TOSHIBA TMP89IFSE0BFG/TMPSIFS60BUG
TMP89FS62BUG/TMPS9FS63BUG

8-bit Microcontroller
TLCS-870/C1 Series

TMP89FS60BFG
TMP89FS60BUG
TMP89FS62BUG
TMP89FS63BUG

TOSHIBA ELECTRONIC DEVICES & STORAGE CORPORATION

Start of commercial production

2020-08

©2020 o _ 2020-08-12
Toshiba Electronic Devices & Storage Corporation 1/ 487 Rev. 1.0




TOSHIBA

TMP89FS60BFG/TMP89FS60BUG
TMP89FS62BUG/TMP89FS63BUG

Revision History

Date

Revision

Description

2020-08-12

1.0

First Release

2/ 487

2020-08-12
Rev. 1.0



TOSHIBA TMP89IFSE0BFG/TMPSIFS60BUG
TMP89FS62BUG/TMPS9FS63BUG

Table of Contents

Y 1ol o 115 (o] SRS 2
TablE Of CONENES ...ttt st b e e s st e bt e e s e e e se e e e e e s aeeeaneenreeeeneenns 3
T o 7= o] = RSP 15
BLIE=1 o] (=N o U = RSP 18
LI B 1= Y=Yl o] (o] o [PPSO PRSP PPPPPPPPPPPPRt 21
R O == U =SSR 21
1.2. List of difference between the TMP89FS60B, theTMP89FS62B and the TMP89FS63B ...................... 24
G TR T o XT3 T T =Y o RSP 25
1.3.1. Pin Assignment of the TMP89FS60BFG/TMP89FSB0BUG (TOP VIEW) ...eeiieiiiiiiiiiiiie e e ettt ee e e e e eivnreeeaa e 25
1.3.2. Pin Assignment of the TMP89FSB2BUG (TOP VIEW)....eeiiiiiiiiiiieie ettt ettt e e e ettt e e e e e e st e e e e e e s ennaneeeaaeean 26
1.3.3. Pin Assignment of the TMP89FSB3BUG (TOP VIEW) ....ceiiiiiiiiiiiee e ettt e e e e ettt e e e e et e e e e e e e sntbaa e e e e e e s sennnseeeaaeean 27

R = oo [ I F= o | = o [T SR 28
1.4.1. Block Diagram Of the TMPBOFSBOB...........ccoiiiiiiiiiie ittt e et e st e e s et e e b e e eanree e e nenees 28
1.4.2. Block Diagram Of the TMPBOFSB2B...........ccoiiiiiiiiiie ittt e st st e e e e b e e e ear e e e nenees 29
1.4.3. Block Diagram of the TMPBOFSB3B............ooiiiiiiiiiiiiiiie ettt e e e e e e e e e e e e e ee st eeeeaeeessnsbsaeeaaeessassaseeeaaenan 30

1.5. Pin Names a@nd FUNCHONS ........ccueiiiiie e e s 31
1.6. Regarding “Reserved” in this data Sheet......... ..o 35
2. CPU GOl etttk h et h e h et h ettt e h e e e e e e n e e e te e e reentneereenreen 39
2.1, CONFIGURALION ...ttt sttt b e et et e st e e e e e e e e s s e e e e e e e e en e 39
P |V 1= T4 o] A o= Lo PP SRS 39
P R O o T 3 (=T RO T PP PO PP PP OPPPROPP 39

2.2 0.0 RAM et b oo b et oo h e et e b e et oo b et e oo b ettt e b et e e e e n e e e e e ne et e e bt e e nnr e e e nnr e e e nnee 40
2.2.1.2. BOOTROM. ...ttt et ettt e ettt e e sttt oo s et e oo a et e oo s b et e oo a b e e e oo a b e £ e oo a b et e e e b et e e e bR e e e e bne e e e eene e e e e ne e e e nnneeennee 42
DA B T = T T 1V =Ty o YU PPPP TSN 42

2.2.2. DAEA ATCA ... e e e e e e et e s e e e e e e re e s e e e s s 43
D A TS | o PP PURRRN 43
2.2.2.2. RAM et e e h e et e R et e oo b et e oo b et e e e b et e e ek R e e e e e et e e ana e e e nnr e e e nnreeennee 44
2.2.2.3. BOOTROM. ...ttt ettt oottt e ettt oot et e ettt e £ oMttt e oo a b et e oo et et 4o ea b e e e oo a b et e oo b et e e e bR e e e e bne e e e eene e e e nne e e e nneeeenanee 45
2.2.2.4. FIASN IMEBIMOIY ... .tttk e ookttt e ekttt e e aa bt e e e eab et e e ab e e e £ n bt e e e oabe e a2 em b e e e e enbee e e e mbbeaeemsbeeeeanbeaeeanneeeeannneeeannnn 45

2.3. System CIoCK CONtroller CiFCUIL.........uuiiiiiiiie et reee e s e e e nbae e e st e e e s enraeeeennneeees 46

D Tt TR 0o a1 [0 =1 i o] o PR O OUPUPPPPRN 46
R T 7o 31 (o T T T TR U PP TRPUPPRPPR 47

P G T ¥ o Tox (1o o = T T PSPPSR OPPPP PP 50
B2 T B O [ Yo Qe 1= =T = (o 50

D TR B O [o o] Qe Y- T PP PU PRI 52

DR TR T T 401 aTe I [T q LT = (o] PP PPPPOUPRN 53

2.3.4. WAIM=UD COUNTET ... eiiiiiieteie ettt s et e e ettt oot e e e e oa et e e aa b et e e e ase et e e aa R et e e aas et e e aasee e e e ean e e e e anbn e e e nnnneeenennee s 55
2.3.4.1. Warm-up counter operation when the oscillation is enabled by the hardware ..............ccccoiiiiiiiiii e, 56

2.3.4.2. Warm-up counter operation when the oscillation is enabled by the software.............cccoooiiiii i, 58

2.3.5. Operation MOdE CONLIOI CIFCUIL.........cii e ettt e e e e e e e e s e e r e e e e e e e eesaaeaeeeeaeeaesnsbaneeeeeeaansssaneeaaeeeaannes 59
2.3.5.1. SINGIE-CIOCK MOUE ... ..eeiiiiiiieitei ettt ettt e sttt e e et e e e e et e e e a b et e e aa b et e e et et e e aabe e e e eeneeeetneeeeaenneeenanes 59

2.3.5.2. DUAIFCIOCK MOAE ...ttt ettt ettt e ekttt e ettt e e st e e e e st e e e e a bt e a2 oabe e a2 am b e e a2 em bt e e e e mbeeeeamseeeeesbeeeeanneeeeannneeeannnn 60
2020-08-12

3/ 487 Rev. 1.0



TOSHIBA TMP89IFSE0BFG/TMPSIFS60BUG
TMP89FS62BUG/TMPS9FS63BUG

2.3.5.3. STOP MOUE ...ttt ettt e et e E bbbt h e H S H e H e E Rt b e ke e bt bt bt ekt et b et e e et n e et et ne e e nen 61
2.3.5.4. Transition of @aCh OPEration MOGE ..........cii it e et e e e e e e st e e e e s e st e e e e e e e aanneaeeeeeeeeannnenneeeeeeann 62
2.3.6. Operation MOAE CONIIOl ...........uuiiiiiiieiiei et e et e e e e e e e e e e e e e easaaea e et eaeesassssteeeaaeeaassssbaseeaeeesanssasneeeeeeeaannes 64
2.3.8.1. STOP MOUE ...ttt et e e h e e h bbbt H e H e H e H e E ARt E e bt e bt bt bt ekt et b eb e ee e et e st et e e ennennen 64
2.3.6.2. IDLE1/2 @Nd SLEEPT MOGES ........ueiiiiiiii ettt et a e bt e bt e st e e st e e et e esan e e aeeeeaeeeneeeas 69
2.3.6.3. IDLEQ @Nd SLEEPO MOUES .......ooiuiiiiiiiiii ettt ettt sttt et e a et et e e e bt e st e e st e e s et e e s an e e eeeeeeeeeaneeens 71
2.3.8.4. SLOW MOGE.......cetitiitiiti ittt ettt ettt et s et h e a e et b e b b H e e bt E e H €S H e E e H e Rt E £kt b e bbbt bbbttt nt et et e e nen 73

P =TT A @] 11 o) I O o7 U | PSR 77
P o B o o1 1o [V = | [o o WO PP OO PP PP OPPPP PP 77
P O o] o1 1o F TP PSSP PP PPPP PP 78
I B ¥ g To3 o o - ST T T TR U PP SR UPPRPPR 81
2.4.4. Reset Signal Generating FaCIOrS. ...........uuiiiiiiii ettt e e e e e et e e e e e e st e et eaeeaesasbaeeeaeeessnssaeseeaaeesannnes 83
24,41 POWET=0N FESEL ... ..ottt ettt ettt a e e bt e ot e e e et e oo ae e e a et e bt e et e e e et e e ea et e s e e e beeebeeeaneeeaneessneesaneesaeeeanneaane 83
2.4.4.2. External reset input (RESET PIN iNPUL) ..ot e e st e e e e e e st e e e e e e e e e e e e e e s anneaneeaeeeann 83
D G T o] L= To [T [ (= o) N == SO 85
2.4.4.4 WatChAOg tIMEI FESEL ...ttt e ettt e e ettt e oo a bt e e oo bt e e e e b e e e e e bbe e e e ate e e e ambeeeaamteeeeanbaeaeanbeeeaanneeaannn 85
B TSV (=Y 4o 0T Q=T S 85
DA T Iy 1oV g o= L= N =TT SO 86
2.4.4.7. FIash memory StANADY FESEL..... ..o ettt e e b et e e e be e e e e bt e e e e hte e e e ante e e e anteeeeanbneaeanneaeane 86
2.4.4.8. Internal factor reset detection Status reGiSTEr..... ... e e 86
2.4.4.9. How to use the external reset iNPUt PiN @S @ POIt..........eiiiiiiiiiiiiii e e e e et r e e e e e e e e e e e e e s enneeeeeeeeaan 87

3. Interrupt Control CIrCUIL........ oo ettt e e e e e e e e e e e e anee e e e eaneeeeeaanneeaaanns 88
B Tt I 0o 3o [0 = | o ) o SR 89
T2 [ (=14 (U] o] ST TU o= RSP STS 90
TR I [ (=14 (U o] B T 4 1 Y2 SRR 90
3.4. Interrupt Sources for EACh ProdUCL..............oooiiiiiiiiiiie e 91
3.5. Interrupt Latches (SIL27> 10 KIL3>) ..uuiiiiiiiiiie ettt et e e e e e s satee e e e st ae e e e e st e e e s ennteneeenneneeas 92
3.6. Interrupt Enable Register (EIR) ... ..ot 93
3.6.1. Interrupt master enable flag (SIMF>) ...ttt e e e enre e 93
3.6.2. Individual interrupt enable flags (KEF27> 10 SEF4>) ..ottt e 93
3.7. Maskable Interrupt Priority Change FUNCHON...........oooiiiii e 96
S I 01 =Ty (0] o1 A T=To U1 oo Y SRR 98
R TR I 1 E= TS 1= i (1 To [ OO OO PP PPPPPPPRRPTN 98
3.8.2. Interrupt ACCEPLANCE PrOCESSING ... cciititiiiiiit ettt ettt e ekt e et e e s et e e et e e e s aaree e e saneeeeanreeenans 99
3.8.3. Saving/restoring General-purpPOSE REGISTEIS.........ciiiiiiiiiiiii ettt 100
3.8.3.1. Saving/restoring General-purpose Register by Using PUSH or POP INStructions ...........cccceeeviiiiiiiiie e 100
3.8.3.2. Saving/restoring General-purpose Register by Using Data Transfer INStructions ............ccccceeeiiiiiiiiie e 101
3.8.3.3. Saving/restoring General-purpose Registers by Using a Register Bank.............coouiiiiiiiiiiiiiiiiieeeiee e 102
S S 141 (=Y (0] oL A =1 (0] o S PESOPPPUPPPPN 102
3.9. Software Interrupt (INTSWI) ... st e e e e e e e emee e e e emees 103
3.9.1. AAress €rrOr AEIECHION ...ttt et e e ettt e e e e e e ea b et e e et et e e nnn e e e s anreee s 103
R B B =Y o T8 L o 1o Lo [T P PO P PP PP PPPPP PRI 103
3.10. Undefined Instruction Interrupt (INTUNDEF) .......ocooiiiii it 103
4. External Interrupt Control CilrCUIL ..........c.euuiieiiiee e e e e e e e e e e e e e aaeeeeeas 104
2020-08-12

4/ 487 Rev. 1.0



TOSHIBA TMP89IFSE0BFG/TMPSIFS60BUG
TMP89FS62BUG/TMPS9FS63BUG

4.1. External Interrupt Control Circuits for Each Product..............oocuumiimiiiiiii e, 104
N ©7o] 1o 18] =1 1] ISR RRPRRRR 105
G T 070 oo SR UPURR SRR 106
4.4. Low Power Consumption CONIOL.............uuiiiiiiiiiieeeee e e e e e e e e e e 111
o T W[ o7 1o ) o SRS 112
4.5.1. EXEEINAI INTEITUDPE O ..ottt ettt e e e e eh et e e et e e e e b e e e e e e s b et e e aabn e e e snre e e e naneeeeanneeenans 113
4.5.2. EXEErnal INTErrUPES 1/2/3 ... .ottt e e et e e e e e e ek et e e e bt e e s e e e e e e e e e nne e 113
4.5.2.1. Interrupt Request Generating Condition Detection FUNCHON ............oooiiiiiii e 113
4.5.2.2. Noise Canceller Passed Signal Monitoring Function when Interrupt Requests Are Generated ...........cccccccoveeviiiineenn. 113
4.5.2.3. Noise Cancel Time SeleCtion FUNCHON ... ... ittt e et e e st e e e be e e e s beeaeaneeaaan 114
4.5.3. EXEErNAl INTEITUPE 4 ...ttt ettt e et e ekt e e ettt e e b e e e e e e s b et e e et ne e e snre e e e naneeeeanneeenan 115
4.5.3.1. Interrupt request generating condition detection FUNCLION ............ccuiii i e 115
4.5.3.2. Noise Canceller Passed Signal Monitoring Function When Interrupt Requests are Generated...........ccccccccoeeviiinneen. 115
4.5.3.3. Noise Cancel Time SeleCtion FUNCHON ...t e e e an 116
R T o (= g b= L ) =Y ¢ (U] o) TP PRSPPI 117
LT A= 1 (o o (oo TN I 0 =T 1T RSSO 118
LTt I O o oo U = [ o SRR RR 118
I O o] o 1 o TSRS U R OP R PRPPPROI 119
LR I U o T i o o - PSSR 121
5.3.1. Setting of Enabling/disabling the Watchdog Timer Operation ..o 121
5.3.2. Setting the Clear Time of the 8-bit Up COUNTET...........eiiiii e 122
5.3.3. Setting the Overflow Time of the 8-bit Up COUNLEN ..ot 123
5.3.4. Setting an Overflow Detection Signal of the 8-bit Up COUNLEr.........c..oiiiiiiiiii e 123
5.3.5. Writing the Watchdog Timer CONtrol COUES .........oiiiiiiiiiiiiiie ettt e e e et e e e s e et e e e e e e e s ntaeeeaaaeeeannes 124
5.3.6. Reading the 8-Dit U COUNTET ... ettt e e e e et e e e e e e e et e e e eeeeeasnsbaeeeaeeeesnsaeneeaaeeeannnes 124
5.3.7. Reading the watChdOg tIMer STATUS ...........uiiiiiiiiiiiiiie ettt e e e et e e e eeseseeesesesesesesssessnnsnsnsnnnes 125
6. Power-on Reset CirCUit (POR).... .o et e e e e e e e e e e e e e e eneeeeas 126
B.1. CONFIGUIALION ...t et r e et e e h e e e st e e ae e e n e e s e e e e e nneenenas 126
L0 U] i oo OO TP PP R OPRP 127
7. Voltage Detection CirCUIt (VLTD)... . .uiiii ittt e e et e e e s etee e e e e enbe e e e s eneeeeeaanneeeeeanreeaeanns 128
A8 I 7 o 1T [ =1 (o T o S 128
7.2, CONMIOL ...ttt ettt b e ae e et e h e e e ae e e st e e he e e e e e b e e eae e n e e e nneeareennee s 129
7405 TR 10 T (o o USSR 131
7.3.1. Enabling/disabling the voltage detection Operation...............oooieii i 131
7.3.2. Selecting the voltage detection operation MOTE...........cooiiiiiiiiii e 131
7.3.3. Selecting the detection VOITAGE [EVE ............eii et s 132
7.3.4. Voltage detection flag and voltage detection status flag...........ccooomiiiiiiii i 132
A S =T 151 (=T ST~ ] o S 134
7.4.1. Setting procedure when the operation mode is set to generate INTVLTD interrupt request...........c.ccooecvvveeeeeeeennns 134
7.4.2. Setting procedure when the operation mode is set to generate voltage detection reset signals .............c.cccceenee. 135

S T VL@ N o 4 (= PRSPPI 136
8.1. Input/output Port Control REGISIEIS .......ccci i e e e e e e e snre e e e enaees 138
8.2. Input/output ports for Each ProducCt ..............ooiiiiiii e 139
2020-08-12

5/ 487 Rev. 1.0



TOSHIBA

TMP89FS60BFG/TMP89FS60BUG
TMP89FS62BUG/TMP89FS63BUG

8.3. List Of I/O POrt SENGS ..ot 141
8.4. 1/O POrt REGISIEIS ...ttt ettt e e ettt e e e e e ae e e e e e enae e e e e aneeeaeeanneeeeeannees 145
LS g TR oo B O RS TRUPRR 145
8.4.1.1. PO Port for EACh ProdUCT.............oo e e 145

8.4 1.2, CONMION ...ttt h et bt e et e e a et e h et e b e e et e et e e e e e R et e e et e e b et e e e e et e e e b e e e n e s e 147
84,2, POI P ittt h bt h ekt h ekt e he e R et e b et eh et he e b et e ae et e e e 152
8.4.2.1. P1 Port for EQCh PrOQUCT...........oiiiiii ettt et ettt et e e e e b e e e et e e e e eaneas 152
8.4.2.2. CONMION ...ttt h et e e et e e a e e e h et e b et et e et e ae e e R et e e h e e e b et et e e e ete e e b e e en e e e s e 154
S B oo B SRS RTUPRTP 158
8.4.3.1. P2 Port for EACh ProdUCT............ooo e s 158
LS T O o o | o] OSSP 160
BLA. 4. POIT P4 ..ottt h Lt h e E e bt E e h et E et b et nh e bt b e et e e bt e e e 166
8.4.4.1. PA Port for EQCh PrOQUCT...........oiiiiii ettt et ettt et e e e et e e e et e e e e e eaneas 166
8414, 2. CONMION ...ttt h oot e et a e e £ h e e e b e e et e e e e e et oo R et e e h et e b et e te e e ete e e h e e e n e s e nen e naeas 168
T o Ty B = SRRSO 173
8.4.5.1. P5 Port for EQCh PrOQUCT...........oiiiiiii ettt ettt et e e e b e e e e et e e e e e eaneas 173
LS T O o o | o OSSP 175
BLA.6. POI P7 ..ottt Lo h bt h e E e b et E e R et E et e b et b e e he e b et e ae e bt e e e 179
8.4.6.1. P7 Port for EACh ProdUCT.............oo e 179
B.4.68.2. CONMION ...ttt ettt h ettt e e h e e e h e e e b e e et e et e e e e e e R et e e et e e b e e e et e e et e e e b e e e e s e s naeas 181
BLA.7. POIT P8 ...ttt b bt h b h e h e E e R et Rt b etk et e h et eh e e he e e et e ae et e e ene e e 185
8.4.7.1. P8 Port for EQCh PrOQUCT...........oiiiii ettt et ettt et e e et e e e e et e e e e e eaneas 185
LS N O o o | o OSSP 187
T T oy B SRRSO 191
8.4.8.1. PO Port for EACh ProdUCT.............ooi e e 191
B.4.8.2. CONMION ...ttt h ettt ae e h e e bt e e e e et e e e e e e R et e e h et e b et e ea e et e e e b e e e b e e s naeas 193
B.4.9. POI PB ...ttt bt b h bkt e R et h e he e eE e R et ket e b et nh et e he e b et e ae et re e e 199
8.4.9.1. PB POrt fOr EQCh PrOQUCT ..........eiiiiii ettt ettt ettt et e e et e et e et e e e e eenees 199
8.4.9.2. CONMION ...ttt ettt a e e e h e e e b et et et e ae e e R et e e he e e he e e ea e e ete e e b e e e b e s e s 201

8.5. Serial Interface Selecting FUNCHON ..........oociiiii i e e e snre e e e e 206
9.  Special FUNCHON REGISIEIS ...coci it e e e e e e s ste e e e e ennsaeeeesnenees 210
9.1. SFR1 ("OX0000" 10 "OXO0BF™) ... eeeeeeeeieee ettt ee e et e e e ettt e e e e enee e e e e naeeeeeanneeeeeaanneeeeeannees 210
9.2. SFR2 ("OXOF 00" t0 "OXOFFF™) ...ttt ettt et e et e e eae e e ene e e eneeesmeeeesneeeennneas 211
9.3. SFR3 ("OXOE40" 10 "OXOEFF™)....ee ettt st e e e e e nae e e et e e e e e sneeeeneeas 213
10.  Low Power Consumption Control for Peripherals......... ..o 215
LR O] o | o P PP OUPRPPPR 216
11, DIVIAEr OUIPUL (DVO) .o eeeeseeeeeeeeeseeeeeeeeeeseeseee e eseee e s seeeeseeeeeeseesese s eseeeseeseeeeeeseeseeesens 218
1 P I o oo [ U= 11 o SRR 218
L BV 7o o | o PP P PP OP PR PPPR 218
R R U T o o PRSP PP PR 219
L 1o T = 7= T T T a1 (I = 1 TSR 220
P20 T o 3o [ U Y USRS 220
12,2, CONMIO ...ttt ettt h e et e bt e s he e et e b e e eae e e bt e e ae e e e e e n e e e e n e e e e 221
2020-08-12

6/ 487 Rev. 1.0



TOSHIBA

TMP89FS60BFG/TMP89FS60BUG
TMP89FS62BUG/TMP89FS63BUG

T2.3. FUNCHONS ...ttt ettt et e et e s e e e ea e e e m e e sn e e e s ne e e s e e e ame e e sneeesneeenaree e e 222
G TR G o1 0 =Y @70 TU ) (=T 17 2 TSR 224
13.1. 16-bit Timer Counters for Each ProdUCt........ ... 224
13.2. CONFIGUIALION ...ttt b et n e e e e b e e ean e e n e e sae e 225
RS TR T ©o o 1o ) USROS 226
13.4. Low Power Consumption CONTIOL...........ooi ittt e e e emnee e e e 231
13.5. TIMEI FUNCHON ... s s e s n e e s r e e s e e e nneeenes 231
135,71, THMEI MOTE ...t ettt et e et oot e e e bt e et e e se bt e et e e e bt e et e e eab e e et e e nane e e beesare e e neenneeen 231
T T TR ST {1 T OSSOSO 231

LR T T I @ o T-T = 4o o [P OO PPPRRURN 231
B0 I T U | (o =T o L1 ] SRS 232
13.5.1.4. Register buffer CONfIGUIALION .......... .ottt e ettt e e ettt e e e bee e e e bbeeeanbeaeannneeaas 233
13.5.2. External trigger MBI MOTE ........ooiii ittt e e e e e e et e e e e e e e et e e e eaeeessasbaseeaaeesaasssaeeeaaenan 235
BRI BT 1 1T TP 235

LR T I A @ o T-Tx- 1o o [PPSO PPRPPPRRUR 235
BT T 2 T U | (o =T o L1 ] SO 235
13.5.2.4. Register buffer CONfIGUIALION ...ttt ettt e et e e e sttt e e e bee e e e bbeeeaneeaeaanneeaas 235
13.5.3. EVENT COUNTET IMOTE ...ttt ettt e e et e s bt e e bt e et e e eab e e et e e sare e e beenareeeteenaneean 237

LB TR Ry BT 1 11T PSPPI 237

LR T RS T @ o T-T - 4[] o [F RO PUPPPPPRTURN 237
ST TR T U | (o =T o L1 ] SRS 237
13.5.3.4. Register buffer CONfIQUIALION ............uiiiiiie e e e e e e e e e e e s e e e e e e e e anneeeeeeeeeaanneneees 237
13.5.4. WINAOW MOGE ... .oiiiiiiiiitieitie ettt ettt e e s et e et e s et e et e e ee bt e et e e eab e e et e e ear e e et e e nane e e beesare e e nneenaneeens 239

LB RN oy BT 1 1T PSPPSR 239

LR T R A @ o T-T - 4[] o [PPSR U PP PPPRUR 239
BT SRR 0 T U | (o =1 o L1 ]SSPSR 239
13.5.4.4. Register buffer CONfIQUIALION ......... ...t e e e e e e e e e e e s e e e e e e e e anneeeeeeeeeeannnnneeens 239
13.5.5. Pulse width MeasuremMent MOGE ...........ccuii ittt sttt e sne e 241

LB RN T IS T= 11T PSPPSR 241

LR T R I @ o T=Tx- [ o [F TP U PP PPPRUR 242

BB TSI TR T 0= o] (1] oo 1 OSSP 244
13.5.6. Programmable pulse generate (PPG) MOGE.........oooiiiiiiiiiieiiit ettt 245
1358, 1. SOHING ...ttt E R bR bbb bbbt h bttt et et n et 245

LR TN ST @ o T-T - [ o [P PP URPPPRRURN 245
13.5.6.3. Register buffer CONfIGUIALION ...t ettt e et e e e st e e e e e bee e e e bee e e e nbeeeannneeaas 246
13.6. NOISE CANCEIIET ...t e et e e e e e e e et e e e e e e e e e et eeeaeeeeeeenssenes 248
LS T Ty B ST 1 o [P PRSP 248
14.  8-bit TIMEr CoOUNEr (TCO) ... uuueiiiiii et e e e e e e e e e e et e e e e e e e s e e saaaa s e e e eeeeeeeenansssenes 249
14.1. 8-bit Timer Counters for EQch Product.............ooo e 249
{3 ©7o 4 e [ U= 1) o S SRUSSR 250
{0 T O3 i o ) USROS 251
L Tt TR 10T RO PUPROPRIN 251

L S T 1O 0 RO PUPOPRIN 253
14.3.3. Common t0 TCOO @NA TCOT.....eiiiiiie ittt ettt et e e et e e s e e e sk b e e e e et e e e s e e e e s b e e e eenneeeenanes 255
2020-08-12

7/ 487 Rev. 1.0



TOSHIBA

TMP89FS60BFG/TMP89FS60BUG
TMP89FS62BUG/TMP89FS63BUG

15.

14.3.4. Operation Modes and Usable SOUICE CIOCKS ..........coiiiiiiiiiieiiiit ettt 257
14.4. Low Power Consumption CONIOL.............oeiiiiiiiiiiieeee e e e e e 259
LT U T i) o USROS 260

T4.5.1. 8-DIt tIMEI MOTE...... ettt et e e ettt e s b e e e e e et e e et et e e sn e e e e e ab e e e e eatr e e e nanees 260

R Tt T IS 1= (T [ T PP TSP P PP OTUPPUPI 260
T 0 0T = 1) o USSR 260
LTy TG T B Lo TU o L= o U = PP 261
14.5.2. 8-Dit @VENT COUNTEN MOTE ..ottt ettt ettt e st et esre et e nneean 264
LT TS 1= 1 1] Vo PSP 264
T © oY= - 1T ) o PSSR 264
T4.5.2.3. DOUDIE DUFFEI ...ttt et e e e bttt e ettt e e bt e e e bt et e e atn e e e e stn e e e et e e e e naneees 264
14.5.3. 8-bit pulse width modulation (PWM) OULPUE MOAE ..ot e e e e e e e 266
LT Ry TS 1= 1 1T PSPPSR 266

L R T A @ o 1= Tx= 4[] o TP UPURPPPPRRURN 268
T4.5.3.3. DOUDIE DUFFE ...ttt et e e e bttt e e bttt e ettt e e e ste e e e stn e e e e str e e e entneeenaneees 270
14.5.4. 8-bit programmable pulse generate (PPG) oUtPUL MOTE .........ccuiiiiiiiiiiiiiie e 272

L RN N IS T= {1 To O T T PP TP PP PP OPPPPUPI 272

L R A @ o T-T = 4o ) o [P OO PPPRRUR 273
LN e T B Lo TU ] o] L= o= ST RRT 273
T4.5.5. 16-DIt tIMEI MOE........oii ettt a et e e ettt e e bt e e e ek et e e et et e e sn e e e e e b e e e e entee e e nannes 276
LT T IS 1= 11T PSPPI 276
TR T @ oY= = 1) o OSSR 276
T4.5.5.3. DOUDIE DUFFE ...ttt et e e et e e bt e e e bt e e e e st et e e e stn e e e esbr e e e ennneeenaneeas 277
14.5.6. 16-bit @VeNt COUNTEI MOAE....... ottt ettt e e st e e st et eeere e e b e nneean 280
LN G TS 1= 11T PSPPSR 280

L RN I A @] o T-Tx= L[] o TP UPUPPPPRRURN 280
T4.5.6.3. DOUDIE DUFFE ...ttt et e e e bt e e e bttt e e bt e e e st e e e e estn e e e e atn e e e entneeennareees 280
14.5.7. 12-bit pulse width modulation (PWM) oUtpUt MOAE ..........ocuiiiiiiiiie e 282
LT A 1= {1 To O T PO ST PP PP OPUPPPPI 282

L R A @ o T-Tx= 1o ) o TP PUPPPPPRUR 285
LT e T B Lo TN o L= o T = PP 286
14.5.8. 16-bit programmable pulse generate (PPG) output MOAE ...........oviiiiiiiiiii e 289
LR < R IS T= {1 To O O PP P P PP OTUPP PP 289
TR T @ oY= = 1) o OSSR 290
LR S e T B Lo TU ] o] L= o T = PP 291
== T 0 =T O T Yo [ {1 TSR 294
{20 I Oo oo [ U= 11 [ o [ USROS 294
15,2, CONMIO ...ttt h ettt e h e e s ee e e bt e h e e e e e a e e ae e n e e te e ean et e aan e 295
15.3. Low Power Consumption CONIOL.............ooiiiiiiiiiieeeee e e e e e e 296
S U T T ) o USROS 296

15.4.1. Enabling/disabling the real time CloCK OPEration.............coouiiiiiiiiii e 296

15.4.2. Selecting the interrupt generation INtErVAal ..............oooiiii e 296
15.5. Real Time ClOCK OPEIAtiON .......ooiiiiiiieeeee e e e e e e e e e e aaaaeeeas 296

15.5.1. Enabling the real time CIOCK OPEIatioN ............ooi i e e e e e e e s st e e e e e e s e nnsaeeaaaeean 296

2020-08-12

Rev. 1.0



TOSHIBA TMP89IFSE0BFG/TMPSIFS60BUG
TMP89FS62BUG/TMPS9FS63BUG

15.5.2. Disabling the real time ClOCK OPEIratioN ...........ccoi i 296
16.  Asynchronous Serial INterface (UART).......uiiii ittt s et e e st e e e st e e e s nnna e e e s snnnees 297
16.1. Asynchronous Serial Interfaces (UART) for Each Product .............cooooiiiiiiiiii e 297
LR 7o 4o [ U= 1) o USSR 298
LT TR 7] o | o ) USSR 299
16.4. Low Power Consumption CONTIOL...........ooi it e s e e emnee e e e 303
16.5. Protection to Prevent UARTOCR1 and UARTOCR2 Registers from Being Changed ....................... 303
16.6. Activation of STOP, IDLEQ or SLEEPO MOGE.........cccoiiuiiiieiiiiee e estiee et e a e e 304
16.6.1. Transition Of reQISTEr STATUS .......eeiiii e e e e e et e e e e e s st r e e e e e e s e anraeeaeaeean 304
16.6.2. Transition of TXDO PIN STATUS .....eeiiiiiiiiiiiii e e e e e e e e e e e et e e e e e e e s sesbaseeaaeeseesnsaeeeaaenan 304
16.7. Transfer Data FOrmMat.............ooviiiiii e e e e e e e e e e e eareeees 305
16.8. Infrared Data Format Transfer MOGE ..........cooiiiiiiie e 305
16.9. Transfer Baud RALE ........coooiiiiiee et e e et e e et e e st e e eneeeennee 306
16.9.1. Transfer baud rate calculation MEthOd ...........cooiiiiii et 308
16.9.1.1. Bit width adjustment using UARTOCR2<SRTSEL ........uiiiiiiiiiiiiiiee ettt e s 308
16.9.1.2. Calculation of set values of UARTOCR2<RTSEL> and UARTODR........cccuuiiiiiiiieiiii e 309
16.10. Data Sampling MEthOd............oo i s e e e e e e e s snte e e e ensnaeeeesnreeaeanns 310
16.11. Received Data NOISE REJECLION ..........iiiiiiie et e e e eneeeeeeaas 311
16.12. Transmit/RECEIVE OPEIAtiON........cooi ittt e e e et e e e e enee e e s eeneeeeeeaneeeaeanns 312
16.12.1. Data tranSmMit OPEIAtION ..........oiiiiiiiiii ettt e e e e e e e e et e s et e e e n e e e e s e e et 312
16.12.2. Data r€CEIVE OPEIALION .........iiieiiiei et e et e e e e e e et e et eeeeeesat b e e eeaaeeesasbsaeaaaeessansbaseeaaeesaasssanneeaenan 312
LT B TS = L (8 ES 3 =T USRS 313
LT T R == 41 V=Y 1 (o PSPPSR PRPR 313
L R T ol = 4T o o = o OO O PSP PP PPPPPPRR 314
ST B R R O 1YY ] =T 4 o PRI 315
16.13.4. Receive Data BUTfEr FUIL........ ..ottt e ettt et e e e e e ettt e e e e e e s nneteeeae e e e nnnaneeaaanan 318
16.13.5. TranSMIt DUSY FIag ...eeeiiiii ettt e e e e et e e nne e e s s e e e et e e e nanes 319
16.13.6. TransMit BUFFEI FUIL ... . ..ottt e et e e st e e e sab e e e e s bt e e e ent e e e e enbeeeeanteeeesnnees 319
16.14. RECEIVING PrOCESS......coiiiiiiie ettt ettt e ettt e e e et e e e e st e e e e ansee e e e eneeeeeeanneeeeeaannneaaanns 320
LR ST A O O g F T = (o =Y 1S i [o TP UPPRRSPP 322
16.15.1. IrDA CRaraCteriSICS. .. .eeeii ettt e e e ettt e e e e e e e ae e et eeae e e e nsbeeeaeaeeeaannnnseeaaeeeaannnnneaaaannn 322
17.  Synchronous Serial INterface (SIO) .....oiii i e e e e s enaees 323
17.1. Synchronous Serial Interfaces (SIO) for Each Product ... 323
L7 ©7o 4o [ U= 1) o [ USSR 324
40 TR 7] 4 1o ) SO SSR 325
17.4. Low Power Consumption CONTIOL...........ooi it e s e e e emneeeeeenas 328
L8 T8 VT T3 o] 1P PPPRRSPPP 329
L T T I = 10 =T o o]y . = PRSP 329
LRI T4 = I o o T PR PRSP 329
17.5.3. Transfer @Age SEIECHON ...........uveiiiie et e e e e e e e e e e e st e e e e e e e ee st bsaeeeaeessansbsseeaaeesaasssaneeaaenan 330
LS I =T 1S3 £ 1Y o T 1= SRR 331
17.6.1. 8-Dit tranSMIL MO ...ttt e e et e e et e e e eab e e e e amte e e e ene e e e e anbeeeeanteeeennnees 331
2020-08-12

