON, OFDMXPLLOFF, and OFDMXPLLON, a frequency detection reset occurs. Then, all 1/O port
become high impedance. Since the internal circuit such as the CPU is initialized by the reset synchronized with the
clock, when the frequency detection reset occurs due to the stop of the high frequency clock, the internal circuit
will not be initialized until the oscillation of the high frequency clock is restarted.

All registers of the frequency detection circuit (OFDCR1, OFDCR2, OFDMNPLLOFF, OFDMNPLLON,
OFDMXPLLOFF, OFDMXPLLON) are not initialized by the frequency detection reset, and the detection
operation continues even during the period when the frequency detection reset occurs. Therefore, when the

frequency detection reset occurs, the reset will not be released until the high frequency clock becomes normal.

Notel: It is not guaranteed that OFD can detect all defects at any time, and it is not a circuit to measure error
frequency.

Note2: The OFD is enabled only in NORMAL and IDLE modes. In STOP mode, the OFD is disabled
automatically.

Note3: When the PLL is controlled by the CGPLLSEL, the OFD must be disabled beforehand. If OFD reset is
generated with PLL-ON, the detection frequency setting registers (OFDMNPLLON/ OFDMXPLLON) are
automatically switched over to OFDMNPLLOFF/OFDMXPLLOFF.
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Figure 17.3 Oscillation Frequency Detector Circuit

Note: When setting the PLL by the CGPLLSEL register, be sure to disable OFD.
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17.2. Registers
17.2.1. Registers List
The control registers and its addresses are as follows.
Register name Address (Base+)
Oscillation frequency detection control register 1 OFDCR1 0x0000
Oscillation frequency detection control register 2 OFDCR2 0x0004
Lower detection frequency setting register (PLL OFF) OFDMNPLLOFF 0x0008
Lower detection frequency setting register (PLL ON) OFDMNPLLON 0x000C
Higher detection frequency setting register (PLL OFF) | OFDMXPLLOFF 0x0010
Higher detection frequency setting register (PLL ON) OFDMXPLLON 0x0014
17.2.2. OFDCRL1 (Oscillation frequency detection 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 OFDWEN
After reset 0 0 0 0 0 1 1 0
Bit Bit Symbol Type Function
31:8 - R Read as "0".
Register write control
0x06: Disable
0xF9: Enable
7:0 OFDWEN[7:0] | R/W . . .
Writing "OxF9" enables to write registers except OFDCRL1.
When writing a value except "0x06" or "OxF9", "0x06" is written.
Even if writing to registers is disabled, reading from each register is enabled

Note: OFDCR1 is initialized by the external reset ("Low" level input to the RESET pin).
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17.2.3. OFDCR2(Oscillation frequency detection 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 OFDEN
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:8 R [Readas"0"
Frequency detection operation control
7:0 OFDEN[7.0] | RIW gig ';'::;':
When writing a value except "0x00" or "0xE4", the written value is invalid and will not be changed.

Note: OFDCR? is initialized by the external reset ("Low" level input to the RESET pin).
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17.2.4. OFDMNPLLOFF (Lower detection frequency setting register (PLL OFF))

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 OFDON!\;PLL
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol OFDMNPLLOFF
After reset 0 0 0 1 1 1 1 1
Bit Bit Symbol Type Function
31:9 R [Readas"0"
8:0 OFDMNPLL R/W | Sets lower limit detection frequency.
OFF[8:0]

Notel: This register cannot be written when frequency detection operation is permitted.

Note2: OFDMNPLLOFF is initialized by the external reset ("Low" level input to the RESET pin).

Note3:

Specify an appropriate value to OFDMNPLLOFF and OFDMXPLLOFF depending on the clock frequency

to be used under the condition of OFDMNPLLOFF<OFDMXPLLOFF. For how to calculate the value,
refer to "17.3.2. Setting of Detection Frequency".

Note4: OFDMNPLLOFF/OFDMXPLLOFF and OFDMNPLLON/OFDMXPLLON are automatically switched
over by the setting of PLLON.
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17.2.5. OFDMNPLLON (Higher detection frequency setting register (PLL ON))

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 OFD(’;AIL\IPLL
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol OFDMNPLLON
After reset 1 1 1 1 0 0 0 1
Bit Bit Symbol Type Function
31:9 R [Readas"0"
8:0 OFDMNPLL R/W | Sets lower limit detection frequency.
ON[8:0]

Notel: This register cannot be written when frequency detection operation is permitted.

Note2: OFDMNPLLON is initialized by the external reset ("Low" level input to the RESET pin).

Note3: Specify an appropriate value to OFDMNPLLON and OFDMXPLLON depending on the clock frequency
to be used under the condition of OFDMNPLLON<OFDMXPLLON. For how to calculate the value, refer

to "17.3.2. Setting of Detection Frequency"

Note4: OFDMNPLLOFF/OFDMXPLLOFF and OFDMNPLLON/OFDMXPLLON are automatically switched
over by the setting of PLLON.
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17.2.6. OFDMXPLLOFF (Higher detection frequency setting register (PLL OFF))

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 OF%N;);PLL

After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0

bit symbol OFDMXPLLOFF

After reset 0 0 1 1 0 1 1 1

Bit Bit Symbol Type Function
31:9 R [Readas"0"
8:0 O(';E"\:A[);ZI]_L R/W | Sets higher limit detection frequency.

Notel: This register cannot be written when frequency detection operation is permitted.

Note2: OFDMXPLLOFF is initialized by the external reset ("Low" level input to the RESET pin).

Note3: Specify an appropriate value to OFDMNPLLOFF and OFDMXPLLOFF depending on the clock frequency
to be used under the condition of OFDMNPLLOFF<OFDMXPLLOFF. For how to calculate the value,
refer to "17.3.2. Setting of Detection Frequency".

Note4: OFDMNPLLOFF/OFDMXPLLOFF and OFDMNPLLON/OFDMXPLLON are automatically switched
over by the setting of PLLON.
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17.2.7. OFDMXPLLON (Higher detection frequency setting register (PLL ON))

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 OFDg/I;(PLL
After reset 0 0 0 0 0 0 0 1
7 6 5 4 3 2 1 0
bit symbol OFDMXPLLON
After reset 1 1 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:9 R [Readas"0"
8:0 O';DN’\E';;LL R/W | Sets higher limit detection frequency.

Notel: This register cannot be written when frequency detection operation is permitted.

Note2: OFDMXPLLON is initialized by the external reset ("Low" level input to the RESET pin).

Note3: Specify an appropriate value to OFDMNPLLON and OFDMXPLLON depending on the clock frequency
to be used under the condition of OFDMNPLLON<OFDMXPLLON. For how to calculate the value, refer

to "17.3.2. Setting of Detection Frequency"

Note4: OFDMNPLLOFF/OFDMXPLLOFF and OFDMNPLLON/OFDMXPLLON are automatically switched
over by the setting of PLLON.
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17.3. Function

17.3.1. Operation Control of Oscillation Frequency Detection Circuit

Writing "OxE4" to OFDCR2 with OFDCR1="0xF9" enables the oscillation frequency detection, and writing
"0x00" to OFDCR2 with OFDCR1="0xF9" disables the oscillation frequency detection.

When the write-protect code "0x06" is set in OFDCR1, writing to OFDCR2 will not be possible. OFDCR2 can be
read regardless of the OFDCR1 setting. OFDCRL1 is initialized to "0x06™ and OFDCR?2 is initialized to "0x00" by
the external reset input ("L" input to the RESET pin), so the frequency detection operation is stopped after the
external reset is released and OFD becomes register writing disable state. OFDCR1 and OFDCR2 are not

initialized by internal factor reset (SYSRESETREQ reset, watchdog timer reset) and frequency detection reset.

Note: After writing data to OFDCRZ2, set "0x06" to OFDCRL1 to protect registers.

When the frequency detection operation is enabled (OFDCR2 = "0xE4") and the STOP mode is executed, the
oscillation frequency detection circuit is automatically disabled. When the STOP mode is released in this state, the
frequency detection circuit will be permitted after the STOP mode is released and the warming-up period elapses.

The oscillation frequency detection circuit is available only in NORMAL and IDLE mode. Refer to Table 17.1 for

details.
Table 17.1 Status of OFD in each Operation Mode
Oscillation Frequency Pin status by frequency detection reset
Operation mode or state Detector operation (Except power supply, RESET, X1, X2
(OFDCR?2 = "0xE4") pins)
NORMAL Available Hi-Z
IDLE Available Hi-Z

STOP
The OFD is disabled automatically.
(Including warming-up period)

Reset by OFD Available Hi-Z

Watchdog timer reset
Available Hi-Z

SYSRESETREQ reset

RESET by external reset
Unavailable
("Low" level input to the RESET pin)
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Figure 17.4 Operation of Oscillation Frequency Detection Circuit in each Mode

17.3.2. Setting of Detection Frequency
Table 17.2 shows OFDMXPLLOFF, OFDMNPLLON, OFDMXPLLOFF and OFDMNPLLON and setting value.

Table 17.2 Used Frequency and Setting Value

?rzzlll:::s; Detec[f\lﬂo:z]range Undete[cl\;z;\_ibzl]e range Setting value Decimal (Hex.)
8MHz lower limit <4.12 27.76 OFDMNPLLOFF 24 (0x18)
(PLL OFF) upper limit 215.52 <8.24 OFDMXPLLOFF 47 (0x2F)
10MHz lower limit <5.15 29.7 OFDMNPLLOFF 30 (Ox1E)
(PLLOFF) upper limit 219.4 <10.3 OFDMXPLLOFF 59 (0x3B)
64MHz lower limit <32.96 262.08 OFDMNPLLON 190 (OxBE)
(PLL ON) upper limit 2124.16 <65.92 OFDMXPLLON 379 (0x17B)
80MHz lower limit <41.2 277.6 OFDMNPLLON 238 (OxEE)
(PLL ON) upper limit 2155.2 <82.4 OFDMXPLLON 473 (0x1D9)
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17.3.3. Oscillation Frequency Detection Reset

When a frequency lower than the value set by OFDMNPLLON/OFDMNPLLOFF or higher than the value set by
OFDMXPLLON/OFDMXPLLOFF is detected, TMPM370FYDFG/TMPM370FYFG will generate a frequency

detection reset that initializes all input/output ports.

(1) When the high frequency oscillation becomes abnormal
When the high frequency becomes abnormal for a certain period (Torp), the oscillation frequency detection
reset will occur. Frequency detection reset initializes all input/output ports except the power supply pin and

RESET pin to the high impedance state, and also initializes the internal circuit such as CPU.

(2) When the high frequency oscillation stops
When the high frequency is stopped for a certain period of time (Torp), a frequency detection reset will occur.
Frequency detection reset initializes all input/output ports except the power supply pin and RESET pin to
put them in a high impedance state. Since the internal circuit such as the CPU is initialized by the signal
latched by the high frequency clock, the internal circuit retains the state when the frequency detection reset
occurs while the high frequency is stopped. After that, when the high frequency oscillation restarts, the

internal circuit is also initialized.

When the high frequency remains normal for a certain period of time (Torp), the oscillation frequency detection
reset will be canceled.
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Figure 17.5 Oscillation Frequency Detection Reset Timing
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18.  Watchdog Timer (WDT)

18.1. Outline

The watchdog timer (WDT) is intended to detect malfunction (runaway) and return it to a normal state when the

CPU begins to malfunction (runaway) due to noise, etc.
The WDT generates interrupt request (INTWDT) or resetting when a malfunction (runaway) is detected.

18.2. Block Diagram

The WDT consists of a binary counter and a watchdog timer output control circuit. The WDT is controlled by the

watchdog timer mode register and the watchdog timer control register.

Note: TMPM370FYDFG/TMPM370FYFG does not have WDTOUT pin.

Watchdog timer
output control | )»r—> WDT reset
>+ | wbTouT
) > ; ;
—1 ) » Watchdog timer interrupt
INTWDT
Selector
A A A A \ 4
0l V| Bl V] Dl v
P A A RA RFAPA
g 2 2| 8| &) &
: Q
fsys > Binary counter
R S
reset @ ﬁ
Internal reset
JAN
'Q_" A
AN
i ol S
. L. = =l &
Writing Writing a) ol w
oxder | |01t 3| 3|
Watchdog timer Watchdog timer
control register mode register
WDCR WDMOD
T 11
~~> \

A L
( Internal data bus )

Figure 18.1 Block Diagram of WDT
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18.3. Registers

18.3.1. List of Registers

The control registers and addresses are listed below.

Register name

Base+ (Address)

Watchdog timer mode register

WDMOD

0x0000

Watchdog timer control register

WDCR

0x0004
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18.3.2. WDMOD (Watchdog Timer Mode Register)
31 30 29 28 27 26 25 24
bit symbol -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol -
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol -
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol WDTE WDTP 12WDT RESCR
After reset 1 0 0 0 0 0 1 0
Bit Bit symbol Type Function
31:8 R Read as "0".
WDT operation control
7 WDTE R/W 0: Disabled
1: Enabled
Select the detection time (refer to Table 18.1.)Table 18.1 Watchdog timer detection time (fc =
80MHz)
] ) 000: 2%/ fsys 100: 22/ fsys
6:4 WDTP[2:0] RIW 001: 2¥7 [ fsys 101: 225/ fsys
010: 2%°/ fsys 110: Prohibited
011: 22/ fsys 111: Prohibited
3 R Read as "0".
Operation at IDLE mode
2 12WDT R/W 0: Stop
1: Operation
Operation Selection after Runaway Detection
1 RESCR R/W 0: Generates a watchdog timer interrupt (INTWDT). (Note)
1: Generates a watchdog timer reset.
0 R/W | Write as "0".
Note: The INTWDT is a non-maskable interrupt (NMI).
Table 18.1 Watchdog timer detection time (fc = 80MHz)
WDMOD<WDTP[2:0]>
CGSYSCR<GEAR[2:0]>
000 001 010 011 100 101
000 (fc) 0.41ms 1.64ms 6.55ms 26.21ms 104.86ms 419.43ms
100 (fc / 2) 0.82ms 3.28ms 13.11ms 52.43ms 209.72ms 838.86ms
101 (fc / 4) 1.64ms 6.55ms 26.21ms 104.86ms 419.43ms 1.68s
110 (fc / 8) 3.28ms 13.11ms 52.43ms 209.72ms 838.86ms 3.36s
111 (fc / 16) 6.55ms 26.21ms 104.86ms 419.43ms 1.68s 6.71s
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18.3.3. WDCR (Watchdog Timer Control Register)

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

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

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

7 6 5 4 3 2 1 0
bit symbol WDCR
After reset (Note) (Note) (Note) (Note) (Note) (Note) (Note) (Note)

Bit bit symbol Type Function
31:8 R [Readas"0"
Disable/Clear code
70 WDCR[7:0] W Oxbl: Disable code
Ox4e: Clear code
Others: Prohibited

Note: Only the initial value after reset is a value that is not the disable code (0xb1) or the clear code (0x4e).
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18.4. Operations

18.4.1. Basic Operation

The WDT consists of a binary counter which counts with the system clock fsys as the source clock.

The detection time of the WDT is selected from 2'5/fsys, 2'7/fsys, 219/fsys, 22'/fsys, 222 / fsys and 2% / fsys by
WDMOD<WDTP [2:0]>. Watchdog timer interrupt (INTWDT) or watchdog timer reset occurs after the detection
time has elapsed. At this time, "Low" level is output from the watchdog timer out pin (WDTOUT pin).

To detect that the CPU begins to malfunction (runaway) due to noise, etc., the program clears the binary counter
before the detection time has elapsed.

The binary counter is not cleared when the CPU malfunctions (runaway) and the program fails to operate normally.
At this time, the INTWDT occurs, a watchdog timer reset occurs, or a "Low" level is output from WDTOUT pin
to detect the CPU malfunction (runaway).

When the INTWDT occurs, execute the anti-runaway program in the interrupt service routine of INTWDT to
operate the CPU normally.

When a watchdog timer reset occurs, the MCU is reset and CPU operation changes to normal.

Also, malfunction (runaway) of the CPU can be detected by using WDTOUT pin as follows.

Allows the external device to detect the "Low" level of WDTOUT pin in advance. WDTOUT pin connects to an
external device to detect a CPU malfunction (runaway). WDTOUT pin is set to "High" level by writing the clear
code (Ox4e) to WDCR.

Note: TMPM370FYDFG/TMPM370FYFG does not have WDTOUT pin.

18.4.2. Operating Mode and State

The WDT immediately starts operation after the reset is released. When not in use, write "0Oxb1" to WDCR after
setting WDMOD<WDTE> to "0" to disable WDT operation.
Note that the watchdog timer cannot be used in the operation mode which fc stops. Disable WDT operation before

transitioning to the operation mode shown below.
—  STOP Mode

WDT operation during IDLE mode follows the setting of WDMOD<I2WDT>.

In addition, the binary counter stops automatically during the halt mode.
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18.5. Operation when Runaway is Detected

18.5.1. INTWDT Generation
Figure 18.2 shows the operation when the binary counter overflows and an INTWDT occurs (WDMOD<RESCR>

="0").

Since INTWDT is NMI, the CPU detects NMI.

CGNMIFLG<NMIFLGO> is set to "1" when an INTWDT occurs.
WDTOUT pin outputs "Low" level at the same time as an INTWDT is generated.