9/ 487 Rev. 1.0



TOSHIBA TMP89IFSE0BFG/TMPSIFS60BUG
TMP89FS62BUG/TMPS9FS63BUG

170810, SEHING .t E R R bbb bbbt h e bt h ettt n e 331
17.6.1.2. Starting the transmit OPEratioN ............ooiii i e e e e e e e e e e e e s e e e e e e e e e nneeeeeeeeeaanneneeeas 331
17.6.1.3. Transmit buffer and shift OPEratioN .............ccuuiiiiii i e e e e et e e e e e e e ensrneeeas 331
17.6.1.4. Transmit Operation 0N COMPIELION ..........oiiiiiiiiii et e e e e e e e e e e e e e e e e e e aaseeeeaeesaasssaeeaaeesaasssneeeas 332
17.6.1.5. Stopping the transSmit OPEratioN...........ooi i e e e e e e e e e e e e s e e e e e e e e nneeeeeaeeeaannrneeens 332
17.6.2. 8-Dit RECEIVE IMOUE........neiiiii ettt e e ettt e e bttt e e ea et e e ettt e s nn e e e e s e e e e eanneeenanees 336
17182, SEHING ..ttt h R E bbb bbb ek h bttt h sttt a e 336
17.6.2.2. Starting the reCeIVE OPEIALION. ... . ittt et e st e e e h b et e e aabe e e e aabe e e e ambee e e e teeaeanbeaeaneeaans 336
17.6.2.3. Operation on Completion of the reCceive OPEratioNn .............cooiciiiiiiiiii i e e e e e eeeeas 336
17.6.2.4. Stopping the rECEIVE OPEIALION .. ... ..iiiiiii et e e et e e e e e e e e e e e e e et e e e e e e e aa st e eeeeeeaaannenneeaeeeaannnnneees 337
17.6.3. 8-bit tranSMIt/FECEIVE MOGE ......cooiiiiii et e e e et e s e e s e e e e e e e 340
17.8.3. 1. SOHING ..t h LR bbb bbbt bttt h bbbt 340
17.6.3.2. Starting the transmit/reCeIVE OPEIatioN ............eii it e e st e e st e e e sabe e e e et e e e s beeaeaneeaean 340
17.6.3.3. Transmit buffer and shift OPEratioN .............ccuuiiiii i e e e e e e e et a e e e s e enarnaeeas 340
17.6.3.4. Transmit/Receive Operation 0N COMPIELION ........ioiiiiiiiii e e e e e e e e e e e e st r e e e e e e annneeeeeas 341
17.6.3.5. Stopping the transmit/receive OPeration ..o 342
L A YO @ g F=T =T (=1 4 1 o= R STSUTRRR 345
18.  Serial BUS INTEITACE (SBI)....ciii ittt e s ee e s e e s et e e e s snat e e s ennseeeessntaeeeennnees 346
18.1. Serial Bus Interface (SBI) for EQCh ProdUCt...........cooiiuiiiii it 346
18.2. CommuNICation FOIMAt....... .o et e s e e s et e e e e eneeeaeenas 347
L T O TS R 347
18.2.2. Free data fOrMAL. ... ...ooi ittt e e et e e e e e e et e et 348
LS TR T O oo [ U= 1) o U RRSUPRR 349
LK T T 070101 i o) SRRSO 350
18.5. Low Power Consumption CONIIOL...........ooi it e e 357
T8.6. FUNCHIONS ...ttt r e e st e sa e e e m e e s n et e sne e e smr e e e mn e e sneeesneeesaneeenes 357
18.6.1. Selecting the slave address match detection and the GENERAL CALL detection............cccccooveiviiieiieiiiciiiieenee, 357

18.6.2. Selecting the number of clocks for data transfer and selecting the acknowledgment mode or non-acknowledgment
0T o = PP PR PPPRP 357
18.6.2.1. Number of clocks for data tranSTer. .. ... ...t 358
18.6.2.2. Output of an ackNOWIEAGE Dt ...........eeiiiiie ettt e ettt e ettt e e e be e e e e bb e e e e nbeeeaanneeeas 359
T8.6.3. SEIIAI CIOCK ...ttt e e et e oo et e e e b et eeab e e e ek e e e e e b et e e e e e e e e b e e e et e e nanees 360
18.6.3.1. ClOCK SOUICE ...ttt a et e e b et e e et e e e h et e b e e et e e et e e e et e e eh et et e e e s e e e teeesneeeaneeseneesieeenaeas 360
18.6.3.2. CIOCK SYNCRIONIZATION ........eiiiiiiee ettt e e e et e e e e e e et et e e e e e n e e e e e e e aaansteeeeeeeeaaannsneeeeeeeeannnnnneees 361
18.6.4. MASTEr/SIAVE SEIBCHION ......c..eiiiiiiiiie ittt st et e et e et e e s n e e et e sre e e teesneeen 362
18.6.5. TransSmMItter/reCIVEr SEIECHON. ........uiii et e et e et e et e 362
18.6.6. Start/stop CONAItION GENEIAtION .........oiiiiiii et e e et e s e e s e e e e e e s 363
18.6.7. Interrupt service reqUESt @Nd FEICASE ............uiii it e et e et 364
18.6.8. Setting of serial bus INterface MOGE ..........oouiiiiii e 364
18.6.9. SOFtWAIE MBSO ...ttt ettt e et e bt e et et e e et e et e enar e e e be e s re e et e nreean 365
18.6.10. Arbitration [0St deteCtiON MONITOT ..........c.iiiiiiiii et esre e 365
18.6.11. Slave address match detection MONITOT..........c.coiiiiiiii et 367
18.6.12. GENERAL CALL deteCtion MONITOT ........cciiiiiiiiiiieiiie ettt ettt nee e 367
18.6.13. Last received Dit MONITOL .........ooiiiiii et e st e e e et e s e e e e b e e e et e e e 368
18.6.14. Slave address and address recognition mode SpecifiCation .............cccoviiiiiiiiii 368
2020-08-12

10/ 487 Rev. 1.0



TOSHIBA TMP89IFSE0BFG/TMPSIFS60BUG
TMP89FS62BUG/TMPS9FS63BUG

18.7. Data TranSfer Of 120 BUS .......cc.oiueieieieeeee ettt sre b eaeereeneeaeeseeseeneeneeneeneenas 369
18.7.1. DeViCe INItIAIZATION ...ttt ettt s et e st et esn e et e nneeaa 369
18.7.2. Start condition and slave address geNEratioN...............cooiiuiiiiiie ittt e e e e e e e e s e e e e e s 370
18.7.3. 1-WOrd data traNSTEr ...ttt et e et 371

18.7.3.1. When SBIOSR2<MST> iS "1" (MASIEr MOUE) ....ccuviiiiiiiiiiiiiie ettt e e e s aree e 371
18.7.3.2. When SBIOSR2<MST> iS "0" (SIAVE MOUE) ....ceeiiuiiiiiiiiiieiiiie ettt ettt ettt e bt e e e s sab e e e s aabe e e e enbeeeeanbeeeeanneeeean 374

LRI (o) o elolaTe [1 o) Ao (=T o T=T = 11 (o] I PP P SRR 376
1875, RESTAIM ...ttt ettt e bt e et E et e b e et et e et et e e r e reenre e 377
18.8. AC SPECIfICAtIONS ...ttt et e e e ettt e e e e abe e e e e eneeeeeeanneeeeeaannneaaanns 379
RS T (o Yo g A = T = TU o N (A SR 380

LS TRt I o 4o [ U= 1T o P RSUSER 380

LS I o 1 1o ) USROS 381

S TR T U T o) o - USSR 383

20. (0 o T D @] a1V =T o (=Y o Y 5 R SPSR 385

P20 It IR 0o g To 0T =Y i o SRR 385

P20 2 o o1 (o | SRR 386

PO R U o T (o o PSPPSR PP 391
D40 I Tt TR 71 g To | (=304 g Lo Yo [V PSS RPPUPRPPN 391
20.3.2. REPEAE MOAE ... s 392
20.3.3. AD operation disable and forced stop Of AD OPEratioN...........ccooiiiiiiiie i e e e e e e 392

PO =T 11 (=T A= 11 o SRR 393

20.5. Starting STOP/IDLEQ/SLOW MOGES.........uuiiieiiiieieeiieie e eseee e e siieeaesstaeeassssaaeaessssaesasssaeeaeesssseeessnssees 394

20.6. Analog Input Voltage and AD Conversion RESUIL...........occuuiiiiiiiie e seee e e 394

20.7. Precautions about the AD CONVEITET ..........coii it e et e e e e e e eneee e e eneeeas 395
20.7.1. Analog input PiN VOITGGE FANGE ......eviiiiiiie ittt et r e e e bt e et et e e s e e e e b e e e anne e e e nanees 395
20.7.2. Analog input pins used as iINPUYOULPUL POIS .........oiiiiiiiiiii e 395
20.7.3. NOISE COUNTEIMEASUIE .....ceiiiiiieiiieie ettt ettt ettt e e ettt e e et et e e s b et e oo b b et e e st et e e ean et e e sk bt e e e abe e e e aabe e e e e b b e e e nnneeeenanees 395

2 I o F= 1] o T 1Y/ 1T o oo 2SR 396

20 Rt T o T o1 o | PSSR 397

A I ¥ T (o o PSP UP PP PP 399
21.2.1. Flash memory command sequence execution and toggle control (FLSCR1<FLSMD>).........ccccceviieiiiiiiiiieeeeeeene 399
21.2.2. Flash memory area switching (FLSCRISFAREAS) ... ..ottt ettt e e e e st e e e e e e s etaraeeaaeeeennes 400
21.2.3. RAM area switching (SYSCRI3<SRAREAS) ... ..uuiiiiiii ittt e e e e et e e e e e e st e e e e e e e setaraeeaaeeesnnnes 402
21.2.4. BOOTROM area switching (FLSCRISBAREAS)......ccoi ittt ettt e e e e e st e e e e e e e etaraeeaaeeeennes 402
21.2.5. Flash memory standby reSet CONMIOL...........c.uiii it 404

A IR B 0o a1 g F= T o IS T =T [ 1= o Uo7 T SRR 405
b R T B = 1Y (= o (oo | =T o OO PP UP PP PPPRR 406
21.3.2. Sector Erase (4-Kbyte Partial EraS@) .........cciiiiuiiiiiie et e e e e et e e e e e e st e e e e e s st raaaeeeaanes 407
21.3.3. Chip Erase (@Il EIraSE)........cuuuiiiiiieiiieiiiee e ettt e e ettt e e e e e ettt eee e e e s atbeeeeeeeeesatbaeeeaeeessansbsaeeaeeessansasaeeaaeesannses 408
D I B o e oo 18 o A 1 I = o1 Y PP OPPPUPRPPRN 408
271.3.5. ProAUCE ID EXIt. . .eiiiiieieiee ettt ettt bbbt h ekt h et bt bbb bt ae et e enn e e 408
21.3.6. SECUILY PrOGIamM ... ..eiiiieiiei ittt ettt e ket e et e e st e ook et e e st et e e s e st e e ek b et e e ab et e e nan e e e e e b b e e e e nnneeenaneee 408

2020-08-12

11/ 487 Rev. 1.0



TOSHIBA TMP89IFSE0BFG/TMPSIFS60BUG
TMP89FS62BUG/TMPS9FS63BUG

21,4, TOGGIE BIt (DB) ..o eeseeeeeeeeee e e eeeeee e e e s e s e e e s et eeeeeseeeeee e ee e e ese e eseseeseerenseere. 409
21.5. Access to the FIash MemOry ArEa ...t e e e 409
21.5.1. Flash memory control in the Serial PROM MOGE..........cooiiiiiiiiiiei et 409
21.5.2. Flash memory control in MCU MOGE ........couiiiiiiiii ettt sttt e e e b e e e ean e e 410
21.5.2.1. How to write to the Flash memory by transferring a control program to the RAM area.........cc.ccoooccieiieeieiiiciiiceeeenn, 410
21.5.2.2. How to write to the Flash memory by using a support program (API) of BOOTROM.........ccccceiiiiiiiiiiiieeeesiieeeeeenn 414
21.5.2.3. How to set the Security Program by using a support program (API) of BOOTROM..........cocoiiiiiiiiiiiiieeeiiee e 417
21.5.2.4. How to read data from Flash MEMOTY ...ttt ettt e e ab e e e s st e e e snbe e e e enbeeeeaneeeaeane 419
21.6. API (Application Programming INTErface).........ccuueiiiiciiiei ettt 420
b LG Ty TR = 3 I (SO UR USSR 421
270.8.2. .BTEFGSESEC ...ttt ettt ettt ettt ettt h ekt h ekt h ekt h et h e b ekt h et bt e b et et e bt e e e 421

D B T = 0 I = = T T=T @ o1 o T PP PPPUPRPPN 421

B R B = €T USRS 421

B G TRT =  S T= USSR 421

B GRS T = 0= ] Y USRS 422
22, Serial PROM MOGE ......couiiiiieiie ettt ettt e e s e e e e e e nnees 424
22722 O 011 TSRO 424
D 1= o | (| O PPPPRRSPPP 424
22.3. Serial PROM MOAE SEHING ......uvviieiiiiiie ettt e e s st e e e e stae e e s esae e e e e ennae e e e annreeeeennees 425
22.3.1. Serial PROM MOAE CONTIOI PINS .......uiiiiiiiieee ittt ee e ettt e e e e st e e e e e s e e st e e e eaeeeesatbaseeaaseasansbaaeeaeeessensanaeeaaeessnnses 425
22.4. Example Connection for ONn-board WItING .........cooeiiiiiiiiiiiiie e 427
22.5. Activating the Serial PROM MOGE.......cooo ittt et e e e e e e 428
22.6. Interface SPECIfICALIONS ..........oooiiiiiieeee e e e e e e e e e 429
22.6.1. UART COMIMUINICATION. .....c.utiiiiieitiieeiie ettt ettt ettt ettt b e s bt eae e skt e s e e s b et e be e e sb e e ebe e e nbeeenbe e e nbneennee e e 429
P Y (=T Lo Y\, =T o] o) [T SRR 431
7R O o 1= T iTo] T @0 4o g F= 1o (o 30 R 432
22.8.1. Flash memory erase command (operation command: OXFO) ..........ccueiiiiiiiiiiiiie e 435
22.8.1.1. SPECITYING the EraS@ @rEa..........eiiiiiiiiiii et e ettt e et e e et e e e et e e et et e e ebn e e e aenreeeae 436
22.8.2. Flash memory write command (operation command: OX30).........coocuueiiiiiiieiiiiie e 438
22.8.3. Flash memory read command (operation command: OX40) .........coooirieiiiiieiiieie e 440
22.8.4. Flash memory SUM output command (operation command: 0X90)...........ceieriiiiiiiiieeiiiie e 442
22.8.5. Product ID code output command (operation command: OXCO) .........cceiiiiiiiiiiieee i ee e e e e 443
22.8.6. Flash memory status output command (operation command: OXC3) ..........c.ueeiiiiiiiiiiiiiiee e ee e 444
22.8.6.1. FIash MemOry STAtUS COUE .......uiiiiiiiieiiiiie ittt sttt e e st e e s e st e e e e abe e e e anbe e e e anbeeaeanbeeaeanbeeaeannneaeann 445
22.8.7. Flash memory security setting command (operation command: OXFA) .........cccviiiiiiiiiiie e 447
P B =y (o] g O oo = TSR U R OP P PRPTRPOI 448
22.10. CheCKkSUM (SUM) ...ttt e ettt e e ettt e e e e aee e e e e aaneeeesenaeeeeeanneeeeeanneeeeeannees 448
22.10.1. Calculation MENOM. ........ooo ittt et e e e ek e e e et e e n e e e e e e 448
22.10.2. CalCUIALION AALA.......coiitiiiiit ekt e r e e e e 449
22.11. Intel HEX FOrmMat (BINAIY) ....cccuveiieiiiiiie ettt eee e st e st e e s st e e e e sntae e e s snnte e e e e snnaeeeeennreeeeennees 450
D VS 1= o | || O PUUPRSPPP 451
22,120 PASSWOIUS ...ttt ettt ettt e ettt e ettt oot e o4 b et e ettt e oo R R e e e e e R e e oo R R et e e ea e e e e e R et e e ab et e e e b e e e e et e e e e ann e 451
22.12.1.1. How @ password Can De SPECITIEA ........eii et e et e e e e e ee e e e e e e s e e e e e e e et r e e e e e e e nneneneeas 451
2020-08-12

12/ 487 Rev. 1.0



TOSHIBA TMP89IFSE0BFG/TMPSIFS60BUG
TMP89FS62BUG/TMPS9FS63BUG

22.12.1.2. PasSSWOId CONFIGUIALION ......ceiiieiiiiiiiiii e e e ettt e e et e e e e e et e e e e e e e et e e e e e e e s nn e e e e e e e e e aanneeeeeeeeeeaanneneeeeeeeannnnnnneens 452
22.12.1.3. Password setting, cancellation and authentiCation ... 453
22.12.1.4. Password values and SEHING FANGE........ccoiuuiii ettt e ettt e e s aab e e e s aabe e e s aabeeeeanbeeeaanbeeaaanteeaeanes 454

D VT Tol U 41V o oo = o TP PPPRPPN 455
22.12.2.1. Enabling or disabling the SeCUrity Program...... ... ittt e e e s nbe e e e sneeeeenee 455

D VR T O o) (o] W oo o [T PP UPPPUPRPPN 456
D VR S S - Toto] 4]0 L= g Lo [ Te IET= ] o PSS PPPUPRPPN 457
7 1 T (o 1o = T SRR 458
22.14. AC CharacteriStiCs (UART) .. ..ottt e e e sttt e e e et e e e e e nee e e e e anneeee e aneeeeeennes 459
D o R (=T T= ) 8 (1001 o T T TP EP PP PPPRR 460
22.14.2. Flash memory erase command (OXFO) ........cc.uuiiiiieiiiiiiieie ettt e e e et e e e e e e e st e e e e e e e e s sentanaeeaaeeeennnns 460
22.14.3. Flash memory write command (OX30) ......coiiiiiiiiiie et e e e e e sttt e e e e e e et b e e e e e e e essaasbeaeeaeeessentanaeeaaeesannnes 461
22.14.4. Flash memory read cOmMMANT (OX40) ... ...cciiiiuiriiiie e ettt e e e e ee et e e e e s et e e e e e e e e s satbeeeeaaeessaasbeseeaeeessansaraeeaaeesannses 462
22.14.5. Flash memory SUM output command (0X0) .........coiiiuiiiiiie et e ettt e e e e et e e e e e s st ra e e e e e e s seaaraeeaaeeeannnes 462
22.14.6. Product ID code output command (OXCO) ........ueiiiiiiiiiiiiiiie et e e ettt e e e e e et e e e e e e s seab b e e e e e e e e s sentarareaaeeeaanes 462
22.14.7. Flash memory status output command (OXC3) ........cuueiiiiiiieiiiie ettt 463
22.14.8. Flash memory security setting command (OXFA)........cooiiiiiii e 463
2C T © o Eor o TTo W I=Y o1 T I ol U] oo 1 o] o TN (@17 5 ) TR 464
A T IR =T 1 (1] = T PP PPPPPPON 464
A B O o oo I T SRR 465
23.3. How to Connect the On-chip Debug Emulator to a Target System..........cccccevvcieeiiicien e, 466
B B S - Yo U 4 1 /SR 467
S [ 0T o107 0T 1oV | a3 U SRR 468
2 I O g (o I 1 TSRO 468
25, Electrical CharaCteriStiCS ........cooiuuieiiie it e et e et e e ente e e ene e e e ae e e emee e e eneeeeneeeennes 469
25.1. Absolute Maximum Ratings........cooi et e et e e s e e e 469
ATV © o 1= 1] aTe I @ o] g To 11 ile o <SSR 470
25.2.1. MCU mode (Flash Memory Programming OF Erasing).........cecoeueiiiiiiieeiiiie et 470
25.2.2. MCU mode (Except Flash Memory Programming Or Erasing)..........coeeeiiiiiiiiiiie i 471
25.2.3. Serial PROM MOGE. ..ottt ettt ettt ettt h e e ae e e s bt e be e e ekt eeae e e sb et e be e e sbe e e bt e e nbaeenbe e e nbneennn e e e 472

P AR B B O O 4 =1 = Tox (=4 [ SRR 473
25.4. AD Conversion CharaCteriStCS ........uuiiii ittt e e e e e e e e nee e e e enees 475
25.4.1. AD Conversion Characteristics of TMP8IFSGBOB ...........cccuiiiiiiiiiiiiie e 475
25.4.2. AD Conversion Characteristics of TMP8IFSB2B ..........c.c.coiiiiiiiiiiieiii et 476
25.4.3. AD Conversion Characteristics of TMP8IFSB3B .........cccoiiiiiiiiiiiieiie ettt 477
25.5. Power-on Reset Circuit CharacteriStics ..........oouiiiiiiiii e 478
25.6. Voltage Detecting Circuit CharaCteriStiCs..........uuriiiiiiiee e 479
WA S O O =T = Tod (= 413 (T USRS 480
25.7.1. MCU mode (Flash Memory Programming Or Erasing)..........cccooiiiiiiiieiiiiiiiiiiiee e ettt e et e e e e e e e e e e e 480
25.7.2. MCU mode (Except Flash Memory Programming Or Erasing)..........coeeeiiiiiiiiiiie it 480
25.7.3. Serial PROM MOGE.......c..eiiiitieiti ittt ettt e bbbt b e et et h et h e bt et ee bt e et enbeenbee st e e nbeeteeneas 480
25.8. FIash CharaCteriStiCs ........ueeiiiiiii ettt e ettt e e e e et e e e s e nae e e e e e nee e e e enneeeeeennees 481
25.8.1. Erasing and Writing CharacCteriStiCS ...........cooiiiiiiiiii ettt e 481
2020-08-12

13/ 487 Rev. 1.0



TOSHIBA TMP89IFSE0BFG/TMPSIFS60BUG
TMP89FS62BUG/TMPS9FS63BUG

2SI @ 1T | F=1 i1 o T @] o 11 1] o 1R SRR 482

P T - T &= Vo TN BT g 1=T 0 T[] o SRR 483
26.1. TMPBOFSBOBF G ...ttt et et e e ettt e st e e e ste e e eeteeeteeeenteeeenseeeanseeeneeeanseaeanseeannneas 483
26.2. TMPBOFSBOBUG. ... .ottt ettt e et e e et e e e s e e et e e emae e e am bt e e sateeeaneeeenneeeemseeeanseeenneas 484
26.3. TMPBOFSB2BUG........ceiieiiiieiiie ettt et et e ettt e e ate e e e ate e e ateeeenteeeanteeesnseeeanseeenneeeanseaeanseeanneas 485
26.4. TMPBOFSB3BUG. .......ueiieiiiieiiie ettt ettt et e et e e e ate e e e tee e e ateeeenteeesnteeessseeeanseesnneeeanseaeanseeenneas 486
RESTRICTIONS ON PRODUGCT USE.......oo ittt ettt et e e snee e e nneeeeneeesnneens 487
2020-08-12

14/ 487 Rev. 1.0



TOSHIBA

TMP89FS60BFG/TMP89FS60BUG
TMP89FS62BUG/TMP89FS63BUG

List of Tables
Table 1-1 List of Difference between the TMP89FS60B, the TMP89FS62B and the TMP89FS63B ...... 24
Table 1-2 Pin Function and Number of pin in the MCU mode............ccoiiiiiii e 31
Table 2-1 Prohibited Combinations of Selecting Main Source Clock and Oscillation Enable Register.. 51
Table 2-2  Gear CIOCK (FCOCK) -...ueeieiiiiiiie ittt ettt e e e et e e e e et e e e s enae e e e eanneeeeeaneeeaeanns 52
Table 2-3 Operation Modes and CONAItIONS .........ccoiiiiiiiiiiie e 63
Table 2-4 Oscillation Start Operation at Release of the STOP Mode............c..ueeeeeiiiiiiiiiiiiieeee e 68
Table 2-5 Initialization of Built-in Hardware by Reset Operation and Its Status after Release............... 82
Table 3-1 All interrupt sources of the TMP89FS60B/62B/63B ..........cccccooiiiiiiiiiiieeeeeeceeeee e 88
Table 3-2 Interrupt sources for €ach ProduUCt.............ccuuuuiiiiiiiiii i 91
Table 4-1 External Interrupt Control Circuits for Each Product .............coccomiiiiiiiiiiiieee e, 104
Table 4-2 Enable Condition and Interrupt Request Generated condition for each external Interrupt source
........................................................................................................................................................... 112
Table 4-3 External interrupt pin input signal width (w) and noise cancel time ..........cccccceeceeevicieeenns 112
Table 4-4 Selection of Interrupt Request Generation Condition..............oociiiiiiiiiiiii e 113
Table 4-5 Noise Canceller Sampling ClIOCK .........coo it 114
Table 4-6 Selection of Interrupt Request Generating Condition...........cccocceeeiiiiie e 115
Table 4-7 Noise Canceller SamMPliNg LOCK..........ooiiiiiiieeie e a e e 116
Table 5-1 Watchdog Timer Overflow Time (fcgck = 10.0 [MHZ], fs = 32.768 [KHZ]) .......ccccoeviiiiceenns 123
I o) (TN R O I o = | 1 I =) £ 136
Table 8-2 Input/output Ports for EQch Product ..............eeeiiiiiiiie e 139
Table 8-3  List Of 1/O PoOrts SettiNgS .....cooi it 141
LI o) LT R A o T S 145
Table 8-5 PO Port for EQCh ProQUCT ...........uiiiiiiiii ettt ettt e st e e e s sntae e e s e e e e ennaeee e 145
Table 8-6 Built-in Pull-up resister for PO3 and PO2...............oooiiiiiiiie e 150
Table 8-7 Read Value of SPOPRDJ> ....... .ottt e e e neee e 151
B o) (TR Rt N o T e 152
Table 8-9 P11 Portfor Each ProduCt.............oveiiiiii e 152
Table 8-10 P10 and Built-in Pull-up RESISIEN.......ccoiiiii e 156
Table 8-11 P1iand Built-in Pull-up resister.............cco 156
Table 8-12 Read Value of SPTIPRDIZ .........ouiiiiiiiii et a e e e 157
LI o) (ST B T o o G RO RO 158
Table 8-14 P2 Port for EQCh ProUCE..........oiiiiiiiee et ceee ettt et e e e st e e e s nnnae e e e snaneaeen 158
Table 8-15 Output Status of I/0O Pin in the Output Mode.............ouveeiiiiiiiiie e, 160
Table 8-16 Port Function and Built-in Pull-up Resister...........oooiii e, 164
Table 8-17 Read Value Of SP2PRDI> .........cociiiiiiii et sreee et e e s stee e s s stae e e e snstaeaessnsaeeeeansnaeeeans 165
LI 1o (TR Rt TR o o . 166
Table 8-19 P4 Port for EaCh ProdUC.............oooiiiiiiiie e 166
Table 8-20 <P4CRi> and Input/output Mode of Each Pin ..o 169
Table 8-21 Port and Secondary Function and Built-in Pull-up Resister..........ccccccvvviiiiieiiciiie e 171
Table 8-22 Read Value of SPAPRDI> ...t e e e e 172
TADIE 8-23 PO P5 ...ttt e e et e e e e e e e e e et e e e e e b— e e e e e abeeaeeabanaaeaanraeaas 173
Table 8-24 P5 Port for EQCh ProdUCE..........eeiiiiiiie et stee ettt e e e e e st e e e ennaeee s 173
Table 8-25 Read Value of SPEPRDIS ..........uuuiiiiiiii et e e e 178
TADIE 8-26 POt P7 ...ttt e et e e e ettt e e e et e e e e eab e e e e e e abe e e e e e abeeaeeaabaneaeaaraeaas 179
Table 8-27 P7 Port for EQCh ProdUCT..........uiiiiiiiie ettt et e e s nnae e e s enre e e e ennaeee s 179
Table 8-28 Read Value Of SPTPRDIS .........coiiiiiiie sttt e sseee e stee e stae e e s st e e e s nntae e e s snbenesennnaneens 184
TADIE 8-29 POM P8 ...ttt e et e et e e e e e e e et e e e e e e ar e e e e e abeeaeeabreeaeaaaraeaas 185
Table 8-30 P8 Port for EQCh ProdUCT..........eiiiiiiiiie ettt e e e snae e e s snte e e e ennaeee s 185
Table 8-31 Read Value Of SP8PRDI> .........cciiiiiiiiei et sseee e st e e s stae e e s snae e e s ssssaeaesssrenessnnnaeees 190
TADIE 8-32  POMt PO ...t e e e et e e e et e e e e et e e e e e e br e e e e e abeeaeeabaneaeaaaraaaas 191
Table 8-33 P9 Portfor Each ProdUCt..............oeoiiiiiiii e 191
Table 8-34 Output Status of /O Pin in the OQutput Mode..............uvveeiiiiiiii e, 193
Table 8-35 Port Function and Built-in Pull-up Resister........ ..o 197
Table 8-36 Read Value of SPOPRDIS ...t e e e 198
I o) LIRS A o o = USSR 199
Table 8-38 PB Port for EQch ProduCt...............oooiiiiiiiie ettt 199
2020-08-12
15/ 487 Rev. 1.0



TOSHIBA TMP89IFSE0BFG/TMPSIFS60BUG

TMP89FS62BUG/TMP89FS63BUG

Table 8-39 Output Status of /0O Pin in the OQutput Mode..............uvveeiiiiiiiie e 201
Table 8-40 Read Value of SPBPRDI> ...t e e 205
Table 8-41 Select input/output port and interrupt ........ ... 209
Table 8-42 Select input/output port and interrupt .............oooooiiiiii e 209
Table 9-1  SFR1 ("0X0000" £0 "OX003F™) .. ..eeiiiiie ittt e e et e et e e et e e snbe e e snteeeneeeenneens 210
Table 9-2 SFR2 ("OXOF00" t0 "OXOF 7F™) ...ttt ettt e e et e s e e enteeeneeeenneens 211
Table 9-3 SFR2 ("OXOF80" t0 "OXOFFF")... .o 212
Table 9-4 SFR3 ("OX0E40" 10 "OXOEBF") ...ttt e s 213
Table 9-5 SFR3 ("OXOECO" 10 "OXOEFF™).....co ittt e e snae e eeenneens 214
Table 11-1 Divider Output Frequency (Example: fcgck = 10.0 [MHZz], fs = 32.768 [KHZz]) ........ccveennee 219
Table 12-1 Time Base Timer Interrupt Frequency (Example: when fcgck = 10.0 [MHZz] and fs = 32.768
12 4 | RS SSURSOUSIOTIN 222
Table 13-1 SFR AdAress ASSIGNMENT.........uciiiiiiiieeiciie et e e s e e e s e e e s st e e s srae e e e s ssrreeesssreeesennnenees 224
Table 13-2 PN NGMES.... ..ottt e st e e e s s e e e s et e e e e e anreee s 224
Table 13-3 16-bit Timer Counters (TCA) for Each Product ... 224
Table 13-4 Resolution of Timer Mode and Maximum Time Setting ........cccccceiiiii i 231
Table 13-5 NOISE CaANCEl TIME....cc ittt et e eete e sae e e e ne e e sse e e emeeeeeneeeaneens 248
Table 14-1 SFR AdAress ASSIGNMENT...... ..ot e et e e e s e e e s eneeee e eenneeeens 249
Table 14-2  PININGIME ....oviiiiiii et e e e e e e e e e e e e e e e e e e e saab s e e e eeaaeeessanssssaeeaaaeeeaaanns 249
Table 14-3 8-bit Timer Counters (TCO) for Each Product............ccoeveiiiiiiciie e 249
Table 14-4 Operation Modes and Usable Source Clocks (in NORMAL1/2 or IDLE1/2 modes)........... 257
Table 14-5 Operation Modes and Usable Source Clocks (SLOW1/2 and SLEEP1 modes) ................ 258
Table 14-6 8-bit Timer Mode Resolution and Maximum Time Setting ........ccccoeecveveiiciiie i, 262
Table 14-7 List of Output Levels of PWMOO PiN......occuuiiieieieeeeeeeeeee e 267
Table 14-8 Resolutions and Cycles in the 8-bit PWM Mode ... 271
Table 14-9 List of Output Levels of PPGOO PiN ..cooiiiiiiiiiie et 272
Table 14-10 16-bit Timer Mode Resolution and Maximum Time Setting ..........ccccceeviiiie e 279
Table 14-11 Cycles in Which Additional Pulses Are Inserted ... 283
Table 14-12 List of Output Levels of PWMOT Pin........ooi et 283
Table 14-13 Resolutions and Cycles in the 12-bit PWM MOde .........cooviieeiiiiiiiiiieee e 288
Table 14-14 List of Output Levels of PPGOT Pin .....cccuuiiiiiiiie et 289
Table 16-1 SFR AdAress ASSIGNMENT....... ..ot e e e e e e e ee e e e sseeeeeeaneaeeas 297
Table 16-2 PN NAMIES... ...ttt ettt e e e bt e e e s aab e e e e e et be e e e e anbee e e e anneeas 297
Table 16-3 Asynchronous Serial Interface (UART) for Each Product ...........ccccoeceee v, 297
Table 16-4 Changing of UARTOCR1 and UARTOCRZ .........ooiiiiiieeee et 303
Table 16-5 Transition of Register Status ... 304
Table 16-6 TXDO Pin Status When the STOP, IDLEO or SLEEPO Mode Is Activated.........cc.cccceee.... 304
Table 16-7 Set Values of UARTODR and UARTOCR2<RTSEL> and errors for Transfer Baud Rates (fcgck
=10 to 1 [MHz], UARTOCR2<RXDNC> = 00) ...eeeiuiteiiiieaiieeiieeesieeeeieeesieeesseeaeseeeesseeesneeeessneeenneeess 306
Table 16-8 Set Values of UARTODR and UARTOCR2<RTSEL> and errors for Transfer Baud Rates (fs =
32.768 [kHz], UARTOCR2<RXDNC> = 00)....ccteeeiuiieeaieieeiiieaieeeaieeeseeaasieeessseeesseeesnseessnseessneeesnneens 307
Table 16-9 UARTODR Calculation Method (When <BRG> is Set to fcgek) ......cvevveiiiiiiiiiiiiiees 309
Table 16-10 Example of UARTODR Calculation (when fcgck = 4 [MHZ]) ....ooovviieieiicieeeeceee e 309
Table 16-11 Received Data Noise RejJection TimMe ...........ooiiiiiiiiiiiiiiiieee e 311
Table 16-12  TXDO Pin OUEPUL......couiiiiie ettt e et e e ete e et e e e st e e eneeesmseeeanseeennneas 312
Table 16-13 Flag Judgments When No Receive Interrupt Is Used..........cccciiiiiiiii i 321
Table 16-14 Flag Judgments When a Receive Interrupt IS Used.........ccoooviiiiiiiiie i 321
Table 17-1 SFR AdAress ASSIGNMENT...... ...t e e e e s e e e s eneeee e e eneeeens 323
Table 17-2 PN NGMES.... ..t e et e e et e e s et e e e e e aabeee e e s anrneeas 323
Table 17-3 Synchronous Serial Interface (SIO) for Each Product...........ccccceviiiciire i 323
Table 17-4  TranSfer SPEEMA ...... ..ot e et e e e e et e e e e et e e e e e neee e e e anneeaas 329
Table 17-5 Transfer EAGe SElECHON ...t e e e e e as 330
Table 18-1 SFR AdAress ASSIGNMENT.........uiiiiiiiiieeeciie e st e e s e e e e r e e s st e e s e saree e e s snreeesennsaneeesneeees 346
TabIE 18-2  PiN INAIMES.....oeeiiiiee ettt e e e e e e e e e e e e e e e e et aaeeeaaaesesaassasseeeaaaeeaaaans 346
Table 18-3 Serial Bus Interface (SBI) for Each Product ..o, 346
Table 18-4 Relationship between the Number of CIOCKS ...........ccccuviiiiiiiiiiiece e, 358
Table 18-5 States of the SCLO and SDAO Pins in the Acknowledgment Mode ..........cccccoevcvvveiicienen, 359
Table 18-6 SBIOCR1<TRX> Operation in Each Mode ...........cooiiiiiiii e 362
Table 18-7 The Behavior of an INTSBIO interrupt request and SBIOCR2<PIN> After Losing Arbitration
........................................................................................................................................................... 374
2020-08-12

16/ 487 Rev. 1.0



TOSHIBA

TMP89FS60BFG/TMP89FS60BUG
TMP89FS62BUG/TMP89FS63BUG

Table 18-8 Operation inthe SIaVe MOAE ..........oooiiiiiieeeee e 375
Table 18-9 AC Specifications (Output TiMING) ....ccoooueiiiriiiii e 379
Table 19-1 STOP MOde REIEASE.........ooii et e e s e e e eneeee s 384
Table 20-1 <ACK> Settings and Conversion Times Relative to Frequencies...........ccccccvvciveeeiicnnnenns 389
Table 21-1  COMMANA SEQUENCE .......eeiieeiiiiieeeeea et ie e et e e e et e e e e e aateeaesaneeeeeaanseeeeeannseeesaanseeesaaneeeans 405
Table 21-2 Range of Addresses Specifiable (BA) .......ooo i 406
Table 21-3 Range of Addresses Specifiable (SA) ......uuii e 407
Table 21-4 Values to Be Read in Product ID MoOde...........c.coiiiiiiiiiiiiicie e 408
Table 21-5 LISt OFf AP ...ttt ettt e e et e e e ae e e et e e e snteeeesneeeeneeeeneeeanneas 420
Table 21-6 Erased Sector by setting of A regiSter........ooioiiii i 421
Table 22-1 Operating Range in Serial PROM MOGE .........c.ouiiiiiiiiie i 424
Table 22-2 Serial PROM Mode Setting........cooi ittt 425
Table 22-3 Pin Functions in the Serial PROM MO ..........cooiiiiiiiieie e 425
Table 22-4 Usable Baud Rates as a General Guideline............ccccoooiiiiiiiiiii e 430
Table 22-5 Operation Command in Serial PROM MOdE .........ooooiiiiiiiiieie e 432
Table 22-6 Flash Memory Erase COmMMANGS .........coi it e e e e e neeee s 435
Table 22-7 Transfer Formats of Flash Memory Write Commands..........ccccccveiviiiie e 438
Table 22-8 Transfer Formats of the Flash Memory Read Command............ccoocoiiiiiiiiiiiiice e 440
Table 22-9 Transfer Formats of the Flash Memory Read Command............ccoooiiiiiiiiiiiieccieee 441
Table 22-10 Transfer Formats of the Flash Memory SUM Output Command ...........cccccevvcivveeeiiiiennenne 442
Table 22-11 Transfer Formats of the Product ID Code Output Command ..............cccccovieeeeiieiiennnnnee. 443
Table 22-12 Flash Memory Status Output ComMmMaNdS ...........oooiiiiiiiiiie e 444
Table 22-13  Flash Memory Status COE ......ccciiiiiie e e e e e eree e e e s e e e e e nnnaee s 445
Table 22-14 Status Code 1 and Operation Command (1/3)....ccccuieeiiciiie e 446
Table 22-15 Status Code 1 and Operation Command (2/3)......c.eeieiiiiiiie e 446
Table 22-16 Status Code 1 and Operation Command (3/3)....ccccuireiiiiiie e 446
Table 22-17 Flash Memory Security Setting Command............cccccveeiiiiee i 447
TabIE 22-18  EITOr COUES....ooiiieiiiitiieeee ettt e e e e et e e e e e e e s e et b aaeeeeaeessaaanbraeeeaaeeaaanns 448
Table 22-19 Data for which a Checksum Is Calculated..............cciiiiiiiiiii e 449
Table 22-20 Definition of the Intel Hex Format ..o 450
Table 22-21 Password Values and Setting RanNge ........ooooiiiiiiiiiii e 454
Lo (o © o] (o] I O To [ RS ER 456
Table 22-23 Option Codes and Recommended Security Program Settings.........ccccooccvvevicieeevciieeenns 457
Table 22-24  UART TimiNgG-T . oottt ettt et e e st e et e e e seeeaeeeeameeeeanseeeanaeeenneens 459
Table 22-25 UART TiMING=2 ... .eiiiiii ettt et et e et e e et e e et e e e neea e seeeaseeeanseeeanseaeasseeenneeens 459
Table 23-1 Pins Used for the On-chip Debug FUNCHON ..........cccoiiiiiiiii e 465
2020-08-12

17/ 487 Rev. 1.0



TOSHIBA TMP89IFSE0BFG/TMPSIFS60BUG

TMP89FS62BUG/TMP89FS63BUG

Table of Figures

Figure 1-1  Pin Assignment (TMP89FS60BFG/TMP8IFSB0BUG).......c.ccceiiiiieiiieeiiieeeee e 25
Figure 1-2 Pin Assignment (TMP89FSB2BUG) ........cocuiiiiiiiiiee ettt e e 26
Figure 1-3 Pin Assignment (TMP89FSB3BUG) .........cccuiieiiiuiiieeiiiiieeesiiee e e ssiaee e s streeeessnsaeeesesreeessnnnaeees 27
L To U] =Y e A =1 To o1 [q B = To = o RSP 28
L To U =Y ot =1 (o Tod Q) B I F= o = o RS R 29
T [ = S I =1 o T D= T = o o SRR 30
Figure 2-1 Memory Map in the COE AFEa........ccuviiii ettt sre e e e e e e snre e e s enrae e e e snnanee s 39
Figure 2-2 Memory Map in the Data Area...... ...t 43
Figure 2-3 System Clock Controller CirCUIL..........cuveiiiiieiiie e e e e e nnaeee s 46
Figure 2-4 Examples of OsCillator CONNECHON ........ccciccuiiie i e e s nnraee s 51
Figure 2-5 Configuration of Timing Generator ... 53
Figure 2-6  Warm-up Counter CIrCUIL. ......... ittt e e e e e e e e e e enee e e e e nneeens 55
Figure 2-7 Operation Mode Transition DIiagram ..........ccceeeiicieieiiiiiie e e e e e e e naaee s 62
Figure 2-8 Level-sensitive Release Mode (Example when the high-frequency clock oscillation circuit is

ES7=] =T (Yo ) SRS 65
Figure 2-9 Edge-sensitive Release Mode (Example when the high-frequency clock oscillation circuit is

L5712 =T (Yo ) OSSPSR 66
Figure 2-10 IDLE1/2 @and SLEEP T MOGES .........oiiiiiieiieeie ettt e e eneeeenneeeens 69
Figure 2-11 IDLEO and SLEEPO MOGES ........cociiiuiiiieiiiieie e csieee e sstiee e sitee e s sntaee e s ssaae e e s snneeaessnsaeasennnanees 71
Figure 2-12 Switching of the Main System Clock (fm) (Switching from fcgck to fs / 4).....covviviereiinneenn. 73
Figure 2-13 Switching the Main System Clock (fm) (Switching from fs / 4 to fcgek).....ocveveiiiiieiiiiieene. 75
Figure 2-14 ReSet CONLrOl CilCUIL.......c.uiiieiiiiie et e e e e e e e e e s ennraeeeesnnnees 77
Figure 2-15 External Reset Input (DUrNG POWET UP) ......ciiiiiiiriiiiiiie et e stee e e 84
Figure 2-16 External Reset Input (When the Power Supply is Stable)..........ccociiiiiiiiiie, 85
Figure 3-1 Interrupt Control CIrCUIL ........ooo e e e e e e 89
Figure 3-2 Vector table address and Entry address.........c.eueiiiiiii i 99
Figure 3-3 Saving/restoring General-purpose Registers by Using PUSH or POP Instructions ............. 100
Figure 3-4 Saving/restoring General-purpose Register by Using Data Transfer Instructions............... 101
Figure 3-5 Saving/restoring General-purpose Registers by Using a Register Bank............ccccccceeuveee. 102
Figure 4-1  External INterrupts 075 ... ...t e e e e et e e e e e 105
Figure 4-2 External INterrupts 1/2/3 ... ..ot e e e 105
Figure 4-3 External INterrUpt 4 ... ... e e e e e e e eaaaeean 105
Figure 4-4 Interrupt Request Generation and EINTCRX<INTXLVL> .......cccoiciiieiiciiie e 113
Figure 4-5 Noise Cancel OPeration ... e e e e e e 114
Figure 4-6 Interrupt Request Generation and EINTCRA<INTALVL>........ccoociiieiiciiie e 115
Figure 4-7 Noise Cancel OPEration ...........ccuuiiiiiiiiie e e e e e s e e e snnae e e e snteeeeennnees 116
Figure 5-1 Watchdog Timer Configuration .............ooo oo 118
Figure 5-2 WDCTR<WDTEN> Set Timing and Overflow Time ..........cccooiiiiiiiiiiiie e 121
Figure 5-3 WDCTR<WDTW> and the 8-bit up Counter Clear TiIMe ..........cccceveircieieeeiiee e 122
Figure 5-4 Changes in the Watchdog Timer Status....... ..o 125
Figure 6-1 Power-on Reset CirCUIL.........cooi i e e e e 126
Figure 6-2 Operation Timing of POWEr-0Nn RESEL........ccuuiiiiiiiiii e 127
Figure 7-1 Voltage Detection CirCUIL...... ... i e e 128
Figure 7-2 Voltage Detection Interrupt Request INTVLTD .....coooiiiiiiiiee e 131
Figure 7-3 Voltage Detection ReSEt SigNal .........cc.eeviiiiiiiiiiiieie e 132
Figure 7-4 Changes in the Voltage Detection Flag and the Voltage Detection Status Flag ................. 133
Figure 8-1 Input/output Timing EXamPIle.........coo e 137
T L= 2 o o O S 146
T L= T R o e S 153
Lo [ IR B N o o A SRR 159
FIGQUIE 8-5 POt P ...ttt ettt e ettt e e e et e e e e nte e e e e e seeeeeaanseeeeeaseneeeaanens 167
T L= G N o o SRR 174
1o [ IR T A o o A RSP PR 180
Lo [ IR T S B o o A = SRR 186
T [0 e T N o o e SR 192

Figure 8-10

POIE Pttt 200

2020-08-12
18/ 487 Rev. 1.0



TOSHIBA TMP89IFSE0BFG/TMPSIFS60BUG

TMP89FS62BUG/TMP89FS63BUG

Figure 8-11 Serial Interface Selecting FUNCHON..........c.uoviiiiiiee e 206
Figure 11-1  Divider OULPUL ..o et e et e et e e e e e nt e e e e e ennee e e e eneeeeeeannes 218
Figure 11-2  Divider OUIPUL TiMING ......ueeieiiie ettt e et e e e e e e e e e enneeee e enneas 219
Figure 12-1 Time Base Timer Configuration............coocuieiriiciiie s 220
Figure 12-2 Time Base Timer INterrupt....... ..o e 222
Figure 13-1  Timer COUNTEr AD ...ttt e et e e e sttt e e e e enee e e e eansee e e e enneeeeeenneas 225
Figure 13-2 Timer Mode Timing Chart (AULO Capture)........ccuueieiiiiiiee et 232
Figure 13-3 Timer Mode Timing Chart...........ooiiiiiiiii e enee e e e e 234
Figure 13-4 External Trigger Timer Timing Chart...........oooo e 236
Figure 13-5 Event Count Mode Timing Chart..........coooiiiiei i 238
Figure 13-6  Window Mode Timing Chart ...........cccuiiiiiiiie et e e e e s 240
Figure 13-7 Pulse Width Measurement Mode Timing Chart ..o 243
Figure 13-8 Example Of Capture PrOCESS .......coiiiiiiiie et et e e e e ee e st e e e e nnbae e e ennae e e e ennes 244
Figure 13-9 PPG Mode Timing Chart .........c.uviiiiiiiiie et e e see e svae e e e s s e e e s ennae e e e ennees 247
Figure 14-1  8-bit Timer Counters (TCO0 and TCOT)... ..ot 250
Figure 14-2 Timer Mode Timing Chart........ ..o e 263
Figure 14-3 Operation When TOOREG and the Up Counter Have the Same Value............ccccceeeuneee. 263
Figure 14-4 Event Counter Mode Timing Chart.............ooi i 265
Figure 14-5 PWMOO Pulse Output (SPWMAD> = 1) ...t 267
Figure 14-6  8-bit PWM Mode Timing Chart...........coviiiiiiei et e e 269
Figure 14-7 Example When the Value as same as an Up Counter's one is written to TOOPWM ......... 270
Figure 14-8 PPGO0 PuISE OULPUL .......eoiiiiie et e e e e e enee e e e e 272
Figure 14-9 Example When the Value as same as an Up Counter's one is written to TOOPWM (TOOREG)
........................................................................................................................................................... 274
Figure 14-10 8-bit PPG Mode Timing Chart ..........cooo i 275
Figure 14-11 16-bit Timer Counter Timing Chart............co e 278
Figure 14-12 16-bit Event Counter Mode Timing Chart..........cccoociiiiiiiiie e 281
Figure 14-13 Examples of Inserting Additional PUISES ...........coiiiiiiiiii e 284
Figure 14-14 PWMOT Pin OUIPUL ...ttt e e e e e e e e enee e e e e e 285
Figure 14-15 12-bit PWM Mode Timing Chart..........cocciiiiiiiee e 287
Figure 14-16 16-bit PPG Output Mode Timing Chart ............ooi e 293
Figure 15-1 Real TIME ClOCK...... ..o e e e e e e e e e e e e e 294
Figure 16-1 Asynchronous Serial Interface (UART).......ooiiiiiiiio et e et e e a e e e 298
Figure 16-2 Transfer Data FOrMat..........oooiiiiiiii i e e e snee e e e ennes 305
Figure 16-3 Example of Infrared Data Format (Comparison between Normal Output and IrDA Output)
........................................................................................................................................................... 305
Figure 16-4 Fine Adjustment of Baud Rate Clock Using UARTOCR2<RTSEL>........ccccccevvvviveeeinnnnn. 308
Figure 16-5 Data Sampling in Each Case of UARTOCR2<RTSEL> .......ccooiiiiiiiiiiiie e 310
Figure 16-6  Start Bit SamPliNg ......ccoooiiiii e e e e e et e e e 311
Figure 16-7 Received Data NOiS€ ReJECHON.........oooii i 311
Figure 16-8 Occurrence of Parity ErTOr..........ooi e 313
Figure 16-9 Occurrence of Framing ErTOr...... ..o e i 314
Figure 16-10 Occurrence Of OVEITUN EITON ........ccuiiii et e sttt e stre e et e e s e e e ennae e e s ennes 315
Figure 16-11 Framing/Parity Error Flags When an Overrun Error OCCUIS..........occeveiieeiieeeiiieeiiee e, 316
Figure 16-12 Clearance of Overrun Error Flag ..........ooeoii i 317
Figure 16-13 Occurrence of Receive Data Buffer Full............cooooiiiiiiiiiie e 318
Figure 16-14 Transmit Busy Flag and Occurrence of Transmit Buffer Full...........c.ccccoeceiiiiiiee e, 319
Figure 16-15 Occurrence of Transmit Buffer FUull...............oo e 319
Figure 16-16 Example of RECEIVING PrOCESS .........cviiiiiiiie it ectie et s st e ae e e e 320
Figure 17-1  Serial INTEIrfaCE ......cieiiee e e e et e e e s s abe e e e ennsae e e e enteeeeennnees 324
(o U Y e = 11 =T ol o o = RS 330
Figure 17-3 Interval time between bytes. ... ... e 330
Figure 17-4 8-bit Transmit Mode (Internal Clock and Reserved Stop)........cccccevvcvieeericiieeeesiee e 333
Figure 17-5 8-bit Transmit Mode (Internal Clock and Forced Stop).......ccooiiiiiiiiiiiiie e, 333
Figure 17-6 8-bit Transmit Mode (External Clock and Reserved Stop).......ccccoovviiiiiiiiiiiiieeee, 334
Figure 17-7 8-bit Transmit Mode (External Clock and Forced Stop).......cccccvvcvieeiiiiiiee e s 334
Figure 17-8 8-bit Transmit Mode (External Clock and Occurrence of Transmit Underrun Error) ......... 335
Figure 17-9 8-bit Receive Mode (Internal Clock and Reserved Stop).........ccocveiiiieiiiiee e 337
Figure 17-10 8-bit Receive Mode (Internal Clock and Forced Stop)........ccccvvcieireiiiieeeescieee e 338
Figure 17-11 8-bit Receive Mode (External Clock and Reserved Stop).........ccccevvvivieeeiiiieeeeccieee e 338
2020-08-12

19/ 487 Rev. 1.0



TOSHIBA TMP89IFSE0BFG/TMPSIFS60BUG

TMP89FS62BUG/TMP89FS63BUG

Figure 17-12
Figure 17-13
Figure 17-14
Figure 17-15
Figure 17-16

8-bit Receive Mode (External Clock and Forced Stop).......cccccevvcirieriiiiieeeeicieee e ssieeee e 339
8-bit Receive Mode (External Clock and Occurrence of Overrun Error) .........cccoccceeennnee 339
8-bit Transmit/Receive Mode (Internal Clock and Reserved Stop)........ccccoeeceeiiiiienens 342
8-bit Transmit/Receive Mode (External Clock and Reserved Stop) .......ccceccvvevevicieeenns 343

8-bit Transmit/Receive Mode (External Clock, Occurrence of Transmit Underrun Error and

Occurrence Of OVEITUN EFTOT)......oii ittt et e e e e e e s ente e e e s anneeeeeanns 344
Figure 17-17  AC CharacteriStiCS ... ..cuiuiiieiiiiii e et e ette e ee e st e st e e e st e e e s sb e e e e ennbaeeeesnneeeeeennees 345
Figure 18-1 DevViCe CONNECHONS.......ccuiiieeiiiiie ettt e sttt e e e e e e ssee e e s st e e e s st e e e s snteeesennsaeeeesnneeeesennees 347
Figure 18-2 Data FOrmat Of 12C BUS.........c.ccuiiiiiiieie ettt ettt te e e eneennens 348
Figure 18-3 Free data format .........cooooiiiiiiiie e e et e e e e 348
Figure 18-4 Serial Bus INterface 0 (SBIO) ......cccoicuieiiiiiiiieeccieee e cseee et e e s ser e e e e snaae e e s snae e e e e nneeas 349
Figure 18-5 Number of Clocks for Data Transfer and SBIOCR1<BC> and <ACK>........ccccoceoiiiiieenn. 358
Figure 18-6  SCLO Pin OULPUL.......uiiiiiiiiiie ettt e e e st e e e st e e e s snte e e e ennaae e e e snneeeeeennees 360
Figure 18-7  SCLO Pin INPUL.....oiiiiiiiie et e et e e st e e e s st e e e s ssnae e e s entaeeesanneeeenanns 360
Figure 18-8 Example of Clock Synchronization ..o 361
Figure 18-9 Generating the Start Condition and a Slave ADdress .........cccooceieiiiiie i, 363
Figure 18-10 Stop Condition GENEratioN...........cocuiiii i sree e e e 363
Figure 18-11 SBIOCR2<PIN> and SCLO PN .......cccciiiiiiiiiie e 364
Figure 18-12  Arbitration LOSt.........ooii et e e e e e e e e e e nnes 365
Figure 18-13 Example When Master B is a Serial Bus Interface Circuit.........c..ccocevevvcieeiiiciiee e, 366
Figure 18-14 Changes in the Slave Address Match Detection Monitor...........ccceccevevvciiee e, 367
Figure 18-15 Changes in the GENERAL CALL Detection Monitor ..o, 367
Figure 18-16 Changes in the Last Received Bit MONItOr..........coociiviiiiie e 368
Figure 18-17 Generating the Start Condition and the Slave ADdress .........ccccccvevvieeeecciee e, 370
Figure 18-18 Example when SBIOCR1<BC> = 000 and SBIOCR1<ACK> =1 .....c.ccciiiiiiiiiiiecee e, 371
Figure 18-19 Example when SBIOCR1<BC> = 000 and SBIOCR1<ACK=> =1 .......cccciiiiiiiiireree e, 372
Figure 18-20 Termination of Data Transfer in the Master Receiver Mode...........cccccevvcveeeevciineececenenn, 373
Figure 18-21 Stop Condition GeNneration ..............cuiiii i e e 376
Figure 18-22 Timing Diagram When Restarting...........ooceoiiiiiiii et 378
Figure 18-23 Definition of TiMiNg (NO. 1) ..ecoiiiiiiiiiiiie st e e e e s e e e nnrae e e e ennes 379
Figure 18-24 Definition of Timing (NO. 2) ... e 379
Figure 19-1  Key-0n Wakeup CilCUIL.........coo ittt s e e e eeeeanes 380
Figure 20-1  10-bit AD CONVEIET ......iiiiieiiie ettt s ee e e s e e e et e e e s stae e e e essaaeeessnsaeeeesanseeeenann 385
Figure 20-2  SiNGIE MOGE ........uiiii ittt e er e e e st e e e s st e e e e ataeeeeeassaeeesesteeeesanseeeenanns 391
Figure 20-3 RePEA IMOTE .......ooiiiiiie ettt e e e ettt e e e et e e e s enee e e e e eneeeeeanns 392
Figure 20-4 Relationships between Analog Input Voltages and AD-converted Values (Typ.).............. 394
Figure 20-5 Analog Input Equivalent Circuit and Example of Input Pin Processing ........cccccoccveveeinnnen. 395
Figure 21-1 Area Switching Using the FLSCR1<FAREA> Setting........ccoviiiiiiiii e 401
Figure 21-2 Show/Hide Switching for BOOTROM and RAM..........cooiiiiiiiiiiiiie e eriee e sae e 403
Figure 22-1 Serial PROM Mode Pin SEtlNgG .....ccvviieiiiiii ettt et e et e eae e e e 426
Figure 22-2 Example Connections for On-board Writing..........coooiiiiiiiii e 427
Figure 22-3  MemOry MapPing ... .ecooooiiiiee ettt e ettt e e ettt e e e st e e e e e aaeeeee e anteeaeaanneeeeeanseeeeeannes 431
Figure 22-4 Password Structure (Example of a Password Transmitted) ...........cccccvevvciereccciie e e, 452
FIQure 22-5  FIOWCRAI ...ttt e et e e et e e e e e nt e e e e e amnee e e e enneeeeeennes 458
Figure 22-6  ReSet TiMING......coii ittt e e et e e e ee e e e e ne e e e e eanneeee e eneeeeeeannes 460
Figure 22-7 Flash Memory Erase COmMMaNd ..........ccoocuiiiiiiiiieiiiiiie e csiee e stee et e e snaee e e e sneae e e s snneeas 460
Figure 22-8 Flash Memory Write COMMANG..........cooiiiiiiii e cciie et see e e e saae e s ae e e e enreeas 461
Figure 22-9 Flash Memory Read Command............cooiuiiiiiiiiiiiiiie et e e 462
Figure 22-10 Flash Memory SUM Output COmMMANG ........ccviiieiiiiiiee e cceee e e e sree e eae e 462
Figure 22-11 Product ID Code Output COMMANG ........ccuueieiiiiiiie e eeeee e e e e e e e nnree e e 462
Figure 22-12 Flash Memory Status Output Command.............cooiiiiiii e 463
Figure 22-13 Flash Memory Security Setting Command ..........ccccccueeriiiciie e 463
Figure 23-1 The Connection Between the On-chip Debug Emulator RTE870/C1 and a Target System

........................................................................................................................................................... 466
Figure 25-1 Clock gear (fcgck) and High-frequency clock (fC) .....oouuiririiiiiiii e 470
Figure 25-2 Clock gear (fcgck) and High-frequency clock (fC) .....ocvvvrviiiiiiiiiiiiee et 471
Figure 25-3 High-frequency ClOCK (fC)......coii i 472
Figure 25-4 Power-on Reset Operation Timing ........coooiiiii i 478
Figure 25-5 Operation Timing of the Voltage Detecting CirCuit.........c..cccoeviiiiiiii i 479

2020-08-12

20/ 487 Rev. 1.0



TOSHIBA

TMP89FS60BFG/TMP89FS60BUG
TMP89FS62BUG/TMP89FS63BUG

1. Description

The TMP89FS60BFG, the TMP89FS60BUG, the TMP89FS62BUG and the TMP89FS63BUG are the single-chip
8-bit high-speed and high-functionality microcontrollers incorporating 61440 bytes of Flash Memory

Product No Flash Memory RAM Package
TMP89FS60BFG LQFP64 (14 mm x14 mm, 0.8 mm pitch)
TMP89FS60BUG LQFP64 (10 mm x10 mm, 0.5 mm pitch)

61440 bytes 3072 bytes
TMP89FS62BUG LQFP44 (10 mm %10 mm, 0.8 mm pitch)
TMP89FS63BUG LQFP52 (10 mm %10 mm, 0.65 mm pitch)

Hereafter, the TMP89FS60BFG and the TMP89FS60BUG are named as the TMP89FS60B, the TMP89FS62BUG
as the TMP89FS62B and the TMP89FS63BUG as the TMP89FS63B. And all of these products are named as the

TMP89FS60B/62B/63B.

1.1. Features
e  8-bit single chip microcontroller: TLCS-870/C1 series

—  Minimum instruction execution time:

= 100 [ns] (when operating at 10 [MHz])

= 122 [ps] (when operating at 32.768 [kHz])
—  Basic instructions: 133 types and 732 instructions

e Interrupt sources:

— TMP89FS60B: 27 interrupt sources (6 external interrupt sources and 21 internal interrupt sources except

the reset)

— TMP89FS62B: 24 interrupt sources (4 external interrupt sources and 20 internal interrupt sources except

the reset)

— TMP89FS63B: 25 interrupt sources (4 external interrupt sources and 21 internal interrupt sources except

the reset)

e  The number of input/output ports

—  TMP89FS60B: 56 ports including 8 large current (20 [mA] (typ.)) ports
—  TMP89FS62B: 37 ports including 6 large current (20 [mA] (typ.)) ports
—  TMP89FS63B: 44 ports including 6 large current (20 [mA] (typ.)) ports

e  Watchdog timer (WDT)

—  The operation when a watchdog counter is overflowed: Interrupt or reset can be selected

e  Power-on reset circuit (POR)

e  Voltage detection circuit (VLTD)
—  Detecting voltage can be set.

e  Divider output (DVO)

e  Time base timer (TBT)

21/ 487

2020-08-12
Rev. 1.0



TOSHIBA TMP89IFSE0BFG/TMPSIFS60BUG
TMP89FS62BUG/TMPS9FS63BUG

e  16-bit timer counter (TCA): 2 channels

—  Timer, external trigger, event counter, window, pulse width measurement, PPG output functions

e  8-bit timer counter (TCO): 4 channels

—  Timer, event counter, PWM output, PPG output functions

— Usable as a 16-bit timer, 12-bit PWM output and 16-bit PPG output by the cascade connection of two
channels.

e Real time clock (RTC)

e  Serial interface

— TMP89FS60B
. UART: 1 channel
=  UART/SIO: 3 channels
= I2C/SIO: 1 channel

Note: The maximum channel number of UART simultaneously is 3 channels. And One of SIO is 2 channels.

— TMP89FS62B
. UART: 2 channels
= UART/SIO: 2 channels
= I2C/SIO: Not available

Note: The maximum channel number of UART simultaneously is 3 channels.

— TMP89FS63B
. UART: 2 channels
. UARTY/SIO: 2 channels
= I2C/SIO: Ichannel

Note: The maximum channel number of UART simultaneously is 3 channels. And One of SIO is 2 channels.
e Key-on wake-up (KWU): 8 channels

e  10-bit AD converter (ADC)
—  successive approximation type
—  Analog input
. TMP89FS60B: 16 channels
=  TMP89FS62B: 8 channels
. TMP89FS63B: 13 channels

e  On-chip debug function (OCD)

—  Break/Event

— Trace

—  RAM monitor

—  Flash memory writing

e  Clock oscillation circuits: 2 circuits (High-speed and low-speed oscillation circuits)
—  Single clock or dual clock mode can be selected.
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e Low power consumption operation (8 modes)

STOP mode: The high-frequency and the low-frequency oscillation circuits stop.
= The CPU stops.
»  The peripheral circuits stop.

SLOW1 mode: The high-frequency oscillation circuit stops. The low-frequency oscillation circuit
operates.

= The CPU operates by the low-frequency clock.

*  The peripheral circuits operate by the low-frequency clock.

SLOW?2 mode: The high-frequency and the low-frequency oscillation circuits operate.
=  The CPU operates by the low-frequency clock.
= The peripheral circuits operate by the low-frequency clock.

IDLEO mode: The high-frequency oscillation circuit operates. The low-frequency oscillation circuit stops.

=  The CPU stops

= Only Time base timer of the peripheral circuits operates by the high-frequency clock. The IDLEO
mode is released by an interrupt request of the time base timer and the CPU restarts.

IDLEI mode: The high-frequency oscillation circuit operates. The low-frequency oscillation circuit stops.

=  The CPU stops

= All peripheral circuits operate by the high-frequency clock. The IDLE1 mode is released by an
interrupt request of the peripheral circuits and the CPU restarts.

IDLE2 mode: The high-frequency and the low-frequency oscillation circuits operate.

=  The CPU stops

= All peripheral circuits operate by the high-frequency or low-frequency clock. The IDLE2 mode is
released by an interrupt request of the peripheral circuits and the CPU restarts.

SLEEPO mode: The high-frequency oscillation circuit stops. The low-frequency oscillation circuit

operates.

=  The CPU stops

=  Only time base timer of the peripheral circuits operates by the low-frequency clock. The SLEEPO
mode is released by an interrupt request of the time base timer and the CPU restarts.

SLEEP1 mode: The high-frequency oscillation circuit stops. The low-frequency oscillation circuit

operates.

*  The CPU stops

= All peripheral circuits operate by the low-frequency clock. The SLEEP1 mode is released by an
interrupt request of the peripheral circuits and the CPU restarts.

e  Operation voltage and frequency:

4.5<Vpp <5.5[V], 10 [MHz]/32.768 [kHz]
=  The TMP89FS60B/62B/63B satisfy all functions and all electrical characteristics.

4.2 <Vpp <4.5[V], 10 [MHz]/32.768 [kHz]
=  The TMP89FS60B/62B/63B satisfy all functions except 10-bit AD converter’s AD conversion
characteristics, DC/AC characteristics and write characteristics of Flash memory.
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1.2. List of difference between the TMP89FS60B, theTMP89FS62B and the
TMP89FS63B
The list of the difference between the TMP89FS60B/62B/63B is shown below.

Table 1-1

List of Difference between the TMP89FS60B, the TMP89FS62B and theTMP89FS63B

Products Name

TMP89FS60BFG

TMP89FS60BUG

TMP89FS62BUG

TMP89FS63BUG

Flash memory size

61440 bytes

RAM size

3072 bytes

Number of
input/output
port

Total number of ports

56

37

44

Number of large current
ports

Number of

Total number of interrupt
sources

27

24

25

Number of external
interrupt source

interrupt
sources

except reset [Nymber of internal

interrupt sources

21

20

21

Watchdog timer (WDT)

Power-on reset (POR)

Voltage detection (VLTD)

Divider output (DVO)

>(>|>|>

Time base timer (TBT)

A

16-bit timer/counter (TCA)

2 channels

8-bit timer/counter (TCO)

4 channels

Real time clock (RTC)

A

UART (Note 2)

1 channel

2 channels

2 channels

UART/SIO (Note 2)(Note 3)

3 channels

2 channels

2 channels

12C/SIO (Note 3)

1 channel

NA

1 channel

Key-on wakeup (KWU)

8 channels

Number of analog input for 10-bit AD
converter (ADC)

16 channels

8 channels

13 channels

STOP mode

SLOW1 mode

SLOW2 mode

Low power |ip| E0 mode

consumption IDLE1 q
mode

operation
IDLE2 mode

SLEEPO mode

SLEEP1 mode

> |z (> (> >

45<Vpp<55[V]

Operation |1q [MHZz]/32.768 [kHZ]

The TMP89FS60B/62B/63B satisfy all functions and all electrical characteristics

voltage and

frequency |42 < Vop <45 [V]

10 [MHz]/32.768 [kHz]

The TMP89FS60B/62B/63B satisfy all functions except 10-bit successive approximation type
AD converter, DC/AC characteristics and write characteristics of Flash memory

Number of erasing and writing to Flash

1000 [times]
memory
On-chip debug function A
LQFP64 LQFP64 LQFP44 LQFP52

Package

(14 [mm] x 14 [mm].

0.8 [mm] pitch)

(10 [mm] x 10 [mm].

0.5 [mm] pitch)

(10 [mm] x 10 [mm].
0.8 [mm] pitch)

(10 [mm] x 10 [mm].
0.65 [mm] pitch)

Note 1: A: Available, NA: Not available
Note 2: The maximum number of UART channels simultaneously is 3.
Note 3: The maximum number of SIO channels simultaneously is 2.
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1.3. Pin Assignment

1.3.1. Pin Assignment of the TMP89FS60BFG/TMP89FS60BUG (Top view)
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Figure 1-1 Pin Assignment (TMP89FS60BFG/TMP89FS60BUG)
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1.3.2. Pin Assignment of the TMP89FS62BUG (Top View)
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1.3.3. Pin Assignment of the TMP89FS63BUG (Top view)
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Figure 1-3 Pin Assignment (TMP89FS63BUG)
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1.4. Block Diagram

1.4.1. Block Diagram of the TMP89FS60B

High-f.req.uenc'y clpck CPU (TLCS-870/C1) 16-bit timer/counter
oscillation circuit Redister BANK (2channels)
Low-frequency clock BANKO 9 BANK1 8-bit timer/counter
oscillation circuit (4channels)
W A W A
Timing Generator B c B c RTC
Standby Controller D L D L R ;élr-\:r-:—el)
H| L H|t UART/SIO
Interrupt Controller X X (3channels)
2
Power-on reset Y Y (1|cﬁ;?1In%I)
PSW N
Time base timer Ke()éc(?]r;\r:\rl]aelrs)up
SP
Voltage detection _ 10-bit AD converter
circuit (16channels)
Watch dog timer 4— 16bit—Pp
<€ 3bit»
PO BOOTROM
(4096bytes)
P1 RAM
(3072bytes)
P2 Flash memory
(61440bytes)
P4
P5
P7
P8
P9
PB

Figure 1-4 Block Diagram
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1.4.2. Block Diagram of the TMP89FS62B

High-frquenqy clpck CPU (TLCS-870/C1) 16-bit timer/counter
oscillation circuit Register BANK (2channels)
Low-frequency clock BANKO 9 BANKA 8-bit timer/counter
oscillation circuit (4channels)
W A W A
Timing Generator B C B C RTC
Standby Controller D L D L @ cﬁaArﬁIal s)
H L H L
ART/SI
Interrupt Controller X X (L2Jchan/nselg))
Power-on reset Y Y K?ég}lx\gl(se)w
) . PSW 10-bit AD converter
Time base timer (8channels)
SP
Voltage detection _
Watch dog timer <—16bt—Pp
<38t >
PO BOOTROM
(4096bytes)
P1 RAM
(3072bytes)
P2 Flash memory
(61440bytes)
P4
P7
P8
P9
PB

Figure 1-5 Block Diagram
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1.4.3. Block Diagram of the TMP89FS63B

High-f_rquenc_y cI_ock CPU (TLCS-870/C1) 16-bit timer/counter
oscillation circuit Redister BANK (2channels)
Low-frequency clock BANKO 9 BANK1 8-bit timer/counter
oscillation circuit (4channels)
w A W A
Timing Generator B C B C RTC
Standby Controller D L D L (ZClI::anLIS)
Interrupt Controller n = H = UART/SIO
P IX IX (2channels)
2
Power-on reset Y Y "C/SIO
(1channel)
PSW -
Time base timer Ke(;g(;r;x\rl]zlrse)up
SP
Voltage detection 10-bit AD converter
circuit (13channels)
Watch dog timer €— 16bt—Pp
< 3bit»
PO BOOTROM
(4096bytes)
P1 RAM
(3072bytes)
P2 Flash memory
(61440bytes)
P4
P5
P7
P8
P9
PB

Figure 1-6 Block Diagram
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1.5. Pin Names and Functions
The TMP89FS60B/62B/63B have the MCU mode and the Serial PROM mode.
Table 1-2 shows the pin functions in MCU mode.
Regarding to the pin function in the Serial PROM mode, refer to “22. Serial PROM Mode”.