WDTOUT pin is set to "High" level by writing the clear code (0x4e) to WDCR. At this time, the binary counter is
cleared and restarts count up.

Note: TMPM370FYDFG/TMPM370FYFG does not have WDTOUT pin.

Binary counter

INTWDT

Write to WDCR

X Ox7FFF X 0x0000 X 0x0001 X \\ X
v/A

X_0x0000 X

gHOverflow occurs.

!

|

7

!

;

WDTOUT pin

7

& Write "Ox4e" to WDCR.

Figure 18.2 Timing of INTWDT Generation
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18.5.2. Watchdog Timer Reset Generation

Figure 18.3 shows the operation when the binary counter overflows and a watchdog timer reset occurs
(WDMOD<RESCR > ="1").
Watchdog timer reset is outputted for 32 / fsys.

| |

Binary counter X Ox7FFF ’\ 0x0000 K& E /
(1 Overflow occurs. 7 :
Watchdog timer reset \S <
| |

WDTOUT pin §
E< 32/fsys >E
| |
Figure 18.3 Timing of Watchdog Timer Reset Generation
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18.6. Control register
The WDT is controlled by two control registers.

18.6.1. Watchdog Timer Mode Register (WDMOD)

18.6.1.1. Selection of Detection Time: WDMOD<WDTP[2:0]>
Selects the detection time. WDMOD<WDTP[2:0]> is initialized to "000" after reset release.

18.6.1.2. WDT Operation Control: WDMOD<WDTE>

WDMOD<WDTE> is initialized to "1" after reset is released. The WDT is enabled.
To prevent erroneous writing due to CPU malfunction (runaway), write the disable code (Oxbl) to WDCR after

setting WDMOD<WDTE > to "0" to disable WDT.
To enable WDT from disabled, set WDMOD<WDTE > to "1".

18.6.1.3. Operation Selection when Malfunction (runaway) is Detected:
WDMOD<RESCR>

Selects the WDT operation with the binary counter overflowed.
WDMOD<RESCR> is initialized to "1" after reset is released. When the binary counter overflows, the WDT

generates a watchdog timer reset. To generate INTWDT, set WDMOD<RESCR > to "0".

18.6.2. Watchdog Timer Control Register (WDCR)

Set the disable code (0xb1l) to disable WDT.
Set the clear code (Ox4e) when clearing the binary counter.
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18.6.3. Setting Example

18.6.3.1. Disables the WDT
When the disable code (0Oxbl) is written to WDCR after setting WDMOD<WDTE> to "0", the watchdog timer is

disabled and the binary counter is cleared.

7 6 5 4 3 2 10
WDMOD — o - - - - - - - Set WDMOD<WDTE> to "0".

WDCR — 101 1 0 0 0 1 Set WDCR to the disable code (0xb1l).

Note: *: Any value can be set., -: Cannot be changed.

18.6.3.2. Enables the WDT
Set "1" to WDMOD<WDTE>.

WDMOD — 1 » * * 0 * * 0 Set WDMOD<WDTE> to "1".

Note: *: Any value can be set., -: Cannot be changed.

18.6.3.3. Clearing the Binary Counter

When the clear code (0x4e) is set to WDCR, the binary counter is cleared and counting continues.

WDCR — 01 001 1 10 Set WDCR to the clear code (0x4e).

Note: *: Any value can be set., -: Cannot be changed.

18.6.3.4. Selecting the Detection Time
Setting WDMOD<WDTP[2:0]> to "011" selects 22! / fsys as the detection time.

WDMOD — 1 01 1 0 * * O Set WDMOD<WDTE> "1".

The detection time is 22!/ fsys.

Note: *: Any value can be set., -: Cannot be changed.
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19. Op-amplifiers/Analog Comparators (AMP/CMP)

TMPM370FYDFG/TMPM370FYFG has four channels of op-amplifiers and analog comparators that amplify the
port-input voltages and output them to a 12-bit successive-approximation analog-to-digital converter (ADC). This
is used to amplify the voltage of the shunt resistor that detects the motor current. The output of the op-amplifier is
also input to the analog comparator, and the result is output to the PMD's wave generation circuit by the

comparison voltage created by the external resistor. This performs abnormal current detection.
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19.1. Block Diagram
Figure 19.1 shows the block diagram of the op-amplifiers and analog comparators.
AVDD5A/NREFHA
1 M Q
PHO(AINAO)E AINAD — T
PHL(AINAL)[] AINAL —» PMDOOVV AVSSA/VREFLA
) ) . ADC A [ INTADASFT
. . : —>» INTADATMR
AINA9 —>» INTADACPA/B
AINA10 «— PMDOTRGO to 5
AINA11 €— PMDITRGO to 5
AINA12(AMPA) l€— INTTB51
AINA13(AMPB) <::'|> CPU
™ AINAL4(AMPC)
:"} VE
PIl(AINA9/AINBO)E]—‘— AMPA
— CMPA
PI2(AINALO/AINB1) [} | AMPB
1-shunt or 3- — CvPB @ » PMDO EMG
shunt resistor
circuit for |
channel 0 PI3(AINALL/AINB2) [} AMPC
— CMP
current cMpPe » PMD1EMG
Reference voltage for AINBO —» PMD1OVV
CMPA/B/C[F——— AINB1 —3 INTADBSFT
(CVREFABC) AINB2

—>» INTADBTMR
—» INTADBPDA/B

AINB3

L-shunt resistor [ PJOI(A'NE?) [.L: AmEB L » INTADBCPA/B
circuit for eference voltage for [} c — ADCB |€«— PMDOTRGOt05
hannel 1 CMPD (CVREFD)
c «— PMDI1TRGO to 5
current PJ1(AINB4) [1 AINB4 ¢ INTTB51
) : CPU
. :> AVDD5B/VREFHB
. . . VE
PK1(AINB12)C1 AINB12 — 0 Q
AINB13(AMPA) 5 ,J;
I
AINB14(AMPB)
. ’AMPVDD
Common power pin forQ %5 — AINB15(AMPC) AVSSB/VREFLB
op-amps and /J7AMPVSS L AINB16(AMPD)
comparators

Figure 19.1 Op-amplifiers and Analog Comparators Connection Diagram

527 /624 2023-07-21
Rev. 1.1



TOSHIBA

TMPM370FYDFG

TMPM370FYFG

19.2. Registers

19.2.1. List of Registers

19.2.2. Op-amplifiers

The op-amplifiers are controlled by AMPCTLA, AMPCTLB, AMPCTLC, AMPCTLD. In addition to

enable/disable, eight gain types can be selected.

The op-amplifier control registers and addresses are as follows.

Register name Address (Base+)
Amplifier A control register AMPCTLA 0x0000
Amplifier B control register AMPCTLB 0x0008
Amplifier C control register AMPCTLC 0x0010
Amplifier D control register AMPCTLD 0x0018

19.2.2.1. AMPCTLA/AMPCTLB/AMPCTLC/AMPCTLD
(Amplifier A to D Control Registers)

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 AMPGLIN AMPEN
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:4 R Read as "0".
Gain setting
000: x1.5 100: x4.0
31 AMPGLIN[2:0] R/W 001: x2.5 101: x6.0
010: x3.0 110: x8.0
011: x3.5 111: x10.0
AMP enable
0 AMPEN R/W 0: Disabled
1: Enabled
Note: When AMP is enabled, it takes about 10us for the circuit to stabilize.
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19.2.3. Comparators

The analog comparators are controlled by CMPCTLA, CMPCTLB, CMPCTLC, CMPCTLD. In addition to
enabling/disabling, the input port can be selected via op-amplifier or via non-route.

When an op-amplifier is connected externally and the built-in op-amplifier is not used, set to op-amplifier disable

(KAMPEN> ="0") and comparator input-amp non-route (<CMPSEL> ="0").

The analog comparator control registers and addresses are as follows.

Register name

Address (Base+)

Comparator A control register CMPCTLA 0x0000
Comparator B control register CMPCTLB 0x0008
Comparator C control register CMPCTLC 0x0010
Comparator D control register CMPCTLD 0x0018
19.2.3.1. CMPCTLA/CMPCTLB/CMPCTLC/CMPCTLD
(Comparator A to D Control Registers)
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 - CMPSEL CMPEN
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31:2 R |Read as "0".
Input selection
1 CMPSEL R/W 0: Via non-route op-amplifier (input port)
1: Via op-amplifier (op-amplifier output)
CMP enable
0 CMPEN R/W 0: Disabled
1: Enabled
Note: When CMP is enabled, it takes about 10us for the circuit to stabilize.
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19.3. Operations
AMPA, B, C assumes three-shunt current sensing, and the amplified voltages are output to two AD converter units.
Two of U, V, W's three-shunt voltages can be converted simultaneously.
The inputs of AMPA, B, C are connected to the direct 2 AD converter unit so that the two shunt voltages can be
converted simultaneously, as described above, without using AMPs.
AMPD assumes one-shunt current sensing, and the amplified voltage is output to one AD converter unit.
Figure 19.2 shows the configuration diagram of the op-amplifier and analog comparator.
CMPA, B, C, D are connected to AMPA, B, C, D respectively, and the amplified voltages can be used as inputs.
Also, when op-amplifier is not used, the input voltage of the AMP can be directly input to the CMP.
CMPA, B, C assumes three-shunt current sensing and the reference voltage (CVREFABC) is common. CMPD

assumes one-shunt current sensing, and the reference voltage (CVREFD) is independent.

. ADC
"~ AINmn
CMPCTLX<CMPSEL>
Port Input
Analog Signal AMPX
AMPCTLX<AMPGLIN[2:0]>
CVREFX — | CMPX —>PMDXEMG
Figure 19.2 Op-amplifier and Analog Comparator Configuration
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20. Flash Operations

This section describes the hardware configuration and operation of Flash function.

20.1. Flash Memory

20.1.1. Features
(1) Memory capacity
TMPM370FYDFG/TMPM370FYFG contain a flash memory. The memory capacity and configuration. are
shown in the table below.

Each block can be written individually. When the internal flash memory is accessed from the CPU, the data
bus width is 32 bits.

(2) Write/erase time
Writing is performed on a page-by-page basis. 1 page is 64 words.
The write time per page is 1.25ms (typ.) regardless of the number of words.
The erase time is 0.1s (typ.) per block.

Write time and erase time per chip are as follows.

Table 20.1 Write/erase time

Memory Block configuration Number of
Product . Write time | Erase time
capacity | 128kB | 64KB | 32KB | 16KkB | Words
TMPM370FYDFG
256KB 0 3 1 2 64 1.28s 0.4s
TMPM370FYFG

Note: The above values represent theoretical time and do not include data transfer time, etc. The time per chip

depends on the user's rewrite method.

(3) Programming methods

The onboard programming mode that can be rewritten on the user's board has the following two modes.

(@) User Boot mode
Support for user's own rewriting method
(b) Single Boot mode

Support for rewriting method in serial transfer (original)
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(4) Rewrite method
The internal flash memory of TMPM370FYDFG/TMPM370FYFG are compliant with JEDEC standards
except for some functions. This makes it easier to migrate to the MCU even when flash memory is used as
external memory. In addition, it has an internal circuit that automatically writes and erases chips in the flash
memory, eliminating the need for the user to create a complex flow related to the write and erase operations

themselves in a program.

Table 20.2 Rewrite Method

JEDEC compliant functions Functions that have been modified, added, or deleted
*Automatic programming <Modified>
- Automatic chip erase Block-by-block write/erase protection (only software protection is supported)
Automatic block erase <Deleted>
-Data polling/toggle bit Erase resume/suspend function

(5) Protect/security function
TMPM370FYDFG/TMPM2370FYFG add the security function that prohibits the reading of flash data by the
writer. On the other hand, write/erase protection, which sets rewrite inhibition, cannot support a method
(hardware) in which a 12V voltage is applied only by the command (software) to set it. For details on

protection and security functions, refer to the "21. Protect/Security Function".

Note: When the password is erased data ("OxFF"), the password can be easily verified, making security difficult. It

is recommended that unique values be placed even when Single Boot mode is not used.
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20.1.2. Flash Block Diagram
S Internal address bus g
§ Internal data bus
S Internal control bus
A4 @
| ROM controller |
Control@ Address Data
\/ Flash memory
@ AN
Control <:>
_circuit \V
(includes ) M Gdress latch | [ Datalatch |
automatic
sequence @
control)
Column decoder / sense amplifier
Command
register . éu
2 Flash memory cell
o
g
>| Erase block decoder
Figure 20.1 Flash Block Diagram
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20.2. Operation Mode

There are three operation modes of TMPM370FYDFG/TMPM370FYFG, including when the internal flash

memory is not used.

Table 20.3 Operation Modes

Operation mode

Contents of operation

Single chip mode

After the reset is released, it starts up from the internal flash memory.

Normal mode

This operation mode is defined by dividing the mode for executing the user's
application program and the mode for executing the flash memory rewriting on the
user's set. The former is called "Normal mode" and the latter is called "User Boot

mode".

User Boot mode

Switching between the two can be set by the user yourself.

For example, it can be freely designed as Normal mode when port A0 is "1", and
User Boot mode when port AO is "0".

The user should prepare a routine to determine the switch to a part of the

application program.

Single Boot mode

After the reset is released, CPU starts from the internal Boot ROM (Mask ROM).
Boot ROM is programmed with algorithms that can be rewritten on the user's set
through TMPM370FYDFG/TMPM370FYFG's serial port. The internal flash memory
can be rewritten by connecting to an external host through the serial port and

transferring data according to the specified protocol.

There are two flash memory operating modes that can be programmed in Table 20.3, User Boot mode and Single

Boot mode. The modes in which the internal flash memory can be rewritten on the user's set are "User Boot mode

and "Single Boot mode", which define the two as on-board programming mode.

Each operation modes in Single chip and Single Boot are determined by setting the level of the BOOT (PFO) pin

externally in the reset state.

Table 20.4 Operation Mode Setting
Pin
Operation mode
RESET BOOT (PF0)
Single chip mode "o — """ nn
Single Boot mode "0 —"" e
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Reset state

| Single chip mode |

Normal mode

Onboard
programming mode

The switching method is
decided by the user.

Figure 20.2 Mode Transition Diagram

20.2.1. Reset Operation

To reset TMPM370FYDFG/TMPM370FYFG, set the RESET input pin to "0" for at least duration of 12 system
clocks (0.15us at 80MHz operation (clock gear 1/1 mode after reset)) while the power supply voltage is within the
operating voltage range and the oscillation of the internal oscillator is stable.

Notel: After the power is turned on, wait for at least 700us after the power supply voltage has stabilized before
releasing the reset state.

Note2: The reset period of 0.5us or more is required to perform a hardware reset during the automatic
program/erase operation of the internal flash memory regardless of the system clock. In this case, it takes
about 2ms before reading becomes possible after the reset is released.
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20.2.2. User Boot Mode (Single Chip Mode)

User Boot mode is a method of using user's own flash memory programming routine. This is used when the data
transfer bus used in the flash memory rewrite program provided in the user application is different from the serial
1/0. Operation is performed in Single chip mode. For this reason, it is necessary to shift from the Normal mode in
which the normal user application program is running in Single chip mode to the User Boot mode for rewriting the
flash. Therefore, incorporate the program for determining the condition into the reset processing program in the

user application.

Use 1/0 of TMPM370FYDFG/TMPM370FYFG to set the conditions for this mode switching independently
according to the user's system set conditions. In addition, the user's own flash memory programming routine to be
used after entering the User Boot mode must also be incorporated in the user application beforehand, and rewritten
using these routines after entering the User Boot mode. The internal flash memory cannot read data from the flash
memory during the erase/write operation mode. For this reason, the programming routine must be stored and
executed outside the flash memory area. In addition, it is recommended that write/erase protection be applied to
the necessary blocks after the rewrite processing is completed to prevent the content of the flash from being
accidentally rewritten during Single chip mode (normal operation mode). In addition, disable all interrupts,

including non-maskable interrupts, during User Boot mode.

Following (1-A) and (1-B) describe the procedure in two cases, one for placing the programming routine in the
internal flash memory and the other for transferring from an external device. For details on how to write/erase the

flash memory, refer to "20.3. Flash Memory Write/Erase in Onboard Programming".
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20.2.2.1. (1-A) Example of Procedure to Build in Programming Routine into Flash
Memory
(1) Step-1
The user determines what conditions (e.g., pin state) are set in advance to shift the User Boot mode. Which
I/0O bus used for data transfer is determined, and designs circuits and programs that match them. Before

building in TMPM370FYDFG/TMPM370FYFG into the board, the user writes the following three programs

to any block in the flash memory using a writer, etc.

(@) Mode judgment routine : Program for shifting to the rewrite operation

(b) Copy routine : Program for copying the following (c) to the internal RAM or external memory

(¢) Programming routine : program for transferring rewrite data from the outside and rewriting the flash

memory

Host

New Application
Program

Target 1/0 Bus

Flash memory

Old Application
Program

Internal RAM

[Reset Procedure]
(a) Mode Judgment Routine

(b) Copy Routine
(c) Programming Routine
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(2) Step-2

The following describes the case where these routines are incorporated in the reset processing program. First, the
reset processing program after reset release determines the shifting to User Boot mode. At this time, when the
transition conditions are satisfied, the program enters the User Boot mode for rewriting. (When shifting User Boot
mode, do not use interrupts afterwards.