Table 1-2 Pin Function and Number of pin in the MCU mode

NA: Not available
1/0: input and output, I: input, O: output

A number of pin for each product Input
Pin Name Pin Functions
TMP89FS60B | TMP89FS62B | TMP89FS63B [Output
P03 I/0 PORTO03
7 6 6
XTOUT (0] The pin connected with a low-frequency resonator.
P02 I/0 PORTO02
6 5 5
XTIN | The pin connected with a low-frequency resonator.
3 2 2 XOuT 0] The pin connected with a high-frequency resonator.
2 1 1 XIN | The pin connected with a high-frequency resonator.
P13 I/0 PORT13
11 NA NA
INT1 | External interrupt 1 input
P12 I/0 PORT12
10 NA NA _
INTO | External interrupt 0 input
P11 I/0 PORT11
9 8 8 INT5 | External interrupt 5 input
STOP | STOP mode release input
P10 I/0 PORT10
8 7 7
RESET | Reset signal input
19 NA NA P27 I/0 PORT27
18 NA NA P26 I/0 PORT26
P25 I/0 PORT25
17 NA 14
SCLKO 1/0 Serial clock input/output 0
P24 I/0 PORT24
16 NA 13 SCLO 1/0 I2C bus clock input/output 0 (Note 1)
SI0 | Serial data input 0 (Note 1)
P23 I/0 PORT23
15 12 12 SDAO 1/0 I2C bus data input/output 0 (Note 1)
SO0 (0] Serial data output 0 (Note 1)
P22 I/0 PORT22
14 11 11
SCLKO I/0 Serial clock input/output 0
P21 I/0 PORT21
RXDO | UART data input 0
13 10 10 TXDO o UART data output 0
SI0 | Serial data input 0
OCDIO I/0 OCD data input/output
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NA: Not available
1/0: input and output, I: input, O: output

A number of pin for each product Input
Pin Name Pin Functions
TMP89FS60B | TMP89FS62B | TMP89FS63B [Output
P20 I/0 PORT20
TXDO (0] UART data output 0
12 9 9 RXDO | UART data input 0
SO0 (0] Serial data output 0
OCDCK | OCD clock input
P47 I/O PORT47
30 22 25 AIN7 | Analog input 7
KWI7 | Key-on wake-up input 7
P46 I/0 PORT46
29 21 24 AING | Analog input 6
KWI6 | Key-on wake-up input 6
P45 I/0 PORT45
28 20 23 AINS | Analog input 5
KWI5 | Key-on wake-up input 5
P44 I/O PORT44
27 19 22 AIN4 | Analog input 4
KWI14 | Key-on wake-up input 4
P43 I/0 PORT43
26 18 21 AIN3 | Analog input 3
KWI3 | Key-on wake-up input 3
P42 I/0 PORT42
25 17 20 AIN2 | Analog input 2
KWI2 | Key-on wake-up input 2
P41 I/0 PORT41
24 16 19 AIN1 | Analog input 1
KWI1 | Key-on wake-up input 1
P40 I/0 PORT40
23 15 18 AINO | Analog input 0
KWIO | Key-on wake-up input 0
P57 I/0 PORT57
38 NA NA
AIN15 | Analog input 15
P56 I/0 PORT56
37 NA NA
AIN14 | Analog input 14
P55 I/0 PORT55
36 NA NA
AIN13 | Analog input 13
P54 I/0 PORT54
35 NA 30
AIN12 | Analog input 12
P53 I/0 PORT53
34 NA 29
AIN11 | Analog input 11
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NA: Not available
1/0: input and output, I: input, O: output

A number of pin for each product Input
Pin Name Pin Functions
TMP89FS60B | TMP89FS62B | TMP89FS63B [Output
P52 I/0 PORT52
33 NA 28
AIN10 | Analog input 10
P51 I/0 PORT51
32 NA 27
AIN9 | Analog input 9
P50 I/0 PORT50
31 NA 26
AIN8 | Analog input 8
P77 I/0 PORT77
46 30 38
INT4 | External interrupt 4 input
P76 I/0 PORT76
45 29 37
INT3 | External interrupt 3 input
P75 I/O PORT75
44 28 36
INT2 | External interrupt 2 input
P74 I/0 PORT74
43 27 35 _
DVO 0] Divider output
P73 I/O PORT73
42 26 34 TCA1 | TCA1 input
PPGA1 (0] PPGA1 output
P72 I/0 PORT72
41 25 33 TCAO | TCAOQ input
PPGAO (0] PPGAO output
P71 I/0 PORT71
TCO1 | TCO1 input
40 24 32 N
PPGO1 (0] PPGO01 output
PWMO1 (0] PWMO01 output
P70 I/0 PORT70
TCO0 | TCOO input
39 23 31 _
PPGO00 (0] PPGO00 output
PWMOO (0] PWMOO output
51 NA NA P84 I/0 PORT84
50 NA NA P83 I/0 PORTS83
49 NA NA P82 I/0 PORT82
P81 I/0 PORT81
TCO3 | TCO3 input
48 32 40 N
PPGO03 (0] PPGO3 output
PWMO03 (0] PWMO03 output
P80 I/0 PORTS80
TCO02 | TCO02 input
47 31 39
PPG02 (0] PPGO02 output
PWMO02 (0] PWMO02 output
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NA: Not available
1/0: input and output, I: input, O: output

A number of pin for each product Input
Pin Name Pin Functions
TMP89FS60B | TMP89FS62B | TMP89FS63B [Output
P94 I/O PORT94
56 37 45 RXD2 | UART data input 2
TXD2 (0] UART data output 2
P93 I/0 PORT93
55 36 44 TXD2 (0] UART data output 2
RXD2 | UART data input 2
P92 I/0 PORT92
54 35 43
SCLK1 1/0 Serial clock input/output 1
P91 I/0 PORT91
RXD1 | UART data input 1
53 34 42
TXD1 0] UART data output 1
SI1 | Serial data input 1
P90 I/0 PORT90
TXD1 (0] UART data output 1
52 33 41
RXD1 | UART data input 1
SO1 0] Serial data output 1
64 NA NA PB7 I/0 PORTB?7
PB6 I/0 PORTB6
63 NA NA
SCLKO 1/0 Serial clock input/output 0 (Note 2)
PB5 I/O PORTB5
RXDO | UART data input 0
62 43 51
TXDO (0] UART data output 0
SI0 | Serial data input 0 (Note 2)
PB4 I/0 PORTB4
TXDO 0] UART data output 0
61 42 50
RXDO | UART data input 0
SO0 (0] Serial data output 0 (Note 2)
60 41 49 PB3 I/0 PORTB3
59 40 48 PB2 I/0 PORTB2
58 39 47 PB1 I/0 PORTB1
57 38 46 PBO I/0 PORTBO
Test pin for shipping test
4 3 3 MODE I This pin must keep “Low” level.
22 ; 17 VAREF - Analog reference voltage input pin for AD conversion
4
21 16 AVDD - Power supply pin for the analog circuits
20 13 15 AVSS - GND pin for the analog circuits
5 4 4 VDD - Power supply pin
1 44 52 VSS - GND pin

Note 1: This function is not available for the TMP89FS62B.
Note 2: This function is not available for the TMP89FS62B and TMP89FS63B.
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1.6. Regarding “Reserved” in this data sheet
This data sheet explains three products; TMP89FS60B, TMP89FS62B and TMP89FS63B.

These products have some different peripheral circuits each other. Therefore, the particular addresses, functions
and bit symbol of a register cannot be accessed. And it is necessary that they are written a specific value.

These limitations are described as some kinds of “Reserved” shown below;

(1) In case only “Reserved” is written

1. In case “Reserved” is written with the address, do not write to or read from the address.

Example: Regarding the below SRF1 table, “Reserved” is written with address 0x0003. Therefore, do not
write to or read from address 0x0003.

Table x-x SFR1

Address Register Name Address Register Name
0x0000 PODR 0x0020 SIO0SR
0x0001 P1DR 0x0021 SIO0BUF
0x0002 P2DR 0x0022 SBIOCR1
0x0003 Reserved 0x0023 SBIOCR2/SBIOSR2
0x0004 P4DR 0x0024 I2COAR
0x0005 P5DR 0x0025 SBIODBR

2. In case “Reserved” is written with the function, this function is not available.

Example: Regarding the below all interrupt sources of the TMP89FS60B/62B/63B table, INTSBIO/INTSIO0
is “Reserved” for TMP89FS62B. Therefore, INTSBIO/INTSIOO for the TMP89FS62B is not
available and cannot be used. And, because INTO and INT1 are “Reserved” for the TMP89FS62B
and TMP89FS63B, INTO and INT1 for the TMP89FS62B and TMP89FS63B are not available and
cannot be used.

Table x-x All interrupt sources of the TMP89FS60B/62B/63B

Vector Address
B_a sic Interrupt sources Enable condition L WIS THEEE)
priority latch SYSSR4 SYSSR4
<RVCTR>=0 | <RVCTR> =1
16 Internal 'NTS(E,;\E{LNI)S'OO <IMF> AND EIRH<EF15> = 1 ILH<IL15> OxFFEO 0x01EQ
17 External (,\1’;‘;05) <IMF> AND EIRE<EF16> = 1 ILE<IL16> OxFFDE 0x01DE
18 External (,\121;15) <IMF> AND EIRE<EF17> =1 ILE<IL17> OxFFDC 0x01DC

Note 4: The INTSBIO/INTSIOO is “Reserved” for the TMP89FS62B.
Note 5: The INTO and INT1 is “Reserved” for the TMP89FS62B and TMP89FS63B.
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3. In case “Reserved” is written with the value which is set to a bit symbol, do not set the value to the bit
symbol.

Example: Regarding the value of <SAIN> in the below table, do not set to <SAIN> from 0x8 to OxF for the
TMP89FS62B and do not set to <SAIN> from 0xD to OxF for the TMP89FS63B.

AD converter control register 1

ADCCR1 7 6 5 4 3 2 1 0
(0x0034) | Bit Symbol ADRS AMD AINEN SAIN
Read/Write R/W R/W R/W R/W
After reset 0 0 0 0 o | o | o | o
0: |-
ADRS AD conversion start
1: | AD conversion start
00: | AD operation disable, forcibly stop AD operation
AMD AD operating mode 01: | Single mode
10: | Reserved
11: | Repeat mode
0: [ Analog input disable
AINEN Analog input control
1: | Analog input enable
TMP89FS60B TMP89FS62B TMP89FS63B
0000: | AINO AINO AINO
0001: | AIN1 AIN1 AIN1
0010: | AIN2 AIN2 AIN2
0011: | AIN3 AIN3 AIN3
0100: | AIN4 AIN4 AIN4
0101: | AIN5 AIN5 AIN5
0110: | AIN6 AIN6 AIN6
SAIN Analog input channel select 0111: | AIN7 AIN7 AIN7
1000: | AIN8 Reserved AIN8
1001: | AIN9 Reserved AIN9
1010: | AIN10 Reserved AIN10
1011: | AIN11 Reserved AIN11
1100: | AIN12 Reserved AIN12
1101: | AIN13 Reserved Reserved
1110: | AIN14 Reserved Reserved
1111: | AIN15 Reserved Reserved
2020-08-12
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(2) In case “Reserved” with “(this bit symbol must be cleared to “0”.)” or “(this bit symbol must be set to “1”.)”
is written

L2

1. In case of “Reserved (this bit symbol must be clear to “0”.)

Example: Regarding the Interrupt priority change control register 4, ILPRS4<IL17P> and ILPRS4<IL16P> are “Reserved
(this bit symbol must be cleared to “0”.)”. Therefore, clear <IL17P> and <IL16P> are cleared to “00” when set
an immediate value to ILPRS4 or other bit symbol in the register which includes these bits is modified.

Interrupt priority change control register 4

ILPRS4 7 6 5 4 3 2 1 0
(OxOFF3) | Bit Symbol IL19P IL18P IL17P IL16P
Read/Write R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
IL19P Sets the interrupt priority of <IL19>. | 00: Level O (lower priority)
IL18P Sets the interrupt priority of <IL18>. | 01: Level 1
IL17P . . .
(Note) Sets the interrupt priority of <IL17>. | 10: Level 2
IL16P . . . . o
(Note) Sets the interrupt priority of <IL16>. | 11: Level 3 (higher priority)

Note: <IL17P> and <IL16P> are “Reserved (this bit symbol must be cleared to “0”.)" for the TMP89FS62B and the
TMP89FS63B.
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2.

In case of “Reserved (this bit symbol must be set to “1”.)”

Example: Regarding the port P2 input/output control, P2CR<P2CR7> and P2CR<P2CR6> are “Reserved (this bit symbol
must be set to “1”.)". Therefore, clear <P2CR7> and <P2CR6> are set to “1” when set an immediate value to
P2CR or other bit symbol in the register which includes these bits is modified.

Port P2 input/output control

P2CR 7 6 5 4 3 2 1 0
(0xOF1C) | Bit Symbol | P2CR7 P2CR6 P2CR5 P2CR4 P2CR3 P2CR2 P2CR1 P2CRO
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
TMP89FS60B TMP89FS62B TMP89FS63B
P2CR7 Selects input mode or 0: | Input mode Reserved (this symbol must be set to
output mode. 1: | Output mode 1”.)
pocRe | Selects input mode or 0: | Input mode Reserved (this symbol must be set to
output mode. 1: | Output mode “17)
0 Input mode Input mode
: Reserved (this
Selects input mode or SCLKO (1) ( SCLKO (1)
P2CR5 output mode symbol must be
’ 1- Output mode setto “1”) Output mode
" | SCLKO (0) SCLKO (0)
0 Input mode Input mode
: Reserved (this
Selects input mode or Sio (1) ( S10 (1)
P2CR4 output mode symbol must be
’ 1- Output mode setto “1”.) Output mode
" | SCLO (1/0) SCLO (I/0)
2020-08-12
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2. CPU Core

2.1. Configuration

The CPU core consists of the CPU, the system clock control circuit and the reset control circuit.

This chapter describes the CPU core address space, the system clock control circuit and the reset control circuit.

2.2. Memory Sp

ace

The TLCS-870/C1 CPU memory space consists of the code area to be accessed as instruction operation codes and
operands, and the data area to be accessed as sources and destinations of transfer and calculation instructions.

Both the code and data areas have independent 64-Kbytes address spaces.

2.2.1. Code Area

The code area stores operation codes, operands, vector tables for vector call instructions and interrupt vector

tables.

The RAM, the BOOTROM and the Flash memory are mapped in the code area.

0x0000:

0X003F :

0x00405
: (OXFF) s fetched. :

SW] instruction

0XOC3F:

0x1000

Ox17FF
0x1800

OxFF AO

OxFFBF

OxFFC8

OXFFFF

SWil instruction :
: (OxFF) is fetched. :

RAM
(3072 bytes)

SWiinstruction :
: (OxFF) is fetched. :

SWi instruction

 (OxFF) is fetched. :

SW] instruction

© (OXFF)is fetched.

RAM
(3072 bytes)

SW] instruction

: (OXFF) is fetched. :

BOOTROM BOOTROM
(2048 bytes) (2048 bytes)
Flash memory Flash memory
(61440 bytes) (61440 bytes)
Flash memory Flash memory
(59392 bytes) (59392 bytes)
Vector tables for Vector tables for Vector tables for Vector tables for
vector call instrucions vector call instructons vector call instrucions vector call instrucions
(32 bytes) (32 bytes) (32 bytes) (32 bytes)
interruptvector | || Interrupt vector | | | Interrupt vector | | | Interrupt vector
tables tables tables tables
(56 bytes) (56 bytes) (56 bytes) (56 bytes)
Immediately after When the RAM s When the When the RAM and
resetrelease mapped in the code BOOTROM is the BOOTROM are
area mappedalrr:3 ;he code mapped in the code

area

Note: Only the first 2 Kbytes of the BOOTROM are mapped in the memory map, except in the Serial PROM mode.

Figure 2-1

Memory Map in the Code Area
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2.2.1.1. RAM

The RAM is mapped in the data area immediately after reset release.

By setting SYSCR3<RAREA> to "1" and writing "0xD4" to SYSCR4, RAM can be mapped to "0x0040" to

"0x0C3F" in the code area to execute the program.

At this time, by setting SYSCR3<RVCTR> to "1" and writing "0xD4" to SYSCR4, vector table for vector call
instructions and interrupt except reset can be mapped to RAM.

For the vector call instruction, refer to “TLCS-870/C1 series CPU”, and for the interrupt vector table, refer to "3.

Interrupt Control Circuit".

Note 1: When the RAM is not mapped in the code area, the SWI instruction is fetched from "0x0040" to "0x0C3F".

Note 2: The contents of the RAM become unstable when the power is turned on and immediately after a reset is
released. To execute the program by using the RAM, transfer the program to be executed in the initialization

routine.

System control register 3

SYSCR3 7 6 4 3 2 1 0

(OxOFDE) | Bit Symbol - - - - RVCTR RAREA | (RSTDIS)
Read/Write R R R R R/W R/W R/W
After reset 0 0 0 0 0 0 0

Specifies mapping of

The RAM is not mapped from "0x0040" to "OxOC3F" in the

code area.

instructions and interrupts

the code area

"0x01A0" to "Ox01BF" in the
code area

RAREA the RAM in the code
area The RAM is mapped from "0x0040" to "0xOC3F" in the code
area.
Vector table for vector call Vector table for interrupt
instructions
Specifies mapping of the " W " " W s
RVCTR vector table for vector call OxFFAQ" to "OxFFBF" in OxFFC8" to "OxFFFF" in the

code area

"0x01C8" to "0x01FD" in the
code area

Note 1: The value of SYSCR3<RAREA> is invalid until "OxD4" is written into SYSCR4.
Note 2: To assign the vector tables to RAM, write “0xD4” to SYSCR4 after setting SYSCR3<RVCTR> and

SYSCR3<RAREA> to "1".

Note 3: When a read instruction is executed on SYSCRS3, bits 7 to 3 are read as "0".
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System control register 4

SYSCR4 7 6 5 4 3 2 1 0
(OxOFDF) | Bit Symbol SYSCR4

Read/Write w

After reset 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0

0xB2: | Enables the contents of SYSCR3<RSTDIS>.

Writes the control 0xD4: | Enables the contents of SYSCR3<RAREA> and SYSCR3
code to make the <RVCTR>.

SYSCR4 contents in SYSCR3
and IRSTSR valid 0x71: | Enables the contents of IRSTSR<FCLR>.

Others: | Invalid

Note 1: SYSCR4 is a write-only register, and must not be accessed by using a read-modify-write instruction, such as a bit
operation.

Note 2: When the SYSCR4 is written to “OxB2” (Enable code for SYSCR3<RSTDIS>) after SYSCR3<RSTDIS> is
modified, these operation should be executed continuously in NORMAL mode with fcgck = fc/4
(CGCR<FCGCKSEL> = 00). Otherwise, SYSCR3<RSTDIS> may be enabled at unexpected timing.

Note 3: When the SYSCR4 is written to “0x71” (Enable code for IRSTSR<FCLR>) after IRSTSR<FCLR> is modified,
these operation should be executed continuously in NORMAL mode with fcgck =fc/4 (CGCR<FCGCKSEL> =
00). Otherwise, IRSTSR<FCLR> may be enabled at unexpected timing.

System control status register 4

SYSSR4 7 6 5 4 3 2 1 0

(OxOFDF) | Bit Symbol - - - - - RVCTRS | RAREAS | (RSTDIS)
Read/Write R R R R R R R R
After reset 0 0 0 0 0 0 0 0

Status of mapping of the | 0:|The enabled SYSCR3<RAREA> data is "0".

RAREAS

RAMin the code area 1:| The enabled SYSCR3<RAREA> data is "1".
Status of mapping of the 0: | The enabled SYSCR3<RVCTR> data is "0".
RVCTRS vector table for the vector

call instruction and

interrupts 1:| The enabled SYSCR3<RVCTR> data is "1".

Note: When a read instruction is executed on SYSSRA4, bits 7 to 3 are read as "0".

Example: Transfer the program stored in the data area to the RAM.

LD HL,TRANSFER_START_ADDRESS ; Destination RAM address

LD DE,PROGRAM_START_ADDRESS ; Source ROM address

LD BC,BYTE_OF_PROGRAM ; Number of bytes of the transferred program -1
TRANS_RAM: LD A,(DE) ; Reading the program to be transferred

LD (HL),A ; Writing the program to be transferred

INC HL ; Destination address increment

INC DE ; Source address increment

DEC BC ; Have all the programs been transferred?

J F,TRANS_RAM
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2.2.1.2. BOOTROM

The BOOTROM is not mapped in the code area or the data area after reset release.

Setting FLSCR1<BAREA> to "1" and writing "0xD5" to FLSCR2 map the BOOTROM to "0x1000" to "0x17FF"
in the code area and to "0x1000" to "0x17FF" in the data area. Flash memory can be easily erased and written by
using the API (Application Programming Interface) contained in the BOOTROM.

Note 1: When the BOOTROM is not mapped in the code area, an instruction is fetched from the Flash memory or an SWI
instruction is fetched, depending on the capacity of the internal Flash memory.

Note 2: Only the first 2 Kbytes of the BOOTROM are mapped in the memory map, except in the Serial PROM mode.

Flash memory control register 1

FLSCR1 7 6 5 4 3 2 1 0

(0xOFDO) | Bit Symbol (FLSMD) BAREA (FAREA) (ROMSEL)
Read/Write R/W R/W R/W R/W
After reset 0 | 1 | 0 0 0 0 0 0

0: | The BOOTROM is not mapped to "0x1000" to "0x17FF" in the

Specifies mapping of the code area and to "0x1000" to "Ox17FF" in the data area.
BAREA BOOTROM in the code
and data areas 1: | The BOOTROM is mapped to "0x1000" to "0x17FF" in the

code area and to "0x1000" to "0x17FF" in the data area.

Note: The contents of FLSCR1 is invalid until "OxD5” is written into FLSCR2.

Flash memory control register 2
FLSCR2 7 6 5 4 3 2 1 0

(OxOFD1) | Bit Symbol CR1EN
Read/Write W

After reset

Writes the control code to 0xD5: | Enables the contents of FLSCR1.

CR1EN make the contents in
FLSCR1 valid Others: | invalid

2.2.1.3. Flash Memory
The Flash memory is mapped to "0x1000" to "OxFFFF" in the code area after reset release.
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2.2.2. Data Area

The data area stores the data to be accessed as sources and destinations of transfer and calculation instructions.

The SFR, the RAM, the BOOTROM and the Flash memory are mapped in the data area.

0x0000

0x003F

0x0040

0x0C3F

0x0E40

OxOEFF
0x0F00

OxOFFF
0x1000

0x17FF
0x1800

SFRA1 SFR1
(64 bytes) (64 bytes)
RAM RAM
(3072 bytes) (3072 bytes)
OxFF is read OxFF is read
SFR3 SFR3

(192 bytes)

(192 bytes)

SFR2
(256 bytes)

SFR2
(256 bytes)

OXFFFF

Flash memory
(61440 bytes)

BOOTROM
(2048 bytes)

Flash memory
(59392 bytes)

Immediately after
resetrelease

When the BOOTROM
is mapped in the data

area

Note: Only the first 2 Kbytes of the BOOTROM are mapped in the memory map, except in the Serial PROM mode.

2.2.2.1. SFR

Figure 2-2 Memory Map in the Data Area

The SFR is mapped to "0x0000" to "0x003F" (SFR1), "0x0F00" to "0xOFFF" (SFR2) and "0x0E40" to "0xOEFF"
(SFR3) in the data area after reset release.

Note: Don’t read from or write to the address of the SFR with “Reserved”.
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2.2.2.2. RAM
The RAM is mapped to "0x0040" to "0xOC3F" in the data area after reset release.

Note: The contents of the RAM become unstable when the power is turned on and immediately after a reset is released.
When the program in the RAM is executed, it should be transferred to the RAM before executing.

Example: Initialize contents of the RAM

LD HL,RAM_TOP_ADDRESS ; Head of address of the RAM to be initialized
LD A, 0x00 ; Initialization data
LD BC,BYTE_OF_CLEAR_BYTES ; Number of bytes of RAM to be initialized -1
CLR_RAM: LD (HL),A ; Initialization of the RAM
INC HL ; Initialization address increment
DEC BC ; Have all contents of the RAM been initialized?
J F,CLR_RAM
2020-08-12
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2.2.2.3. BOOTROM

The BOOTROM is not mapped in the code area and the data area after reset release.

Setting FLSCR1<BAREA> to "1" and writing "0xD5" to FLSCR2 maps the BOOTROM to "0x1000" to
"0x17FF" in the code area and to "0x1000" to "0x17FF" in the data area. Flash memory can be easily erased and
written by using the API (Application Programming Interface) contained in the BOOTROM.

Note: Only the first 2 Kbytes of the BOOTROM are mapped in the memory map, except in the Serial PROM mode.

Flash memory control register 1

FLSCR1 7 6 5 4 3 2 1 0

(0xOFDO) | Bit Symbol (FLSMD) BAREA (FAREA) (ROMSEL)
Read/Write R/W R/W R/W R/W
After reset 0 1 0 0 0 0 0 0

0: | The BOOTROM is not mapped to "0x1000" to "0x17FF" in the

Specifies mapping of the code area and to "0x1000" to "Ox17FF" in the data area.
BAREA BOOTROM in the code
and data areas 1: | The BOOTROM is mapped to "0x1000" to "Ox17FF" in the

code area and to "0x1000" to "0x17FF" in the data area.

Note: The Flash memory control register 1 has a double-buffer structure comprised of the register FLSCR1 and a shift
register. Writing "0xD5" to the register FLSCR2 allows a register setting to be reflected and take effect in the shift
register. This means that a register setting value does not take effect until "OxD5" is written to the register FLSCR2.

Flash memory control register 2

FLSCR2 7 6 5 4 3 2 1 0
(OxOFD1) | Bit Symbol CR1EN

Read/Write w

After reset * * * * * * * *

Writes the control code to 0xD5: | Enables the contents of FLSCR1.
CR1EN make the contents in
FLSCR1 valid Others: | Invalid

2.2.2.4. Flash Memory
The Flash memory is mapped to "0x1000" to "OXFFFF" in the data area after reset release.
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2.3. System Clock Controller Circuit

2.3.1. Configuration

The system clock controller circuit consists of a clock generator, a clock gear, a timing generator, a warm-up
counter and an operation mode control circuit.

CGCR TBTCR SYSCR1 SYSCR2

N Clock generator <FCGCKSEL> <DVICK>
E fo - Y ngCk - \4 J \ \4
= High-freq}ljler)w Clock gear Timing Operation mode
dlock osalaiory (x1/4, x1/2, x1) generator control circuit
XouTt l ___________ l
ay
pd
XTIN . I N . , ) z
Low-fi 1/4 System clock a >
ow-frequency o) o)
O clock oscillation < = A
circuit Starting and stopping @ E
1™ oscillation control 3
XTOUT
v v
> —> INTWUC interrupt request
Warm-up ptreq
> counter

h A

| WUCCRl | WUCDRl

Figure 2-3 System Clock Controller circuit
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2.3.2. Control

The system clock controller circuit is controlled by system control register 1 (SYSCRI1), system control register 2
(SYSCR?2), the warm-up counter control register (WUCCR), the warm-up counter data register (WUCDR) and the
clock gear control register (CGCR).

System control register 1

SYSCR1 7 6 5 4 0
(OxOFDC) | Bit Symbol STOP RELM OUTEN DVICK -
Read/Write R/W R/W R/W R/W R
After reset 0 0 0 0 0
] 0: | Operates the CPU and the peripheral circuits.
STOP Activates the STOP
mode 1: | Stops the CPU and the peripheral circuits (activate the
STOP mode).
0: | Edge-sensitive release mode (Release the STOP mode at
RELM Selects the STOP mode the rising edge of the STOP mode release signal)
release method 1: | Level-sensitive release mode (Release the STOP mode at
the “High” level of the STOP mode release signal)
0: | Output state is high impedance.
OUTEN Selects the port output p gh imp
state in the STOP mode 1: | Output state is held.
i 0: | fcgck/2®
DVICK Selects the input clock to g
stage 9 of the divider 1: | fs/4
Note 1: fcgck: Gear clock [Hz], fs: Low-frequency clock [Hz]

Note 2:
Note 3:

Note 4:

Note 5:

Note 6:

Note 7:

When a read instruction is executed on SYSCR1, bits 2 to 0 are read as "0" and bit 3 is read as “1”.

When the STOP mode is activated by setting SYSCR1<OUTEN> to "0", the internal input level of the port is fixed
to "Low" level. Therefore, the internal input level of the port may fall down depending on the pin state when the
STOP mode is activated. For that reason, the interrupt latch of an external interrupt whose factor is the falling

edge may be set

The P11 pin is also used as the STOP pin. When the STOP mode is activated, the pin reverts to high
impedance and is put in input mode, regardless of the value of SYSCR1<OUTEN>.

Writing of the second byte data will be executed improperly when the operation is switched to the STOP state by
an instruction, such as LDW, which executes 2-byte data transfer at a time.

Don't set SYSCR1<DV9CK> to "1" before the oscillation of the low-frequency clock oscillation circuit becomes

stable.

In the SLOW1/2 or SLEEP1 mode, fs / 4 is input to stage 9 of the divider, regardless of the value of SYSCR1

<DV9CK>.
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System control register 2

SYSCR2 7 6 5 4 3 2 1 0
(OxOFDD) | Bit Symbol - XEN XTEN SYSCK IDLE TGHALT - -
Read/Write R R/W R/W R/W R/W R/W R R
After reset 0 1 0 0 0 0 0 0
Controls the high- 0: | Stops oscillation
XEN frequency clock oscillation
circuit 1: | Continues or starts oscillation
Controls the low- 0: | Stops oscillation
XTEN frequency clock oscillation
circuit 1: | Continues or starts oscillation
0: | Gear clock (fcgck) (NORMAL1/2 or IDLE1/2 mode)
SYSCK Selects the source clock
of the main system clock 1: | Quarter of Low-frequency clock (fs/4) (SLOW1/2 or SLEEP1
mode)
Controls the CPU and the | 0: | Enables the CPU and the WDT
IDLE WDT
(IDLE1/2 or SLEEP1 1: | Stops the CPU and the WDT (Activates IDLE1/2 or SLEEP1
mode) mode)
0: | Enables the clock supply from the TG to all the peripheral
circuits
TGHALT Controls the TG
(IDLEO or SLEEPO mode) | 1. | pisables the clock supply from the TG to the peripheral
circuits except the TBT (Activate IDLEO or SLEEPO mode)

Note 1: fcgck: Gear clock [Hz], fs: Low-frequency clock [Hz]
Note 2: WDT: Watchdog timer, TG: Timing generator
Note 3: Don't set both SYSCR2<IDLE> and SYSCR2<TGHALT> to "1" simultaneously.

Note 4: Writing of the second byte data will be executed improperly when the operation is switched to the IDLE state by
an instruction, such as LDW, which executes 2-byte data transfer at a time.

Note 5: When the IDLE1/2 or SLEEP1 mode is released, SYSCR2<IDLE> is cleared to "0" automatically.
Note 6: When the IDLEO or SLEEPO mode is released, SYSCR2<TGHALT> is cleared to "0" automatically.
Note 7: When a read instruction is executed on SYSCR2, bits 7, 1 and 0 are read as "0".
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Warm-up counter control register

WUCCR 7 6 5 4 3 2 1 0
(OXOFCD) | Bit Symbol [ WUCRST - - WUCDIV WUCSEL -
Read/Write w R R R R/W R/W R
After reset 0 0 0 0 1 1 0 1
0: | -
WUCRST Resets and ts’tops the
warm-up counter 1: | Clears and stops the counter
00: | Source clock
Selects the frequency | 01: | Source clock /2
WUCDIV division rate of the warm-
up counter source clock 10: | Source clock / 22
11: | Source clock / 23
. 0: | High-frequency clock (fc)
WUCSEL Selects the warm-up

counter source clock

Low-frequency clock (fs)

Note 1: fc: High-frequency clock [Hz], fs: Low-frequency clock [Hz]
Note 2: WUCCR<WUCRST> is cleared to "0" automatically. There is no need to clear it to "0" after it is set to "1".
Note 3: When a read instruction is executed on WUCCR, bits 6 to 4 are read as "0".

Note 4: Before starting the warm-up counter operation, set the source clock and the frequency division rate at WUCCR
and set the warm-up time at WUCDR.

Warm-up counter data register

WUCDR 7 6 5 4 3 2 1 0
(OXOFCE) | Bit Symbol WUCDR

Read/Write R/W

After reset 0 1 0 0 1 1 0

WUCDR

Warm-up time setting

Note: Don't start the warm-up counter operation with WUCDR set at "0x00".

Clock gear control register

CGCR 7 6 5 4 3 2 1 0
(OXOFCF) | Bit Symbol - - - - - - FCGCKSEL
Read/Write R R R R R R R/W
After reset 0 0 0 0 0 0 0 0
00: | fc/4
FCGCKSEL | Clock gear setting 0T fe/2
10: | fc
11: | Reserved

Note 1: fcgck: Gear clock [Hz], fc: High-frequency clock [Hz]
Note 2: Don't change CGCR<FCGCKSEL> in the SLOW mode.
Note 3: When a read instruction is executed on CGCR, bits 7 to 2 are read as "0".
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2.3.3. Functions

2.3.3.1. Clock generator

The clock generator generates the basic clock for the system clocks to be supplied to the CPU core and peripheral
circuits.

It contains two oscillation circuits: one for the high-frequency clock and the other for the low-frequency clock.
The oscillation circuit pins are shared with ports P0O. For the setting to use them as ports, refer to "8. I/O Ports".

To use ports P02 and P03 as the low-frequency clock oscillation circuit (the XTIN and XTOUT pins), set
<POFC2> to "1" and then set SYSCR2<XTEN> to "1".

The high-frequency (fc) clock and the low-frequency (fs) clock can easily be obtained by connecting a resonator
between the XIN and XOUT pins and between the XTIN and XTOUT pins respectively.

It is possible to apply a clock from an external oscillator . In this case, external clocks are applied to the
XIN/XTIN pins and the XOUT/XTOUT pins are kept open.

Enabling/disabling the oscillation of the high-frequency clock oscillation circuit and the low-frequency clock
oscillation circuit, and switching the pin function of the low-frequency clock oscillation circuit to ports are
controlled by the software and hardware.

The software control is executed by SYSCR2<XEN>, SYSCR2<XTEN> and the PO port function control register
POFC.

The hardware control is executed by reset release and the operation mode control circuit when the operation mode
is switched to the STOP mode as described in "2.3.5. Operation mode control circuit".

Note: No hardware function is available for an external direct monitoring of the basic clock for the system clock. But the
pulse signal with a constant frequency is generated by the software in disabling the interrupt and the WDT. It can
be monitored. When the oscillation frequency of a system needs to be adjusted, the program for adjusting a
frequency should be built in beforehand.
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To prevent the dead lock of the CPU core due to the software-controlled enabling/disabling of the oscillation, an
internal factor reset is generated depending on the combination of values of SYSCR2<SYSCK> which specifies
the source clock of the main system clock, SYSCR2<XEN> and SYSCR2<XTEN>.

Table 2-1 Prohibited Combinations of Selecting Main Source Clock and Oscillation Enable
Register
SYSCR2 SYSCR2 SYSCR2 State
<XEN> <XTEN> | <SYSCK>
0 0 Don't care | All the oscillation circuits are stopped.
The quarter of the low-frequency clock (fs/4) is selected
Don't care 0 1 as the source clock of the main system clock, but the
low-frequency clock oscillation circuit is stopped.
The gear clock (fcgck) is selected as the source clock of
0 Don't care 0 the main system clock, but the high-frequency clock
oscillation circuit is stopped.

Note: It takes a certain period of time after SYSCR2<SYSCK> is changed before the main system clock is switched.
When the currently operating oscillation circuit is stopped before the main system clock is switched, the internal

condition becomes as shown in Table 2-1 and a system clock reset occurs. For details of clock switching, refer to
"2.3.6. Operation Mode Control".

------------------------ High—frequency clock «r=r=errrreerrerneennne,

Low—frequency clock

i XN XOouT XIN XOuT : i XTIN XTOUT XTIN XTOUT
0 O
(Open): (Open)
O] m |
7 7 - i

(a) Crystal orceramic
resonator

(b) External oscillator (c) Crystal resonator (d) External oscillator

Figure 2-4 Examples of Oscillator Connection
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2.3.3.2. Clock gear

The clock gear is a circuit that selects a gear clock (fcgek) obtained by dividing the high-frequency clock (fc) and

inputs it to the timing generator.

Selects a divided clock at CGCR<FCGCKSEL>.

Two machine cycles are needed after CGCR<FCGCKSEL> is changed before the gear clock (fcgck) is changed.

The gear clock (fcgek) may be longer than the set clock width, immediately after CGCR<FCGCKSEL> is

changed.

Immediately after reset release, the gear clock (fcgck) becomes the clock that is a quarter of the high-frequency

clock (fc).