Host

New Application

Program
Target 1/0 Bus
Flash memory
RESET:0 -1
Old Application
Program ﬁ
Internal RAM Conditions for Entering

User Boot Mode

[Reset Procedure] (decided by the user)

(a) Mode Judgment Routine
(b) Copy Routine

(c) Programming Routine

(3) Step-3

When the User Boot mode is shifted, the (b) copy routine is used to copy the (c) programming routine to the
internal RAM.

Host
New Application
Program
Target 1/0 Bus
Flash memory
Old Application
Program
Internal RAM
[Reset Procedure] (c) Programming Routine
[ (@) Mode Judgment Routine |
(b) Copy Routine
[ (c) Programming Routine ]
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(4) Step-4

Jump to the programming routine on the RAM, releases the write/erase protection of the old user program area,

and erases (in blocks).

(5) Step-5

Target

1/0 Bus

Host

New Application
Program

Flash Memory

Internal RAM

[Reset Procedure]

(a) Mode Judgment Routine
(b) Copy Routine
(c) Programming Routine

(c) Programming Routine

In addition, the programming routine on the RAM is executed to load the data of the new user application program

from the transfer source (host) and write the data to the erased area of the flash memory. When writing is complete,

turn on write/erase protection in the user program area.

Target

1/0 Bus

Host

New Application
Program

Flash Memory

New Application
Program

Internal RAM

[Reset Procedure]

(a) Mode Judgment Routine
(b) Copy Routine
(c) Programming Routine

(c) Programming Routine
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(6) Step-6

RESET input pin is set to 0" to reset, and set the setting condition to Normal mode. After the reset is released, the

operation starts with the new user applicatio

n program.

Host

Target 1/0 Bus
Flash Memory
RESET:0—> 1
New Application <
Program 4—‘
Internal RAM Set to Normal mode

Reset Procedure
(a) Mode Judgment Routine

b) Copy Routine
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20.2.2.2. (1-B) Example of Procedure for Transferring Programming Routine from
Externally
(1) Step-1
The user determines what conditions (e.g., pin state) are set in advance to shift the User Boot mode. Which 1/O
bus used for data transfer is determined, and designs circuits and programs that match them. Before building in
TMPM370FYDFG/TMPM370FYFG into the board, the user writes the following two programs to any block in

the flash memory using a writer, etc.

(@) Mode judgment routine : Program for shifting to the rewrite operation

(b) Transfer routine : Program for transferring rewrite programs from the outside
In addition, prepare the following programs on the host.

(c) Programming routine : Program for rewriting the flash memory

Host
New Application
Program
Target 1/O Bus (c) Programming Routine
Flash Memory
Old Application
Program
Internal RAM
[Reset Procedure]
(a) Mode Judgment Routine
(b) Transfer Routine
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(2) Step-2

The following describes the case where these routines are included in the reset processing program. First, the reset
processing program after reset release determines the transition to User Boot mode. At this time, when the
transition conditions are satisfied, the program shifts the User Boot mode for rewriting. (When shifting User Boot
mode, do not use interrupts thereafter.)

Host

New Application

Program
Target 1/O Bus (c) Programming Routine
Flash Memory
old Applicati RESET:0—1
pplication
Program
Internal RAM Conditions for entering
[Reset Procedure] User Boot mode
(a) Mode Judgment Routine (decided by the user)
[(b) Transfer Routine |

(3) Step-3

When the User Boot mode is shifted, the (b) transfer routine is used to load the (c) programming routine from the
forwarding source (host) into the internal RAM.

Host

New Application
Program

(c) Programming Routine

Target 1/0 Bus

Flash Memory

Old Application
Program

Internal RAM
[Reset Procedure] (c) Programming Routine
[(8 Mode Judgment Routine |

(b) Transfer Routine
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(4) Step-4
Jump to the programming routine on RAM, releases the write/erase protection of the old user program area, and

erases (in blocks).

Host

New Application

Program
Target 1/O Bus (c) Programming Routine
Flash Memory
Internal RAM
[Reset Procedure] (c) Programming Routine
[(8 Mode Judgment Routine |
[(b) Transfer Routine |

(5) Step-5
In addition, the (c) programming routine on the RAM is executed to load the data of the new user application

program from the transfer source (host) and write the data to the erased area. When writing is complete, turn on

write/erase protection in the user program area.

Host
New Application
Program
Target 1/O Bus (c) Programming Routine
Flash Memory
New Application
Program
Internal RAM
[Reset Procedure]
[ (@) Mode Judgment Routine |
[(b) Transfer Routine |
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(6) Step-6

RESET input pin is set to 0" to reset, and set the setting condition to Normal mode. After the reset is released, the

operation starts with the new user application program.

Host
Target = B
Flash Memory
RESET:0—>1
New Application
Program
Internal RAM Set to Normal mode
[Reset Procedure]
(a) Mode Judgment Routine
\ (b) Transfer Routine \
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20.2.3. Single Boot Mode

This method starts the internal Boot ROM (mask ROM) and rewrites the flash memory using the Boot ROM
program. In this mode, the internal Boot ROM is mapped to the area containing the interrupt vector table and the
Boot ROM program is executed. The flash memory is mapped to a different address space than the Boot ROM
area.

In Boot mode, commands and data are serially transferred and the flash memory is rewritten. The external host is
connected to TMPM370FYDFG/TMPM370FYFG's SIO/UART (channel 0), the external host copies the rewrite
program to TMPM370FYDFG/TMPM370FYFG's internal RAM, and the programming routine on the RAM is
executed to rewrite the flash memory. The programming routine is executed by sending commands and rewrite
data from the host. For details of communication with the host, follow the protocol described later.

The program transfer to RAM verifies the user password before execution in order to ensure the user's ROM data
and security. When the passwords do not match, the RAM transfer itself is not executed. Even in Single Boot
mode, the RAM transfer is performed in the interrupt disabled state in the same way as in User Boot mode. In
Single Boot mode, the Boot ROM program operates in NORMAL mode.

In order to prevent the content of the flash memory from being accidentally rewritten during Single chip mode
(normal operation mode), it is recommended that write/erase protection be applied to the necessary blocks when
the rewrite processing is completed.
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20.2.3.1. (2-A) Using Rewrite Algorithm of Internal Boot ROM
(1) Step-1
In using rewrite algorithm of internal Boot ROM, it can be supported to the content of flash memory whether the
previous version of the user program is written or erased. The transfer of the programming routine, rewrite data,
etc. is performed through the SIO/UART (channel 0), so the SIO0 of TMPM370FYDFG/TMPM370FYFG is
connected to the external host on the board. Prepare the (a) programming routine on the host for rewriting.

(@) Programming routine  : Program for transferring rewritten data from the outside and rewriting the flash

memory
Host
New Application
Program
Target : .
1/0 Bus (a) Programming Routine
[ soo ]
Boot ROM
Flash memory Internal RAM
Old Application
Program
(or erased state)
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(2) Step-2
Reset is released by the pin condition setting of Boot mode, and it is started by the Boot ROM. Follow the Boot
mode procedure to forward the (a) programming routine from the transfer source (host) through SIOO0, but first
verify the password with the password recorded in the user application program. (Even when the flash memory is

erased, the erase data ("OxFF") is verified as a password.)

Host

New Application
Program

Target (a) Programming Routine

1/0 Bus

—
RESET:0—>1
Boot ROM
Flash memory Internal RAM
BOOT: 0

Old Application
Program
(or erased state)

(3) Step-3
When password verification is completed, the (a) programming routine is transferred from the transfer source
(host). The Boot ROM loads the routine into internal RAM. However, store the data in the range from the RAM
address "0x2000_400" to the last RAM address.

Host

New Application
Program

Target

1/0 Bus (a) Programming Routine

SI00
Boot ROM
Flash memory Internal RAM

Old Application
Program (a) Programming Routine

(or erased state)
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(4) Step-4
Jump to the (a) programming routine on the RAM and erase the old user application program area. (block unit or
all blocks)
Host
New Application
Program
Target 1/O Bus (a) Programming Routine
SI00
Flash memory Internal RAM
(a) Programming Routine
(5) Step-5

In addition, the (a) programming routine on the RAM is executed to load the data of the new user application
program from the transfer source (host) and write the data to the erased area of the flash memory. When writing is
complete, turn on write/erase protection in the user program area.

In the example below, the rewritten data is also transferred through the same host and SIO0 as when the
programming routine is transferred. However, after the operation starts in RAM, the data bus and transfer source

can be set uniquely. Assemble the circuit and programming routines according to the method.

Host

New Application
Program

Target . ‘
1/0 Bus (a) Programming Routine
SI00
Boot ROM
Flash memory Internal RAM

New Application
(a) Programming Routine
Program
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(6) Step-6

When writing is complete, power off the board once and disconnect the cable that was connected to the host. Then,

turn the power off and on again, start the Single chip mode (Normal mode), and run the new user application

program.

Target

1/0 Bus

Host

[ SI00 |

‘ Boot ROM ‘

Flash memory

Internal RAM

New Application
Program

20.2.4. Mode Setting

To perform onboard programming, start TMPM370FYDFG/TMPM370FYFG in Single Boot mode. The following

settings are used to start up in Single Boot mode.

BOOT (PF0) = "0"
FSET ="" —"1"

Set the RESET input pin to "0" and set the BOOT (PFO0) pin to the above conditions in advance. After that, it
will start in Single Boot mode when reset is released.
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20.2.5. Memory Map

Figure 20.3 shows a comparison of memory maps in Single chip mode and Single Boot mode. As shown in the
figure, in Single Boot mode, the internal flash memory is mapped from "0x3F80_0000". In addition, the Boot
ROM (mask ROM) is mapped from "0x0000_0000" to "0x0000_OFFF".
The internal flash memory and RAM are mapped as follows.

Table 20.5 Mapping of Internal Flash Memory to RAM

Flash address

Product Flash sizes | RAM sizes il sl el e e e k) RAM address
TMPM370FYDFG "0x0000_0000" ~ "0x0003_FFFF"/
256KB 10KB "0x2000_0000" ~ "0x2000_27FF"
TMPM370FYFG "0x3F80_0000" ~ "0x3F83_FFFF"

OXFFFF_FFFF

OX41FF_FFFF

0x4000_0000

0x2000_27FF

0x2000_0000

0x0003_FFFF

0x0000_0000

Single Chip Mode

SFR

Single Boot Mode

SFR

Internal Flash ROM
(256KB)

Reserved

Internal RAM
(10KB)

Internal RAM
(10KB)

Internal Flash ROM
(256KB)

Internal BOOT ROM
(4KB)

Figure 20.3 Memory Map

OXFFFF_FFFF

OX41FF_FFFF

0x4000_0000

0x3F83_FFFF

0x3F80_0000

0x3F7F_F000

0x2000_27FF

0x2000_0000

0x0000_OFFF

0x0000_0000
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20.2.6. Interface Specifications

The communication format in Single Boot mode is shown below. The serial operation mode supports both UART

(asynchronous communication mode) and SIO (synchronous communication mode). To perform on-board

programming, the communication format of the write controller must be set in the same way.

e  When communicating by UART

Communication channel

Serial Transfer Mode

Data length
Parity bit
STOP bit

Baud rate
e  When communicating by SIO

Communication channel

Serial Transfer Mode

Synchronization (SCLKO)
Handshake pin

Baud rate

: SIO/UARTO

: UART (asynchronous communication mode), half-duplex communication,

LSB first

: 8 bits

: None

: 1 bit

: Any baud rate

: SIO/UARTO

: SIO (synchronous communication mode), full-duplex communication,

LSB first

: Input mode
: Output mode (PE4)
: Any baud rate

Table 20.6 Connection of Pins

Pin

Serial Transfer Mode

UART SIO

AN

DVDDS5

DVSS

AVDD5A

AVSSA

Power supply pin

AVDD5B

AVSSB

VOUT3

VOUT15

RVDD5

Mode setting pin

BOOT (PFO)

Reset pin

RESET

NI ENI ENI RS RN RN RN RN RN N RN RN

TXDO (PEO)

AN R NN N B NE N Y BN N N I N I N N

RXDO (PE1) v

Communication pin

SCLKO (PE2) - v (Input mode)

PE4 - v' (Output mode)

Note: v': Required, -: Not required
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20.2.7. Data Transfer Format

Table 20.7 and Table 20.9 to Table 20.10 show the operation commands and data transfer formats in each

operation mode. Read this section in conjunction with the "20.2.10. Operation Description of Boot Program™.

Table 20.7 Operation Command Data

Operation command data

Operation command

"0x10"

RAM transfer

"0x40"

Flash memory chip erase and protected bit erase

20.2.8. Constraints of Internal Memories

In Single Boot mode, internal RAM and internal Flash ROM are constrained as shown in Table 20.8.

Table 20.8 Memory Constraints for Single Boot

Memory

Constraints

Internal RAM

The addresses of "0x2000_0000" to "0x2000_03FF" are the work areas of the Boot ROM.
Store the program of RAM transfer from "0x2000_400" to the last address of RAM.

Internal Flash ROM

The following addresses are storage areas for ID information and password for software, so

as much as possible avoid using as a program area.

"0x3F83_FFFO" to "0x3F83_FFFF"

20.2.9. Transfer Format of the Bo

ot Program

The transfer format of the Boot program for each command are explained. Refer to also *20.2.10. Operation

Description of Boot Program®.
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20.2.9.1. RAM Transfer

Table 20.9 Transfer Format of Boot Program [RAM Transfer]

Number of Datatransferred_ from_the controller Baud Data transferred from this device to the controller
byte to this device rate
Serial operating mode and baud rate
setting
Istbyte \c  UART: "0x86" )
For SIO: "0x30"
ACK response to serial operation mode
*For UART
In case of normal (settable): "0x86"
2nd byte - (Operation stops when it is judged that setting of baud
rate is impossible.)
*For SIO
In case of normal: "0x30"
3rd byte [Operation command data ("0x10") -
ACK response to operation command (Note2)
In case of normal: "0x10"
4th byte i In case of abnormality: "0xX1"
In case of communication error: "0xX8"
5th byte to |Password data (12-bytes) i
16th byte ["0x3F83 FFF4" to "Ox3F83_FFFF"
17th byte |CHECKSUM value of 5th to 16th byte -
ACK response to CHECKSUM value (Note 2)
In case of normal: "0x10"
Boot 18th byte i _|In case of abnormality: "0xX1"
ROM Specified ||n case of communication error: "0xX8"
baud rate
19th byte [RAM storage start address 31 to 24 (Note) - (Note3)
20th byte |RAM storage start address 23 to 16 - (Note3)
21st byte |RAM storage start address 15to 8 - (Note3)
22nd byte |RAM storage start address 7 to 0 - (Note3)
23rd byte [Number of RAM storage byte 15 to 8 - (Note3)
24th byte [Number of RAM storage byte 7 to 0 - (Note3)
25th byte |CHECKSUM value of 19th to 24th byte - (Note3)
ACK response to CHECKSUM value (Note2)
26th byte i In case of normal: "0x10

27th byte to
m th byte

RAM storage data

(m+1)th
byte

CHECKSUM value between 27th and m
th byte

(m+2)th
byte

RAM

(m+3)th

byte

In case of abnormality: "0OxX1"
In case of communication error: "0xX8"

ACK response to CHECKSUM value (Note2)
In case of normal: "0x10"

In case of abnormality: "0OxX1"

In case of communication error: "0xX8"

Jump to RAM storage starting address

Notel: In SIO mode, set the baud rate of the 1st byte and the 2nd byte by the specified baud rate divided by 16.

Note2: After an error response, the MCU waits for an operation command (the 3rd byte). In SIO mode, "In case of

communication error" does not occur.
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Note3: Program the data of the 19th to 25th bytes so that they fall within the area of the last RAM address from
the address "0x2000_400" on the RAM.
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20.2.9.2. Flash Memory Chip Erase and Protected Bits Erase

Table 20.10 Transfer Format of Boot Program

[Flash Memory Chip Erase and Protect Bit Erase]

Number Datatransferred_ from_the controller to Baud Data transferred from this device to the controller
of byte this device rate
Serial Operating Mode & Baud Rate Setting
1st byte [For UART: "0x86" -
For SI10: "0x30"
ACK response to serial operation mode
-In case of normal (settable)
-For UART: "0x86"
2nd byte -
-For SIO: "0x30"
(Operation stops when it is judged that setting of baud
rate is impossible.)
3rd byte [Operation command data ("0x40") -
Specified |ACK response to operation command (note2)
Boot
baud rate [In case of normal: "0x40"
ROM | 4th byte -
(Note1) |In case of abnormality: "0xX1"

5th byte

Erase enable command data ("0x54")

6th byte

7th byte

8th byte

(Wait for next operation command data)

In case of communication error: "0xX8"

ACK response to operation command (note2)
In case of normal: "0x54"
In case of abnormality: "0xX1"

In case of communication error: "0xX8"

ACK response to the erase command
In case of normal: "Ox4F"

In case of abnormality: "0x4C"

Notel: In SIO mode, set the baud rate of the 1st byte and the 2nd byte by the specified baud rate divided by 16.

Note2: After an error response, the MCU waits for an operation command (the 3rd byte). In SIO mode, " In case

of Communication error" does not occur.
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20.2.10. Operation Description of Boot Program

When launched in Single Boot mode, the Boot program starts and provides the following functions:

(1) RAM transfer command

RAM transfer stores data sent from the controller to the internal RAM. When the transfer ends normally, the user
program starts executing. Except for the area used by the Boot program ("0x2000_0000" to "0x2000_03FF"),
"0x2000_0400" or later can be used as the user program area. The execution start address is the RAM storage start
address.

This RAM transfer function allows user-specific onboard programming control. To execute on-board
programming in the user program, the flash memory command sequence described in "20.3. Flash Memory
Write/Erase in Onboard Programming” must be used. The RAM transfer command checks the password

verification results prior to execute. If the password does not match, it will not be executed.

Note: When the password is set to OxFF (erased data), it is difficult to protect data securely due to an easy-to-guess

password. Even if Single Boot mode is not used, it is recommended to set a unique value as a password.

(2) Flash memory SUM command

The flash memory SUM command calculates the SUM of the entire flash memory area and returns the result. The
boot program does not support the operation command to read the data in the entire area of the flash memory.
Instead, there is this flash memory SUM command. The flash memory SUM command can manage the revision of

the application program by reading the SUM.

(3) Product information read command

The product information read command returns the product name and memory information of
TMPM370FYDFG/TMPM370FYFG. This command returns data in some areas of flash memory. In addition to
the flash memory SUM command, this data can be used to manage the revision of application programs. The

target areas for each product are as follows.

Table 20.11 Target area

Product Target area

TMPM370FYDFG
"0x3F83_FFFO" ~ "0x3F83_FFF3"

TMPM370FYFG
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(4) Flash memory chip erase and protected bit erase
This command erases the flash memory of all blocks. This function erases all blocks in a memory cell and erases
the write/erase protection of all blocks, regardless of the write/erase protection or security status. This command
does not compare passwords because it also recovers the operation of the Boot program when the password is

forgotten.
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20.2.10.1. RAM Transfer Command
Refer to Table 20.9 for the data transfer format.

(1) The data of the 1st byte is the data that determines the serial operation mode. For details on how to determine
the serial operation mode, refer to "20.2.10.4. Serial Operation Mode Determination". When it is determined
to be UART in the serial operation mode, the MCU determines whether the baud rate can be set. The data of
the 1st byte is in a state where reception is prohibited (SCOMODO<RXE> ="0").

= When communicating via UART
To send the data from the controller to the target board, set the data to "0x86" at the desired baud rate
according to UART setting. If it is judged as UART by judging the serial operation mode, it is judged
whether the baud rate can be set or not. If it is determined that the setting is impossible, the operation

stops, and communication cannot be performed.

*  When communicating via SIO
To send the data from the controller to the target board, set the data to "0x30" at the desired baud rate
divided by 16 in the synchronous setting. Similarly, set the 2nd byte to the desired baud rate divided
by 16. Transfer at the desired baud rate from the 3rd byte (operation command data).
In the case of SIO, the CPU sees the reception pin as an input port and monitors the level change of
that input port. Therefore, when the baud rate is higher or the operating frequency is lower, the CPU
may not be able to determine the level change. To prevent this, for SIO, the baud rate is specified by
the desired baud rate divided by 16. When it is judged as SIO, it will be in SCLK input mode. The
controller should transmit at a baud rate that satisfies the AC timing. For SIO, the reception error flag
is not checked. Therefore, there is no communication error ACK (bit3) ("0xX8") of the ACK

response data.

(2) The transmission data of the 2nd byte becomes the ACK response data to the serial operation mode setting
data of the 1st byte. When the data of the first byte is judged to be UART and the baud rate can be set, "0x86"
is transmitted and when it is judged to be SIO, "0x30" is transmitted.

*  When judged as UART
Determines whether the baud rate can be set. When it is determined that the setting is possible, the
value of SCOBRCR is changed, and "0x86" is transmitted. When it is determined that the setting is
impossible, nothing is transmitted because the operation is stopped. The controller sets a timeout
period (5 seconds) after the transmission of the 1st byte of data is completed. When data ("0x86")
cannot be received normally within the time-out time, determine that communication is disabled.
The timing for enabling reception (SCOMODO<RXE> = "1") is performed prior to writing data
("0x86") to the transmit buffer.
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®3)

(4)

Q)

= When judged as SIO
Rewrite SCOMODO, SCOCR so that SIO/UART operates in SIO mode, write "0x30" to SCOBUF,
and wait for SCLKO clocks. After the first byte of data has been transmitted, the controller should
output SCLKO clock after the idle time (several ms). The baud rate at this time is set at the desired
baud rate divide by 16. When the reception data is "0x30", determine that communication is possible.
Use the desired baud rate from the 3rd byte. The timing for enabling reception (SCOMODO<RXE> =

"1") is performed prior to writing data ("0x30") to the transmit buffer.

The 3rd byte of receive data becomes operation command data. In this case, it will be the RAM transfer

command data ("0x10").

The transmission data of the 4th byte becomes the ACK response data to the operation command data of the
3rd byte. First, check whether there is a reception error in the reception data of the 3rd byte. When there is a
reception error, the ACK response data (bit3) "0xX8" of the communication error is transmitted, and the next
operation command (the 3rd byte) data is waited. The higher 4 bits of transmit data are undefined. (This bit is
the higher 4 bits of the previous operation command data.) In the case of SIO, the reception error is not
checked.

Next, if the reception data in the 3rd byte corresponds to any of the operation command data in Table 20.7,
the reception data is echoed back (normal ACK response data). In this case, "0x10" is echoed back and
branched to the RAM transfer processing routine. After branching to this routine, the data in the password
area is checked. For details about how to check the password area data, refer to "20.2.10.5. About Password".
Otherwise, the ACK response data (bit0) of the operation command error "0xX1" is transmitted, and the next
operation command (the 3rd byte) data is waited. The higher 4 bits of transmit data are undefined. (This is the

higher 4 bits of the previous operation command data.)

The reception data of the 5th to 16th bytes is password data (12 bytes). Verify the addresses in the following
table in the flash memory in order starting from the 5th byte of reception data. Set the password error flag if it

does not match.

Table 20.12 Password Area

Product Password area

TMPM370FYDFG
"0x3F83_FFF4" ~ "0x3F83_FFFF"
TMPM370FYFG
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(6)

(")

(8)

)

The receive data of the 17th byte becomes CHECKSUM data. Transmit the 2's complement of the lower 8-bit
value obtained by adding unsigned 8-bit (ignoring overflow) to the transmit data of 5th to 16th byte from the
controller. For details on how to calculate CHECKSUM, refer to "20.2.10.6. How to Calculate CHECKSUM"

described later.

The transmission data of the 18th byte becomes the ACK response data (ACK response to CHECKSUM
value) for the data of the 5th to 17th bytes. First, check whether there is a reception error in the reception data
of the 5th to 17th byte. When there is a reception error, the ACK response data (bit3) "0x18" of the
communication error is transmitted, and the next operation command (the 3rd byte) data is waited. The higher
4 bits of transmit data are set to "1" because they are the higher 4 bits of the previous operation command data.
In the case of SIO, the reception error is not checked.

Next, CHECKSUM data of the 17th byte is checked. CHECKSUM data checking method checks whether the
lower 8 bits of the value obtained by adding unsigned 8 bits of reception data from the 5th to 16th byte
(overflow is ignored) are "0x00". When it is not "0x00", the ACK response data (bit0) "0x11" of
CHECKSUM error is sent to wait for the next operation command (3rd byte) data.

Finally, check the results of password matching. In the following cases, the ACK response data (bit 0) "0x11"

of the password error is transmitted, and the next operation command (3rd byte) data is waited.

= When the 12-byte data in the password area is the same data other than "OxFF" regardless of the
verification result of the password data of the 5th to 16th byte
*=  When the verification of the password data of the 5th to 16th bytes does not match all

After completing the above check, if everything is normal, the normal ACK response data "0x10" is

transmitted.

The reception data of 19th to 22nd byte indicates the start address of the RAM to be stored in the block
transfer. The 19th byte corresponds to 31 to 24 bit of the address, and the 22nd byte corresponds to 7 to 0 bit.

The RAM start address of the storage destination must not be an even address.

The reception data of the 23rd and 24th byte represents the number of byte to be transferred to the block. The
23rd byte corresponds to 15 to 8 bit of the number of transfer bytes, and the 24th byte corresponds to 7 to 0
bit.

(10) The reception data of the 25th byte becomes CHECKSUM data. Transmit the 2's complement value of the

lower 8-bit value obtained by adding the unsigned 8-bit data (ignoring overflow) from 19th to 24th byte from
the controller. For details on how to calculate CHECKSUM, refer to "20.2.10.6. How to Calculate
CHECKSUM" described later.
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(11) The transmission data of the 26th byte is the ACK response data (ACK response to CHECKSUM value) for
the data of the 19th to 25th byte. First, check whether there is a reception error in the reception data of 19th to
25th byte. When there is a reception error, the ACK response data (bit3) "0x18" of the communication error is
transmitted, and the next operation command (the 3rd byte) data is waited. The higher 4 bits of the transmit
data are set to "1" because they are the higher 4 bits of the previous operation command data. In the case of
SIO, the reception error is not checked.

Next, the CHECKSUM data of 25th byte is checked. CHECKSUM data checking method checks whether the
lower 8 bits of the value obtained by adding unsigned 8 bits of reception data from the 19th to 24th byte
(overflow is ignored) are "0x00". When it is not "0x00", the ACK-response data (bit0) "0x11" of
CHECKSUM error is sent to wait for the next operation command (3rd byte) data.

(12) The reception data of the 27th to m th byte becomes the data to be stored in RAM. Writes the data to be stored
in RAM from the address specified by 19th to 22nd, byte and writes the data by the only specified number of
bytes from 23rd to 24th byte.

(13) The reception data of (m + 1) th byte becomes CHECKSUM data. Transmit the 2's complement of the lower
8-bit value obtained by adding unsigned 8-bit data (ignoring overflow) to the transmit data in 27th to m th
byte from the controller. For details on how to calculate CHECKSUM, refer to "20.2.10.6. How to Calculate
CHECKSUM".

(14) The transmission data of (m + 2) th byte is ACK response data (ACK response to CHECKSUM) to the data
of 27th to (m + 1) th byte. First, check whether there is a reception error in the reception data of the 27th byte
to (m + 1) th byte. When there is a reception error, the ACK response data (bit3) "0x18" of the
communication error is transmitted, and the next operation command (3rd byte) data is waited. The higher 4
bits of the transmit data are set to "1" because they are the higher 4 bits of the previous operation command
data. In the case of SIO, the reception error is not checked. Next, CHECKSUM data of (m + 1) th byte is
checked. CHECKSUM data checking method checks whether the lower 8 bits of the value obtained by
adding unsigned 8 bits of reception data from the 27th to the m th byte (overflow is ignored) are "0x00".
When it is not "0x00", the ACK response data (bit0) "0x11" of CHECKSUM error is sent to wait for the next
operation command (3rd byte) data. If all the above checks are normal, the normal ACK response data "0x10"

is transmitted.

(15) When the ACK response data of (m + 2) th byte is normal ACK response data, after sending normal ACK
response data "0x10", branch to the address specified in 19th to 22nd byte.
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20.2.10.2. Flash Memory Chip Erase and Protect Bit Erase Commands

Refer to Table 20.10 for the data transfer format.

@)

()

®3)

(4)

Q)

The transmission/reception data from the 1st to the 2nd byte is the same as that of the RAM transfer

command.

Controller to Device
The reception data of 3rd byte becomes operation command data. In this case, it becomes the flash memory

chip erase command data ("0x40").

Device to controller

The transmission data of the 4th byte becomes the ACK response data to the operation command data of the
3rd byte.

First, check whether there is a reception error in the reception data of the 3rd byte. When there is a reception
error, the ACK response data (bit3) "0xX8" of the communication error is transmitted, and the next operation
command (the 3rd byte) data is waited. The higher 4 bits of the transmit data become undefined (the higher 4
bits of the previous operation command data).

Next, when the reception data in the third byte corresponds to any of the operation command data in Table
20.7, the reception data is echoed back (normal ACK response data). In this case, "0x40" is echoed back
transmitted. Otherwise, the ACK response data (bit0) "0xX1" of the operation command error is transmitted,
and the next operation command (the 3rd byte) data is waited. The higher 4 bits of the transmit data become

undefined (the higher 4 bits of the previous operation command data).

Controller to Device

The reception data of 5th byte becomes the erase enable command data ("0x54").

Device to controller

The transmission data of the 6th byte becomes the ACK response data to the erase enable command data of
the 5th byte.

First, check whether there is a reception error in the reception data of the Sth byte. When there is a reception
error, the ACK response data (bit3) "0xX8" of the communication error is transmitted, and the next operation
command (3rd byte) data is waited. The higher 4 bits of the transmission data become undefined (the higher 4
bits of the previous operation command data).

Next, if the reception data of the 5th byte corresponds to the erase enable command data, the reception data is
echoed back (normal ACK response data). In this case, "0x54" is echoed back and branched to the flash
memory chip erase processing routine. Otherwise, the ACK response data (bit0) "0xX1" of the operation
command error is transmitted, and the next operation command (3rd byte) data is waited. The higher 4 bits of

the transmit data become undefined (the higher 4 bits of the previous operation command data).

562 /624 2023-07-21
Rev. 1.1



TOSHIBA TMPM370FYDFG

TMPM370FYFG

(6) Device to controller
This byte indicates whether or not the transmission data of the 7th byte has completed normally.
When the operation complete normally, the end code ("0x4F") is returned.

If an erase error occurs, an error code ("0x4C") is returned.

(7) The reception data of the 8th byte becomes the next operation command data.
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20.2.10.3. ACK Response Data

The Boot program transmits the processing status to the controller by various codes. Table 20.13 to Table 20.15
show the ACK response data for each reception data. The higher 4 bits of the ACK response data are the higher 4
bits of the operation command data. The 3rd bit indicates a receive error, and the Oth bit indicates an operation
command error, a CHECKSUM error, or a password error. The 1st and 2nd bits are always "0". In the case of SIO,

the reception error is not checked.

Table 20.13 ACK Response Data for Serial Operation Determination Data

Transmission data Meaning of Transmission Data
"0x86" It was judged that the communication in UART was possible. (Note)
"0x30" It was judged that communication by SIO was possible.

Note: In the case of UART, when the baud rate setting is determined to be impossible, the operation is stopped
without sending anything.

Table 20.14 ACK Response Data for Operation Command Data

Transmission data Meaning of Transmission Data

"0x?8" (Note) The reception error occurred in the operation command data.

"0x?1" (Note) Undefined operation command data was received normally.
"0x10" It was judged as RAM transfer command.
"0x40" It was judged as flash memory chip erase command.

Note: The higher 4 bits are the higher 4 bits of the previous operation command data.

Table 20.15 ACK Response Data for CHECKSUM Data

Transmission data Meaning of Transmission Data

"OxN8" (Note) The reception error has occurred.

The CHECKSUM error has occurred. Alternatively, the password error
occurred.

"OxNO" (Note) CHECKSUM value was judged to be normal.

"0xN1" (Note)

Note: The higher 4 bits are the higher 4 bits of the operation command data. For example, when a password error
occurs, this bit is set to "1" (N = RAM transfer command data[7:4]).

Table 20.16 ACK Response Data for Flash Memory Chip Erase and Protect Bit Erase Operation

Transmission data Meaning of Transmission Data
"0x54" It was judged as the erase enable command.
"Ox4F" The erase command was completed.
"0x4C" The erase command was completed abnormally.
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20.2.10.4. Serial Operation Mode Determination

The controller sets the 1st byte to "0x86" at the desired baud rate when communicating with UART, and when
communicating with the SIO, set the 1st byte to "0x30" at the desired baud rate divided by 16. Figure 20.4 shows

the waveforms in each case.

Note: The points between A, B, C, and D of Figure 20.4 are represented as tag, tac, tap, tco.

Start  bitO0 bitl bit2 bit3 bit4 bit5 bit6 bit7  Stop

Point A Point B Point C Point D
UART ("0x86") i i i i i i
€ tas > < fep >
i tac

A A

="
&l
A

-\

bitO bitl hbhit2 bit3 bit4 bits5 bit6 bit7
Point A . Point B Point C . Point D

SIO ("0x30") . . . | .

—
|O
O

\ 4

tap

Y N .
-
>
O

I .

Y

Figure 20.4 Serial Operation Mode Determination Data

The Boot program prohibits reception of the serial operation mode determination data ("0x86™ and "0x30") of the
1st byte after reset release, and obtains tag, tac and tap times shown in Figure 20.4 in the flowchart shown in
Figure 20.5. As shown in the flowchart in Figure 20.5, when the CPU monitors the level of the reception pin.
When there is a change in the level, the timer value at that time is captured. Therefore, there will be an error
between the timer values of tag, tac and tap. Also note that when the baud rate is high, the CPU may not be able to
determine changes in the level of the reception pin. In particular, SIO has higher baud rates than UART, so this is
more likely to occur. To avoid this, for SIO, set the baud rate of the controller to the desired baud rate divided by

16 before transmitting.