Table 2-2 Gear Clock (fcgck)

CGCR<FCGCKSEL> fcgck
00 fc/4
01 fc/2
10 fc
11 Reserved

Note 1: fc: High-frequency clock [Hz]

Note 2: Don't change CGCR<FCGCKSEL> in the SLOW mode. The fcgck may not be changed as expected.
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The timing generator is a circuit that generates system clocks to be supplied to the CPU core and the peripheral

circuits, from the gear clock (fcgck) or the clock that is a quarter of the low-frequency clock (fs). The timing
generator has the following functions:

1. Generation of the main system clock (fm)

2. Generation of clocks for the timer counter, the time base timer and other peripheral circuits
Main system clo ck
> fm
Main system clock selector » Machine cycle counter
A
A
SYSCR2<SYSCK> )
SYSCR1<DVICK> :> v
Prescaler Divider 3 Divider
Gear clock fogek > 1> 1]2]3]4]5][6][7[8}>~" ¥ Pl o]10o[11[12]i3]i4 [i5]ie [i7 J18 19 [20]21]
B
A quarter of the rSeIeCtor
low-fre quency clock
fs/4
\ A \L YYYYYVYYY YYVYVYYVY)

Y YYVVYYY
Timer counter, time base timer and other peripheral circuits

Figure 2-5 Configuration of Timing Generator

2020-08-12
53/ 487 Rev. 1.0



TOSHIBA TMP89IFSE0BFG/TMPSIFS60BUG
TMP89FS62BUG/TMPS9FS63BUG

(1) Configuration of timing generator

The timing generator consists of a main system clock selector, a prescaler, a 21-stage divider and a
machine cycle counter.

1. Main system clock selector

This circuit selects the gear clock (fcgek) or the clock that is a quarter of the low-frequency clock
(fs) for the main system clock (fm) to operate the CPU core.

Clearing SYSCR2<SYSCK> to "0" selects the gear clock (fcgck). Setting it to "1" selects the clock
that is a quarter of the low-frequency clock (fs).

It takes a certain period of time after SYSCR2<SYSCK> is changed before the main system clock is
switched. When the currently operating oscillation circuit is stopped before the main system clock is
switched, the internal condition becomes as shown in Table 2-1 and a system clock reset occurs. For
details of clock switching, refer to "2.3.6. Operation Mode Control".

2. Prescaler and divider

These circuits divide fcgck. The divided clocks are supplied to the timer counter, the time base timer
and other peripheral circuits.

When both SYSCR1<DVI9CK> and SYSCR2<SYSCK> are "0", the input clock to stage 9 of the
divider becomes the output of stage 8 of the divider.

When SYSCR1<DVICK> or SYSCR2<SYSCK> is "1", the input clock to stage 9 of the divider
becomes the clock that is a quarter of the low-frequency clock (fs). When SYSCR2<SYSCK>is "1",
the outputs of stages 1 to 8 of the divider and prescaler are stopped.

The prescaler and divider are cleared to "0" at a reset and at the end of the warm-up operation that
follows the release of STOP mode.

3. Machine cycle
Instruction execution is synchronized with the main system clock (fm).

The minimum instruction execution unit is called a "machine cycle". One machine cycle corresponds
to one main system clock.

There are a total of 11 different types of instructions for the TLCS-870/C1 Series: 10 types ranging
from 1-cycle instructions, which require one machine cycle for execution, to 10-cycle instructions,
which require 10 machine cycles for execution, and 13-cycle instructions, which require 13 machine
cycles for execution.
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2.3.4. Warm-up counter
The warm-up counter is a circuit that counts the high-frequency clock (fc) and the low-frequency clock (fs), and it
consists of a source clock selection circuit, a 3-stage frequency division circuit and a 14-stage counter.

The warm-up counter is used to secure the time after a power-on reset is released before the supply voltage
becomes stable and secure the time after the STOP mode is released or the operation mode is changed before the
oscillation by the oscillation circuit becomes stable.

WUCCR | | SYSCR2 | | SYSCR1

<WUCSEL> <WUCRST> <XEN: <XTEN>
<STOP>
<WUCDIV> v VY 7 INTWUC interrupt

e
Warm-up counter

controller < Enable CPU
operation

Clock for high-

frequency clock

oscillation circuit (fc) —3»
Clock for low-

frequency clock
oscillation circuit (fs) —»

y Enable/disable counting up

Y
1]2]3]4]5]6[7]8]9]10]11]12]13]14

[Comarator,

0123456 7

Figure 2-6 Warm-up Counter Circuit
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2.3.4.1. Warm-up counter operation when the oscillation is enabled by the hardware

(1) When a power-on reset is released or a reset is released

The warm-up counter serves to secure the time after a power-on reset is released before the supply voltage
becomes stable and the time after a reset is released before the oscillation by the high-frequency clock
oscillation circuit becomes stable.

When the power is turned on and the supply voltage exceeds the power-on reset release voltage (Verorr),
the warm-up counter reset signal is released. At this time, the CPU and the peripheral circuits are held in
the reset state.

A reset signal initializes WUCCR<WUCSEL> to "0" and WUCCR<WUCDIV>to "11", which selects the
high-frequency clock (fc) as the input clock to the warm-up counter.

When a reset is released for the warm-up counter, the high-frequency clock (fc) is input to the warm-up
counter, and the 14-stage counter starts counting the high-frequency clock (fc).

When the upper 8-bit warm-up counter become equal to WUCDR, counting is stopped and a reset is
released for the CPU and the peripheral circuits.

WUCDR is initialized to "0x66" after reset release, which makes the warm-up time "0x66" x 2%/fc [s].

Note: The clock output from the oscillation circuit is used as the input clock to the warm-up counter. The warm-up time
contains errors because the oscillation frequency is unstable until the oscillation circuit becomes stable.
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(2) When the STOP mode is released

The warm-up counter serves to secure the time after the oscillation is enabled by the hardware before the

oscillation becomes stable at the release of the STOP mode.

The high-frequency clock (fc) or the low-frequency clock (fs), which generates the main system clock
when the STOP mode is activated, is selected as the input clock for frequency division circuit, regardless

of WUCCR<WUCSEL>.

Before the STOP mode is activated, select the division rate of the input clock to the warm-up counter at

WUCCR<WUCDIV> and set the warm-up time at WUCDR.

When the STOP mode is released, the 14-stage counter starts counting the input clock selected in the

frequency division circuit.

When the upper 8-bit of warm-up counter become equal to WUCDR, counting is stopped and the operation

is restarted by an instruction that follows the STOP mode activation instruction.

Clock that generates the
main system clock when WUCCR WUCCR Counter Warm-up time
the STOP mode is <WUCSEL> | <WUCDIV> | input clock P
activated
00 fc 26 [ fc to 255 x 28/ fc
01 fc/2 27 [fcto 255 x 27 / fc
fc Don’t care
10 fc /22 28 [ fc to 255 x 28 / fc
11 fc / 23 29 /fcto 255 x2°/ fc
00 fs 26 /fsto 255 x 25/ fs
01 fs /2 27 /fsto 255 x 27 / fs
fs Don't care
10 fs / 22 28 /fs to 255 x 28 / fs
11 fs / 23 29 /fsto255x2°/fs

Note 1: When the operation is switched to the STOP mode during the warm-up for the oscillation enabled by the
software, the warm-up counter holds the value at the time, and restarts counting after the STOP mode is

released. In this case, the warm-up time at the release of the STOP mode becomes insufficient. Don't switch the

operation to the STOP mode during the warm-up for the oscillation enabled by the software.

Note 2: The clock output from the oscillation circuit is used as the input clock to the warm-up counter. The warm-up time
contains errors because the oscillation frequency is unstable until the oscillation circuit becomes stable. Set the

sufficient time for the oscillation start property of the oscillator.
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2.3.4.2. Warm-up counter operation when the oscillation is enabled by the software

The warm-up counter serves to secure the time after the oscillation is enabled by the software before the
oscillation becomes stable, at a mode change from NORMAL1 to NORMAL?2 or from SLOW1 to SLOW?2.

Select the input clock to the frequency division circuit at WUCCR<WUCSEL>.
Select the input clock to the 14-stage counter at WUCCR<WUCDIV>.

After the warm-up time is set at WUCDR, setting SYSCR2<XEN> or SYSCR2<XTEN> to "1" allows the
stopped oscillation circuit to start oscillation and the 14-stage counter to start counting the selected input clock.
When the upper 8 bits of the counter become equal to WUCDR, an INTWUC interrupt occurs, counting is stopped
and the counter is cleared.

Set WUCCR<WUCRST> to "1" to discontinue the warm-up operation.

By setting it to "1", the count-up operation is stopped, the warm-up counter is cleared, and WUCCR<WUCRST>
is cleared to "0".

SYSCR2<XEN> and SYSCR2<XTEN> hold the values when WUCCR<WUCRST> is set to "1". To restart the
warm-up operation, SYSCR2<XEN> or SYSCR2<XTEN> must be cleared to "0".

Note: The warm-up counter starts counting when SYSCR2<XEN> or SYSCR2<XTEN> is changed from "0" to "1". The
counter will not start counting by writing "1" to SYSCR2<XEN> or SYSCR2<XTEN> when it is in the state of "1".

WUCCR WUCCR Counter input Warm-up time
<WUCSEL> <WUuCDIV> clock
00 fc 26 / fc to 255 x 28/ fc
01 fc/2 27 [ fc to 255 x 27 [ fc
0 10 fc /22 28 / fc to 255 x 28 / fc
11 fc /23 2°/fc to 255 x 2°/ fc
00 fs 26 /fs to 255 x 28 / fs
01 fs/2 27 /fs to 255 x 27 / fs
1 10 fs /22 28 [ fs to 255 x 28 / fs
11 fs /23 2°/fs to 255 x 2%/ fs

Note: The clock output from the oscillation circuit is used as the input clock to the warm-up counter. The warm-up time
contains errors because the oscillation frequency is unstable until the oscillation circuit becomes stable. Set the
sufficient time for the oscillation start property of the oscillator.
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2.3.5. Operation mode control circuit

The operation mode control circuit starts and stops the oscillation circuits for the high-frequency and low-
frequency clocks, and switches the main system clock (fm).

There are three operating modes: the single-clock mode, the dual-clock mode and the STOP mode. These modes
are controlled by the system control registers (SYSCR1 and SYSCR?2).

Figure 2-7 shows the operating mode transition diagram.

2.3.5.1. Single-clock mode
Only the gear clock (fcgek) is used for the operation in the single-clock mode.

The main system clock (fm) is generated from the gear clock (fcgck). Therefore, one machine cycle time is
1/ fcgek [s].

The gear clock (fcgek) is generated from the high-frequency clock (fc).

In the single-clock mode, the low-frequency clock generation circuit pins P02 (XTIN) and P03 (XTOUT) can be
used as the 1/O ports.

(1) NORMALI mode
In this mode, the CPU core and the peripheral circuits operate using the gear clock (fcgek).

The NORMALI mode becomes active after reset release.

(2) IDLE1 mode

In this mode, the CPU and the watchdog timer stop and the peripheral circuits operate using the gear clock
(fcgek).

The IDLE1 mode is activated by setting SYSCR2<IDLE> to "1" in the NORMAL1 mode.
When the IDLE1 mode is activated, the CPU and the watchdog timer stop.

When the interrupt latch enabled by the interrupt enable register EIR becomes "1", the IDLE1 mode is
released to the NORMALI mode.

When the <IMF> (interrupt master enable flag) is "1" (interrupts enabled), the operation returns normal
after the interrupt processing is completed.

When the <IMF> is "0" (interrupts disabled), the operation is restarted by the instruction that follows the
IDLE1 mode activation instruction.

(3) IDLEO mode

In this mode, the CPU and the peripheral circuits stop, except the oscillation circuits and the time base
timer.

In the IDLEO mode, the peripheral circuits stop in the states when the IDLEO mode is activated or become
the same as the states when a reset is released. For operations of the peripheral circuits in the IDLEO mode,
refer to the section of each peripheral circuit.

The IDLEO mode is activated by setting SYSCR2<TGHALT> to "1" in the NORMALI1 mode. When the
IDLEO mode is activated, the CPU stops and the timing generator stops the clock supply to the peripheral
circuits except the time base timer.

When the falling edge of the source clock selected at TBTCR<TBTCK> is detected, the IDLEO mode is
released, the timing generator starts the clock supply to all the peripheral circuits and the NORMAL1 mode
is restored.

Note that the IDLEO mode is activated and restarted, regardless of the setting of TBTCR<TBTEN>.

When the IDLEO mode is activated with TBTCR<TBTEN> set at "1", the INTTBT interrupt latch is set
after the NORMAL mode is restored.
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When the <IMF> is "1" and the <EF5> (the individual interrupt enable flag for the time base timer) is "1",
the operation returns normal after the interrupt processing is completed.

When the <IMF> is "0" or when the <IMF> is "1" and the <EF5> (the individual interrupt enable flag for
the time base timer) is "0", the operation is restarted by the instruction that follows the IDLEO mode
activation instruction.

2.3.5.2. Dual-clock mode
The gear clock (fcgek) and the low-frequency clock (fs) are used for the operation in the dual-clock mode.

The main system clock (fm) is generated from the gear clock (fcgck) in the NORMAL?2 or IDLE2 mode. And it is
generated from the clock that is a quarter of the low-frequency clock (fs) in the SLOW1/2 or SLEEP0/1 mode.
Therefore, one machine cycle time is 1/fcgck [s] in the NORMAL2 or IDLE2 mode and is 4/fs [s] in the
SLOW1/2 or SLEEP0/1 mode.

In the dual-clock mode, P02 (XTIN) and P03 (XTOUT) are used as the low-frequency clock oscillation circuit
pins. Therefore, these pins cannot be used as I/O ports.

The operation of the TLCS-870/C1 Series becomes the single-clock mode after reset release. To operate it in the
dual-clock mode, the program starts to oscillate the low-frequency clock oscillation circuit.

(1) NORMAL2 mode

In this mode, the CPU core operates using the gear clock (fcgck), and the peripheral circuits operate using
the gear clock (fcgck) or the clock that is a quarter of the low-frequency clock (fs).

(2) SLOW2 mode

In this mode, the CPU core and the peripheral circuits operate using the clock that is a quarter of the low-
frequency clock (fs).

In the SLOW mode, some peripheral circuits become the same as the states when a reset is released. For
operations of the peripheral circuits in the SLOW mode, refer to the section of each peripheral circuit.

Set SYSCR2<SYSCK> to switch the operation mode from NORMAL?2 to SLOW?2 or from SLOW?2 to
NORMAL2.

In the SLOW2 mode, outputs of the prescaler and stages 1 to 8 of the divider stop.

(3) SLOWI mode

In this mode, the high-frequency clock oscillation circuit stops operation and the CPU core and the
peripheral circuits operate using the clock that is a quarter of the low-frequency clock (fs).

This mode requires less power to operate the high-frequency clock oscillation circuit than in the SLOW2
mode.

In the SLOW mode, some peripheral circuits become the same as the states when a reset is released. For
operations of the peripheral circuits in the SLOW mode, refer to the section of each peripheral circuit.

Set SYSCR2<XEN> to switch the operation between the SLOW1 and SLOW2 modes.
In the SLOW1 mode, outputs of the prescaler and stages 1 to 8 of the divider stop.

(4) IDLE2 mode

In this mode, the CPU and the watchdog timer stop and the peripheral circuits operate using the gear clock
(fcgek) or the clock that is a quarter of the low-frequency clock (f5).

The IDLE2 mode can be activated and released in the same way as for the IDLE1 mode. The operation
returns to the NORMAL?2 mode after this mode is released.
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(5) SLEEPI mode

In this mode, the high-frequency clock oscillation circuit stops operation, the CPU and the watchdog timer
stop, and the peripheral circuits operate using the clock that is a quarter of the low-frequency clock (fs).

In the SLEEP1 mode, some peripheral circuits become the same as the states when a reset is released. For
operations of the peripheral circuits in the SLEEP1 mode, refer to the section of each peripheral circuit.

The SLEEP1 mode can be activated and released in the same way as for the IDLE1 mode. The operation
returns to the SLOW 1 mode after this mode is released.

In the SLEEP1 mode, outputs of the prescaler and stages 1 to 8 of the divider stop.
(6) SLEEPO mode

In this mode, the high-frequency clock oscillation circuit stops operation, the time base timer operates
using the clock that is a quarter of the low-frequency clock (fs), and the core and the peripheral circuits
stop.

In the SLEEPO mode, the peripheral circuits stop in the states when the SLEEPO mode is activated or
become the same as the states when a reset is released. For operations of the peripheral circuits in the
SLEEPO mode, refer to the section of each peripheral circuit.

The SLEEPO mode can be activated and released in the same way as for the IDLEO mode. The operation
returns to the SLOW1 mode after this mode is released.

In the SLEEPO mode, the CPU stops and the timing generator stops the clock supply to the peripheral
circuits except the time base timer.

2.3.5.3. STOP mode

In this mode, all the operations in the TMP89FS60B/62B/63B, including the oscillation circuits, are stopped and
the internal states in effect before the TMP89FS60B/62B/63B was stopped are held with low power consumption.

In the STOP mode, the peripheral circuits stop in the states when the STOP mode is activated or become the same
as the states when a reset is released. For operations of the peripheral circuits in the STOP mode, refer to the
section of each peripheral circuit.

The STOP mode is activated by setting SYSCR1<STOP> to "1".
The STOP mode is released by the STOP mode release signals. After the warm-up time has elapsed, the operation

returns to the mode that was active before the STOP mode, and the operation is restarted by the instruction that
follows the STOP mode activation instruction.
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2.3.5.4. Transition of each operation mode

IDELO
mode

Warm-up that

release

I
| follows reset
I
I

RESET

Resetrelease

STOP

SYSCR2<TGHALT>=1 (Note)  /Warm-up completed
SYSCR2<IDEL> = 1 SYSCR1<STOP> = 1
IDEL1 - NORMAL1 ”
mode o mode _
Interrupt STOP mode release signal
SYSCR2<XTEN>=0 SYSCR2<XTEN> = 1
r = =~ 7 7 TSYSCR2<DEL>=1 T T T ¥ T SYSCRI<STOP>=1 |
| IDEL2 - NORMAL2 g
| mode mode
| > <
| Interrupt STOP mode release signal
I SYSCR2<SYSCK>=0 SYSCR2<SYSCK> = 1
I
| SLOW2
| mode
I
| SYSCR2<XEN> =1 SYSCR2<XEN> =0
I
| SYSCR2<IDEL> = 1 SYSCR1<STOP> = 1
| | sLEEP1 - SLOWA g
I mode R mode _
| Interrupt STOP mode release signal
| (Note)  SYSCR2<TGHALT> = 1
I \4
| SLEEPO
| mode

(b) Dual-clock mode

Note: The mode is released by the falling edge of the source clock selected at TBTCR<TBTCK>.

Figure 2-7 Operation Mode Transition Diagram
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Table 2-3 Operation Modes and Conditions

Oscillation circuit .
Operat g cPU Watchdog I‘"‘e AD o.";f’ Dl O’I'I‘?
peration mode For high For low core timer oase converter periphera achine
frequency | frequency timer circuits cycle time
RESET Reset Reset Reset Reset Reset
NORMALA1 Operation Operation 1/ fogek
Single Oscillation Operation Operation
IDLE1 Stop Operation [s]
clock
IDLEO Stop Stop
Stop Stop
STOP Stop Stop -
Operation Operation
with the with the
NORMAL2 high- high- or low- ) 1/ fogek
frequency frequency Operation <]
clock clock
IDLE2 Oscillation Stop Stop
Operation Operation
SLOW?2 o with the low- | with the low- ) Operation
Dual Oscillation frequency frequency Operation
clock clock clock
Operation Operation 4/fs
SLOW1 with the low- | with the low- Is]
frequency frequency Stop
clock clock
Stop
SLEEP1
SLEEPO Stop Stop
Stop
STOP Stop Stop -
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2.3.6. Operation Mode Control
2.3.6.1. STOP mode
The STOP mode is controlled by system control register 1 (SYSCR1) and the STOP mode release signals.

(1) Start the STOP mode
The STOP mode is started by setting SYSCR1<STOP> to "1". In the STOP mode, the following states are
maintained:

1.  Both the high-frequency and low-frequency clock oscillation circuits stop oscillation and all internal
operations are stopped.

2.  The RAM, the registers and the program status word are all held in the states in effect before STOP
mode was started.
The port output latch is determined by the value of SYSCR1<OUTEN>.

3. The prescaler and the divider of the timing generator are cleared to "0".

The program counter holds the address of the instruction 2 ahead of the instruction (e.g., SET
(SYSCR1).7) which started the STOP mode.

(2) Release the STOP mode

The STOP mode is released by the following STOP mode release signals. It is also released by a reset by

the RESET pin, a power-on reset and a reset by the voltage detection circuits. When a reset is released,
the warm-up starts. After the warm-up is completed, the operation mode becomes the NORMAL1 mode.

1. Release by the STOP pin
2. Release by the key-on wakeup
3. Release by the voltage detection circuit (Release by the voltage detection reset)

Note: During the STOP period (from the start of the STOP mode to the end of the warm-up), due to changes in the level
of the external interrupt pin, interrupt latches may be set to "1" and interrupts may be accepted immediately after
the STOP mode is released. Before starting the STOP mode, therefore, disable interrupts. Also, before enabling
interrupts after STOP mode is released, clear unnecessary interrupt latches.

Regarding to release STOP mode by each STOP mode releasing signal, the details are explained belows.

1. The STOP mode is release by the STOP pin
The STOP mode is released by using the STOP pin.

The STOP mode release by the STOP pin includes the level-sensitive release mode and the edge-
sensitive release mode, either of which can be selected at SYSCRI<RELM>.

The STOP pin is also used as the P11 port and the INT5 (external interrupt input 5) pin.

. Level-sensitive release mode

The STOP mode is released by setting the STOP pin “High” level. Setting SYSCR1<RELM> to
"1" selects the level-sensitive release mode. This mode is used for the capacitor backup when the
main power supply is cut off and the long term battery backup.

When an instruction for starting the STOP mode is executed while the STOP pin input is “High”
level , the STOP mode does not start. Thus, to start the STOP mode in the level-sensitive release mode,

it is necessary for the program to first confirm that the STOP pin inputis “Low” level.

This can be confirmed by testing the port by the software or using interrupts

Note: When the STOP mode is released, the warm-up counter source clock automatically changes to the clock that
generated the main system clock when the STOP mode was started, regardless of WUCCR<WUCSEL>.
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Example: Starting the STOP mode from NORMAL mode after testing P11 (STOP) pin.
(Warm-up time at release of the STOP mode is about 300 [us] at fc = 10 [MHZz].)

LD (SYSCR1), 0x40 ; Set up the level-sensitive release mode
SSTOPH: TEST (P1PRD).1 : Wait until STOP pin becomes “Low” level.
J F, SSTOPH
LD (WUCCR), 0x01 ; WUCCR<WUCDIV> « "00" (No division) (Note)
LD (WUCDR), Ox2F ; Set the warm-up time
; 300 [us]/ 6.4 [us] = 46.9 — round up to "Ox2F"
DI ; <IMF> «"0"
SET (SYSCR1).7 ; Start the STOP mode with the level-sensitive release mode selected

Example: Starting the STOP mode from the SLOW mode with an INT5 interrupt
(Warm-up time at release of the STOP mode is about 450 [ms] at fs = 32.768 [kHz].)

PINTS: TEST (P1PRD).1 ; To reject noise, the STOP mode does not start

J F, SINT5 ; until the STOP pin input becomes “Low” level

LD (SYSCR1), 0x40 ; Set up the level-sensitive release mode

LD (WUCCR), 0x03 ; WUCCR<WUCDIV> < "00" (No division) (Note)

LD (WUCDR), OxE8 ; Set the warm-up time

; 450 [ms] / 1.953 [ms] = 230.4 — round up to "OxE8"

DI ; <IMF> < "0"

SET (SYSCR1).7 ; Start the STOP mode with the level-sensitive release mode selected
SINTS: RETI
VINTS: DW PINT5 ; INT5 vector table

Note: When the STOP mode is released, the warm-up counter source clock automatically changes to the clock that
generated the main system clock when the STOP mode was started, regardless of WUCCR<WUCSEL>.

. 1
STOP pin \ 7.[ ViH \
(« 1

T p)) 1
1 1

(( ]
))

1 1 1
NORMAL mode ——>»>6€——— STOP mode ———»1€— Warm-up —»'€—— NORMAL mode

Confim by program that the The STOP mode is released by the hardware.
STOP pin inputis low and start Always released if the STOP pin input is high.
the STOP mode.

Note: When the STOP pin input returns to “Low” level after the warm-up starts, the STOP mode is not restarted.

Figure 2-8 Level-sensitive Release Mode
(Example when the high-frequency clock oscillation circuit is selected)
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= Edge-sensitive release mode

In this mode, the STOP mode is released at the rising edge of the STOP pin input.
Setting SYSCR1<RELM> to "0" selects the edge-sensitive release mode.

This mode is used in applications where a relatively short program is executed repeatedly at
periodic intervals. This periodic signal (for example, a clock from a low-power consumption

oscillator) is applied to the STOP pin.

In the edge-sensitive release mode, the STOP mode is started even when the STOP pin input is
“High” level.

Example: Starting the STOP mode from the NORMAL mode
(The warm-up time at release of the STOP mode is about 200 [us] at fc = 10 [MHZz].)

LD (WUCCR), 0x01 ; WUCCR<WUCDIV> « "00" (No division) (Note)
LD (WUCDR), 0x20 ; Set the warm-up time
; 200 [ps] / 6.4 [us] = 31.25 — round up to "0x20"
DI ; <IMF> «— "0"
LD (SYSCR1), 0x80 ; Start the STOP mode with the edge-sensitive release mode selected

Note: When the STOP mode is released, the warm-up counter source clock automatically changes to the clock that
generated the main system clock when the STOP mode was started, regardless of WUCCR<WUCSEL>.

— 1 )
STOP pin I \ ViH \ \
1 ( 1 (
i i
SYRNY ||| ——
1

! ! | NORMAL 4
NORMAL mode ——>»6€—— STOP mode —> € Warm-up k€ —>»4<€— STOP mode

mode
The STOP mode is f f

started by the program. The STOP mode is released by the hardware
at therising edge of the STOP pin input.

Note: When the rising edge is input to the STOP pin within 1 machine cycle after SYSCR1<STOP> is set to "1", the
STOP mode will not be released.

Figure 2-9 Edge-sensitive Release Mode
(Example when the high-frequency clock oscillation circuit is selected)
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2. Release by the key-on wakeup

The STOP mode is released by applying the prescribed level to the key-on wakeup pin. The level to
release the STOP mode can be selected from “High” level or "Low" level.

For releasing by the key-on wakeup, refer to section "19 Key-on Wakeup (KWU)".

Note: When the key-on wakeup pin input becomes the opposite level to the release level after the warm-up starts, the
STOP mode is not restarted.

3. Release by the voltage detection circuits
The STOP mode is released by the supply voltage detection by the voltage detection circuits.

When the voltage detection operation mode of the voltage detection circuits is set to "Generates a
voltage detection reset signal”, a reset is applied as soon as the supply voltage becomes lower than the
detection voltage and the STOP mode is released immediately.

For details, refer to "7. Voltage Detection Circuit".

Note: When the supply voltage becomes equal to or higher than the detection voltage within 1 machine cycle after
SYSCR1<STOP> is set to "1", the STOP mode will not be released.
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(3) STOP mode release operation

The STOP mode is released in the following sequence:

1. Oscillation starts. For the oscillation start operation in each mode, refer to "Table 2-4 Oscillation
Start Operation at Release of the STOP Mode".

2. Warm-up is executed to secure the time required to stabilize oscillation. The internal operations remain
stopped during warm-up. The warm-up time is set by the warm-up counter, depending on the oscillator
characteristics.

3. After the warm-up time has elapsed, the normal operation is restarted by the instruction that follows
the STOP mode start instruction. At this time, the prescaler and the divider of the timing generator are
cleared to "0".

Note 1: After releasing STOP mode, it takes 120 [us] (maximum) until the voltage in the device is stable and the
oscillation is started.

Note 2: When the STOP mode is released with a low hold voltage, the following cautions must be observed.
The supply voltage must be at the operating voltage level before releasing the STOP mode. The RESET pin
input must also be “High” level, rising together with the supply voltage. In this case, when an external time
constant circuit has been connected, the RESET pin input voltage will increase at a slower pace than the power
supply voltage. At this time, there is a danger that a reset may occur when the input voltage level of the RESET
pin drops below the non-inverting high-level input voltage (Hysteresis input).

Table 2-4 Oscillation Start Operation at Release of the STOP Mode

High-frequency

Low-frequency

Operation mode before the clock clock Oscillation start operation after
STOP mode is started oscillation oscillation release
circuit circuit
. The high-frequency clock oscillation
Single-clock High freqyenpy circuit starts oscillation.
NORMAL1 |clock oscillation - —_—
mode - The low-frequency clock oscillation
circuit Lo P
circuit stops oscillation.
High-frequency | Low-frequency T'he hlgh frequepcy.clock oscillation
S s circuit starts oscillation.
NORMAL2 |clock oscillation |clock oscillation I
L - The low-frequency clock oscillation
circuit circuit L S
circuit starts oscillation.
Dual-clock mode - —
The high-frequency clock oscillation
Low-frequency L i
- circuit stops oscillation.
SLOW1 - clock oscillation S
- The low-frequency clock oscillation
circuit - o
circuit starts oscillation.

Note: When the operation returns to the NORMAL2 mode, fc is input to the frequency division circuit of the warm-up

counter.
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2.3.6.2. IDLE1/2 and SLEEP1 modes

The IDLE1/2 and SLEEP1 modes are controlled by the system control register 2 (SYSCR2) and maskable
interrupts.

The TMP89FS60B/62B/63B is in the following states during these modes.

(1) The CPU and the watchdog timer stop their operations. The peripheral circuits continue to operate.

(2) The RAM, the registers, the program status word and the port output latches are all held in the status in effect
before IDLE1/2 or SLEEP1 mode was started.

(3) The program counter holds the address of the instruction 2 ahead of the instruction which starts the IDLE1/2
or SLEEP1 mode.

Y

Set <EFx> for releasing
IDLE1/2 mode or SLEEP1
mode

v

Starting IDLE1/2 mode or
SLEEP1 mode by an
instruction

v

| cPUand WDTstop |

Interrupt
request ?

Yes

No: Normal release mode

Yes: Interrupt release mode

I Interrupt processing I

Execution of the instruction
which follows the IDLE1/2
mode or SLEEP1 mode
start instruction

v

Figure 2-10 IDLE1/2 and SLEEP1 Modes
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1. Start the IDLE1/2 and SLEEPI modes

After the interrupt master enable flag (<IMF>) is set to "0", set the individual interrupt enable flag
(<EFx>) to "1", which releases IDLE1/2 and SLEEP1 modes.

To start the IDLE1/2 or SLEEP1 mode, set SYSCR2<IDLE>to "1".

When the release condition is satisfied when it is attempted to start the IDLE1/2 or SLEEP1 mode,
SYSCR2<IDLE> remains cleared and the IDLE1/2 or SLEEP1 mode will not be started.

Note 1: When a watchdog timer interrupt is generated immediately before the IDLE1/2 or SLEEP1 mode is started, the
watchdog timer interrupt will be processed but the IDLE1/2 or SLEEP1 mode will not be started.

Note 2: Before starting the IDLE1/2 or SLEEP1 mode, enable the interrupt requests to be generated to release the
IDLE1/2 or SLEEP1 mode and set the individual interrupt enable flag.

2. Release the IDLE1/2 and SLEEP1 modes

The IDLE1/2 and SLEEP1 modes include a normal release mode and an interrupt release mode.
These modes are selected at the interrupt master enable flag (<SIMF>). After releasing IDLE1/2 or
SLEEP1 mode, SYSCR2<IDLE> is automatically cleared to "0" and the operation mode is returned
to the mode preceding the IDLE1/2 or SLEEP1 mode.

The IDLE1/2 and SLEEP1 modes are also released by a reset by the RESET pin, a power-on reset
and a reset by the voltage detection circuits. After releasing the reset, the warm-up starts. After the
warm-up is completed, the NORMALI1 mode becomes active.

= Normal release mode (In <IMF> = 0)

The IDLE1/2 or SLEEP1 mode is released when the interrupt latch enabled by the individual
interrupt enable flag (KEFx>) is "1". The operation is restarted by the instruction that follows the
IDLE1/2 or SLEEP1 mode start instruction. Normally, the interrupt latch (<ILx>) of the interrupt
source used for releasing must be cleared to "0" by load instructions.

= Interrupt release mode (In <IMF> = 1)

The IDLE1/2 or SLEEP1 mode is released when the interrupt latch enabled by the individual
interrupt enable flag (KEFx> ) is "1" and the interrupt procedure is starting. After the interrupt
procedure is completed, the operation is restarted by the instruction that follows the IDLE1/2 or
SLEEP1 mode start instruction.
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2.3.6.3. IDLEO and SLEEPO0 modes

The IDLEO and SLEEPO modes are controlled by the system control register 2 (SYSCR?2) and the time base timer
control register (TBTCR).

The TMP89FS60B/62B/63B is in the following states during these modes.

(1) The timing generator stops the clock supply to the peripheral circuits except the time base timer.

(2) The RAM, the registers, the program status word and the port output latches are all held in the states in effect
before the IDLEO or SLEEPO mode was started.

(3) The program counter holds the address of the instruction 2 ahead of the instruction which starts the IDLEO or
SLEEPO mode.

T

Stopping peripheral circuit
by instructions

2

Starting IDLEO or SLEEPO
mode by an instruction

v

CPU and WDT stop

Y

Reset

Normal release mode Y

Execution of the instruction
which follows the IDLEO or
SLEEPO mode start
instruction

v

Figure 2-11 IDLEO and SLEEPO Modes
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1. Start the IDLEO and SLEEPO modes
Stops the peripheral circuit such as a timer counter.

To start the IDLEO or SLEEPO mode, set SYSCR2<TGHALT> to "1".

2.  Release the IDLEO and SLEEPO modes

The IDLEO and SLEEPO modes include a normal release mode and an interrupt release mode. These
modes are selected at the interrupt master enable flag (XIMF>), the individual interrupt enable flag
(<EF5>) for the time base timer and TBRTCR<TBTEN>. After releasing the IDLEO or SLEEPO
mode, SYSCR2<TGHALT> is automatically cleared to "0" and the operation mode is returned to
the mode preceding the IDLEO or SLEEPO mode. When TBTCR<TBTEN> has been set at "1", the
INTTBT interrupt latch is set.

The IDLEO and SLEEPO modes are also released by a reset by the RESET pin, a power-on reset
and a reset by the voltage detection circuits. When a reset is released, the warm-up starts. After the
warm-up is completed, the NORMALI1 mode becomes active.

. Normal release mode (In <IMF> AND <EF5> AND TBTCR<TBTEN> = ()

The IDLEO or SLEEPO mode is released when the falling edge of the source clock selected at
TBTCR<TBTCK>is detected. After the IDLEO or SLEEPO mode is released, the operation is
restarted by the instruction that follows the IDLEO or SLEEPO mode start instruction.

When TBTCR<TBTEN> is "1", the time base timer interrupt latch is set.

= Interrupt release mode (In <IMF> AND <EF5> AND TBTCR<TBTEN>= 1)

The IDLEO or SLEEPO mode is released when the falling edge of the source clock selected at
TBTCR<TBTCK> is detected. After the release, the INTTBT interrupt processing is started.

Note 1: The IDLEO or SLEEPO mode is released to the NORMAL1 or SLOW1 mode by the asynchronous internal clock
selected at TBTCR<TBTCK>. Therefore, the period from the start to the release of the IDLEO or SLEEPO mode
may be shorter than the time specified at TBTCR<TBTCK>.

Note 2: When a watchdog timer interrupt is generated immediately before the IDLEO or SLEEPO mode is started, the
watchdog timer interrupt will be processed but the IDLEO or SLEEPO mode will not be started.
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2.3.6.4. SLOW mode
The SLOW mode is controlled by system control register 2 (SYSCR2).

(1) Switching from the NORMAL2 mode to the SLOW1 mode
Set SYSCR2<SYSCK>to "1".

When a maximum of 2/fcgck + 10/fs [s] has elapsed since SYSCR2<SYSCK> is set to "1", the main
system clock (fm) is switched to fs/4.

After switching, wait for 2 machine cycles or longer, and then clear SYSCR2<XEN> to "0" to turn off the
high-frequency clock oscillation circuit.

The time which is stable oscillation of the low-frequency clock (fs) is elapsed by the warm-up counter
before implementing the procedure described above.

Note 1: Be sure to follow this procedure to switch the operation from the NORMAL2 mode to the SLOW1 mode.

Note 2: It is also possible to allow the basic clock for the high-frequency clock to oscillate continuously to return to
NORMAL2 mode. However, be sure to turn off the oscillation of the basic clock for the high-frequency clock when
the STOP mode is started from the SLOW mode.