As shown in the flowchart in Figure 20.5, the determination of the serial operation mode is determined by the
large and small relationship between the width of the time when the reception pin is at the "Low" level. When it is
tas < tcp, it is judged as UART, and whether the baud rate can be set automatically is judged from tap time. When
it is taB > tcp, it is judged as SIO. Note that, as mentioned above, there is an error in the timer value of tag, tac, tap,
so if the baud rate is high and the operating frequency is low, the timer value may decrease and an unintended

determination may be made. (Set UART in the rewrite routine again.)Figure 20.5 Reception flowchart
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For example, even though the controller wants to communicate with UART, it may be judged as SIO. For this
reason, when the controller wants to communicate with UART, after it must transmit the data of 1st byte, and then
determine that communication is impossible if it cannot receive data "0x86" normally within the timeout period.
To communicate with SIO, after send the data of the 1st byte, output SCLK clock after the idle time, receive the
data, and judge that communication is not possible if the reception data is not "0x30".

When the controller want to communicate with SIO, as described above, if it is tag > tcp, the data of the 1st byte
may not be "0x30". To be able to determine the falling edge of points A and C, and the rising edge of points B and
D, transmit "0x91", "0OxA1" or "0xB1" as the 1st byte data. When tag > tcp is satisfied and SIO is selected in the
operation mode determination result, (even if the transmission data of the 1st byte is not "0x30") the data of the
2nd byte will be "0x30", (Below, the data of the 1st byte for SIO judgment is "0x30".)
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Figure 20.5 Reception flowchart of Serial Operation Mode
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Figure 20.6 Flowchart of Serial Operation Mode Determination

20.2.10.5. About Password

The password confirmation method differs depending on the operation command. The password area is common
regardless of the command and is as follows. The password is referenced even when the security function is

enabled.

Table 20.17 Password Area

Product Password area

TMPM370FYDFG
"0x3F83_FFF4" ~ "0x3F83_FFFF"
TMPM370FYFG

Note: When the password is erased data ("OxFF"), the password can be easily verified, ensuring security is

difficult. It is recommended that unique values be placed even when Single Boot mode is not used.

When the data in the password area is the same data other than "OxFF" as shown in Figure 20.7, it is judged as a
password area error. When a password area error is determined, the ACK response to the CHECKSUM value of

17th byte is "0x11" regardless of the verification result of the password data.
Next, the reception data (password data) of the 5th to 16th byte is verified. When all 12 bytes do not match, a
password error occurs. When a password error is determined, the ACK response to the CHECKSUM value of 17th

byte is the password error.

The password is referenced even when the security function is enabled.

568 /624 2023-07-21
Rev. 1.1



TOSHIBA TMPM370FYDFG

TMPM370FYFG

All data the same ?

All data
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Figure 20.7 Flowchart of Password Area Check

20.2.10.6. How to Calculate CHECKSUM
To calculate CHECKSUM, the 2's complement of the lower 8-bit value obtained by adding unsigned 8-bit of

transmission data (ignoring overflow) is calculated. When transmitting CHECKSUM, the controller should use
this method.

e.g., CHECKSUM calculation

Obtain CHECKSUM of 2-byte data "OXE5" and "0xF6". First, unsigned 8-bit addition is performed.

"OXE5" + "OxF6" = "0x1DB"

The two's complement of the lower 8 bits of this value is as follows, and this value is CHECKSUM value.

Therefore, "0x25" is transmitted to the controller.

||0|| _ IIOXDBH — ||0X25||
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20.2.11. Flowchart of Entire Boot Program

The flowchart of the entire Boot program is shown below.
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Figure 20.8 Flowchart of Entire Boot program
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20.3. Flash Memory Write/Erase in Onboard Programming

In on-board programming, the flash can execute write/erase by executing a command in software by the CPU.

This write/erase control program is prepared by the user beforehand. Because the flash memory itself cannot be

read while the flash memory is being written or erased, execute the write/erase control program on the internal

RAM after shifting the User Boot mode.

20.3.1. Flash Memory

Except for some functions, writing and erasing flash memory conforms to JEDEC standards. Due to the interface

with the CPU, the addressing of operation commands differs from that of standard commands.

To write or erase data, enter a command to the flash memory using a 32-bit (word) data transfer instruction. After

entering the command, writing and erasing are performed internally automatically.

Table 20.18 Flash Memory Function

Main function

Description

Automatic page program

Data writing is performed automatically.

Automatic chip erase

All areas of the flash memory are erased automatically at once.

Automatic block erase

Erase is performed automatically in block units.

Write/Erase protection

Writing and erasing can be prohibited for each block.
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20.3.1.1. Block Configuration

User Boot Mode

"0x0003_FFFF"

"0x0003_0000"

"0x0002_0000"

"0x0001_0000"

"0x0000_8000"
"0x0000_4000"

"0x0000_0000"

Single Boot Mode

"Ox3F83_FFFF"

"0x3F83_0000"

"Ox3F82_0000"

"0x3F81_0000"

"Ox3F80_8000"
"0x3F80_4000"

"0x3F80_0000"

64K bytes (BLOCKO)

64K bytes (BLOCK1)

64K bytes (BLOCK2)

32K bytes (BLOCK3)

16K bytes (BLOCKS5)

16K bytes (BLOCK4)

Page Configuration

I 64 words x 256

- 64 words x 256

- 64 words x 256

- 64 words x 128

64 words x 64

64 words x 64

Figure 20.9 Block Configuration
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20.3.1.2. Basic Operation

This flash memory can be broadly divided into the following two operation modes:

Mode to read memory data (read mode)

Mode to automatically erase or rewrite memory data (automatic operation)

Automatic operation can be started by executing the command sequence in read mode. Flash memory data cannot

be read and instructions on the Flash memory cannot be executed during automatic operation. Except for hardware

reset, if an exception occurs during automatic operation, the mode does not change to read mode. During

automatic operation, do not occur all exceptions except for debug exceptions and reset when connecting to the

debug port. Except for a hardware reset, if an exception occurs, the MCU does not shift read mode.

)

2

Read

When reading data, set the flash memory to read mode. The flash memory enters read mode immediately after
the power is turned on, after the CPU reset is released, or after normal termination of automatic operation. To

terminate the automatic operation abnormally or to return to read mode from another mode, use bellow Read/
reset command (software reset) or hardware reset. The read mode must also be used to execute instructions

written to the flash memory.

=  Read/ reset command and Read command (software reset)
When ID-Read command is executed, the flash memory does not automatically return to Read mode.
Instead, the flash memory is stopped in that state. To return from such a condition to read mode, use
Read/ reset command. The Read/Reset command is also used to cancel the command entered
halfway. Read command is a command to return to the read mode by executing a 32-bit (word) data
transfer command with "0x0000 O0F0" data at any address in the flash memory. Read/reset

command enters read mode after the end of the 3rd bus write cycle.

Command Write
This flash memory uses a command control method. The command is executed by executing a command
sequence to the flash memory. The flash memory executes each automatic operation command according to

the input address and data combination (refer to "20.3.1.6. Command Sequence List").

When the command write in the middle of the command sequence is canceled or the wrong command
sequence is entered, execute Read/ reset command. The flash memory stops command execution and shifts

read mode.

A 32-bit (word) data transfer instruction to the flash memory is called a "bus write cycle". Each command
consists of several bus cycles. Each bus write cycle has order, and the flash memory performs automatic
operation when the bus write cycle address and data are written to the command in the specified order. When
there is a bus write cycle that has not been written to the command in the specified order, the flash memory

stops executing the command and enters the read mode.
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Notel: Each command sequence is executed from an area outside the flash memory.

Note2: Perform each bus write cycle consecutively using a 32-bit (word) data transfer instruction. Do not access
the flash memory while executing each command sequence. In addition, do not generate all interrupts
(except for debug exceptions when the debug port is connected).

Unexpected read access to the Flash memory may occur during each bus write cycle and each command
sequence, and the command sequencer may not recognize the command correctly. Each command
sequence may not terminate normally, and at the same time, it may be recognized as an incorrect command

write.

Note3: In order for the command sequencer to recognize the command, the state before the command start must be
in read mode. Confirm that FCFLCS <RDY_BSY> ="1" before the 1st bus write cycle of the command

sequence. It is recommend to execute Read command.

Note4: In issuing command, when an incorrect address or data is written, be sure to issue a software reset to return

to read mode.

20.3.1.3. Reset (Hardware Reset)

Hardware reset is used to forcibly stop execution of automatic program/erase operation or to cancel the operation
mode set by command write when automatic operation terminates abnormally.

This flash memory has a reset input as a memory block, and this input is connected to the reset signal of the CPU.
Therefore, when the RESET input pin of TMPM370FYDFG/TMPM370FYFG becomes "Low" or the CPU is
reset due to an overflow of the watchdog timer, etc., the flash memory stops its operation and returns to read mode
even if automatic operation is being executed. Note that when a hardware reset is entered during automatic
operation, data cannot be rewritten normally. Rewrite the data again.

For details of the CPU reset operation, refer to "20.2.1. Reset Operation". After a given reset input, the CPU reads

the reset vector data from the flash memory and starts the operation after the reset is released.
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20.3.1.4. Command Description
(1) Automatic page program
Writing to the flash memory is to change "1" data cell to "0" data cell. "0" data cell cannot be change to "1"

data cell. To change the "0" data cell to "1" data cell, an erase operation must be performed.

Automatic page program of TMPM370FYDFG/TMPM370FYFG is writing per page. 1 page is 64 words. In
the case of 64 words per page, the address [31:8] is the same, and the group of the leading address [7:0] =
"0x00" and the last address [7:0] = "OxFF". The units of page programs are referred to as pages in the

following.

Writing to data cell is done automatically by the internal sequencer and does not require external control by
the CPU. The status of the automatic page program (whether writing is in progress) can be checked with
FCFLCS <RDY_BSY>.

Also, a new command sequence is not accepted during an automatic page program. To cancel the automatic
page program operation, use a hardware reset. If this cancels the operation, the automatic page program must

be executed again after the erase operation because data is not written correctly to the corresponding page.

The automatic page program can be executed only once for the page after erasing. Even if it is a "1" data cell
or a "0" data cell, it cannot be executed more than once for the page. When writing to a page that has been
written again, the automatic page program must be executed again after executing the automatic block erase
or automatic chip erase command. Executing the page program twice or more on the same page without

erasing may damage the device.

Automatic verification operation is not performed inside TMPM370FYDFG/TMPM370FYFG. Check

whether the data has been written normally or read after executing the command.

The automatic page program starts from the end of the 3rd bus write cycle of the command cycle. After the
5th bus write cycle, data is written sequentially starting from the next address (in the 4th bus write cycle, the
start address of the page is written as a command) specified in the 4th bus write cycle (Data input is
performed in 32-bit units.). Be sure to use a 32-bit (word) data transfer instruction to write commands after
the 4th bus cycle. At this time, do not execute the 32-bit (word) data transfer instruction to a position crossing
the word boundary. After the 5th bus write cycle, the data is performed command write for the same page area.
In addition, even if a part of a page is written, automatic page programming must be executed on a
page-by-page basis. In this case, the address input of the 4th bus write cycle must also be the start address of
the page. At this time, set the input data to "1" and write the command to the position where the data cell is
changed to "0". For example, When the first address of a page is not written, the data input of the 4th bus

write cycle is performed command write as "OxFFFFFFFF".
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Note:

)

When the 3rd bus write cycle is executed, the automatic program is running. This can be verified by
monitoring FCFLCS <RDY_BSY>. A new command sequence is not accepted during automatic program
operation. To cancel the operation, use a hardware reset. Note that data cannot be written normally when
operation is aborted. After writing one page of data to the command, FCFLCS <RDY_BSY>="1"is set

when the automatic page writing is completed normally, and the CPU returns to the read mode.

When writing data to multiple pages, the page program command must be executed for each page (the size
that can be written with one automatic page program command is 1 page). Automatic page programming for

data input across pages is not possible.

Writing to a write/erase protected block is not possible. When the automatic program finishes normally, it
automatically returns to read mode. This is verified by monitoring FCFLCS<RDY BSY>. When the
automatic program operation becomes defective, the flash memory remains locked in this mode and does not
return to read mode. To return to the read state, the device must be reset by a hardware reset. In this case,
writing to this address is bad, so it is recommend that the device or blocks that contain this address are not

used later.

Software reset is disabled in the bus write cycle after the automatic page program 4th bus write cycle.

Automatic chip erase

Automatic chip erase operation starts from the end of the sixth bus write cycle of the command cycle.

The automatic chip erase operation can be checked by monitoring FCFLCS <RDY_BSY>.
TMPM370FYDFG/TMPM370FYFG do not perform automatic verification. Therefore, check that the
operations are erased normally by reading the data after execution. A new command sequence is not accepted
during automatic chip erase operation. To cancel the operation, use a hardware reset. When the operation is

aborted, data cannot be erased normally. Therefore, automatic chip erase must be performed again.

Also, when there is a block that is write/erase protected, the block will not be erased. When all the blocks are
write/erase protected, automatic chip erase is not executed, and the CPU enters the read mode after
completion of the sixth bus write cycle of the command sequence. When the automatic chip erase finishes
normally, it automatically returns to the read mode. If the automatic chip erase operation becomes defective,
the flash memory remains in this mode and is locked and does not return to read mode.

To return to read mode, the device must be reset by a hardware reset. In this case, the block where the failure
occurred cannot be detected. It is recommended to stop the use of the device or use the block erase function to

identify the defective block and not use the defective block thereafter.
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®3)

(4)

Note:

Automatic block erase (per block)

Automatic block erase starts from the end of the sixth bus write cycle in the command cycle.

The state of the auto block erase operation can be checked by monitoring FCFLCS <RDY_ BSY>.
TMPM370FYDFG/TMPM370FYFG do not perform automatic verification. Therefore, check that the
operations are erased normally by reading the data after execution. A new command sequence is not accepted
during automatic block erase. To cancel the operation, use a hardware reset. In this case, data cannot be

erased normally, so automatic block erase must be performed again.

Also, when there is a block that is write/erase protected, the block will not be erased. When the automatic
block erase operation becomes defective, the flash memory remains locked in this mode and does not return

to read mode. Use a hardware reset to reset the device.

Automatic protect bit program (per block)

TMPM370FYDFG/TMPM370FYFG have a built-in protect bit. It can be set in block units. The relation
between block and protect bit is shown in Table 20.23. The automatic protection bit program is executed in
1-bit units. The bit is specified by the PBA of the seventh bus write cycle. The automatic-protect bit program
disables (protects) write and erase operations for each block. The protection status of block can be checked in
FCFLCS<BLPRO >. The state of the automatic-protect bit program operation can be checked by monitoring
FCFLCS <RDY_BSY>. A new command sequence is not accepted during the automatic protection bit
program operation. To cancel the operation, use a hardware reset. At this time, the protection may not be set
correctly, so block protection operation is restarted. After all protect bits have been programmed, all

<BLPRO> in FCFLCS are set to "1". After this, all block cannot be written or erased.

In the 7th bus write cycle of the automatic-protect bit program, the software reset is disabled. FCFLCS
<RDY_BSY> become "0" after the 7th bus write cycle is inputted.
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(5) Automatic protection bit erase
The execution result of the auto protect bit erase command differs depending on the status of the security bit
and protect bit. When FCSECBIT<SECBIT >="1", the operation is determined by whether all <BLPRO> of
FCFLCS are "1" or other values. Before executing the automatic protect bit erase command, be sure to check

FCFLCS<BLPRO> setting. For details on security, refer to "21. Protect/Security Function".

= IN case of FCFLCS<BLPRO> = all "1" (all protect bits are programmed)

When the auto protect bit erase command is written, the flash memory is automatically initialized in
TMPM370FYDFG/TMPM370FYFG. After the 7th bus write cycle is completed, the data cells in all
areas of the flash memory are erased, and the protected bits are subsequently erased. This operation
can be checked by monitoring FCFLCS <RDY_BSY>. When the auto protect bit erase operation is
finished normally, FCFLCS = "0x00000001". TMPM370FYDFG/TMPM370FYFG do not perform
automatic verification. Therefore, check that the operations are erased normally by reading the data
after execution. To return to read mode during automatic operation after the 7th bus cycle, the device
must be reset by a hardware reset. In this case, after returning to read mode, it is necessary to check
the state of the protect bit in FCFLCS<BLPRO> and execute automatic protect bit erase or auto chip

erase or auto block erase again as required.

=  IN case of FCFLCS<BLPRO > # all "1" (all protect bits are not programmed)

The protection status can be released by erasing the protection bit. In
TMPM370FYDFG/TMPM370FYFG, protect bits are programmed in Block units as shown in Table
20.23, whereas 4 bits are erased together. The protect bit to be erased is specified in the 7th bus write
cycle. The status of the protection bits of each block can be checked with FCFLCS<BLPRO>. The
state of the automatic protect bit program operation can be checked by monitoring FCFLCS
<RDY_BSY>. When the auto protect bit erase operation is completed normally, the erased and

selected protect bit in FCFLCS<BLPRO> is set to "0".

In either case, a new command sequence is not accepted during the automatic protection bit erase operation.
To cancel the operation, use a hardware reset. When the automatic protect bit erase operation is completed

normally, the mode returns to read mode.