Note 3: After switching SYSCR2<SYSCK>, be sure to wait for 2 machine cycles or longer before clearing
SYSCR2<XEN> to "0". Clearing it within 2 machine cycles causes a system clock reset.

Note 4: When the main system clock (fm) is switched, the gear clock (fcgck) is synchronized with the clock that is a
quarter of the low-frequency clock (fs). For the synchronization, fm is stopped for a period of 10 / fs or shorter.

Quarter of the low-
frequency clock (fs / 4)

Gear clock (fcgcek)

SYSCR2<SYSCK> | When the rising edge of fs/ 4 is
1 detected twice after fm is stopped,
1

Main system clock I | I | | | | | |<— 10/ fs (max) ————»
1

fm is switched to fs.
When the rising edge of fcgck is detected
twice after SYSCR2<SYSCK> is changed
from 0 to 1, fis stopped for syn chronization.

Figure 2-12 Switching of the Main System Clock (fm) (Switching from fcgck to fs / 4)
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Example 1: Switching from the NORMAL2 mode to the SLOW1 mode

SET (SYSCR2).4 ; SYSCR2<SYSCK> « "1"
; (Switches the main system clock to the quarter of the
; low-frequency clock for the SLOW2 mode)

NOP ; Waits for 2 machine cycles
NOP
CLR (SYSCR2).6 ; SYSCR2<XEN> « "0"

; (Turns off the high-frequency clock oscillation circuit for SLOW1 mode)

Example 2: When the TMP89FS60B/62B/63B operate by high-frequency clock, switching to the SLOW1 mode after the
stable oscillation of the low-frequency clock oscillation circuit is confirmed at the warm-up counter (The
warm-up time is about 100 [ms] at fs = 32.768 [kHz].)

HHAE Initialize routine ###H#

SET (POFC).2 ; <POFC2> — "1" (Uses P02/03 as oscillators)
LD (WUCCR), 0x02 ; WUCCR<WUCDIV> « "00" (No division),

; WUCCR<WUCSEL> — "1" (Selects fs as the source clock)
LD (WUCDR), 0x33 ; Sets the warm-up time

; (Determines the time depending on the oscillator characteristics)
; 100 [ms] / 1.95 [ms] = 51.2 — round up to "0x33"
SET (EIRL).4 ; Enables INTWUC interrupts
SET (SYSCR2).5 ; SYSCR2<XTEN> « "1"
; (Starts the low-frequency clock oscillation circuit and starts the
; warm-up counter)

J###HE Interrupt service routine of warm-up counter interrupts ###H#

PINTWUC: SET (SYSCR2).4 ; SYSCR2<SYSCK> « "1"
; (Switches the main system clock to the low-frequency clock)
NOP ; Waits for 2 machine cycles
NOP
CLR (SYSCR2).6 ; SYSCR2<XEN> « "0"
; (Turns off the high-frequency clock oscillation circuit)
RETI
VINTWUC: DW PINTWUC ; INTWUC vector table
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(2) Switching from the SLOW1 mode to the NORMAL1 mode

Set SYSCR2<XEN> to "1" to enable the high-frequency clock (fc) to oscillate. After Securing the time to
stabilize the oscillation of the high-frequency clock by the warm-up counter, clear SYSCR2<SYSCK> to
IIOH‘

When a maximum of 8/fs + 2.5/fcgck [s] has elapsed since SYSCR2<SYSCK> is cleared to "0", the main
system clock (fm) is switched to fcgek.

After switching, wait for 2 machine cycles or longer, and then clear SYSCR2<XTEN> to "0" to turn off
the low-frequency clock oscillator.

The SLOW mode is also released by a reset by the RESET pin, a power-on reset and a reset by the
voltage detection circuits. When a reset is released, the warm-up starts. After the warm-up is completed,
the NORMALI1 mode becomes active.

Note 1: Be sure to follow this procedure to switch the operation from the SLOW1 mode to the NORMAL1 mode.

Note 2: After switching SYSCR2<SYSCK>, be sure to wait for 2 machine cycles or longer before clearing
SYSCR2<XTEN> to "0". Clearing it within 2 machine cycles causes a system clock reset.

Note 3: When the main system clock (fm) is switched, the gear clock (fcgck) is synchronized with the clock that is a
quarter of the low-frequency clock. For the synchronization, fm is stopped for a period of 2.5 / fcgck [s] or shorter.

Note 4: When SYSCR2<XEN> is set at "1", writing "1" to SYSCR2<XEN> does not cause the warm-up counter to start
counting the source clock.

Quarter of the low-
frequency clock (fs/4)

Gear clock (fcgck)

SYSCR2<SYSCK> | — 2.&?/fcgck(max)

= //
Main system clock (fm) | | I \_,_HL\_I_‘_I_‘_,_‘_I_‘_I_‘

When the rising edge of fs/4 is detected o
1 f A When the rising edge of
twice after SYSCR2<SYSCK> is fcgck is detected twice after
changed from 1 to 0, fm is stopped for fm is stopped, fm is switched
synchronization. to fegek. ’

Figure 2-13 Switching the Main System Clock (fm) (Switching from fs / 4 to fcgck)
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Example : Switching from the SLOW1 mode to the NORMAL1 mode after the stability of the high-frequency clock
oscillation circuit is confirmed at the warm-up counter (The warm-up time is about 4.0 [ms] at fc = 10 [MHZz].)

PINTWUC:

VINTWUC:

i Initialize routine #tHE

SET (POFC).2 ; POFC<POFC2> — "1" (Uses P02/03 as oscillators)
LD (WUCCR), 0x09 ; WUCCR<WUCDIV> — "10" (Divided by 2)

; WUCCR<WUCSEL> « "0" (Selects fc as the source clock)
LD (WUCDR), 0x9D ; Sets the warm-up time

; (Determines the time depending on the frequency and the
; oscillator characteristics)
; 4 [ms] / 25.6 [us] = 156.25 — round up to "0x9D"
SET (EIRL). 4 ; Enables INTWUC interrupts
SET (SYSCR2) .6 ; SYSCR2<XEN> « "1"
; (Starts the high-frequency clock oscillation circuit and starts
: ; the warm-up counter)
;#HHAE Interrupt service routine of warm-up counter interrupts ####

CLR (SYSCR2). 4 ; SYSCR2<SYSCK> «— "0"

; (Switches the main system clock to the gear clock)
NOP ; Waits for 2 machine cycles
NOP
CLR (SYSCR2). 5 ; SYSCR2<XTEN> « "0"

; (Turns off the low-frequency clock oscillation circuit)
RETI
DW PINTWUC ; INTWUC vector table
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2.4. Reset Control Circuit

The reset circuit controls the external and internal factor resets and initializes the system.

2.4.1. Configuration

The reset control circuit consists of the following reset signal generation circuits:

(1) External reset input (external factor)

(2) Power-on reset (internal factor)

(3) Voltage detection reset 1 (internal factor)
(4) Watchdog timer reset (internal factor)

(5) System clock reset (internal factor)

(6) Trimming data reset (internal factor)

(7) Flash memory standby reset (internal factor)

P10(RESET)|__{—{ P10 port Internal factor reset detection status register,
> \/oltage detection circuit reset signal
| Power-on reset signal r' > External reset input enable reset signal

|VOItage detection reset 1 signal

| Watchdog timer reset signal CPUJperipheral

Warm-up circuits reset
counter reset signal
signal

Warm-up counter

| System clock reset signal

| Trimming data reset signal System clock contral circut

| Flash memory standby reset signal

Figure 2-14 Reset Control Circuit
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2.4.2. Control

The reset control circuit is controlled by system control register 3 (SYSCR3), system control register 4 (SYSCR4),
system control status register (SYSSR4) and the internal factor reset detection status register (IRSTSR).

System control register 3

SYSCR3 7 6 5 4 3 2 1 0

(OxOFDE) | Bit Symbol - - - - - (RVCTR) | (RAREA) | RSTDIS
Read/Write R R R R R RW RW R/W
After reset 0 0 0 0 0 0 0 0

External reset input 0: | Enables the external reset input.

enable register 1-

RSTDIS
Disables the external reset input.

Note 1: The enabled SYSCR3<RSTDIS> is initialized by a power-on reset only, and cannot be initialized by an external
reset input or internal factor reset. The value written in SYSCRS is reset by a power-on reset, external reset input
or internal factor reset.

Note 2: The value of SYSCR3<RSTDIS> is invalid until "0xB2" is written into SYSCR4.

Note 3: When the SYSCR4 is written to “OxB2” (Enable code for SYSCR3<RSTDIS>) after SYSCR3<RSTDIS> is
modified, these operation should be executed continuously in NORMAL mode with fcgck = fc / 4
(CGCR<FCGCKSEL> = 00). Otherwise, SYSCR3<RSTDIS> may be enabled at unexpected timing.

Note 4: When a read instruction is executed on SYSCRS3, bits 7 to 3 are read as "0".

System control register 4

SYSCR4 7 6 5 4 3 2 1 0
(OxOFDF) | Bit Symbol SYSCR4

Read/Write w

After reset 0 0 0 0 0 0 0 0

0xB2: | Enables the contents of SYSCR3<RSTDIS>

0xD4: | Enables the contents of SYSCR3<RAREA> and
Writes the SYSCR3 data SYSCR3 <RVCTR>

SYSCR4
control code.

0x71: | Enables the contents of IRSTSR<FCLR>

Others: | Invalid

Note 1: SYSCR4 is a write-only register, and must not be accessed by using a read-modify-write instruction, such as a bit
operation.

Note 2: After SYSCR3<RSTDIS> is modified, SYSCR4 should be written "0xB2" (Enable code for SYSCR3<RSTDIS>) in
NORMAL mode when fcgck is fc / 4 (CGCR<FCGCKSEL> = 00). Otherwise, SYSCR3<RSTDIS> may be
enabled at unexpected timing.

Note 3: When the SYSCR4 is written to “0x71” (Enable code for IRSTSR) after IRSTSR is modified, these operation
should be executed continuously in NORMAL mode with fcgck = fc / 4 (CGCR<FCGCKSEL> = 00). Otherwise,
IRSTSR may be enabled at unexpected timing.
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System control status register 4

SYSSR4 7 5 2 1 0
(OxOFDF) | Bit Symbol - - (RVCTRS) | (RAREAS) | RSTDISS
Read/Write R R R R R
After reset 0 0 0
RSTDISS External reset input enable 0: | The enabled SYSCR3<RSTDIS> data is "0".
status 1: | The enabled SYSCR3<RSTDIS> data is "1".

Note 1: The enabled SYSCR3<RSTDIS> is initialized by a power-on reset only, and cannot be initialized by any other
reset signals. The value written in SYSCRS is reset by a power-on reset and other reset signals.

Note 2: When a read instruction is executed on SYSSR4, bits 7 to 3 are read as "0".

2020-08-12

79/ 487 Rev. 1.0



TOSHIBA

TMP89FS60BFG/TMP89FS60BUG
TMP89FS62BUG/TMP89FS63BUG

Internal factor reset detection status register

IRSTSR 7 6 5 4 3 2 1 0
(OXOFCC) | Bit Symbol FCLR FLSRF TRMDS TRMRF - LVD1RF | SYSRF WDTRF
Read/Write w R R R R R R R
After reset 0 0 0 0 0 0 0 0
0:]-
FCLR Flag initialization control
1: | Clears the internal factor reset flag to "0".
Flash memory standby 0: |-
FLSRF .
reset detection flag 1: | Detects the Flash memory standby reset.
0:]-
TRMDS Trimming data status
1: | The trimming data is incorrect status.
. . 0: -
TRMRF Trlmmllng data reset
detection flag 1: | Detects the trimming data reset.
. 0: -
LVD1RF Voltag.e detection reset 1
detection flag 1: | Detects the voltage detection 1 reset
0:]-
SYSRF System clock reset
detection flag 1: | Detects the system clock reset.
. 0: -
WDTRF Watch.dog timer reset
detection flag 1: | Detects the watchdog timer reset

Note 1: The trimming data status (IRSTSR<TRMDS>) is initialized only by a power-on reset and an external reset input.
Internal factor reset flag (IRSTSR<FLSRF>, <TRMRF>, <LVD1RF>, <SYSRF> and <WDTRF>) is not initialized
by an internal factor reset. It is initialized only by a power-on reset, an external reset input or IRSTSR <FCLR>.

Note 2: Care must be taken in system designing since the IRSTSR may not fulfill its functions due to disturbing noise and

other effects.

Note 3: When SYSCR4 is set to "0x71" after IRSTSR<FCLR> is set to "1", internal factor reset flag is cleared to "0" and
IRSTSR<FCLR> is automatically cleared to "0".

Note 4: When the SYSCR4 is written to “Ox71” (Enable code for IRSTSR<FCLR>) after IRSTSR<FCLR> is modified,
these operation should be executed continuously in NORMAL mode with fcgck = fc / 4 (CGCR<FCGCKSEL> =
00). Otherwise, IRSTSR<FCLR> may be enabled at unexpected timing.

Note 5: When a read instruction is executed on IRSTSR, bits 7 and 3 are read as "0".
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2.4.3. Functions

The reset signal of the power-on reset, the external reset input and the internal factor reset are input to the warm-
up circuit of the clock generator.

During reset, the warm-up counter circuit is reset, and the CPU and the peripheral circuits are reset.

After reset is released, the warm-up counter starts counting the high-frequency clock (fc), and executes the warm-
up operation that follows reset release.

During the warm-up operation that follows reset release, the trimming data is loaded from the non-volatile
exclusive use memory for the adjustment.

When the warm-up operation that follows reset release is finished, the CPU starts execution of the program from
the reset vector address stored in addresses "OXFFFE" to "OxFFFF".

When a reset signal is input during the warm-up operation that follows reset release, the warm-up counter circuit
is reset.

The reset operation is common to the power-on reset, the external reset input and the internal factor resets, except
for the initialization of some special function registers and the initialization of the voltage detection circuits.

When a reset signal is applied, the peripheral circuits become the states as shown in Table 2-5.
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Table 2-5 Initialization of Built-in Hardware by Reset Operation and Its Status after Release

Built-in hardware

During reset

During the warm-up
operation that
follows reset release

Immediately after the
warm-up operation
that follows reset

Program counter (PC)

release
MCU mode: MCU mode: MCU mode:
OxFFFE OxFFFE OxFFFE

Serial PROM mode:
Ox1FFE

Serial PROM mode:
0x1FFE

Serial PROM mode:
O0x1FFE

Stack pointer (SP) 0x00FF 0x00FF 0x00FF
RAM Undefined Undefined Undefined
(C;V\‘j”‘/‘ifa;pgf‘gsgrﬁ?if’tﬁfan a1 Undefined Undefined Undefined
Register bank selector (RBS) 0 0 0
Jump status flag (JF) Undefined Undefined Undefined
Zero flag (ZF) Undefined Undefined Undefined
Carry flag (CF) Undefined Undefined Undefined
Half carry flag (HF) Undefined Undefined Undefined
Sign flag (SF) Undefined Undefined Undefined
Overflow flag (VF) Undefined Undefined Undefined
Interrupt master enable flag (<IMF>) 0 0 0
Individual interrupt enable flag (<EFx>) 0 0 0
Interrupt latch (<ILx>) 0 0 0

High-frequency clock oscillation circuit

Oscillation enabled

Oscillation enabled

Oscillation enabled

Low-frequency clock oscillation circuit

Oscillation disabled

Oscillation disabled

Oscillation disabled

Warm-up counter Reset Start Stop
Timing generator prescaler and divider 0 0 0
Watchdog timer Disabled Disabled Enabled

Voltage detection circuit

Disabled or enabled

Disabled or enabled

Disabled or enabled

I/O port pin status

Hi-Z

Hi-Z

Hi-Z

Special function register

Refer to the SFR map.

Refer to the SFR map.

Refer to the SFR map.

Note: The voltage detection circuits are disabled by an external reset input or power-on reset only.
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2.4.4. Reset Signal Generating Factors

Reset signals are generated by each factor as follows:

2.4.4.1. Power-on reset
The power-on reset is an internal reset that occurs when power is turned on.

During power-up, a power-on reset signal is generated while the supply voltage is the power-on reset release
voltage (Vrerorr) or less. When the supply voltage rises above the power-on reset release voltage (Verorr), the
power-on reset signal is released.

During power-down, a power-on reset signal is generated when the supply voltage is the power-on reset detection
voltage or less.

For more details, refer to "6. Power-on Reset Circuit".

2.4.4.2. External reset input (RESET pin input)

This is an external reset that is generated by the RESET pin input. Port P10 is also used as the RESET pin, and it
is configured as the RESET pin at power-up.

e  During power-up
—  When the supply voltage rises rapidly

When the power supply rise time (tvpp) is shorter than 5 [ms] with enough margin, the reset can be
released by a power-on reset or an external reset (RESET pin input).

The power-on reset logic and external reset (RESET pin input) logic are ORed. This means that the
TMP8IFS60B/62B/63B is reset when either or both of these reset sources are asserted.

Therefore, the reset time is determined by the reset source with a longer reset period. When the RESET
pin level changes from “Low” to “High” level before the supply voltage rises above the power-on-reset
release voltage (or when the RESET pin level is “High” level from the beginning), the reset time
depends on the power-on reset. When the RESET pin level changes from “Low” level to “High” level
after the supply voltage rises above the power-on-reset release voltage, the reset time depends on the
external reset.

In the former case, a warm-up period begins when the power-on reset signal is released. In the latter
case, a warm-up period begins when the RESET pin level becomes High. Upon completion of the
warm-up period, the CPU and peripheral circuits start operating (Figure 2-15).

—  When the supply voltage rises slowly

When the power supply rise time (tvpp) is longer than 5 [ms], the reset must be released by using the
RESET pin. In this case, hold the RESET pin “Low” level until the supply voltage rises to the
operating voltage range and oscillation is stabilized. When this state is achieved, wait at least 5 [ps] and
then pull the RESET pin “High” level. Changing the RESET pin level to “High” starts a warm-up
period. Upon completion of the warm-up period, the CPU and peripheral circuits start operating
(Figure 2-15).
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tvop

Operating voltage‘
rangey

VerorF

0

Power-on reset

RESET pin

\/

CPU and peripheral ‘\ CPU and peripheral circuits start operating

circuits reset Warm-up period
(tpwup)

When the supply voltage rises rapidly (When the reset time depends on power-on reset)

A
tVD D

Operating voltage
range y

Verorr

0

Power-on reset

RESET pin

CPU and peripheral » :
circuits reset Warm-up period
(tpwup)

\ CPU and peripheral circuits start operating

When the supply voltage rises rapidly (When the reset time depends on external re set)

tvop

Operating voltage 1
range y

VerorF

0

Power-on reset \

5us or more
>

RESET pin CPU and

peripheral circuits
start operating

CPU and peripheral <

circuits reset Warm-up period
trwup

When the supply voltage rises slowly

Figure 2-15 External Reset Input (During Power Up)
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—  When the supply voltage is within the operating voltage range

When the supply voltage is within the operating voltage range and stable oscillation is achieved,
holding the RESET pin “Low” level for 5 [us] or longer generates a reset. Then, changing the

RESET pin level to “High” starts a warm-up period. Upon completion of the warm-up period, the
CPU and peripheral circuits start operating (Figure 2-16).

Operating voltage
range

5us or more
RESET pin
CPU and peripheral \ CPU and peripheral circuits start operating
circuits reset / Warm-up period

(twur)

Figure 2-16 External Reset Input (When the Power Supply is Stable)

2.4.4.3. Voltage detection reset

The voltage detection reset is an internal factor reset that occurs when it is detected that the supply voltage has
matched a predetermined detection voltage.

Refer to "7. Voltage Detection Circuit".

2.4.4.4. Watchdog timer reset

The watchdog timer reset is an internal factor reset that occurs when an overflow of the watchdog timer is
detected.

Refer to "5. Watchdog Timer (WDT)".

2.4.4.5. System clock reset

The system clock reset is an internal factor reset that occurs when it is detected that the setting of the oscillation
circuit and the timing generator register is set to a combination that puts the CPU into deadlock.

Refer to "2.3. System Clock Controller".
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2.4.4.6. Trimming data reset

The trimming data reset is an internal factor reset that occurs when the trimming data latched in the internal circuit
is broken down during operation due to noise or other factors.

The trimming data is a data bit provided for adjustment of the internal circuits.

This bit is loaded from the non-volatile exclusive use memory during the warm-up time that follows reset release
(tpwup) and latched into the internal circuit.

When the trimming data loaded from the non-volatile exclusive use memory during the warm-up operation that
follows reset release is abnormal, IRSTSR<TRMDS> is set to "1".

When IRSTSR<TRMDS> is read as "1" in the initialize routine immediately after reset release, the trimming data
need to be reloaded by generating an internal factor reset, such as a system clock reset, and activating the warm-up
operation again.

When IRSTSR<TRMDS> is still set to "1" after repeated reading, the internal circuits cannot operation correctly.
Design the system so that the system will not be damaged in such a case.

2.4.4.7. Flash memory standby reset

The Flash memory standby reset which is used to keep compatibility when a software for the TMP89FS60 is
applied to TMP89FS60B/62B/63B is an internal factor reset.

When a software is programmed anew for the TMP89FS60B/62B/63B, the Flash memory reset doesn’t need to be
used. For more details, refer to "21. Flash Memory".

2.4.4.8. Internal factor reset detection status register

By reading the internal factor reset detection status register IRSTSR after the release of an internal factor reset,
except the power-on reset, the factor which causes a reset can be detected.

The internal factor reset detection status register is initialized by an external reset input, power-on reset or
IRSTSR<FCLR>.

Set IRSTSR<FCLR> to "1" and write "0x71" to SYSCR4. This enables IRSTSR<FCLR> and the bit 6 and bits 4
to 0 of IRSTR are cleared to "0". At the same time, IRSTSR<FCLR> is cleared to "0" automatically

Note 1: Care must be taken in system designing since the IRSTSR may not fulfill its functions due to disturbing noise and
other effects.

Note 2: When the SYSCRA4 is written to “0x71” (Enable code for IRSTSR<FCLR>) after IRSTSR<FCLR> is modified,

these operation should be executed continuously in NORMAL mode with fcgck = fc / 4 (CGCR<FCGCKSEL> =
00). Otherwise, IRSTSR<FCLR> may be enabled at unexpected timing.
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2.4.4.9. How to use the external reset input pin as a port

To use the external reset input pin as a port, keep the external reset input pin at the “High” level until the power is
turned on and the warm-up operation that follows reset release is finished.

After the warm-up operation that follows reset release is finished, set <P1PUO> to "1" and <P1CRO> to "0", and
connect a pull-up resistor for a port. Then set SYSCR3<RSTDIS> to "1" and write "0xB2" to SYSCR4. This
disables the external reset function and makes the external reset input pin usable as a normal port.

To use the pin as an external reset pin when it is used as a port, set <P1PUO0>to "1" and <P1CR0> to "0" and
connect the pull-up resistor to put the pin to the input mode. Then clear SYSCR3<RSTDIS> to "0" and write
"0xB2" to SYSCRA4. This enables the external reset function and makes the pin usable as the external reset input
pin.

Note 1: When switching the external reset input pin to a port or switching the pin used as a port to the external reset input
pin, do it when the pin is stabilized at the “High” level. Switching the pin function when the “Low” level is input
may cause a reset.

Note 2: When the external reset input is used as a port, the statement which clears SYSCR3<RSTDIS> to "0" should be
not written in a program. When it is in a program, the external reset input set as a port may be changed as the
external reset input at unexpected timing by the abnormal execution of program,.

Note 3: When the SYSCR4 is written to “OxB2” (Enable code for SYSCR3<RSTDIS>) after SYSCR3<RSTDIS> is

modified, these operation should be executed continuously in NORMAL mode with fcgck = fc / 4
(CGCR<FCGCKSEL> = 00). Otherwise, SYSCR3<RSTDIS> may be enabled at unexpected timing.
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3. Interrupt Control Circuit

The TMP89FS60B/62B/63B has a total of 27 interrupt sources excluding reset. Interrupts can be nested with
priorities. Three of the internal interrupt sources are non-maskable interrupt and others are maskable interrupt.

Table 3-1 All interrupt sources of the TMP89FS60B/62B/63B

Vector Address
pBriaoeri:y Interrupt sources Enable condition In::::;‘pt SYss(IxCU mOds?()ssm
<RVCTR>=0 | <RVCTR>=1
1 :Er];?er?naallll (Reset) Non-maskable - OxFFFE -
2 Internal INTSWI Non-maskable - OxFFFC 0x01FC
2 Internal INTUNDEF Non-maskable - OxFFFC 0x01FC
2 Internal INTWDT Non-maskable ILL<IL3> OxFFF8 0x01F8
5 Internal INTWUC <IMF> AND EIRL<EF4> =1 ILL<IL4> OxFFF6 0x01F6
6 Internal INTTBT <IMF> AND EIRL<EF5> =1 ILL<IL5> OxFFF4 0x01F4
7 Internal INTRXDO/INTSIOO0 <IMF> AND EIRL<EF6> =1 ILL<IL6> OxFFF2 0x01F2
8 Internal INTTXDO <IMF> AND EIRL<EF7> =1 ILL<IL7> OxFFFO 0x01F0
9 External INT5 <IMF> AND EIRH<EF8> =1 ILH<IL8> OxFFEE O0x01EE
10 Internal INTVLTD <IMF> AND EIRH<EF9> =1 ILH<IL9> OxFFEC 0x01EC
11 Internal INTADC <IMF> AND EIRH<EF10> = 1 ILH<IL10> OxFFEA Ox01EA
12 Internal INTRTC <IMF> AND EIRH<EF11> =1 ILH<IL11> OxFFES8 0x01E8
13 Internal INTTCO0 <IMF> AND EIRH<EF12> = 1 ILH<IL12> OxFFE6 0x01E6
14 Internal INTTCO1 <IMF> AND EIRH<EF13> =1 ILH<IL13> OxFFE4 0x01E4
15 Internal INTTCAO <IMF> AND EIRH<EF14> = 1 ILH<IL14> OxFFE2 0x01E2
16 Internal |NTS(I?\}2{I6N;')SIOO <IMF> AND EIRH<EF15> =1 ILH<IL15> OxFFEO 0x01EOQ
17 External (r\z’;ltLOB) <IMF> AND EIRE<EF16> =1 ILE<IL16> OxFFDE 0x01DE
18 External (1\121;16) <IMF> AND EIRE<EF17> =1 ILE<IL17> OxFFDC 0x01DC
19 External INT2 <IMF> AND EIRE<EF18> =1 ILE<IL18> OxFFDA 0x01DA
20 External INT3 <IMF> AND EIRE<EF19> =1 ILE<IL19> OxFFD8 0x01D8
21 External INT4 <IMF> AND EIRE<EF20> =1 ILE<IL20> OxFFD6 0x01D6
22 Internal INTTCA1 <IMF> AND EIRE<EF21> =1 ILE<IL21> OxFFD4 0x01D4
23 Internal INTRXD1/INTSIO1 <IMF> AND EIRE<EF22> =1 ILE<IL22> OxFFD2 0x01D2
24 Internal INTTXD1 <IMF> AND EIRE<EF23> =1 ILE<IL23> OxFFDO 0x01D0
25 Internal INTTCO2 <IMF> AND EIRD<EF24> = 1 ILD<IL24> OxFFCE 0x01CE
26 Internal INTTCO3 <IMF> AND EIRD<EF25> = 1 ILD<IL25> OxFFCC 0x01CC
27 Internal INTRXD2 <IMF> AND EIRD<EF26> = 1 ILD<IL26> OxFFCA 0x01CA
28 Internal INTTXD2 <IMF> AND EIRD<EF27> = 1 ILD<IL27> OxFFC8 0x01C8
Note 1: Vector address areas can be changed by the SYSCR3<RVCTR> setting. To assign vector address areas to
RAM, set SYSCR3<RVCTR> to "1" and SYSCR3<RAREA> to "1" and write “0xD4” to SYSCR4 to be valid them.
Note 2: "0xFFFA" and "0xFFFB" function not as interrupt vectors but as option codes in the Serial PROM mode. For
details, refer to "22. Serial PROM Mode".
Note 3: When the watchdog timer interrupt (INTWDT) is used, clear WDTCR1<EDTOUT> to "0". (After releasing a reset,
After releasing reset, the WDT outputs "Watchdog timer reset signal”.)
Note 4: According to selecting the shared interrupt sources, refer to "8.5. Serial Interface Selecting Function".
Note 5: The INTSBIO/INTSIOO is “Reserved” for the TMP89FS62B.
Note 6: The INTO and INT1 is “Reserved” for the TMP89FS62B and TMP89FS63B.
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3.2. Interrupt Sources

Interrupt sources are provided with interrupt latches (<ILx>), which hold interrupt requests, and have independent
vector addresses. When a request for an interrupt is generated, its interrupt latch is set to "1", which requests the
CPU to accept the interrupt. Acceptance of interrupts is enabled or disabled by software using the interrupt master
enable flag (KIMF>) and individual enable flag (<EFx>) for each interrupt source.

3.3. Interrupt Priority

When multiple maskable interrupts are generated simultaneously, the interrupts are accepted in order of
descending priority. The priorities are determined by the interrupt priority change control register (ILPRS1 to
ILPRS6) as Levels and determined by the hardware as the basic priorities.

However, there are no prioritized interrupt sources among non-maskable interrupts.
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3.4. Interrupt Sources for Each Product

The interrupt sources for each product are shown in Table 3-2.
The individual interrupt enable flag (EFx) whose interrupt source is not available should be cleared to “0”.

Table 3-2 Interrupt sources for each product

Basic priority Interrupt sources TMP89FS60B | TMP89FS62B | TMP89FS63B
1 Intg)r(rt]earli]al (Reset) A A A
2 Internal INTSWI A A A
2 Internal INTUNDEF A A A
2 Internal INTWDT A A A
5 Internal INTWUC A A A
6 Internal INTTBT A A A
7 Internal INTRXDO/INTSIOO0 A A A
8 Internal INTTXDO A A A
9 External INTS A A A

10 Internal INTVLTD A A A
11 Internal INTADC A A A
12 Internal INTRTC A A A
13 Internal INTTCOO A A A
14 Internal INTTCO1 A A A
15 Internal INTTCAO A A A
16 Internal INTSBIO/INTSIOO0 A NA A
17 External INTO A NA NA
18 External INT1 A NA NA
19 External INT2 A A A
20 External INT3 A A A
21 External INT4 A A A
22 Internal INTTCA1 A A A
23 Internal INTRXD1/INTSIO1 A A A
24 Internal INTTXD1 A A A
25 Internal INTTCO2 A A A
26 Internal INTTCO3 A A A
27 Internal INTRXD2 A A A
28 Internal INTTXD2 A A A
Note: A: Available, NA: Not available
2020-08-12
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3.5. Interrupt Latches (<IL27> to <IL3>)

An interrupt latch is provided for each interrupt source, except for a software interrupt and an undefined
instruction execution interrupt. When an interrupt request is generated, the latch is set to "1", and the CPU is
requested to accept the interrupt when its acceptance is enabled. The interrupt latch is cleared to "0" immediately
after the interrupt is accepted. All interrupt latches are initialized to "0" during reset.

The interrupt latches are located at addresses "0xOFEQ", "0xOFE1", "0xOFE2", "0xOFE3" in SFR area. Each latch
can be cleared to "0" individually by an instruction. However, <IL3> interrupt latch cannot be cleared by
instructions.

Do not use any read-modify-write instruction, such as a bit manipulation or operation instruction, because it may
clear interrupt requests generated while the instruction is executed.

Interrupt latches cannot be set to "1" by using an instruction. Writing "1" to an interrupt latch is equivalent to
denying clearing of the interrupt latch, and not setting the interrupt latch.

Since interrupt latches can be read by instructions, the status of interrupt requests can be monitored by software.

Note: In the main program, before manipulating the interrupt enable flag (<ILx>), be sure to clear the master enable flag
(<IMF>) to "0" (Clearing <IMF> to “0” by [DI] instruction). Then set the <IMF> to "1" as required after operating the
<ILx> (Setting <IMF> to “1” by [EI] instruction).

In the interrupt service routine, the <IMF> becomes "0" automatically and needs not be cleared to "0" normally.
However, when using multiple interrupt in the interrupt service routine, manipulate the <ILx> before setting the
<IMF> to "1".

Example 1: Clears interrupt latches

DI ; <IMF> — "0"

LD (ILL), OX3F ; <IL7> to <IL6> — "0"

LD (ILH), OXE8 ; <IL12>, <IL10> to <IL8> «— "0"
El ; <IMF> —"1"

Example 2: Reads interrupt latches

LD WA, (ILL) ;W ILH, A —ILL

Example 3: Tests interrupt latches

TEST  (ILL).7 : When <IL7> = 1 then jump to SSET
JR F, SSET

SSET:
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3.6. Interrupt Enable Register (EIR)

The interrupt enable register (EIR) enables and disables the acceptance of interrupts, except for the non-maskable
interrupts (software interrupt, undefined instruction interrupt and watchdog interrupt). Non-maskable interrupts
are accepted regardless of the contents of the EIR.

The EIR consists of the interrupt master enable flag (<IMF>) and the individual interrupt enable flags (<SEFx>).
These registers are located at addresses "0x003A", "0x003B", "0x003C", "0x003D" in the SFR area, and they can
be read and written by instructions (including read-modify-write instructions such as bit manipulation or operation
instructions).

3.6.1. Interrupt master enable flag (<IMF>)

The interrupt master enable flag (<IMF>) enables and disables the acceptance of all maskable interrupts. Clearing
the IMF to "0" disables the acceptance of all maskable interrupts. Setting the IMF to "1" enables the acceptance of
the interrupts that are specified by the individual interrupt enable flags.

When an interrupt is accepted, the <IMF> is stacked and then cleared to "0", which temporarily disables the
subsequent maskable interrupts. After the interrupt service routine is executed, the stacked data, which was the
status before interrupt acceptance, reloaded on the <IMF> by return interrupt instruction [RETI]/[RETN].

The <IMF> is located on bit 0 in EIRL (Address: "0x003A" in SFR), and can be read and written by instructions.

The <IMF> is normally set and cleared by [EI] and [DI] instructions respectively. During reset, the <IMF> is
initialized to "0".

3.6.2. Individual interrupt enable flags (<EF27> to <EF4>)

Each of these flags enables and disables the acceptance of its maskable interrupt. Setting the corresponding bit of
an individual interrupt enable flag to "1" enables acceptance of its interrupt, and setting the bit to "0" disables
acceptance.

During reset, all the individual interrupt enable flags are initialized to "0" and no maskable interrupts are accepted
until the flags are set to "1".

Note: In the main program, before manipulating the interrupt enable flag (<EFx>), be sure to clear the master enable flag
(<IMF>) to "0" (Clearing <IMF> to “0” by [DI] instruction). Then set the <IMF> to "1" as required after operating the
<EFx> (Setting <IMF> to “1” by [EI] instruction).

In the interrupt service routine, the <IMF> becomes "0" automatically and needs not be cleared to "0" normally.
However, when using multiple interrupt in the interrupt service routine, manipulate the <EFx> before setting the
<IMF> to "1".

Example: Enables interrupts individually and sets <IMF>

DI ; <IMF> « "0"
LDW  (EIRL), OXE8AO ; <EF15> to <EF 13>, <EF11>, <EF7>, <EF5> « "1"
: ; <IMF> should not be set simultaneously with <EFx>.

El : <IMF> «— ™"
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Interrupt latch (ILL)

ILL
(OXOFEOQ)

Interrupt latch (ILH)

ILH
(OXOFE1)

Interrupt latch (ILE)

ILE
(OXOFE2)

Interrupt latch (ILD)

ILD
(OXOFE3)

7 6 5 4 3 2 1 0
Bit Symbol IL7 IL6 IL5 IL4 IL3 - - -
Read/Write R/W R/W R/W R/W R R R R
After reset 0 0 0 0 0 0 0 0
. INTRXDO/
Function INTTXDO INTSIO0 INTTBT | INTWUC | INTWDT - - -
7 6 5 4 3 2 1 0
Bit Symbol IL15 IL14 IL13 IL12 IL11 IL10 IL9 IL8
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
INTSBIO/
Function INTSIOO0 INTTCAO | INTTCO1 | INTTCOO [ INTRTC | INTADC | INTVLTD INT5
(Note 6)
7 6 5 4 3 2 1 0
Bit Symbol IL23 IL22 IL21 IL20 IL19 IL18 IL17 IL16
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
. INTRXD1/ INTA1 INTO
Function INTTXD1 INTSIO INTTCA1 INT4 INT3 INT2 (Note 7) | (Note 7)
7 6 5 4 3 2 1 0
Bit Symbol - - - - IL27 IL26 IL25 IL24
Read/Write R R R R R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
Function - - - - INTTXD2 [ INTRXD2 [ INTTCO3 | INTTCO02
When reading When writing
0: No interrupt request Clears the interrupt request
(Notes 2 and 3)
IL27 to IL4
1: Interrupt request <ILx> is not set to “1” by writing
Interrupt latch "y
0: No interrupt request
IL3 (Note 1)
1: Interrupt request

Note 1: <IL3> is a read-only register. Writing the register does not affect <IL3>.