Note: FCFLCS <RDY_BSY> is set to "0" during automatic operation and to "1" after the automatic operation is

completed.
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(6) ID-Read
ID-Read command can be founded out information such as the types of flash memory that are built in
TMPM370FYDFG/TMPM370FYFG. The data loaded depends on the value of address [15:14] after the
fourth bus write cycle (data input value is "0x00" recommended). When any flash memory area is read after
the 5th bus write cycle, the ID value is read. After the 4th bus write cycle of ID-Read command, the CPU
does not automatically return to read mode. Reading of the value of the fourth bus write cycle and ID can be

executed repeatedly. To return to read mode, use Read/ reset command or hardware reset.

20.3.1.5. Flash Control/Status Register

For the control register and address, refer to "21. Protect/Security Function™.
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20.3.1.6. Command Sequence List

The address and data for each command are shown in Table 20.19.

The bus cycles except 2nd bus cycle of Read command, the 4th bus cycle of Read/reset command, and the 5th bus
cycle of ID-Read command are all "bus write cycles”. The bus write cycle is performed by a 32-bit (word) data
transfer instruction. (Only the lower 8 bits of data are shown in the table.)

For addresses details, refer to Table 20.20. The following is used for Addr[15:8] marked "Command".

Note: Always set "0" to all bus cycles and address bits [1: 0].

Table 20.19 Flash Memory Access by Internal CPU

Sequence| First bus Second bus Third bus Fourth bus Fifth bus Sixth bus Seventh bus
Cycle Cycle Cycle Cycle Cycle Cycle Cycle
Addr. Addr. Addr. Addr. Addr. Addr. Addr.
Command Data Data Data Data Data Data Data
OxXXX - - - - - -
Read
0xFO - - - - - -
Read/ 0X54XX OXAAXX 0X54XX RA - - -
Reset OXAA 0X55 OXFO RD - - -
0x54XX OXAAXX 0x54XX 1A OxXX - -
ID-Read
OxAA 0x55 0x90 0x00 ID - -
Automatic page |  OX54XX OXAAXX OX54XX PA PA PA PA
program OXAA 0x55 0xA0 PDO PD1 PD2 PD3
Automatic chip OX54XX OXAAXX OX54XX Ox54XX OXAAXX Ox54XX -
erase OxAA 0x55 0x80 OXAA 0x55 0x10 -
Automatic block | 0X54XX OXAAXX OX54XX Ox54XX OXAAXX BA -
erase OxAA 0x55 0x80 OXAA 0x55 0x30 -
Automatic 0x54XX OXAAXX 0x54XX 0x54XX OXAAXX 0x54XX PBA
protection
bit program OXAA 0x55 0x9A OXAA 0x55 0x9A 0x9A
Automatic 0x54XX OXAAXX 0x54XX 0x54XX OXAAXX 0x54XX PBA
protection
bit erase OxAA 0x55 OXx6A OXAA 0x55 OX6A OX6A

Supplementary explanation
*  RA: Read address
=  RD: Read data
= JA:ID address
= ID:ID data
*  PA: Program page address
= PD: Program data (32-bit data)
After the 4th bus cycle, enter data for one page in order of address
=  BA: Block address
= PBA: Protect bit address
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20.3.2. Address Bit Configuration during Bus Write Cycle

Table 20.20 is used in conjunction with "*Table 20.19 Flash Memory Access by Internal CPU".
Set the address according to "Normal bus write cycle address setting™ from the 1st bus cycle. "™ 0" is

recommended” can be changed as appropriate.

Table 20.20 Address Bit Configuration during Bus Write cycle

[Normal Command]

Address Adr Adr | Adr | Adr | Adr | Adr Adr Adr | Adr | Adr Adr
[31:19] [18] | [17] | [16] | [15] | [14] [13:11] [10] | [9] [8] [7:0]
Bus write cycle address setting for normal command
Normal Adr[1:0] = "0" fixed,
command Flash area | "0" recommended Command other bits are "0"
recommended.
[ID-Read]
Address Adr Adr | Adr | Adr | Adr | Adr Adr Adr | Adr | Adr Adr
[31:19] [18] | [17] | [16] | [15] | [14] [13:11] [10] | [9] [8] [7:0]
IA: ID address (4th bus write cycle address setting of ID-READ)
ID-Read
Flash area "0" recommended | ID address Adr[1:0] = "0" fixed, other bits are "0" recommended
[Block erase]
Address Adr Adr | Adr | Adr | Adr | Adr Adr Adr | Adr | Adr Adr
[31:19] [18] | [17] | [16] | [15] | [14] [13:11] [10] | [9] [8] [7:0]
BA: Block address (6th bus write cycle address setting of block erase)
Block erase

Block address (Table 20.19)

Adr[1:0] = "0" fixed, other bits are "0" recommended

[Automatic page program]

Address Adr Adr | Adr | Adr | Adr | Adr Adr Adr | Adr | Adr Adr
[31:19] [18] | [17] | [16] | [15] | [14] [13:11] [10] | [9] [8] [7:0]
Automatic PA: Program page address (4th bus write cycle address setting of page program)
page Adr[1:0] = "0" fixed,
program Page address other bits are "0"
recommended.
[Protect bit program]
Address Adr Adr | Adr | Adr | Adr | Adr Adr Adr | Adr | Adr Adr
[31:19] [18] | [17] | [16] | [15] | [14] [13:11] [20] | [9] [8] [7:0]
Protect PBA: Protect bit address (7th bus write cycle address setting of protect bit program)
bit Protect Protect Adr[1:0] = "0" fixed,
program Flash area | bit selection Fixed to "0" bit selection other bits are "0"
(Table 20.22) (Table 20.22) recommended.
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[Protect Bit Erase]
Address Adr Adr | Adr | Adr | Adr | Adr Adr Adr | Adr | Adr Adr
[31:19] [18] | [17] | [16] | [15] | [14] [13:11] [10] | [9] [8] [7:0]
PBA: Protect bit address (7th bus write cycle address setting of protect bit erase)
Protect Protect ,
bit erase Flash area | bit selection Fixed to "0" other t;;zrgrg'(;‘ r(;cg):ﬂ’en ded
(Table 20.23) )

The block address can be specified any address contained in the block to be erased.

For the block configuration, refer to "20.3.1.1. Block Configuration™.

Table 20.21 Block Address
Block Address _ Address Size
(User Boot mode) (Single Boot mode) (Kbyte)
4 "0x0000_0000" to "0x0000_3FFF" "0x3F80_0000" to "0x3F80_3FFF" 16
5 "0x0000_4000" to "0x0000_7FFF" "0x3F80_4000" to "0x3F80_7FFF" 16
3 "0x0000_8000" to "0x0000_FFFF" "0x3F80_8000" to "0x3F80_FFFF" 32
2 "0x0001_0000" to "0x0001_FFFF" "0x3F81_0000" to "Ox3F81_FFFF" 64
1 "0x0002_0000" to "0x0002_FFFF" "0x3F82_0000" to "0x3F82_FFFF" 64
0 "0x0003_0000" to "0x0003_FFFF" "0x3F83_0000" to "0x3F83_FFFF" 64

Note: As for the upper addresses from the 1st bus cycles to the 5th bus cycles, specify the addresses of the blocks

to be erased.

Table 20.22 Protect Bit Program Address

. Address of the 7th bus write cycle
Protection
Block bit Address Address Address Address Address Address Address
[18] [17] [16] [15:11] [10] [9] [8]
BlockO <BLPROJ0]> 0 0 0 0
Block1l <BLPROJ[1]> 0 0 0 1
Block2 <BLPROJ[2]> 0 0 1 0
Fixed to "0"
Block3 | <BLPRO[3]> 0 0 1 1
Block4 <BLPRO[4]> 0 1 0 0
Blocks | <BLPRO[5]> 0 1 0 1
Table 20.23 Protect Bit Erase Address
Addresses of the 7th bus write cycle [18:17]
Block Protection bit Address Address
[18] [17]
BlockO to 3 <BLPRO[3:0]> 0 0
Block4 to 5 <BLPROI[5:4]> 0 1
Note: The protect bit erase command cannot be erased in units of protected bits.
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Table 20.24

ID Addresses (IA) of 4th Bus Write Cycle of ID-Read Command
and Data (ID) that can be Read by Subsequent 32-bit Transfer Instruction

IA[15:14] ID[7:0] Code
00 "0x98" Manufacturer code
01 "Ox5A" Device code
10 Reserved
1 "0x11" Macro code
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20.3.2.1. Flowchart

Automatic page programming command sequence
(Refer to the flowchart shown below)

The address of the
last page ?

Address = Address + "0x200"
(Set by 1 page unit)

Automatic page programming

Automatic Page Programming Command Sequence
(Address / Command)

"0x54xx" / "OxAA"

Y

"OxAAXX" / "0x55"

\ 4

"0x54xx" / "OxA0"

Y
Programming address (page address) /
Programming data (32 bit data)

Note: "0x54xx" executes the command sequence even at "0x55xx".

Figure 20.10 Automatic Program
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‘ Start ’

\ 4

Automatic chip erase command sequence
(see the flowchart shown below)

Y

Automatic chip erase completed

Automatic chip erase command sequence

Automatic block erase command sequence
(address / command)

(address / command)

"Ox54xx"  "OXAA" "Ox54xx" [ "OXAA"

Y \ 4
"OxAAxx" / "0x55" "OxAAXx" / "0x55"
Y Y
"Ox54xx" / "0x80" "Ox54xx" / "0x80"
Y A 4

"0Ox54xx" / "OXAA" "0Ox54xx" | "OxAA"

\4 \4
"OxAAXX" / "0x55" "OxAAxX" | "0x55"
\4 \4

"0x54xx" / "0x10" Block address / "0x30"

Note: "0x54xx" executes the command sequence even at "0x55xx".

Figure 20.11 Automatic Erase
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21. Protect/Security Function

21.1. Outline
TMPM370FYDFG/TMPM370FYFG incorporate the writing/erasing protect function for the internal ROM (flash)
and the security function which prevents reading the internal ROM (flash) area by the writer. The security function

also limits the use of the debug function. The protect/security function has the following two functions:

e  Writing/erasing protect for the internal ROM (flash)

e  Security function

21.2. Features

21.2.1. Writing/erasing protect of internal ROM (Flash)
The internal flash can prohibit the operation of writing and erasing on a block-by-block basis. This function is

called writing/erasing protect.
To activate the function, write "1" to the corresponding bits to a block to protect. Writing "0" to the bits cancels the

protect. (Refer to "20. Flash Operations” for programming details.)
The protect bits can be monitored by FCFLCS<BLPRO[5:0]>.

21.2.2. Security function
The security function restricts readout and debugging of internal flash. This function is called a security function.

This function is available under the conditions shown below.

(1) FCSECBIT<SECBIT> is set to"1".
(2) All the protect bits (FCFLCS<BLPRO>) used for the writing/erasing protect function are set to "1".

Note: FCSECBIT<SECBIT> is set to "1" at cold reset.
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Table 21.1 shows details of the restrictions by the security function.
Table 21.1 Restrictions by the security function
Item Details
ROM data readout Data can be read from CPU.
Debug port Communication of JTAG/SW and trace are prohibited.

Writing a command to the flash is prohibited.

When trying to erase the protect bit for writing/erasing
Executing commands for flash
protect, chip erase is executed and all protect bits are

also erased.
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21.3. Registers

21.3.1. Registers List

The control registers and their addresses are as follows.

Register name

Address (Base+)

Reserved - 0x0000,0x0004
Security bit register FCSECBIT 0x0010
Reserved - 0x0014
Flash control register FCFLCS 0x0020
Reserved - 0x0024 to OXOFFF
Note: Access to the "Reserved" area is prohibited.
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21.3.2. FCSECBIT (Security bit 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 - - - - - - SECBIT
After reset 0 0 0 0 0 0 0 1
Bit Bit Symbol Type Function
311 - R |Readas"0."
Security bit
0 SECBIT R/W 0: Security function is disabled
1: Security function is enabled
Note: This register is initialized at cold reset.
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21.3.3. FCFLCS (Flash 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 - - BLPRO5 BLPRO4 BLPRO3 BLPRO2 BLPRO1 BLPROO
After reset 0 0 (Notel) (Notel) (Notel) (Notel) (Notel) (Notel)
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 - - - - - - RDY_BSY
After reset 0 0 0 0 0 0 0 1
Bit Bit Symbol Type Function
31:22 - R Read as "0."
Protection for Block5 to 0 (Notel)
0: Not protected
21:16 BLPROS to R 1: Protected
' BLPROO The protect bit value represents the protect status of the corresponding each of block. When a bit is
set to "1," it indicates that the block corresponding to the bit is protected. When the block is protected,
data cannot be written to it.
15:1 - R Read as "0."
Ready/Busy flag (Note2)
0: Under auto operating
1: Auto operation terminated
0 RDY BSY R The RDY_BSY output is provided as a means to monitor the status of automatic operation. This bit is a
- function bit for the CPU to monitor the function. When the flash is in automatic operation, it outputs "0"
to indicate that it is busy. When the automatic operation is terminated, it returns to the ready state and
outputs "1" to accept the next command. If the automatic operation has failed, this bit maintains the "0"
output. By applying a hardware reset, it returns to "1."

Notel: This bit can read the value corresponding to the protected state.

Note2: This command must be issued in the ready state. Issuing the command in the busy state may disable both

correct command transmission and further command input. To exit from this condition, execute system
reset. When performing a hardware reset, a reset period of 0.5 ps or more is required regardless of the

system clock. In this case, it takes about 2ms to be able to read after the reset is released.
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21.4. Setting/Releasing Method

21.4.1. Writing/erasing protect of internal ROM (Flash)

Writing or erasing the protect bit is executed using the command sequence. Writing to the protect bit is performed
on each one block. Erasing the protect bit is performed on the units of BlockO to 3 and Block4 to 5.

Note that when all protect bits of all blocks are set to "1" and FCSECBIT<SECBIT> is "1", the security function
is enabled. When the protect bit is erased in this state, all the protect bits will be erased after executing chip erase.
Therefore, it is necessary to set FCSECBIT<SECBIT> to "0" first and then erase the protect bit.

Refer to "20. Flash Operations" for details on the command sequence.

21.4.2. Security bit

FCSECBIT<SECBIT> that activates the security function is set to "1" at a Power-on-Reset immediately after
power-on. This bit is rewritten by the following procedure.

(1) Write the specific code "0xa74a9d23" to FCSECBIT.

(2) Write data within 16 clocks from writing of the above (1).

Note: The above procedure must be executed by using 32-bit data transfer command.
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22. Debug Interface

22.1. Outline
TMPM370FYDFG/TMPM370FYFG contain the Serial Wire JTAG Debug Port (SWJ-DP) unit as debug interface
for connecting with the Debug tool and the Embedded Trace Macrocell (ETM) unit for trace output of an internal
program. The trace data is output to the pin for debug (TRACEDATAOQ to 1, SWV) via the Trace Port Interface
Unit (TPIU) in the TMPM370FYDFG/TMPM370FYFG.
For detailed information of SWJ-DP, ETM, and TPIU, refer to "Arm documentation set for the Arm Cortex-M3

processor".

22.1.1. SWJ-DP
TMPM370FYDFG/TMPM370FYFG support the Serial Wire Debug Port (SWDCK, SWDIO) and JTAG Debug
Port (TDI, TDO, TMS, TCK, TRST).

22.1.2. ETM

TMPM370FYDFG/TMPM370FYFG support two data signal pins (TRACEDATA 0 to 1), one clock signal pin
(TRACECLK), and the SWV trace output from one Serial Wire Viewer signal (SWV).

592 /624 2023-07-21
Rev. 1.1



TOSHIBA

TMPM370FYDFG

TMPM370FYFG

22.2. Pin Functions

Debug interface pin shares with a general-purpose port.

The relation between debug interface pins and general-purpose ports is shown in Table 22.1.

Table 22.1

Relation Between Debug Interface Pins and General-purpose Ports

JTAG Debug function

SW Debug function

SWJ-DP/ETM | General-purpose
pmn name e T Input/Output Function Input/Output Function
JTAG Test Mode Serial Wire Data
TMS/SWDIO PB3 Input Input/Output
Selection Input/Output
TCK/SWCLK PB4 Input JTAG Test Check Input Serial Wire Clock
Output Serial Wire Viewer
TDO/SWV PB5 Output JTAG Test Data Output
(Note) Output
TDI PB6 Input JTAG Test Data Input - -
TRST PB7 Input JTAG Test Reset - -
TRACECLK PBO Output TRACE Clock Output
TRACEDATAO PB1 Output TRACE DATA Output 0
TRACEDATA1 PB2 Output TRACE DATA Output 1
Note: When SWV is used
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PB3 to PB7 are assigned to debug interface pins after releasing RESET. Other debug interface pins are used as a

general-purpose port. When they are used as debug interface pins, Port control registers should be set for using as

debug interface. Debug interface pins which are not used can be used as a general-purpose port.

The value of Port ; which is assigned as the debug interface pin; control registers after releasing RESET is shown
in Table 22.2,

Table 22.2 Value of Port; Which is Assigned as Debug Interface Pin; Control Registers After

Releasing RESET

Assignment

Setting value of port control register

after SRS SWJ-DP/ETM . Input Output Open-drain Pull-up Pull-down
: pose port ; Function
releasing pin name register control control control control control
RESET name (PBFR1) register register register register register
(PBIE) (PBCR) (PBOD) (PBPUP) (PBPDN)
Debug
PB3 TMS/SWDIO 1 1 1 0 1 0
interface pin
Debug
PB4 TCK/SWCLK 1 1 0 0 0 1
interface pin
Debug
PB5 TDO/SWV 1 0 1 0 0 0
interface pin
Debug
PB6 TDI 1 1 0 0 1 0
interface pin
Debug
PB7 TRST 1 1 0 0 1 0
interface pin
General-purp
PBO TRACECLK 0 0 0 0 0 0
ose port
General-purp
PB1 TRACEDATAQ 0 0 0 0 0 0
ose port
General-purp
PB2 TRACEDATA1 0 0 0 0 0 0
ose port

When using a low power consumption mode, take note of the followings.

*  When PB3 and PBS5 are used as a debug interface pin, they continuously output even in STOP mode
regardless of setting CGSTBYCR<DRVE>.

=  When PB4 is assigned to a debug interface pin, a power consumption of

TMPM370FYDFG/TMPM370FYFG is not reduced enough. When PB4 is not used as debug

interface pin, do not assign PB4 as a debug interface pin.
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22.3. Connection With Debug Tool

22.3.1. Connection

Refer to the method which is recommended by each debug tool manufacture for connecting with a debug tool.

Debug pins have an internal pull-up register or pull-down register. When an external pull-up register or pull-down

register is connected to a debug interface pin, consider them.

22.3.2. Notice When Debug Interface Pins are Used As General-purpose Port

After releasing RESET, when a user program changes a debug interface pin to a general-purpose port, a debug tool
cannot control TMPM370FYDFG/TMPM370FYFG, from then on. Therefore, the debugging by a debug tool

cannot be done.

The necessary debug interface pin for using debug interface must be not used as a general-purpose port.

Table 22.3 Debug Interface And Using Debug Interface pins

Using debug interface pins for each debug interface

Using debug interface PB3 PB4 PB5 PB6 PB7 PBO PB1 PB2
TDO/SWV [TCK/SWCLK|TMS/SWDIO TDI TRST TRACECLK [ TRACEDATAO [ TRACEDATA1
JTAG+SW
(Default, After releasing 4 4 v v v
RESET)
JTAG+SW
- v v v v - (Note2)
(without TRST pin)
JTAG+TRACE v 4 v v v v v v
Sw -
SW+SWV v -

No using debug function

Notel: v': required, -: not required (debug interface pin can be used as a general-purpose port)

Note2: For the treatment of the pin of which the TRST function is assigned, select the TRST function with the

function register and set the pin to OPEN or "High level".

22.3.3. Peripheral Functions Operation During HALT Mode (Stop Execution of Program In
Debugging)

In debugging, the WDT stops counting automatically when the Coretex-M3 core enters in HALT mode. Other

peripheral functions operate continuously.
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23. Port Section Equivalent Circuit Schematic

Basically, the gate symbols are the same as those used for the standard CMOS logic IC “74HCxx” series.

The input protection resistor range is from several tens of Q to several hundreds of Q.

Note: For the damping resistor value of X2 pin, the typ. Value is shown in the figure. The resistor without the

statement of the numerical value in the figure shows input protection resistor.

23.1. PAOto 7,PBOto 7,PCOto 7, PDOto 6, PEOto 7, PFOto 4, PGOto 7

Open-drain Enable

Output Data
P-ch
—-
Output Enable {>c

Schmitt

Z 110
Input Data - L i D port

Input Enable

Programmable
Pull-up Resistor
Pull-up Enable Do—‘

| R(Pkn)
Pull-down Enable
Programmable

Pull-down Resistor
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23.2. PHOto 7, PIOto 3, PJOto 7, PKO, PK1
AIN Input —
AMP/CMP Input —
Output Data J
Open-drain Enable ﬁr
4{>0J N-ch
Output Enable {>c ﬁ;L
Schmitt i Yo
Input Data - — i port
Input Enable

Programmable

Pull-up Resistor

Pull-up Enable {>o—‘

| R
Pull-down Enable
Programmabl::l/;L
Pull-down Resistor
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23.3. PLO, PL1

Input Data

Schmitt

Input Enable

23.4. PFO

Output Data

Open-drain Enable

Output
Enable

Input Data

Input Enable

BOOT

Input Enable

Pull-up Enable

Pull-down Enable

Schmitt

Schmitt

A=Y

Programmable
Pull-up Resistor

>

Pull-down Resistor

| R(Pkn)
Programmable j7

port

598 /624

2023-07-21
Rev. 1.1



TOSHIBA TMPM370FYDFG

TMPM370FYFG
23.5. X1, X2
Clock
i Circuit : L % X2
i 500kQ o 1kQ (typ.) D
i (typ.) |
High-frequency _i = !
Oscillation Enable I: :
- e T 1
| | i (] x
23.6. RESET
Pull-up
Resistor Inout
Reset<—o<} @ 1 D Pgrt
Schmitt f
23.7. MODE
1 Input
MODE <+—<}——o&—} ]
Schmitt f Port
Note: MODE pin must be connected to GND.
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23.8. VREFHA, VREFHB, VREFLA, VREFLB

______ —————  VREFHA, AVDDSA,
: ADC unit A, B | VREFHB
f
| | |
|
| Ladder !
I .
| reSIStorl VREELA
|
|

| | VREFLB
|

4
i

AVSSA,

AVSSB <«

AVDD5SA/VFREHA,
AVDDSB «T———— | AppseivReFHS

AVSSANFRELA,
AVSSB/VREFLB

23.9. AMPVDD5, AMPVSS, CREFABC, CREFD

AMP/CMP

CVREFA

AMPA/CMPA

D AMPVDD5

CVREFB

AMPB/CMPB

CVREFC

AMPC/CMPC

CVREFD

AMPD/CMPD

[:] CVREFABC

D CVREFD

FHPTY 3Pt

D AMPVSS
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23.10. VOUT15, VOUT3

VOUT15 >

VOUT3 Zﬁ D Output Pin
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24.  Electrical Characteristics
24.1. Absolute Maximum Ratings
Table 24.1 Absolute Maximum Ratings
Parameter Symbol Rating Unit
DVDD5 -0.3t06.0
RVDD5 -0.3t06.0
\Y
Power supply voltage AVDD5A
-0.3106.0
AVDD5B
AMPVDD5 -0.3t06.0
VOUT15 -0.3t0 3.0
Capacitor pin voltage for voltage maintenance Vv
VOUT3 -0.3t0 3.9
Input voltage ViN -0.3 to VDD + 0.3 (Note2) \Y
Low level Per pin loL 5
output current | Total of all pins 2loL 50
mA
High level Per pin lon -5
output current | Total of all pins ZloH -50
Power consumption PD 600 (Ta = 85°C) mwW
Soldering temperature (10s) TsoLper 260 °C
Storage temperature Tste -551t0 125 °C
Except during
Operating Flash writing/ |fsys = 1 to 80MHz -40 to 85
Toprr °C
temperature | erasing
During Flash writing/erasing 0to 70

Notel: Absolute maximum ratings are limiting values of operating and environmental conditions which should not

be exceeded under the worst possible conditions. The equipment manufacturer should design so that no

Absolute maximum rating value is exceeded with respect to current, voltage, power consumption,

temperature, etc. Exposure to conditions beyond those listed above may cause permanent damage to the

device or affect device reliability, which could increase potential risks of personal injury due to 1C blowup

and/or burning. Therefore, be sure to design the applied equipment so that the absolute maximum rating is

not exceeded.

Note2: VDD is a generic name for DVDD5, RvDD5, AVDD5A, AVDD5B and AMPVDDS5. Apply the same
voltage to DVDD5, RvDD5, AVDD5A, AVDD5B and AMPVDDS5.
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24.2. DC Electrical Characteristics (1/2)

DVSS = AVSSA/VREFLA = AVSSB/VREFLB = AMPVSS =0V
Ta=-40t0 85°C

- . Typ. .
Parameter Symbol Conditions Min (Note2) Max Unit
DVDD5.
RVDD5, _
'(Drj’g‘t’zg)s“pp'y voltage (Note3) | \\ppsa., VDD :ZSZ - ? i‘; ;g'\lclﬂi 4.5 - 55 v
AVDD5B, e
AMPVDD5
DVDD5,
Power Supply Voltage RVDDS5. fosc = 8 to 10MHz
(Flash writing/erasing) AVDD5A. VDD |[fsys =1 to 80MHz 4.5 - 5.5 \Y,
(Note3) (Noted) AVDD5B. Ta=0to 70°C
AMPVDD5
DVDD5.
Power supply voltage RVDDS. _
(power supply rises/falls) AVDD5A. VDD ::S: _ ? ig ;gll\\/l/l:i 3.9 - 5.5 \Y
(Note3) (Note4) AVDD5B. y
AMPVDD5
Low level input voltage Schmitt input Vi1 VDD =4.510 5.5V -0.3 - VDD x 0.25 \Y
(Note3)
High level input voltage Schmittinput | Vi E/NDO?GZ)‘“S to 5.5V VDD x 0.75 : VDD v
. RVDD5 = 4.5 to 5.5V
Capacitance for VOUT15 and VOUT3 (Note5) Cour VOUT15. VOUTS3 pin 3.3 - 4.7 uF
VDD = 4.5V (Note3)
Low level output voltage VoL loL = 1.6mA 0.4 Y,
. VDD = 4.5V (Note3)
High level output voltage VoH lon = -1.6mA 41 Y,
< <
Input leakage current L1 0.0<Vin < VDD -5 0.02 5
(Note3) UA
0.2<ViNnsVDD-0.2
Output leakage current ILo (Note3) -10 0.05 10
. VDD =4.5t0 5.5V
Reset pull-up resistor RrsT (Note3) - 50 150 kQ
Programmable pull-up/pull-down resistor Pkn VDD =4.510 5.5V - 50 150 kQ
(Note3)
. . VDD =4.5t0 5.5V
Schmitt input width VTH (Note3) 0.3 0.6 - \Y,
Pin Capacitance (excluding power supply pins) Cio fc = 1MHz - - 10 pF

Notel: VDD is a generic name for DVDD5, RvDD5, AVDD5A, AVDD5B and AMPVDDS5.

Note2: Typ. Value is in Ta = 25°C and DVDD5 = RVDD5 = AVDD5A = AVDD5B = AMPVDD5 = 5.0V, unless
otherwise specified.

Note3: Apply the same voltage to DVDD5, RvDD5, AVDD5A, AVDD5B and AMPVDDS5.

Note4: These values is the voltage range when the power supply voltage rises (when the power is turned on) and
when the power supply voltage falls with the voltage detection circuit (VLTD) enabled. For details, refer to
“Figure 24.10 Power-on sequence (without external reset)”.Figure 24.10 Power-on sequence (without
external reset)

Note5: Connect VOUT15 pin and VOUT3 pin to GND via a voltage-holding capacitor of the same value. Power
supply cannot be supplied to the external MCU from VOUT15 and VOUT3 pins.
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24.3. DC Electrical Characteristics (2/2) (Current Consumption)

VDD = DVDD5 = RVDDS5 = AVDD5A = AVvDD5B = AMPVDDS = 4.5 ~ 5.5V

DVSS = AVSSA/VREFLA = AVSSB/VREFLB = AMPVSS = 0V
Ta=-40t0 85°C

. . Typ. .
Parameter Symbol Conditions Min (Note2) Max Unit
NORMAL (Note4) (Note6) fsys = 80MHz - 70 80
Gear ratio 1:1 mA
IDLE (Note5) (Note6) oo - 21 30
STOP - - 7 11 mA

Notel: VDD is a generic name for DVDD5, RvDD5, AVDD5A, AVDD5B and AMPVDDS5.

Note2: Typ. Value is in Ta = 25°C and DVDD5 = RvDD5 = VDD5A = AVvDD5B = AMPVDD5 = 5.0V, unless
otherwise specified.

Note3: Apply the same voltage to DVDD5, RVDD5, AVDD5A, AVDD5B and AMPVDDS.

Note4: Measurement conditions of Iop (NORMAL): All internal peripheral functions except the ADC/AMP/CMP
operation.

Note5: Measurement conditions of Ipp (IDLE): All internal peripheral functions are stopped.

Note6: The analog reference voltage supply current of the ADC always flows.
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24.4. 12-bit analog-to-digital Converter Characteristics

DVDDS5 = RvDD5 = AVYDD5A/VREFHA = AVDD5B/VREFHB = AMPVDD5 = 4.5 to 5.5V

DVSS = AVSSA/VREFLA = AVSSB/VREFLB =

AMPVSS = 0V

Ta=-40to 85°C

Parameter Symbol Conditions Min Typ. Max Unit
VREFHA AVDD5A
Analog reference voltage (+) - - \Y
VREFHB AVDDS5B
AVSSA AVDD5A
Analog input voltage VAIN - \%
AVSSB AVDD5B
Analog reference voltage supply i
current (Note1) (Note2) IREF 35 4.5 mA
Current 'consumptlon during AD ) Excluding IREF 6.0 mA
conversion (Note1)
Integral non-linearity error (INL) -6.0 6.0
Differential non-linearity error (DNL) ) -5.0 5.0
AIN load resistance < 600 Q
Offset error - AIN load capacitance = 0.1 yF -5.0 5.0 LSB
Conversion time = 2us

Full scale error -5.0 5.0
Total errors -10 5.0

Notel: This is a value for 1 unit.

Note2: The analog reference voltage supply current of the ADC always flows.

Note3: 1LSB = (AVDD5A/VREFHA — AVSSA/VREFLAB) / 4096[V]

1L.SB = (AVDD5B/VREFHB — AVSSB/VREFLB) / 4096[ V]
Note4: Characteristics when the AD converter is operated independently.
Note5: For details of the setting, refer to “11. 12-Bit Analog-to-Digital Converter (ADC)”.
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24.5. Op-amplifiers Electrical Characteristics

DVDDS5 = RvDD5 = AVYDD5A/VREFHA = AVDD5B/VREFHB = AMPVDD5 = 4.5 to 5.5V
DVSS = AVSSA/VREFLA = AVSSB/VREFLB = AMPVSS = 0V

Ta=-40t0 85°C

Parameter Symbol Condition Min Typ. Max Unit
Gain VGAIN 1.5 10 times
Op-amplifier input voltage (AVDD x 0.1) / (AVDD x 0.9) /
VAMPIN \Y
range VGAIN VGAIN
VGAINZ3.5
VOFF1 -6 x VGAIN +6 x VGAIN
Offset voltage Taz=70°C mV
VGAIN=3.5
VOFF2 Ta<70°C -20 20
Gain error GERR - +1 +3 %
Slew rate (Note2) Vthr  |CL=5pF. VGAIN=2.5 & 2 V/us
When AMP is used.
Supply current Supply current for 1 - 6 mA
channel.
Notel: AVDD is a generic name for AVDD5A/VREFHA and AVDD5B/VREFHB. AVSS is a generic name for
AVSSA/VREFLA and AVSSB/VREFLB.
Note2: Slew rate means the slant until a output voltage of an op-amplifier reaches to AvDD — AVDD x 0.001 V.
24.6. Analog Comparators Electrical Characteristics
DVDD5 = RvDD5 = AVDD5A/VREFHA = AVDD5B/VREFHB = AMPVDDS5 = 4.5 to 5.5V
DVSS = AVSSA/VREFLA = AVSSB/VREFLB = AMPVSS = 0V
Ta=-401to0 85°C
Parameter Symbol Condition Min Typ. Max Unit
Offset voltage VOFF - +4 mV
Analog comparator input
VIN AVSS AVDD
pin voltage range \%
Reference voltage range VREF 0.9 AVDD - 0.2
Response time (Note2) TP 1.0V=VREF=AVDD-0.2 - 1 hs
When CMP is used.
Supply current Supply current for 1 - 0.75 mA
channel.

Notel: AVDD is a generic name for AVDD5A/VREFHA and AVDD5B/VREFHB. AVSS is a generic name for
AVSSA/VREFLA and AVSSB/VREFLB.

Note2: TP is the value when VIN changes from VREF — 0.1 V to VREF + 0.1 V or from VREF + 0.1 V to VREF —

0.1V
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24.7. AC Electrical Characteristics

24.7.1. AC Conditions for measurement

The AC characteristics described in this chapter are under the following conditions, unless otherwise specified.

VDD =4.5to 5.5V

e Ta=-40to 85°C, fsys =1 to 80MHz
e  Output level: High=VDD x 0.8, Low = VDD x 0.2
e Input level: refer to “Low level input voltage”/”High level input voltage” in DC Electrical Characteristics.

e  [oad capacitance: Cp = 30pF

Notel: VDD is a generic name for DVDD5, RvDD5, AVDD5A, AvDD5B and AMPVDD?5.
Note2: Apply the same voltage to DVDD5, RvVDD5, AVDD5A, AVDD5B and AMPVDDS.
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24.7.2. Serial Channel (SIO/UART)

24.7.2.1. SIO mode

“x” in the tables indicates the cycle of SIO/UART operating clock. SIO/UART operating clock is the system clock

fsys. Fsys depends on the clock gear setting.