Note 2: In the main program, before manipulating the interrupt enable flag (<ILx>), be sure to clear the master enable flag
(<IMF>) to "0" (Clearing <IMF> to “0” by [DI] instruction). Then set the <IMF> to "1" as required after operating
the <ILx> (Setting <IMF> to “1” by [EI] instruction).
In the interrupt service routine, the <IMF> becomes "0" automatically and needs not be cleared to "0" normally.
However, when using multiple interrupt in the interrupt service routine, manipulate the <ILx> before setting the
<IMF> to "1".

Note 3: Do not clear <ILx> with read-modify-write instructions such as bit operations.
Note 4: When a read instruction is executed on ILL, bits 2 to 0 are read as "0".
Note 5: When a read instruction is executed on ILD, bits 7 to 4 are read as “0”.
Note 6: <IL15> is “Reserved (this bit symbol must be cleared to “0”.)” for the TMP89FS62B.

Note 7: <IL17> and <IL16> are “Reserved (this bit symbol must be cleared to “0”.)” for the TMP89FS62B and
TMP89FS63B.
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Interrupt enable register (EIRL)

EIRL 7 6 5 4 3 2 1 0
(0x003A) | Bit Symbol EF7 EF6 EF5 EF4 - - - IMF
Read/Write R/W R/W R/W R/W R R R RW
After reset 0 0 0 0 0 0 0 0
Interrupt
Function | INTTXDO ':“NTTRS)%S/ INTTBT | INTWUC - - - er:;fé
flag
Interrupt enable register (EIRH)
EIRH 7 6 5 4 3 2 1 0
(0x003B) | Bit Symbol EF15 EF14 EF13 EF12 EF11 EF10 EF9 EF8
Read/Write RW R/W R/W RW RW R/W RW RW
After reset 0 0 0 0 0 0 0 0
INTSBIO/
Function INTSIOO0 | INTTCAO [ INTTCO1 | INTTCOO [ INTRTC | INTADC | INTVLTD INT5
(Note 5)
Interrupt enable register (EIRE)
EIRE 7 6 5 4 3 2 1 0
(0x003C) | Bit Symbol EF23 EF22 EF21 EF20 EF19 EF18 EF17 EF16
Read/Write RW R/W R/W RW RW R/W RW RW
After reset 0 0 0 0 0 0 0 0
Function | INTTXD1 I:\jNTTRS)I(gy INTTCA1 INT4 INT3 INT2 (l\:':tEG) (,\1’:;06)
Interrupt enable register (EIRD)
EIRD 7 6 5 4 3 2 1 0
(0x003D) | Bit Symbol - - - - EF27 EF26 EF25 EF24
Read/Write R R R R R/W R/W RW RW
After reset 0 0 0 0 0 0 0 0
Function - - - - INTTXD2 | INTRXD2 | INTTCO3 | INTTCO02
EE27 to Enables the acceptance of 0: | Disables the acceptance of each maskable interrupt.
EF4 all maskable interrupts. 1: | Enables the acceptance of each maskable interrupt.
IME Interrupt master enable 0: | Disables the acceptance of all maskable interrupts.
flag 1: | Enables the acceptance of all maskable interrupts.
Note 1: Do not set the <IMF> and the interrupt enable flag (<EF15> to <EF4>) to "1" at the same time.

Note 2:

Note 3:
Note 4:
Note 5:
Note 6:

In the main program, before manipulating the interrupt enable flag (KEFx>), be sure to clear the master enable
flag (<IMF>) to "0" (Clearing <IMF> to “0” by [DI] instruction). Then set the <IMF> to "1" as required after
operating the <EFx> (Setting <IMF> to “1” by [EI] instruction).

In the interrupt service routine, the <IMF> becomes "0" automatically and needs not be cleared to "0" normally.
However, when using multiple interrupt in the interrupt service routine, manipulate the <EFx> before setting the
<IMF> to "1".

When a read instruction is executed on EIRL, bits 3 to 1 are read as "0".

When a read instruction is executed on EIRD, bits 7 to 4 are read as “0”.

<EF15> is “Reserved (this bit symbol must be cleared to “0”.)” for the TMP89FS62B.

<EF17> and <EF16> are “Reserved (this bit symbol must be cleared to “0”.)” for the TMP89FS62B and the
TMP89FS63B.
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3.7. Maskable Interrupt Priority Change Function

The priority of maskable interrupts (<IL4> to <IL27>) can be changed to four levels, Levels 0 to 3 by the interrupt
priority change control register (ILPRS1 to ILPRS6), regardless of the basic priorities 5 to 28.

To raise the interrupt priority, set the Level to a larger number. To lower the interrupt priority, set the Level to a
smaller number. When different maskable interrupts are generated simultaneously at the same level, the interrupt
with higher basic priority is processed preferentially.

For example, when the ILPRS1 register is set to "0xC0" and interrupts of <IL4> and <IL7> are generated at the
same time, the interrupt of <IL7> is preferentially processed (<EF4> and <EF7> have been enabled.).

After reset is released, all maskable interrupts are set to priority level O (the lowest priority).

Note: In the main program, before manipulating the interrupt priority change control register (ILPRS1 to 6), be sure to
clear the master enable flag (<IMF>) to "0" (Disable interrupt by [DI] instruction).
Set the <IMF> to "1" as required after operating ILPRS1 to 6 (Enable interrupt by [EI] instruction).
In the interrupt service routine, the <IMF> becomes "0" automatically and needs not be cleared to "0" normally.
However, when using multiple interrupt in the interrupt service routine, manipulate ILPRS1 to 6 before setting the
<IMF> to "1".

Interrupt priority change control register 1

ILPRS1 7 6 5 4 3 2 1 0
(OxOFFO0) | Bit Symbol ILO7P ILO6P ILO5P ILO4P
Read/Write R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
ILO7P Sets the interrupt priority of <IL7>. 00: | Level O (lower priority)
ILOGP Sets the interrupt priority of <IL6>. 01: | Level 1
ILO5P Sets the interrupt priority of <IL5>. 10: | Level 2
ILO4P Sets the interrupt priority of <IL4>. 11: | Level 3 (higher priority)

Interrupt priority change control register 2

ILPRS2 7 6 5 4 3 2 1 0
(OxOFF1) | Bit Symbol IL11P IL10P ILO9P ILO8P

Read/Write R/W R/W R/W R/W

After reset 0 0 0 0 0 0 0 0

IL11P Sets the interrupt priority of <IL11>. | 00: Level O (lower priority)

IL10P Sets the interrupt priority of <IL10>. | 01: Level 1

ILO9P Sets the interrupt priority of <IL9>. | 10: Level 2

ILO8P Sets the interrupt priority of <IL8>. | 11: Level 3 (higher priority)
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Interrupt priority change control register 3

ILPRS3 7 6 5 4 3 2 1 0

(0xOFF2) | Bit Symbol IL15P IL14P IL13P IL12P
Read/Write R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
IL15P Sets the | iority of <IL1 . | Leveto iori
(Note) ets the interrupt priority of <IL15>. | 00: evel O (lower priority)
IL14P Sets the interrupt priority of <IL14>. | 01: Level 1
IL13P Sets the interrupt priority of <IL13>. | 10: Level 2
IL12P Sets the interrupt priority of <IL12>. | 11: Level 3 (higher priority)

Note: <IL15P> is “Reserved (this bit symbol must be cleared to “00”.)” for the TMP89FS62B.
Interrupt priority change control register 4

ILPRS4 7 6 5 4 3 2 1 0

(OxOFF3) | Bit Symbol IL19P IL18P IL17P IL16P
Read/Write R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
IL19P Sets the interrupt priority of <IL19>. | 00: Level O (lower priority)
IL18P Sets the interrupt priority of <IL18>. | 01: Level 1
IL17P . . .
(Note) Sets the interrupt priority of <IL17>. | 10: Level 2
IL16P . . . . .
(Note) Sets the interrupt priority of <IL16>. | 11: Level 3 (higher priority)

Note: <IL17P> and <IL16P> are “Reserved (this bit symbol must be cleared to “00”.)” for the TMP89FS62B and the

TMP89FS63B.

Interrupt priority change control register 5

ILPRS5 7 6 5 4 3 2 1 0
(OxOFF4) | Bit Symbol IL23P IL22P IL21P IL20P
Read/Write R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
IL23P Sets the interrupt priority of <IL23>. | 00: Level O (lower priority)
IL22P Sets the interrupt priority of <IL22>. | 01: Level 1
IL21P Sets the interrupt priority of <IL21>. | 10: Level 2
IL20P Sets the interrupt priority of <IL20>. | 11: Level 3 (higher priority)
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Interrupt priority change control register 6

ILPRS6
(OXOFF5)

7 6 5 3 2 1 0
Bit Symbol IL27P IL26P IL25P IL24P
Read/Write R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0

IL27P Sets the interrupt priority of <IL27>.
IL26P Sets the interrupt priority of <IL26>.
IL25P Sets the interrupt priority of <IL25>.
IL24P Sets the interrupt priority of <IL24>.

00:

01:

10:

11:

Level O (lower priority)
Level 1

Level 2

Level 3 (higher priority)

3.8. Interrupt Sequence

An interrupt request is held, until interrupt is accepted or interrupt latch is cleared to “0” by a reset or an
instruction. Interrupt acceptance sequence requires 8-machine cycles after the completion of the current
instruction. The interrupt service task terminates upon execution of an interrupt return instruction [RETI] (for
maskable interrupts) or [RETN] (for non-maskable interrupts).

3.8.1. Initial Setting

Using an interrupt requires specifying an SP (stack pointer) for it in advance. The SP is a 16-bit register pointing
at the start address of a stack. The SP is post-decremented when a subroutine call or a push instruction is executed
or when an interrupt request is accepted. It is pre-incremented when a return or pop instruction is executed.
Therefore, the stack becomes deeper toward lower stack location addresses. Be sure to reserve a stack area having
an appropriate size based on the SP setting.

The SP is initialized to "OxO0FF" after a reset. When the SP must be changed, do so right after a reset or while the
interrupt master enable flag (<IMF>) is "0".

Example :The stack pointer (SP) setting

LD SP, 0x023F ; SP « "0x023F"
LD SP, SP+0x04 ; SP «— SP + "0x04"
ADD SP, 0x0010 ; SP « SP +"0x0010"
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3.8.2. Interrupt Acceptance Processing

The below processing are automatically executed in the interrupt acceptance processing.

(1) The interrupt master enable flag (<IMF>) is cleared to “0” in order to disable the acceptance of any following
interrupt.

(2) The interrupt latch (<ILx>) for the interrupt source accepted is cleared to “0".

(3) The contents of the program counter (PC) and the program status word (PSW), including the interrupt master
enable flag (KIMF>) and the register bank select (RBS), are saved (Pushed) on the stack in sequence of PSW,
PCH, PCL. Meanwhile, the stack pointer (SP) is decremented by 3.

(4) The entry address (Interrupt vector) of the corresponding interrupt service program, loaded on the vector
table, is transferred to the program counter.

(5) The instruction stored at the entry address of the interrupt service program is executed.

Example: Correspondence between vector table address for INTTBT and the entry address of the interrupt service
program

Vector table address Entry address
‘ > 0xD203
‘ 0xD204

Figure 3-2 Vector table address and Entry address

OxFFF4
OXFFF5

A maskable interrupt is not accepted until the <IMF> is set to “1” when the maskable interrupt is requested in the
interrupt service routine.

In order to utilize nested interrupt service, the <IMF> must be set to “1” in the interrupt service program.

In this case, acceptable interrupt sources are selectively enabled by the individual interrupt enable flags (<EFx>).
To avoid overloaded nesting, clear <EFx> whose interrupt is currently serviced, before setting <IMF> to “1".

As for non-maskable interrupt, keep interrupt service shorter compared with length between interrupt requests.
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3.8.3. Saving/restoring General-purpose Registers

During interrupt acceptance processing, the program counter (PC) and the program status word (PSW, includes

<IMF> and RBS) are automatically saved to the stack, but the general-purpose registers are not. These registers

must be saved by software if necessary. When multiple interrupt services are nested, it is also necessary to avoid
using the same RAM area for saving registers.

The following methods are used to save/restore the general-purpose registers.

3.8.3.1. Saving/restoring General-purpose Register by Using PUSH or POP Instructions
To save only a specific register with nested interrupts of the same sources, the general-purpose registers are saved
or restored by PUSH or POP instructions.

Example :Saving/restoring general-purpose registers by using PUSH or POP instructions

; ##HAE Interrupt service routine #HHE

PINTxx: PUSH WA ; Save WA register to the stack
: ; Interrupt service processing
POP WA ; Restore WA register from the stack
RETI ; Return to the main task
Address
SP—>» (Example)
A b-4
SP—» w SP —» b-3
PCL PCL PCL b-2
PCH PCH PCH b-1
PSW PSW PSW SP —>» b
At acceptance of At execution of At execution of At execution of
an Interrupt PUSH instruction POP instruction an RETI instruction

Figure 3-3 Saving/restoring General-purpose Registers by Using PUSH or POP Instructions
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3.8.3.2. Saving/restoring General-purpose Register by Using Data Transfer Instructions

To save only a specific register without nested interrupts, the general-purpose registers are saved and restored by
the data transfer instructions to or from the RAM.

Example: Saving/restoring only a specific register by using data transfer instructions to or from the RAM

; ##HAE Interrupt service routine #HH

PINTxx: LD (GSAVA), A ; Save A register
: ; Interrupt service processing
LD A, (GSAVA) ; Restore A register
RETI ; Return to the main task
Main task Interrupt
service
Interruptaooeptance: routine
Saving
registers
Restoring
Return to main task registers

<
<

Figure 3-4 Saving/restoring General-purpose Register by Using Data Transfer Instructions
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3.8.3.3. Saving/restoring General-purpose Registers by Using a Register Bank

In non-multiple interrupt handling, the register bank function can be used to save/restore the general-purpose
registers at a time. The register bank function saves (switches) the general-purpose registers by executing a
register bank manipulation instruction (such as LD RBS,1) at the beginning of an interrupt service task. It is
unnecessary to re-execute the register bank manipulation instruction at the end of the interrupt service task
because executing the RETI instruction makes a return automatically to the register bank that was being used by
the main task according to the content of the PSW.

Note: Two register banks (BANKO and BANK1) are available. Each bank consists of 8-bit general-purpose registers (W,
A, B, C, D, E, H, and L) and 16-bit general-purpose registers (IX and 1Y).

Example: Saving/restoring the general-purpose registers by using a register bank
(with the main task using the register bank BANKO)

; #### Interrupt service routine

PINTxx: LD RBS, 1 ; Switches the register bank to BANK1
: ; Interrupt service processing
RETI ; Return to the main task (Makes a return automatically to BANKO

: when the PSW is restored by RETI instruction)

Main task

Interrupt acceptance _ !nterrupt
» service task )
-------- Switches the

LD RBS,1 register bank to
BANK1.

The register bank
BANKO is inuse.

Return to main task

A return is made automatically
to the register bank BANKO.

Figure 3-5 Saving/restoring General-purpose Registers by Using a Register Bank

3.8.4. Interrupt return
Interrupt return instructions [RETI]/[RETN] perform as follows.

[RETI)/[RETN] Interrupt Return

1. Program counter (PC) and program status word
(including <IMF> and RBS) are restored from the
stack.

2. Stack pointer (SP) is incremented by 3.
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3.9. Software Interrupt (INTSWI)

Executing the SWI instruction generates a software interrupt and immediately starts interrupt processing (INTSWI
is the top-priority interrupt).

Use the SW1 instruction only for address error detection or for debugging described below.

3.9.1. Address error detection

"0xFF" is read when some cause such as noise the CPU attempts to fetch an instruction from a non-existent
memory address. Code "OxFF" is an SWI instruction, so a software interrupt is generated and an address error is
detected. The address error detection range can be further expanded by writing "0xFF" to unused areas in the
program memory.

When a software interrupt is generated, it is recommended to generate system clock reset as the program below.

Example: The TMP89FS60B/62B/63B restart by generating system clock reset after the address error is detected by the
SW1 instruction.

INTSWI: LD (SYSCR2), 0x10 ; The TMP89FS60B/62B/63B restart by the system clock reset
RETN ;

vector section romdata abs = OxFFFC
DW INTSWI

3.9.2. Debugging
Debugging efficiency can be increased by placing the SWI instruction at the software break point setting address.

3.10. Undefined Instruction Interrupt (INTUNDEF)

When the CPU tries to fetch and execute an instruction that is not defined, INTUNDEEF is generated and starts the
interrupt processing. INTUNDEF is accepted during not only maskable interrupt but another non-maskable
interrupt are in process. The current process is discontinued and the INTUNDEF interrupt process starts soon after
it is requested.

Note: When the undefined instruction interrupt (INTUNDEF) occurs, the contents of the interrupt vector as same as the
software interrupt’s one is set to the PC.

2020-08-12
103/ 487 Rev. 1.0



TOSHIBA TMP89IFSE0BFG/TMPSIFS60BUG
TMP89FS62BUG/TMPS9FS63BUG

4. External Interrupt Control Circuit

The external interrupt detects the change of the input signal and generates an interrupt request. Noise can be
removed by the built-in digital noise canceller.

4.1. External Interrupt Control Circuits for Each Product

The external interrupt control circuits for each product are shown at Table 4-1.

The corresponding bit in the low power consumption register (POFFCR3) for the not available external interrupt
control circuit should be cleared to “0”.

Table 4-1 External Interrupt Control Circuits for Each Product

External interrupt control circuit | TMP89FS60B | TMP89FS62B | TMP89FS63B
External interrupt O A NA NA
External interrupt 1 A NA NA
External interrupt 2 A A A
External interrupt 3 A A A
External interrupt 4 A A A
External interrupt 5 A A A

Note: A: Available, NA: Not available
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4.2. Configuration
The external interrupt control circuit consists of a noise canceller, an edge detection circuit, a level detection
circuit and an interrupt request generation circuit.
The externally input signals are input to the rising edge or falling edge or level detection circuit for each external
interrupt, after noise is removed by the noise canceller.

Interrupt request INTx interrupt

. I:l ) . ) Falling edge )
INTx pin Noise canceller detection circuit generation circuit > request

fcgck fs/4

Note: x=5and 0
Figure 4-1 External Interrupts 0/5

. ’ 5| Risingedge >
INTX pin D—’ Noise canceller detection circuit ~
Irgtﬁgr;riitorne% Iurgﬁtlt ———————— INTx interrupt request
fs/4 g «| Falling edge 3> g
1 detection circuit g

[ 4 8% o3l 5

AAA <INTXES>

<INTxLVL>

Y
fcgck 112]13|4 EINTCRX

Note: x =3 to 1

Figure 4-2 External Interrupts 1/2/3

Rising edge

7| detection circuit
Y

. ! | Falling edge
INT4 pin D—> Noise canceller > detoction cireuit >
Interrupt request
f 4 - generation circuit
s Level detection

— > INT4 interrupt request

Y

circuit
4 s|<—
A BCD A
A A A <INT4ES>
<INT4LVL>

Y

fcgck 1121314 EINTCR4

Figure 4-3 External Interrupt 4
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4.3. Control

External interrupts are controlled by the following registers:

Low power consumption register 3

POFFCR3 7 6 5 4 3 2 1 0
(OxOF77) | Bit Symbol - - INT5EN INT4EN INT3EN INT2EN INT1EN INTOEN
Read/Write R/W RW R/W R/W RW R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
0: | Disable
INTS5EN INT5 control
1: | Enable
0: | Disable
INT4EN INT4 control
1: | Enable
0: | Disable
INT3EN INT3 control
1: | Enable
0: | Disable
INT2EN INT2 control
1: | Enable
INT1EN 0: | Disable
INT1 control
(Note 4) 1: | Enable
INTOEN 0: | Disable
INTO control
(Note 4) 1: | Enable

Note 1: Clearing <INTXEN> (x = 5 to 0) to "0" stops the clock supply to the external interrupts. This invalidates the data
written in the control register for each external interrupt. When using the external interrupts, set <INTXEN> to "1"
and then write data into the control register for each external interrupt.

Note 2: Interrupt requests may be generated when <INTXEN> is changed. Before changing <INTXEN>, clear the
corresponding interrupt enable flag to "0" to disable the generation of interrupt. Wait for 2 / fcgck + 3 / fspl [s] in
the NORMAL1/2 or IDLE1/2 mode and clears the corresponding interrupt latch to “0”. Wait for 12 / fs [s] in the
SLOW1/2 or SLEEP1 mode, clears the corresponding one.

Note 3: Bits 7 and 6 of POFFCRS3 are read as the value written. They should be clear to “0”.

Note 4: <INT1EN> and <INTOEN> are “Reserved (this bit symbol must be cleared to “0”.)” for the TMP89FS62B and
TMP89FS63B.
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External interrupt control register 1

EINTCR1 7 6 5 4 3 2 1 0
(OxOFD8) | Bit Symbol - - - INT1LVL INT1ES INTINC
Read/Write R R R R R/W R/W
After reset 0 0 0 0 0 0 0 0
Noise canceller pass signal | o: | |nitial state or signal level “Low”
INT1LVL level whfen the interrupt
request is generated for ) A
external interrupt 1 1. | Signal level *High
00: | An interrupt request is generated at the rising edge of
the noise canceller pass signal
Selects the interrupt 01: | An interrupt request is generated at the falling edge of
request generating the noise canceller pass signal
INT1ES dition f t |
conai '°n1 or externa 10: | An interrupt request is generated at both edges of the
interrupt noise canceller pass signal
11: | Reserved
NORMAL1/2 or IDLE1/2 SLOW1/2 or SLEEP1
00: | fcgek [Hz] 00: | fs /4 [HZ]
Sets the noise canceller
INT1INC sampling interval for 01: | fogek /22 [Hz] 01: | fs /4 [Hz]
external interrupt 1
10: | fegek / 28 [Hz] 10: | fs /4 [HzZ]
11: | fegek / 2% [Hz] 11: | fs / 4 [HzZ]
Note 1: fcgck: Gear clock [Hz], fs: Low-frequency clock [Hz]

Note 2:

Note 3:

Note 4:
Note 5:

Interrupt requests may be generated during transition of the operation mode. Before changing the operation
mode, clear the corresponding interrupt enable flag to "0" to disable the generation of interrupt. When the
operation mode is changed from NORMAL1/2 or IDLE1/2 to SLOW1/2 or SLEEP1, wait 12 / fs [s] after the
operation mode is changed and clear the corresponding interrupt latch.

And when the operation mode is changed from SLOW1/2 or SLEEP1 to NORMAL1/2 or IDLE1/2,

wait 2 / fcgck + 3 / fspl [s] after the operation mode is changed and clear the corresponding interrupt latch.

Interrupt requests may be generated when EINTCR1 is changed. Before changing EINTCR1 clear the
corresponding interrupt enable flag to "0" to disable the generation of interrupt. Wait for 2 / fcgck + 3 / fspl [s] in
the NORMAL1/2 or IDLE1/2 mode and clears the corresponding interrupt latch to “0”. Wait for 12 / fs [s] in the
SLOW1/2 or SLEEP1 mode, clears the corresponding one.

The content of EINTCR1<INT1LVL> is updated each time an interrupt request is generated.

When a read instruction is executed on EINTCR1, bits 7 to 5 are read as "0".
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External interrupt control register 2

EINTCR2 7 6 5 4 3 2 1 0
(OxOFD9) | Bit Symbol - - - INT2LVL INT2ES INT2NC
Read/Write R R R R R/W R/W
After reset 0 0 0 0 0 0 0 0
Noise canceller pass signal | 0: | Initial state or signal level “Low”
INT2LVL level whfen the interrupt
request is generated for ) A
external interrupt 2 1. | Signal level *High
00: | An interrupt request is generated at the rising edge of the
noise canceller pass signal
Selects the interrupt 01: | An interrupt request is generated at the falling edge of the
request generating noise canceller pass signal
INT2ES dition f t |
.C(in ' |otr120r externa 10: | An interrupt request is generated at both edges of the
interrup noise canceller pass signal
11: | Reserved
NORMAL1/2 or IDLE1/2 SLOW1/2 or SLEEP1
00: | fcgek [Hz] 00: | fs /4 [HZ]
Sets the noise canceller
INT2NC sampling interval for 01: | fegek /22 [Hz] 01: | fs /4 [Hz]
external interrupt 2
10: | fcgek / 23 [Hz] 10: | fs /4 [HZ]
11: | fegek / 24 [Hz] 11: | fs / 4 [Hz]
Note 1: fcgck: Gear clock [HZ], fs: Low-frequency clock [Hz]

Note 2:

Note 3:

Note 4:
Note 5:

Interrupt requests may be generated during transition of the operation mode. Before changing the operation
mode, clear the corresponding interrupt enable flag to "0" to disable the generation of interrupt. When the
operation mode is changed from NORMAL1/2 or IDLE1/2 to SLOW1/2 or SLEEP1, wait 12 / fs [s] after the
operation mode is changed and clear the corresponding interrupt latch.

And when the operation mode is changed from SLOW1/2 or SLEEP1 to NORMAL1/2 or IDLE1/2,

wait 2 / fcgck + 3 / fspl [s] after the operation mode is changed and clear the corresponding interrupt latch.

Interrupt requests may be generated when EINTCR2 is changed. Before changing EINTCR2 clear the
corresponding interrupt enable flag to "0" to disable the generation of interrupt. Wait for 2 / fcgek + 3 / fspl [s] in
the NORMAL1/2 or IDLE1/2 mode and clears the corresponding interrupt latch to “0”. Wait for 12 / fs [s] in the
SLOW1/2 or SLEEP1 mode, clears the corresponding one.

The content of EINTCR2<INT2LVL> is updated each time an interrupt request is generated.

When a read instruction is executed on EINTCR2, bits 7 to 5 are read as "0".
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External interrupt control register 3

EINTCR3 7 6 5 4 3 2 1 0
(OxOFDA) | Bit Symbol - - - INT3LVL INT3ES INT3NC
Read/Write R R R R R/W R/W
After reset 0 0 0 0 0 0 0 0
Noise canceller pass signal | o: | |nitial state or signal level “Low”
INT3LVL level whfen the interrupt
request is generated for ) A
external interrupt 3 1. | Signal level *High
00: | An interrupt request is generated at the rising edge of the
noise canceller pass signal
Selects the interrupt 01: | An interrupt request is generated at the falling edge of the
request generating noise canceller pass signal
INT3ES dition f t |
condl |on30r externa 10: | An interrupt request is generated at both edges of the
interrupt noise canceller pass signal
11: | Reserved
NORMAL1/2 or IDLE1/2 SLOW1/2 or SLEEP1
00: | fcgek [Hz] 00: | fs /4 [HZ]
Sets the noise canceller
INT3NC sampling interval for 01: | fegek /22 [Hz] 01: | fs /4 [Hz]
external interrupt 3
10: | fegek / 28 [Hz] 10: | fs / 4 [HzZ]
11: | fegek / 2% [Hz] 11: | fs / 4 [HzZ]
Note 1: fcgck: Gear clock [HZ], fs: Low-frequency clock [Hz]

Note 2:

Interrupt requests may be generated during transition of the operation mode. Before changing the operation

mode, clear the corresponding interrupt enable flag to "0" to disable the generation of interrupt. When the
operation mode is changed from NORMAL1/2 or IDLE1/2 to SLOW1/2 or SLEEP1, wait 12 / fs [s] after the
operation mode is changed and clear the corresponding interrupt latch.

And when the operation mode is changed from SLOW1/2 or SLEEP1 to NORMAL1/2 or IDLE1/2,

wait 2 / fcgck + 3 / fspl [s] after the operation mode is changed and clear the corresponding interrupt latch.

Note 3:

Interrupt requests may be generated when EINTCR3 is changed. Before changing EINTCRS3 clear the

corresponding interrupt enable flag to "0" to disable the generation of interrupt. Wait for 2 / fcgck + 3 / fspl [s] in
the NORMAL1/2 or IDLE1/2 mode and clears the corresponding interrupt latch to “0”. Wait for 12 / fs [s] in the
SLOW1/2 or SLEEP1 mode, clears the corresponding one.

Note 4:
Note 5:

The content of EINTCR3<INT3LVL> is updated each time an interrupt request is generated.
When a read instruction is executed on EINTCR3, bits 7 to 5 are read as "0".
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External interrupt control register 4

EINTCR4 7 6 5 4 3 2 1 0
(OxOFDB) | Bit Symbol - - - INT4LVL INT4ES INT4ANC
Read/Write R R R R R/W R/W
After reset 0 0 0 0 0 0 0 0
Noise canceller pass signal | o: | |nitial state or signal level “Low”
INTALVL level whfen the interrupt
request is generated for ) A
external interrupt 4 1. | Signal level *High
00: | An interrupt request is generated at the rising edge of the
noise canceller pass signal
Selects the interrupt 01: | Aninterrupt request is generated at the falling edge of the
INTAES request generating noise canceller pass signal
condition for external 10: | An interrupt request is generated at both edges of the
interrupt 4 noise canceller pass signal
11: | An interrupt request is generated at “High” of the noise
canceller pass signal
NORMAL1/2 or IDLE1/2 SLOW1/2 or SLEEP1
00: | fcgck [Hz] 00: | fs /4 [Hz]
Sets the noise canceller
INTANC sampling interval for 01: | fegek /22 [Hz] 01: | fs /4 [Hz]
external interrupt 4
10: | fcgek / 23 [Hz] 10: | fs /4 [HZ]
11: | fcgek / 24 [Hz] 11: | fs /4 [HZ]

Note 1:
Note 2:

Note 3:

Note 4:
Note 5:

fcgek: Gear clock [HZz], fs: Low-frequency clock [Hz]

Interrupt requests may be generated during transition of the operation mode. Before changing the operation
mode, clear the corresponding interrupt enable flag to "0" to disable the generation of interrupt. When the
operation mode is changed from NORMAL1/2 or IDLE1/2 to SLOW1/2 or SLEEP1, wait 12 / fs [s] after the
operation mode is changed and clear the corresponding interrupt latch.

And when the operation mode is changed from SLOW1/2 or SLEEP1 to NORMAL1/2 or IDLE1/2,

wait 2 / fcgck + 3 / fspl [s] after the operation mode is changed and clear the corresponding interrupt latch.

Interrupt requests may be generated when EINTCR4 is changed. Before changing EINTCR4 clear the
corresponding interrupt enable flag to "0" to disable the generation of interrupt. Wait for 2 / fcgck+3 / fspl [s] in the
NORMAL1/2 or IDLE1/2 mode and clears the corresponding interrupt latch to “0”. Wait for 12 / fs [s] in the
SLOW1/2 or SLEEP1 mode, clears the corresponding one.

The content of EINTCR4<INT4LVL> is updated each time an interrupt request is generated.

When a read instruction is executed on EINTCRA4, bits 7 to 5 are read as "0".
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4.4. Low Power Consumption Control

The external interrupts have a function that saves power by using the low power consumption register (POFFCR3)
when they are not used.

Setting POFFCR3<INTXEN> to "0" stops (disables) the basic clock for the external interrupts and helps save
power. Note that this makes the external interrupts unavailable. Setting POFFCR3<INTXEN> to "1" supplies
(enables) the basic clock for the external interrupts and makes the external interrupts available.

After reset, POFFCR3<INTXEN> is initialized to "0" and the external interrupts become unavailable. When using
the external interrupt function for the first time, be sure to set POFFCR3<INTXEN> to "1" in the initial setting of
software (before operating the external interrupt control registers).

Note: Interrupt requests may be generated when <INTXEN> is changed. Before changing <INTXEN>, clear the
corresponding interrupt enable flag to "0" to disable the generation of interrupt. Wait for 2 / fcgck + 3 / fspl [s] in the
NORMAL1/2 or IDLE1/2 mode and clears the corresponding interrupt latch to “0”. Wait for 12 / fs [s] in the
SLOW1/2 or SLEEP1 mode, clears the corresponding one.
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4.5. Function

The condition for generating interrupt requests and the noise cancel time can be set for external interrupts 1 to 4.

The condition for generating interrupt requests and the noise cancel time are fixed for external interrupts 0 and 5.

Table 4-2 Enable Condition and Interrupt Request Generated condition for each external

Interrupt source

Source

Pin
name

Enable condition

Interrupt request

generated
condition

INTO

INTO

<IMF> AND <EF16> = 1

Falling edge

INT1

INT1

<IMF> AND <EF17> =1

Falling edge
Rising edge
Both edges

INT2

INT2

<IMF> AND <EF18> =1

Falling edge
Rising edge
Both edges

INT3

INT3

<IMF> AND <EF19> =1

Falling edge
Rising edge
Both edges

INT4

INT4

<IMF> AND <EF20> = 1

Falling edge
Rising edge
Both edges
“High” level

INTS

INTS

<IMF> AND <EF8> =1

Falling edge

Table 4-3 External interrupt pin input signal width (w) and noise cancel time

Pin External interrupt pin input signal width (w) and noise cancel time
Source
(NS NORMAL1/2 or IDLE1/2 SLOW1/2 or SLEEP1

w < 1/ fcgck : Noise w < 4/ fs: Noise

INTO INTO 1/ fcgck < w < 2 / fegek : Either noise or signal 4 | fs < w < 8/ fs: Either noise or signal
2 [ fcgck £ w : Signal 8/fs<w : Signal
w < 2/ fspl : Noise w < 4/ fs: Noise

INT1 INT1 2/ fspl <=w < 3/fspl + 1/ fcgck: Either noise or signal 4 | fs < w < 8/ fs: Either noise or signal
3/ fspl + 1/ fcgck = w : Signal 8/fs<sw : Signal
w < 2/ fspl : Noise w < 4 /fs: Noise

INT2 INT2 2/ fspl = w < 3/ fspl + 1 / fegck: Either noise or signal 4/ fs < w < 8/ fs: Either noise or signal
3/ fspl + 1/ fcgck = w : Signal 8/fs<sw : Signal
w < 2/ fspl : Noise w < 4 /fs: Noise

INT3 INT3 2 [ fspl = w < 3/ fspl + 1 / fecgck: Either noise or signal 4/ fs < w < 8/ fs: Either noise or signal
3/ fspl + 1/ fcgck < w : Signal 8/fs<w : Signal
w < 2/ fspl : Noise w < 4/ fs: Noise

INT4 INT4 2/ fspl = w < 3/ fspl + 1 / fcgck: Either noise or signal 4 | fs < w < 8/ fs: Either noise or signal
3/ fspl + 1/ fcgck < w : Signal 8/fs<w : Signal
w < 1/ fcgck : Noise w < 4/ fs: Noise

INT5 INT5 1/ fcgck < w < 2 / fegek : Either noise or signal 4 | fs < w < 8/ fs: Either noise or signal
2 [ fegck = w : Signal 8/fs<w : Signal

Note: fcgck: gear clock [Hz], fs: low-frequency clock [Hz], fspl: Sampling frequency [Hz]
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4.5.1. External Interrupt 0

The external interrupt 0 detects the falling edge of the INTO pin and generates interrupt requests.

In NORMAL1/2 or IDLE1/2 mode, pulses of less than 1 / fcgck are removed as noise and pulses of 2 / fcgek or
more are recognized as signals.

In SLOW/SLEEP mode, pulses of less than 4 / fs are removed as noise and pulses of 8 / fs or more are recognized
as signals.

4.5.2. External Interrupts 1/2/3

External interrupts 1/2/3 detect the falling edge, the rising edge or both edges of the INT1, INT2 and INT3 pins
and generate interrupt requests.

4.5.2.1. Interrupt Request Generating Condition Detection Function
Select interrupt request generating conditions at EINTCRx<INTXES> for external interrupts 1/2/3.