(1) When the transfer clock is input to SCLKx pin

(a) Data input

Calculation formula fsys = 80MHz
Parameter Symbol Unit
Min Max Min Max
SCLKx input clock “High” level width tscH 3x - 37.5 -
SCLKXx input clock “Low” level width tscL 3x - 37.5 -
SCLKXx input clock cycle tscy tscH + tscL - 75 -
Valid data input — SCLKXx input clock rising
(SCXMODO<SCLKS>= “0”) tsro 30 30 ns
SCLKx input clock rising — input data hold
+ - 42. -
(SCXMODO<SCLKS>= “0") thisR x+30 >
Valid data input — SCLKXx input clock falling
(SCXMODO<SCLKS>= “17) tsro 30 30
SCLKXx input clock falling — input data hold + i )
(SCXMODO<SCLKS>= “17) thsR x+30 425
(b) Data output
Calculation formula fsys = 80MHz
Parameter Symbol Unit
Min Max Min Max
37.5
SCLKx input clock “High” level width tscH 3x - -
(Note2)
375
SCLKXx input clock “Low” level width tscL 3x - -
(Note2)
SCLKXx input clock cycle tscy tscH + tscL - 75 -
Data output — SCLKXx input clock rising tsev /2 - ns
- Note1 -
(SCXMODO<SCLKS>= “0”) foss Ax — 45 0 (NoteT)
SCLKXx input clock rising — output data hold
2 - 7. -
(SCXMODO<SCLKS>= “0”) toris tov / 375
Data output — SCLKXx input clock falling tscy /2 -
t - 0 (Note2 -
(SCXMODO<SCLKS>= “17) 088 Ax — 45 (Note2)
SCLKXx input clock falling — output data hold
t tscy /2 - 375 -
(SCXxMODO<SCLKS>= “17) oS SCY
Notel: Use SCLKXx clock cycle at which the calculated result becomes “0” or more.
Note2: This value indicates the minimum value when toss is greater than “0” or more.
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e  When SCXMODO<SCLKS> ="0" [ lscy — <« tscH t
R n'a A SCL
SCLKx \ \ /

e  When SCxMODO<SCLKS> ="1"

SCLKXx 72 .

> <€
> <

toss

S A S A S

TXDx

%

X

:

tors

\ 4

RXDx

X

X

<«

A 4

tsrp

thsr

P <

Figure 24.1 Timing Chart When Transfer Clock is Input on SCLKx Pin

(2) When the transfer clock is SCLKx pin output

Calculation formula fsys = 80MHz
Parameter Symbol Unit
Min Max Min Max
SCLKx output clock cycle tscy 4x - 60 -
tscy/2-30
Data output — SCLKXx output clock rising toss - 0 (Note2) -
(Note1)
tscy/2-30 ns
SCLKx output clock rising — output data hold toHs - 0 (Note2) -
(Note1)
Valid data input — SCLKXx output clock rising tsrD 45 45
SCLKXx output clock rising — input data hold tHsr 0 - 0 -
Notel: Use SCLKXx output clock cycle at which the calculation result becomes “0” or more.
Note2: This value indicates the minimum value when toss is “0” or more.
[ tscy —_—> [ tSCH
tscL
- r 3
SCLKx \ / \ /
> <« loss
y R
TXDx ) X K
o 7
> < tons
y R
RXDx B X K
o 7
> “ 1srp > “ Thsr
Figure 24.2 Timing Chart When Transfer Clock Is Output on SCLKx Pin
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24.7.3. 16-bit Timer/Event Counter (TMRB)
“x” in the table indicates the cycle of TMRB operating clocks. TMRB operating clock is the system clock fsys.

Fsys depends on the clock gear setting.

24.7.3.1. Event counter TbxIN Pin Input

Calculation formula fsys = 80MHz
Parameter Symbol Unit
Min Max Min Max
“Low” level width tvekL 2x + 100 - 125
ns
“High” level width tvekn 2x + 100 - 125
tvere — tvekn
TBxIN pin input
Figure 24.3 Timing Chart of Event Counter
24.7.3.2. Capture TbxIN Pin Input
Calculation formula fsys = 80MHz
Parameter Symbol Unit
Min Max Min Max
“Low” level width tepL 2x + 100 - 125
ns
“High” level width tepH 2x + 100 - 125
fepL — tcpH
TBXIN pin input
Figure 24.4 Timing Chart of Capture
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24.7.4. External Interrupt Pin

“x” in the table indicates the cycle of the operation clock of the external interrupt pin. The operation clock of the

external interrupt pin is the system clock fsys. Fsys depends on the clock gear setting.

24.7.4.1. When using an external interrupt other than the following

Calculation formula fsys = 80MHz
Parameter Symbol Unit
Min Max Min Max
“Low” level width tINTAL x + 100 - 112.5
Ns
“High” level width tINTAH x + 100 - 112.5
tinTaL tinTAH

INTX pin input

Figure 24.5 Timing Chart When Using External Interrupts Other than the following

24.7.4.2. When using an external interrupt pin for releasing STOP mode

Calculation formula fsys = 80MHz
Parameter Symbol Unit
Min Max Min Max
“Low” level width tiNTBL 100 - 100
Ns
“High” level width tiNTBH 100 - 100
tinTBL tinTBH

INTX pin input

Figure 24.6 Timing chart When Releasing STOP Mode by External Interrupt Pin
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24.7.5. Debug communication
24.7.5.1. AC Conditions for measurement
e  Output level: High=VDD x 0.7, Low = VDD x 0.3
e Load capacitance: TRACECLK pin: C, = 25pF, TRACEDATAn pin: Cr = 20pF
Notel: VDD is a generic name for DVDD5, RvDD5, AVDD5B.
Note2: Apply the same voltage to DVDD5, RvDD5 and AVDD5B.
24.7.5.2. SWD interface
Parameter Symbol Min Max Unit
CLK cycle tdck 100
CLK rising — output data hold ta1 4
CLK rising — output data valid ta2 - 37 ns
Input data valid — CLK rising tas 20
CLK rising — input data hold tah 15
24.7.5.3. JTAG interface
Parameter Symbol Min Max Unit
CLK cycle tdck 100
CLK falling — output data hold tas 4
CLK falling — output data valid ta4 - 37 ns
Input data valid — CLK rising tds 20
CLK rising — input data hold tan 15
\ tdek )
CLK input h ! |
(SWCLK) |
(TCK) M
ty —l—e—
ty ——H—
utput Da | !
O(sq\)/vtDFO)tal X ! X E X
e
Ou?_;lv_LIJDtoD)ata X : E IX X
| |
, | , o
Input Data ! \
(SWDIO)
(TMS/TDI) a——
ot U tan !
Figure 24.7 Timing Chart of JTAG/SWD
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24.75.4. ETM trace
Parameter Symbol Min Max Unit
TRACECLK cycle tioi o5 ]
TRACEDATAN valid — . , _
TRACECLK rising setupr
TRACECLK rising — t 1 _
TRACEDATAN hold holdr ns
TRACEDATAN valid — t , _
TRACECLK falling setupf
TRACECLK falling — t 1 _
TRACEDATAN hold holdf

tiok

|
TRACECLK 4/—\ m

tsetupf

! I
|tho|df| tsetupr |tholqr

i
TRACEDATAO to 3 \ 0

|

|

Figure 24.8

G

Timing Chart of ETM trace
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24.8. Flash Characteristic

VDD = DVDD5 = RVDDS5 = AVDD5A = AVvDD5B = AMPVDDS5 = 4.5 ~ 5.5V
DVSS = AVSSA/VREFLA = AVSSB/VREFLB = AMPVSS = 0V

Ta=0to 70°C
Parameter Conditions Min Typ. Max Unit
Flash erasing/writing count - - - 100 times

24.9. Sample Oscillation Circuit

X1 X2
Rd
[
I
—_—oc1 p—y07.
77 /77

Figure 24.9 Example of high-frequency oscillation circuit

To stabilize the oscillation, the position of the oscillator and the load capacitance must be appropriate. These are

greatly affected by the board pattern. In order to obtain stable oscillation, evaluate on the board to be used.
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24.10. Ceramic resonator

TMPM372FWUG/TMPM373FWDUG/TMPM374FWUG have been evaluated by the ceramic resonator by
Murata Manufacturing Co., Ltd.
Please refer to the Murata Website for details.
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24.11. Notice When Power ON

24.11.1. Port L (PLO and PL1) State When Supply Voltage Rises

When the supply voltage rises, until power supply voltage reaches the operating voltage range (4.5V to 5.5V) and
200us elapses, Port L (PLO and PL1) must be opened or input voltage to Port L must be 0.5 V or less.

Same notice is required when supply voltage rises again after the supply voltage falls and a power on reset signal
is generated by POR.
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24.11.2. When the external reset is not used
Parameter Symbol Min Typ. Max Unit
Warming-up time after releasing reset trwup - - 3.7
ms
Power supply rising time tovop - - 3
VLTD detection voltage
(VDCR<VDLVL>= “01") VLo 3.9 41 4.3
POR release voltage VPORH 2.8 3 3.2 v
POR detection voltage VPoRL 26 2.8 3
Power supply voltage
tovop I
VVLTD_—_—_—_—_F—_—'l— —,"———————
3.9v—————————f——— ——.‘———————T
' |
VeorpH [—————— ——— - - -t
VPORL_______ _r___l - - - - -
' |
| | 4 Port L (PLO and PL1 pins)|
OSV_ ____________ pip——— - - - —""— 7T
----------------- |
ov | 200pS
X (Min)
POR signal /
| tPwup

Power-on counter

Enable state of VLTD

RESET by VLTD

nd
LTD must be enabled.

er operating, the

MCU operation state Under resetting

Under operati n%)( | Under resetting

Notel: VDD is a generic name for DVDD5, RvDD5, AVDD5A, AVDD5B and AMPVDD?5.

Note2: When POR is used in turning power on, VDD must reach the operating voltage range (4.5 to 5.5V) within

3ms.

Note3: VLTD is enabled during MCU operation.

Note4: Because the POR release voltage (Vrorn) and the detected voltage (Vrore) change relatively, the respective

voltage does not reverse.

Figure 24.10 Power-on sequence (without external reset)
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24.11.3. When using an external reset

24.11.3.1. When releasing external reset is earlier than the releasing POR reset

The release of the internal reset depends on the POR reset.

Power supply voltage
Lﬂﬂ VDD

|
|

45V }b—— — - - _ -
:‘
|
1

VeorH — — —— ——— — —— — ———'I——"———————————

0V~ — — T It L
oV kaeooooommmmmmmmm 7T | |
200ps .
— T Tame
POR signal | t
< PWUP R
KOO0 |
Power-on counter

| N

RESET pin | I

Depending on POR signal

Intemal reset signal

Note: VDD is a generic name for DVDD5, RvDD5, AVDD5A, AVvDD5B and AMPVDDS5.

Figure 24.11 Timing chart when releasing external reset is earlier than releasing POR reset
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24.11.3.2. When releasing external reset is slower than releasing POR reset

The release of the internal reset depends on the RESET pin.

| VDD

Power supply voltage
tovop

4.5v—————————f——— ]

|

1

VporH

|
200ps -
! _>| (Mirl:)s i !
POR signal / |
| < trwup >
|

05V —~L — - — —— — —
OV ommmmmmmmmmmos

Power-on counter

RESET pin >
| Depending on RESET pin

Internal reset signal

Note: VDD is a generic name for DVDD5, RvDD5, AVDD5A, AvDD5B and AMPVDDS.

Figure 24.12 Timing chart when releasing external reset is slower than releasing POR reset
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24.11.3.3. When tovop is longer than tewup
Turn the RESET pin to the “High” level after 200us or more has elapsed when the VDD voltage exceeded the

operating voltage.

Power supply voltage N VDD
< DVDD > !
AV — ———
I”
1
1
1
1
1
1
'I
VporH —_—
I”
1
1
1
1
. I’
I' « Port L (PLO and PL1 pins)
“
osVpb—ortli e — __.|.... I’ -
ov —
200ps
. _’| (Min)

POR signal
|—/ P trwup R i
h "l
|
”DOOO@OOOQ‘: = !
200us or «—

more | The reset can be released after 200 ys or
more has passed since the VDD voltage

level reached the operating voltage range

Power-on counter

RESET pin

Intemal reset signal

Note: VDD is a generic name for DVDD5, RvDD5, AVDD5A, AvDD5B and AMPVDDS.

Figure 24.13 Timing chart when tpvpp is longer than tpwup
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25. Package Dimensions
25.1. Type: QFP100-P-1420-0.65Q
Unit: mm
- 050t -
"‘F ARARARRRARARARAAARARARAAARRRY
= o =
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25.2. Type: LQFP100-P-1414-0.50H
Unit: mm
- 16.0 0.2 N
B 14.0 +0.1 N
A
N J
765 350
s _ . _ = 7 7
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5 1007 %
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20. Revision History

Table 26.1 Revision History

Revision

Date

Description

1.0

2022-08-01

First release

1.1

2023-07-21

- Figure 5.1 Changed figure
-10.13.1.2. When FIFO is Enabled
Changed text and Table 10.14
-10.13.2.2. When FIFO is Enabled
Changed text and Table 10.16
- 11.5.2. Starting AD Conversion
Changed error
- Table 11.6 Changed title
- Figure 11.7 Changed figure
- Figure 11.8 Changed figure
- 13.3.4.3. VEFMODEX (Flow Control Register)
Added <CRCEN?> to bit8
- Table 13.15 Added trigger correction enable
- Table 22.3 Added (Note2)
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RESTRICTIONS ON PRODUCT USE

Toshiba Corporation and its subsidiaries and affiliates are collectively referred to as “TOSHIBA”.

Hardware, software and systems described in this document are collectively referred to as “Product”.

TOSHIBA reserves the right to make changes to the information in this document and related Product without notice.

This document and any information herein may not be reproduced without prior written permission from TOSHIBA. Even with TOSHIBA's
written permission, reproduction is permissible only if reproduction is without alteration/omission.

Though TOSHIBA works continually to improve Product's quality and reliability, Product can malfunction or fail. Customers are responsible for
complying with safety standards and for providing adequate designs and safeguards for their hardware, software and systems which minimize
risk and avoid situations in which a malfunction or failure of Product could cause loss of human life, bodily injury or damage to property,
including data loss or corruption. Before customers use the Product, create designs including the Product, or incorporate the Product into their
own applications, customers must also refer to and comply with (a) the latest versions of all relevant TOSHIBA information, including without
limitation, this document, the specifications, the data sheets and application notes for Product and the precautions and conditions set forth in
the "TOSHIBA Semiconductor Reliability Handbook" and (b) the instructions for the application with which the Product will be used with or for.
Customers are solely responsible for all aspects of their own product design or applications, including but not limited to (a) determining the
appropriateness of the use of this Product in such design or applications; (b) evaluating and determining the applicability of any information
contained in this document, or in charts, diagrams, programs, algorithms, sample application circuits, or any other referenced documents; and
(c) validating all operating parameters for such designs and applications. TOSHIBA ASSUMES NO LIABILITY FOR CUSTOMERS'
PRODUCT DESIGN OR APPLICATIONS.

PRODUCT IS NEITHER INTENDED NOR WARRANTED FOR USE IN EQUIPMENTS OR SYSTEMS THAT REQUIRE EXTRAORDINARILY
HIGH LEVELS OF QUALITY AND/OR RELIABILITY, AND/OR A MALFUNCTION OR FAILURE OF WHICH MAY CAUSE LOSS OF
HUMAN LIFE, BODILY INJURY, SERIOUS PROPERTY DAMAGE AND/OR SERIOUS PUBLIC IMPACT ("UNINTENDED USE"). Except for
specific applications as expressly stated in this document, Unintended Use includes, without limitation, equipment used in nuclear facilities,
equipment used in the aerospace industry, lifesaving and/or life supporting medical equipment, equipment used for automobiles, trains, ships
and other transportation, traffic signaling equipment, equipment used to control combustions or explosions, safety devices, elevators and
escalators, and devices related to power plant. IF YOU USE PRODUCT FOR UNINTENDED USE, TOSHIBA ASSUMES NO LIABILITY FOR
PRODUCT. For details, please contact your TOSHIBA sales representative or contact us via our website.

Do not disassemble, analyze, reverse-engineer, alter, modify, translate or copy Product, whether in whole or in part.

Product shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under any applicable
laws or regulations.

The information contained herein is presented only as guidance for Product use. No responsibility is assumed by TOSHIBA for any
infringement of patents or any other intellectual property rights of third parties that may result from the use of Product. No license to any
intellectual property right is granted by this document, whether express or implied, by estoppel or otherwise.

ABSENT A WRITTEN SIGNED AGREEMENT, EXCEPT AS PROVIDED IN THE RELEVANT TERMS AND CONDITIONS OF SALE FOR
PRODUCT, AND TO THE MAXIMUM EXTENT ALLOWABLE BY LAW, TOSHIBA (1) ASSUMES NO LIABILITY WHATSOEVER,
INCLUDING WITHOUT LIMITATION, INDIRECT, CONSEQUENTIAL, SPECIAL, OR INCIDENTAL DAMAGES OR LOSS, INCLUDING
WITHOUT LIMITATION, LOSS OF PROFITS, LOSS OF OPPORTUNITIES, BUSINESS INTERRUPTION AND LOSS OF DATA, AND (2)
DISCLAIMS ANY AND ALL EXPRESS OR IMPLIED WARRANTIES AND CONDITIONS RELATED TO SALE, USE OF PRODUCT, OR
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