Table 4-4 Selection of Interrupt Request Generation Condition

EINTCRx<INTXES> Interrupt reque:s.t generating
condition
00 Rising edge
01 Falling edge
10 Both edges
11 Reserved

Note: x=3to 1

4.5.2.2. Noise Canceller Passed Signal Monitoring Function when Interrupt Requests Are
Generated

The level of a signal that has passed through the noise canceller when an interrupt request is generated can be read
by using EINTCRx<INTxLVL>. When both edges are selected as detection edges, the edge where an interrupt is
generated can be detected by reading EINTCRx<INTXxLVL>.

INTX pin | | |

Signal that has passed
through the noise canceller | | |

Interrupt request signal
(detected at the falling edge) Il

<INTXLVL> |

Interrupt request signal
(detected at the rising edge) N |

<INTXLVL> |

Interrupt request signal

(detected at both edge) N N |
<INTXLVL> | |
Note: x=11t0 3

Figure 4-4 Interrupt Request Generation and EINTCRx<INTxLVL>
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4.5.2.3. Noise Cancel Time Selection Function

In NORMALL1/2 or IDLE1/2 mode, a signal that has been sampled by fcgck is sampled at the sampling interval
selected at EINTCRx<INTxXxNC>. When the same level is detected three consecutive times, the signal is
recognized as a signal. When not, the signal is removed as noise.

For details of the signal width passed as a signal, and the signal width removed as a noise, refer to Table 4-3.

Table 4-5 Noise Canceller Sampling Clock

EINTCRx<INTxNC> Sampling clock
00 fcgek
01 fcgek / 22
10 fegek / 23
11 fcgek / 24

BB
i) L

L
I
I
1
1
I
I

INTxX pin

Signal after noise removal

—— i ————— —— «
R D A
R D A

Note: x=31to 1
Figure 4-5 Noise Cancel Operation

In SLOW1/2 or SLEEP1 mode, a signal is sampled by a quarter of the low-frequency clock. When the same level
is detected twice consecutively, the signal is recognized as a signal.

For details of the signal width passed as a signal, and the signal width removed as a noise, refer to Table 4-3.

In IDLEO, SLEEPO or STOP mode, the noise canceller sampling operation is stopped and an external interrupts
are unavailable. When the operation mode returns to NORMALI1/2, IDLE1/2, SLOW1/2 or SLEEP1 mode,
sampling operation restarts.

Note 1: When noise is input consecutively during sampling of external interrupt pins, the noise cancel function does not
work properly. Set EINTCRx<INTxNC> according to the cycle of externally input noise.

Note 2: When an external interrupt pin is used as an output port, the input signal from the port is fixed to “Low” when
switching to the output mode, and thus an interrupt request occurs. To use the external interrupt pin as an output
port, clear the corresponding interrupt enable flag to "0" to disable the generation of interrupt request.

Note 3: Interrupt requests may be generated during transition of the operation mode. Before changing the operation
mode, clear the corresponding interrupt enable register to "0" to disable the generation of interrupt. When the
operation mode is changed from NORMAL1/2 or IDLE1/2 to SLOW1/2 or SLEEP1, wait 12 / fs [s] after the
operation mode is changed and clear the interrupt latch. And when the operation mode is changed from
SLOW1/2 or SLEEP1 to NORMAL1/2 or IDLE1/2, wait 2 / fcgck + 3 / fspl [s] after the operation mode is changed
and clear the interrupt latch.
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4.5.3. External Interrupt 4

External interrupt 4 detects the falling edge, the rising edge, both edges or “High” level of the INT4 pin and
generates interrupt requests.

4.5.3.1. Interrupt request generating condition detection function
Select an interrupt request generating condition at EINTCR4<INT4ES> for external interrupt 4.

Table 4-6 Selection of Interrupt Request Generating Condition

EINTCRA4<INT4ES> Interrupt reque:s.t generating
condition
00 Rising edge
01 Falling edge
10 Both edges
11 “High” level interrupt

4.5.3.2. Noise Canceller Passed Signal Monitoring Function When Interrupt Requests are
Generated

The level of a signal that has passed through the noise canceller when an interrupt request is generated can be read
by using EINTCR4<INT4LVL>. When both edges are selected as detection edges, the edge where an interrupt is
generated can be detected by reading EINTCR4<INT4LVL>.

INT4 pin | | I
Signal that has passed
through the noise canceller | L |
Interrupt request N
(detected at the falling edge)
<INT4LVL> |
Interrupt request N N
(detected at the rising edge)
<INTALVL> |
Interrupt request N 1 N
(detected at both edge)
<INTALVL> | I
Interrupt request | | |

(Level detection)

<INTALVL> |

Figure 4-6 Interrupt Request Generation and EINTCR4<INT4LVL>
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4.5.3.3. Noise Cancel Time Selection Function

In NORMALL1/2 or IDLE1/2 mode, a signal that has been sampled by fcgck is sampled at the sampling interval
selected at EINTCR4<INT4NC>. When the same level is detected three consecutive times, the signal is
recognized as a signal. When not, the signal is removed as noise.

For details of the signal width passed as a signal, and the signal width removed as a noise, refer to Table 4-3.

Table 4-7 Noise Canceller Sampling Lock

EINTCR4<INT4NC> Sampling clock
00 fcgek
01 fcgek / 22
10 fcgek / 23
11 fcgek / 24

Noise

INT4 pin

i

Signal after noise removal

<
<

<

-

<

[ <

L |«
<

<
]«
S RN
SRR W N

Figure 4-7 Noise Cancel Operation

In SLOW1/2 or SLEEP1 mode, a signal is sampled by the low-frequency clock divided by 4. When the same level
is detected twice consecutively, the signal is recognized as a signal.

For details of the signal width passed as a signal, and the signal width removed as a noise, refer to Table 4-3.

In IDLEO, SLEEPO or STOP mode, the noise canceller sampling operation is stopped and an external interrupts
are unavailable. When operation returns to NORMAL1/2, IDLE1/2, SLOW1/2 or SLEEP1 mode, sampling
operation restarts.

Note 1: When noise is input consecutively during sampling of external interrupt pins, the noise cancel function does not
work properly. Set EINTCR4<INT4NC> according to the cycle of externally input noise.

Note 2: When an external interrupt pin is used as an output port, the input signal to the port is fixed to “Low” when the
mode is switched to the output mode, and thus an interrupt request occurs. To use the pin as an output port,
clear the corresponding interrupt enable register to "0" to disable the generation of interrupt.

Note 3: Interrupt requests may be generated during transition of the operation mode. Before changing the operation
mode, clear the corresponding interrupt enable register to "0" to disable the generation of interrupt. When the
operation mode is changed from NORMAL1/2 or IDLE1/2 to SLOW1/2 or SLEEP1, wait 12 / fs [s] after the
operation mode is changed and clear the interrupt latch. And when the operation mode is changed from
SLOW1/2 or SLEEP1 to NORMAL1/2 or IDLE1/2, wait 2 / fcgck + 3 / fspl [s] after the operation mode is changed
and clear the interrupt latch.
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4.5.4. External Interrupt 5

The external interrupt 5 detects the falling edge of the INTS pin and generates interrupt requests.
In NORMAL1/2 or IDLE1/2 mode, pulses of less than 1 / fcgck are removed as noise and pulses of 2 / fcgek or
more are recognized as signals.

In SLOW/SLEEP mode, pulses of less than 4 / fs are removed as noise and pulses of 8 / fs or more are recognized
as signals.

For details of the signal width passed as a signal, and the signal width removed as a noise, refer to Table 4-3.
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5. Watchdog Timer (WDT)

The watchdog timer is a fail-safe function to detect rapidly the CPU malfunctions such as endless loops due to
spurious noises or the deadlock conditions, and to return a correct operation.

The watchdog timer signals used for detecting malfunctions can be programmed as watchdog interrupt requests or
watchdog timer reset signals.

Note: Care must be taken in system designing since the watchdog timer may not fulfill its functions due to disturbing
noise and other effects.

5.1. Configuration

fegek/2'® or fs/2® ——>= Source clock 8-bit up counter

fegeki2' or fs/2® ——>={ S ‘;i 1 | 2 | 3 | 4 | 5 | 6 | 7 | 8 % Interrupt  [—>= Watchdog timer

fegeki2™ or fs/2” ——=| Clear request/reset interrupt request

fegek/2'® or f5/2°0 ——»{ P control circuit —— Watchdog timer
A reset signal

A

42

‘ g 8 Y YYYYYYY
CPU/peripheral | Clear time control circuit

circuits reset
A

Disable
control circuit
A
Disable code | Clear code
0xB1) (0X4E)

Control code = 5 ElE] =

[}

decoder | ZIZIEIB EfE|E

Y =25= Y vy

[ woeNT | [ WDCDR | [ woctR | [ wbsT |

Figure 5-1 Watchdog Timer Configuration
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5.2. Control

The watchdog timer is controlled by the watchdog timer control register (WDCTR), the watchdog timer control
code register (WDCDR), the watchdog timer counter monitor (WDCNT) and the watchdog timer status (WDST).

The watchdog timer is enabled automatically just after the warm-up operation that follows reset is finished.

Watchdog timer control register

WDCTR
(OXOFD4)

7 6 5 4 3 2 0
Bit Symbol - - WDTEN WDTW WDTT WDTOUT
Read/Write R R R/W R/W R/W R/W
After reset 1 0 1 0 0 1 0
Enables/disables the 0: Disable
WDTEN watchdog timer operation
9 P ’ 1: Enable

00: | The 8-bit up counter is cleared by writing the clear code at
any point within the overflow time of the 8-bit up counter.

01: | A watchdog timer interrupt request is generated by writing
the clear code at a point within the first quarter of the
overflow time of the 8-bit up counter. The 8-bit up counter
is cleared by writing the clear code after the first quarter of
the overflow time has elapsed.

WDTW Sets the clear timing of 10: | A watchdog timer interrupt request is generated by writing
the 8-bit up counter. the clear code at a point within the first half of the overflow
time of the 8-bit up counter. The 8-bit up counter is cleared
by writing the clear code after the first half of the overflow
time has elapsed.

11: | A watchdog timer interrupt request is generated by writing
the clear code at a point within the first three quarters of
the overflow time of the 8-bit up counter. The 8-bit up
counter is cleared by writing the clear code after the first
three quarters of the overflow time have elapsed.

NORMAL mode
SLOW mode
<DV9CK> =0 <DVICK> =1
. 18 11 11
WDTT Sets thg overflow time of 00 2"/ fegek 21ts 2t /ts
the 8-bit up counter. 01: 220 / fegck 213/ fs 213/ fs
10: 222 [ fcgek 2'5/fs 215/ fs
11: 224 [ fcgek 2'7/fs 217 [ fs
Selects an overflow 0: | Watchdog timer interrupt request
WDTOUT | detection signal of the
8-bit up counter. 1: | Watchdog timer reset signal

Note 1: fcgck: gear clock [Hz], fs: low-frequency clock [Hz]

Note 2: WDCTR<WDTW>, <WDTT> and <WDTOUT> cannot be changed when WDCTR<WDTEN> is "1". When
WDCTR<WDTEN> is "1", clear WDCTR<WDTEN> to "0" and write the disable code (0xB1) into WDCDR to
disable the watchdog timer operation. Note that WDCTR<WDTW>, <WDTT> and <WDTOUT> can be changed
at the same time as setting WDCTR<WDTEN> to "1".

Note 3: Bit 7 and bit 6 of WDCTR are read as "1" and "0" respectively.
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Watchdog timer control code register

WDCDR 7 6 5 4 3 2 1 0
(OxOFD5) | Bit Symbol WDTCR2
Read/Write w
After reset 0 0 | 0 ‘ 0 | 0 ‘ 0 | 0 0
Ox4E: | Clears the watchdog timer. (Clear code)
Writes watchdog timer 0xB1: | Disables the watchdog timer operation and clears the 8-
WDTCR2 9 bit up counter when WDCTR<WDTEN> is "0". (Disable
control codes. code)
Others: | Invalid

Note: WDCDR is a write-only register and must not be accessed by using a read-modify-write instruction, such as a bit

operation.

8-bit up counter monitor

WDCNT 7 6 5 4 3 2 1 0

(OxOFD®6) | Bit Symbol WDCNT
Read/Write R
After reset 0 0 | 0 | 0 | 0 | 0 | 0 0
WDCNT Monitors t.he count value The count value of the 8-bit up counter is read.

of the 8-bit up counter
Watchdog timer status
WDST 7 6 5 4 3 2 1 0

(0xOFD7) | Bit Symbol - - - - - WINTST2 | WINTST1 | WDTST
Read/Write R R R R R R R R
After reset 0 1 0 1 1 0 0 1

0: | No watchdog timer interrupt request has occurred.

WINTST?2 Watchdog timer interrupt

request factor status 2

overflow of the 8-bit up counter.

1: | A watchdog timer interrupt request has occurred due to the

Watchdog timer interrupt

0: | No watchdog timer interrupt request has occurred.

operating state status

1: | Operation enabled

WINTST1 request factor status 1 1: | A watchdog timer interrupt request has occurred due to
releasing of the 8-bit up counter outside the clear time.
i 0: | Operation disabled
WDTST Watchdog timer

Note 1: WDST<WINTST2> and <WINTST1> are cleared to "0" by reading WDST.
Note 2: Values after reset are read from bits 7 to 3 of WDST.
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5.3. Functions

The watchdog timer can detect the CPU malfunctions and deadlock by detecting the overflow of the 8-bit up
counter and detecting clearing of the 8-bit up counter outside the clear time.

The watchdog timer stoppage and other abnormalities can be detected by reading the count value of the 8-bit up
counter at random times and comparing the value to the last read value.

5.3.1. Setting of Enabling/disabling the Watchdog Timer Operation

Setting WDCTR<WDTEN> to "1" enables the watchdog timer operation, and the 8-bit up counter starts counting
the source clock.

WDCTR<WDTEN> is initialized to "1" after the warm-up operation that follows reset is released. This means that
the watchdog timer is enabled.

To disable the watchdog timer operation, clear WDCTR<WDTEN> to "0" and write "0xB1" into WDCDR.
Disabling the watchdog timer operation clears the 8-bit up counter to "0".

Note: When the overflow of the 8-bit up counter occurs at the same time as "0xB1" (disable code) is written into WDCDR
with WDCTR<WDTEN> set at "1", the watchdog timer operation is disabled preferentially and the overflow
detection is not executed.

To re-enable the watchdog timer operation, set WDCTR<WDTEN> to "1". There is no need to write a control
code into WDCDR.

Watchdog timer
source clock

;
;

0x00 0x01 OxFF 0x00

8-bit up counter value

><
I
I B>

-<—— Overflow time

|

1
1
i
1
WDCTR<WDTEN> i
1
1
1
1

WDCTR<WDTEN> |

-
<

Overflow time

l

|
Interrupt request i
1
1
1

1 clock (max)

Figure 5-2 WDCTR<WDTEN> Set Timing and Overflow Time

Note: The 8-bit up counter source clock operates out of synchronization with WDCTR<WDTEN>. Therefore, the first
overflow time of the 8-bit up counter after WDCTR<WDTEN> is set to "1" may get shorter by a maximum of 1
source clock. The 8-bit up counter must be cleared within the period of the overflow time minus 1 source clock
cycle.
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5.3.2. Setting the Clear Time of the 8-bit Up Counter
WDCTR<WDTW> sets the clear time of the 8-bit up counter.
When WDCTR<WDTW> is "00", the clear time is equal to the overflow time of the 8-bit up counter, and the 8-bit
up counter can be cleared at any time.

When WDCTR<WDTW> is not "00", the clear time is fixed to only a certain period within the overflow time of
the 8-bit up counter. When the operation for clearing the 8-bit up counter is attempted outside the clear time, a
watchdog timer interrupt request occurs.

At this time, the watchdog timer is not cleared but continues counting. When the 8-bit up counter is not cleared
within the clear time, a watchdog timer reset request or a watchdog timer interrupt request occurs due to the
overflow, depending on the WDCTR<WDTOUT> setting.

1 1 1
8-bitup counter value  OFFX0xOKOX0Y = = = 0x3EHOXAK = = = OTFNOxEK = = = OBRPCH = = = OXEFXDx0
I

i i .

When WDCTR<WDTW[1:0]> is"00" | : Clear ime - ; >|
i i i
[} [} [}
Outside the [ . 1

When WDCTR<WDTW[1:0]> is “01” |€— iear ime =I4 +— Clear time t >|
i i i

- Outside the ¥:4 -

When WDCTR<WDTWI[1:0]> is “10” —— (icar ime > Clear ime ————>]
| ousene | =

When WDCTR<WDTWI[1:0]> is “11” | . 82:";;?6 . >|<— Clear time—>]
[} [} [}
[} [} [}

Figure 5-3 WDCTR<WDTW?> and the 8-bit up Counter Clear Time
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5.3.3. Setting the Overflow Time of the 8-bit Up Counter
WDCTR<WDTT> sets the overflow time of the 8-bit up counter.

When the 8-bit up counter overflows, a watchdog timer reset request signal or a watchdog timer interrupt request
occurs, depending on the WDCTR<WDTOUT> setting.

When the watchdog timer interrupt request is selected as the malfunction detection signal, the watchdog counter
continues counting, even after the overflow has occurred.

The watchdog timer temporarily stops counting up in the STOP mode (including warm-up) or in the IDLE/SLEEP
mode, and restarts counting up after the STOP/IDLE/SLEEP mode is released.

To prevent the 8-bit up counter from overflowing immediately after the STOP/IDLE/SLEEP mode is released, it is
recommended to clear the 8-bit up counter before the operation mode is changed.

Table 5-1 Watchdog Timer Overflow Time (fcgck = 10.0 [MHz], fs = 32.768 [kHz])

Watchdog timer overflow time
<WDTT> NORMAL mode
SYSCR1<DV9CK> | SYSCR1<DVICK> SLOW mode
=0 =1

00 26.21 [ms] 62.50 [ms] 62.50 [ms]
01 104.86 [ms] 250.00 [ms] 250.00 [ms]
10 419.43 [ms] 1.000 [s] 1.000 [s]
11 1.678 [s] 4.000 [s] 4.000 [s]

Note: The 8-bit up counter source clock operates out of synchronization with WDCTR<WDTEN>. Therefore, the first
overflow time of the 8-bit up counter after WDCTR<WDTEN> is set to "1" may get shorter by a maximum of 1
source clock. The 8-bit up counter must be cleared within a period of the overflow time minus 1 source clock cycle.

5.3.4. Setting an Overflow Detection Signal of the 8-bit Up Counter
WDCTR<WDTOUT> selects a signal to be generated when the overflow of the 8-bit up counter is detected.

(1) When the watchdog timer interrupt request is selected (when WDCTR<WDTOUT> is "0")

Clearing WDCTR<WDTOUT> to "0" causes a watchdog timer interrupt request to occur when the 8-bit
up counter overflows.

A watchdog timer interrupt is a non-maskable interrupt, and its request is always accepted, regardless of
the interrupt master enable flag (<IMF>) setting.

Note: When a watchdog timer interrupt occurs while another interrupt, including a watchdog timer interrupt, is already
accepted, the new watchdog timer interrupt is processed immediately and the preceding interrupt is put on hold.
Therefore, when watchdog timer interrupts occur continuously without execution of the RETN instruction, too many
levels of nesting may cause a malfunction of the TMP89FS60B/62B/63B.

(2) When the watchdog timer reset request signal is selected (when WDCTR<WDTOUT> is "1")

Setting WDCTR<WDTOUT> to "1" causes a watchdog timer reset request signal to occur when the 8-bit
up counter overflows.

This watchdog timer reset request signal resets the TMP89FS60B/62B/63B.
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5.3.5. Writing the Watchdog Timer Control Codes
The watchdog timer control codes are written into WDCDR.
By writing "0x4E" (clear code) into WDCDR, the 8-bit up counter is cleared to "0" and continues counting the
source clock.
When WDCTR<WDTEN> is "0", writing "0xB1" (disable code) into WDCDR disables the watchdog timer
operation.

To prevent the 8-bit up counter from overflowing, clear the 8-bit up counter in a period shorter than the overflow
time of the 8-bit up counter and within the clear time.

By designing the program so that no overflow will occur, the program malfunctions and deadlock can be detected
through interrupts generated by watchdog timer interrupt requests.

By applying a reset to the microcontroller using watchdog timer reset request signals, the CPU can be restored
from malfunctions and deadlock.

Example: When WDCTR<WDTEN> is "0", set the watchdog timer detection time to 220 / fcgck [s], set the counter clear
time to half of the overflow time, and allow a watchdog timer reset request signal to occur when an overflow is
detected.

LD  (WDCTR), 0x33 ; SWDTW> « "10", <WDTT> « "01", <WDTOUT> « "1"

Clear the 8-bit up counter at a point after
[a half of the overflow time] and within
[a period of the overflow time] minus

[1 source clock cycle]. LD (WDCDR), Ox4E ; Clear the 8-bit up counter
Clear the 8-bit up counter at a point after
[a half of the overflow time] and within

[a period of the overflow time] minus

[1 source clock cycle]. LD (WDCDR), Ox4E ; Clear the 8-bit up counter

Note: When the overflow of the 8-bit up counter and writing of "Ox4E" (clear code) into WDCDR occur simultaneously, the
8-bit up counter is cleared preferentially and the overflow detection is not executed.

5.3.6. Reading the 8-bit Up Counter

The counter value of the 8-bit up counter can be read by reading WDCNT.

The stoppage of the 8-bit up counter can be detected by reading WDCNT at random times and comparing the
value to the last read value.
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5.3.7. Reading the watchdog timer status
The watchdog timer status can be read at WDST.
WDST<WDTST> is set to "1" when the watchdog timer operation is enabled, and it is cleared to "0" when the
watchdog timer operation is disabled.

WDST<WINTST2> is set to "1" when a watchdog timer interrupt request occurs due to the overflow of the 8-bit
up counter.

WDST<WINTST1> is set to "1" when a watchdog timer interrupt request occurs due to the operation for releasing
the 8-bit up counter outside the clear time.

You can know which factor has caused a watchdog timer interrupt request by reading WDST<WINTST2> and
WDST<WINTST1> in the watchdog timer interrupt service routine.

WDST<WINTST2> and <WINTST 1> are cleared to "0" when WDST is read. When WDST is read at the same
time as the condition for turning WDST<WINTST2> or <WINTST1> to "1" is satisfied, WDST<WINTST2> or
<WINTST1> is set to "1", rather than being cleared.

. 1 1 1
BOLUP OO GEAGONGIN — = - DN — = = GTNE — = = SEREN — = - FEEENETX
1 1

When ! ! !
Y}]l(?’CTR<WDTVV[1 0> is |«———— Outside the clear time :l: Clear tme —————>]
1 1 '
) i i i
Writing of “Ox4E” |—| ! ! |
(clear code) t
/ i i i
1 1 1
1 1 1
Reading of WDST : [ : : M
Interrupt request generated by clgaring the 8- | Interrupt request g¢nerated by the
. . bit up counter outbide the clear fi 1 1 overflow of the 8-bt up counter
Watchdog timer interrupt H H H |‘|
request : : :
1 \ 1 1 / \
WDST<WINTST1> |

v
-~

WDST<WINTST2>

Figure 5-4 Changes in the Watchdog Timer Status
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6. Power-on Reset Circuit (POR)

The power-on reset circuit generates a reset when the power is turned on. When the supply voltage is lower than
the detection voltage of the power-on reset circuit, a power-on reset signal is generated.

6.1. Configuration

The power-on reset circuit consists of a reference voltage generation circuit and a comparator. The supply voltage
divided by ladder resistor is compared with the voltage generated by the reference voltage generation circuit by
the comparator.

VDD

% Comparator
+

» Power-on reset signal

Reference voltage
generation circuit

”

Figure 6-1 Power-on Reset Circuit
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6.2. Function

When the power supply voltage goes on, when the supply voltage is equal to or lower than the releasing voltage of
the power-on reset circuit (Vprorr), @ power-on reset signal is generated and when it is higher than the releasing
voltage of the power-on reset circuit, a power-on reset signal is released.

When power supply voltage goes down, when the supply voltage is the detecting voltage of the power-on reset
circuit (Vpron) or lower, a power-on reset signal is generated.

While the power-on reset signal is generated, the warm-up circuit, the CPU and the peripheral circuits are reset.

When the power-on reset signal is released, the warm-up circuit is activated. The reset of the CPU and peripheral
circuits is released after the warm-up time that follows reset release has elapsed.

Increase the supply voltage into the operating range during the period from detection of the power-on reset release
voltage (Vprorr) until the end of the warm-up time that follows reset release. When the supply voltage has not
reached the operating voltage range by the end of the warm-up time that follows reset release, the
TMP89FS60B/62B/63B cannot operate properly.

VDD
A
Operating voltage range ) 7
]
i
VerorF el .
Veron [[f 7777777 _‘| __________________________
|
: tvop :
D N
I 1 . ' t
|
Power-on reset signal “ \ — e —7&
I
Warm-up counter start " ::
. |
: | i Wi
I
Warm-up counter clock ! - ! | -
] ! ] H
| 1
I
I

CPU/peripheral circuits [l
reset signal

L

Note 1: The power-on reset circuit may operate improperly, depending on fluctuations in the supply voltage (Vob). Refer
to the electrical characteristics and take them into consideration when designing equipment.

Note 2: About turning on power supply after turning off, be sure to lower the power supply voltage below the detecting
voltage of the power-on reset circuit (Vpron) and hold it for 1 [ms] or more. After that, please follow the same
constraints as when turning on the power and turn on the power supply voltage.

Note 3: For the AC timing, refer to "25. Electrical Characteristics".

Figure 6-2 Operation Timing of Power-on Reset
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7. Voltage Detection Circuit (VLTD)

The voltage detection circuit detects any decrease in the supply voltage and generates the INTVLTD interrupt
request and voltage detection reset signals.

Note: The voltage detection circuit may operate improperly, depending on fluctuations in the supply voltage (Vop). Refer
to the electrical characteristics and take them into consideration when designing equipment.

7.1. Configuration

The voltage detection circuit consists of a reference voltage generation circuit, a detection voltage level selection
circuit, a comparator and control registers.

The supply voltage (Vpp) is divided by the ladder resistor and input to the detection voltage selection circuit.

The detection voltage selection circuit selects a voltage according to the specified detection voltage (<VD1LVL>),
and the comparator compares it with the reference voltage. When the comparator detects the selected voltage, the
voltage detection reset signal or the INTVLTD interrupt request can occur.

Whether to generate the voltage detection reset signal or the INTVLTD interrupt request can be selected by
software. In the former case, the voltage detection reset signal is generated when the supply voltage (Vbp)
becomes lower than the detection voltage (KVD1LVL>). In the latter case, the INTVLTD interrupt request is
generated when the supply voltage (Vpp) becomes lower than the detection voltage (<KVD1LVL>).

Note: Since the comparators used for voltage detection do not have a hysteresis. Therefore, the INTVLTD interrupt
requests may be generated frequently when the supply voltage (Vpp) is close to the detection voltage
(<VD1LVL>). The INTVLTD interrupt requests may be generated not only when the supply voltage falls and is
close to the detection voltage but also when it rises and is close to the detection voltage.

Voo

15
3 FIF
®
B
E“ T ) . Voltage detection
%3 —1 ” reset 1 signal
£3
§ d ) Interupt request sgnal INTVLTD interrupt
S J generation drcuit req UeSt
I
| O
—

A A

A A a A

3l o|d g2

ol oo =| =

S>> g g

viv]v 7| v

| VDCR1 | | VDCR2 |
Internal bus S

Figure 7-1 Voltage Detection Circuit
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7.2. Control

The voltage detection circuit is controlled by voltage detection control registers 1 and 2.

Voltage detection control register 1

VDCR1 7 6 5 4 3 2 1 0
(OxOFC6) | Bit Symbol “0” - “1” “0” VD1F VD1SF VD1LVL
Read/Write R/W R R/W R/W R/W R R/W
After reset 0 0 1 0 0 0 0 0
Voltage detection 1 flag Read Write
(Retains the magnitude relation
VD1F of Voo and the detection voltage 0: | Voo 2 Detection voltage 1 Clears <VD1F>to "0"
1 when Vpp < detection voltage
1 is detected.) 1: | Vop < Detection voltage 1 -
Voltage detection'1 status ﬂgg 0: | Voo = Detection voltage 1
VD1SF (Shows the magnitude relation
of Vop and the detection voltage .
1 when VDCRH1 is read) 1: | Vopo < Detection voltage 1
00: | 45+0.11[V]
i i 01: 1 43+£01[V
VD1LVL Selection for detection voltage vl

1 10: | Reserved

11: | Reserved

Note 1: VDCR1 is initialized by a power-on reset or an external reset input.

Note 2: When <VD1F> is cleared by the software and is set due to voltage detection at the same time, the setting due to
voltage detection is given priority.

Note 3: <VD1F> cannot be set to "1" by the software.
Note 4: Bit 6 of VDCR1 is read as “0”.
Note 5: Bit 7 and 4 of VDCR1 are set to “0”. Bit 5 is set to “1”.
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Voltage detection control register 2

VDCR2 7 6 5 4 3 2 1 0
(OXOFC7) | Bit Symbol - - "0" "0" "0" "0" VD1MOD | VD1EN
Read/Write R R R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
Selects the operation mode Generates an INTVLTD interrupt request
VD1MOD of voltage detection 1
9 Generates a voltage detection reset 1 signal
Enables/disables the Disables the operation of voltage detection 1
VD1EN operation of voltage detection
1 Enables the operation of voltage detection 1
Note 1: VDCR2 is initialized by a power-on reset or an external reset input.
Note 2: When a read instruction is executed on VDCRZ2, bits 7 and 6 are read as "0".
Note 3: Bit 5 to 2 of VDCR2 must be cleared to "0".
Note 4: When releasing the STOP mode, the operation mode of the voltage detection 1 must be set "Generates a
voltage detection reset 1 signal" (<VD1MOD> = 1).
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7.3. Function

The detection voltages (KVD1LVL>) can be set in the voltage detection circuit. Enabling/disabling the voltage
detection and the operation can be specified by a software when the supply voltage (Vpp) is below the detection
voltage (KVDILVL>).

7.3.1. Enabling/disabling the voltage detection operation
Setting VDCR2<VDI1EN> to "1" enables the voltage detection operation. Setting it to "0" disables the operation.

VDCR2<VDIEN> is cleared to "0" immediately after a power-on reset or a reset by an external reset input is
released.

Note: When the supply voltage (Vop) is lower than the detection voltage (<VD1LVL>), setting VDCR2<VD1EN> to "1"
generates an INTVLTD interrupt request or a voltage detection reset signal at the time.

7.3.2. Selecting the voltage detection operation mode

When VDCR2<VDIMOD> is set to "0", the voltage detection operation mode is set to generate the INTVLTD
interrupt request. When VDCR2<VD1IMOD> is set to "1", the operation mode is set to generate voltage detection
reset signals.

e  When the operation mode is set to generate INTVLTD interrupt request (VDCR2<VD1IMOD> = 0)

When VDCR2<VDI1EN> = 1, an INTVLTD interrupt request is generated when the supply voltage (Vpp)
falls and equals to the detection voltage (<KVDI1LVL>).

Voo level —
Detection
voltage level /
(Note 1) (Note 1)
VDCR2<VD1EN> | /
INTVLTD interrupt ‘|
request :

Figure 7-2 Voltage Detection Interrupt Request INTVLTD

Note 1: Since the comparators used for voltage detection do not have a hysteresis. Therefore, the INTVLTD interrupt
requests may be generated frequently when the supply voltage (Vpp) is close to the detection voltage
(<VD1LVL>). The INTVLTD interrupt requests may be generated not only when the supply voltage falls and is
close to the detection voltage but also when it rises and is close to the detection voltage.

Note 2: When the supply voltage (Vop) falls and is less or the detection voltage (<VD1LVL>) during IDLEO or SLEEPO
mode, an INTVLTD interrupt request is generated after the TBT counts the specified period and IDLEO or SLEEP
mode is released. In the case of STOP mode, an INTLVTD interrupt request is generated after STOP mode is
released by the STOP pin.
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e  When the operation mode is set to generate voltage detection reset signals (VDCR2<VDIMOD> = 1)

When VDCR2<VDI1EN> = 1, a voltage detection reset signal is generated when the supply voltage (Vpp)
becomes lower than the detection voltage (<VD1LVL>).

VDCRI1 and VDCR?2 are initialized by a power-on reset or an external reset input only. A voltage detection
reset signal is generated continuously as long as the supply voltage (Vpp) is lower than the detection
voltage (<KVDILVL>).

Voo level
Detection
voltage level

VDCR2<VD1EN>

Voltage detection
reset signal

Figure 7-3 Voltage Detection Reset Signal

7.3.3. Selecting the detection voltage level
Select a detection voltage at VDCR1<VDILVL>.

7.3.4. Voltage detection flag and voltage detection status flag

The magnitude relation between the supply voltage (Vpp) and the detection voltage (<VD1LVL>) can be checked
by reading VDCR1<VDI1F> and <VD1SF>.

When VDCR2<VDI1EN> is set at "1", when the supply voltage (Vpp) becomes lower than the detection voltage
(<VDILVL>), VDCRI1<VDI1F>is set to "1" and is held in this state. VDCR1<VD1F> is not cleared to "0" when
the supply voltage (Vpp) becomes equal to or higher than the detection voltage (KVD1LVL>).

When VDCR2<VDIEN> is cleared to "0" after VDCRI<VDI1F> is set to "1", the previous state is still held. To
clear VDCR1<VDI1F>, "0" must be written to it.

When VDCR2<VDIEN> is set at "1", when the supply voltage (Vpp) becomes lower than the detection voltage
(<VDILVL>), VDCRI<VDISF> is set to "1". When the supply voltage (Vbp) becomes equal to or higher than
the detection voltage (<VD1LVL>), VDCR1<VDISF> is cleared to "0".

Unlike VDCR1<VDI1F>, VDCR1<VDI1SF> does not hold the set state.

Note 1: When the supply voltage (Vob) becomes lower than the detection voltage (<VD1LVL>) in the IDLEO or SLEEPO
mode, the voltage detection flag and the voltage detection status flag are changed after the operation mode is
returned to NORMAL or SLOW mode.

Note 2: Depending on the voltage detection timing, the voltage detection status flag (VD1SF) may be changed earlier
than the voltage detection flag (VD1F) by a maximum of 2 / fcgck [s].
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Voo level

Detection
voltage level

VDCR2<VD1EN>

VDCR1<VD1F>

VDCR1<VD1SF>

Write "0" to VDCR1<VD1F>

\\ The flag is not set because VDCR2<VD1EN> is "0"

Figure 7-4 Changes in the Voltage Detection Flag and the Voltage Detection Status Flag
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7.4. Register Settings

7.4.1. Setting procedure when the operation mode is set to generate INTVLTD interrupt

request

When the operation mode is set to generate INTVLTD interrupt request, make the following setting

(1)
)
€)
(4)
©)
(6)
()

Clear the voltage detection circuit interrupt enable flag to "0".

Set the detection voltage at VDCR1<VDILVL>.

Clear VDCR2<VD1MOD> to "0" to set the operation mode to generate INTVLTD interrupt request.
Set VDCR2<VDI1EN> to "1" to enable the voltage detection operation.

Wait for 5 [us] or more until the voltage detection circuit becomes stable.

Make sure that VDCR1<VDI1SF>is "0".

Clear VDCR1<VDI1F> and the voltage detection circuit interrupt latch to "0" and set the interrupt enable flag
to "1" to enable interrupt.

Note: When the supply voltage (Vop) is close to the detection voltage (<VD1LVL>), INTVLTD interrupt request may be

generated frequently. When this may pose any problem, execute appropriate wait processing depending on
fluctuations in the system power supply and clear the interrupt latch before returning from the INTVLTD interrupt
service routine.

To disable the voltage detection circuit while it is enabled with the INTVLTD interrupt request, make the
following setting:

(1)
)

Clear the voltage detection circuit interrupt enable flag to "0".
Clear VDCR2<VDI1EN> to "0" to disable the voltage detection operation.

Note: When the voltage detection circuit is disabled without clearing interrupt enable flag, unexpected interrupt request

may occur.
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7.4.2. Setting procedure when the operation mode is set to generate voltage detection
reset signals

When the operation mode is set to generate voltage detection reset signals, make the following setting:

(1) Clear the voltage detection circuit interrupt enable flag to "0".

(2) Set the detection voltage at VDCR1<VDILVL>.

(3) Clear VDCR2<VDIMOD> to "0" to set the operation mode to generate INTVLTD interrupt request.
(4) Set VDCR2<VDIEN> to "1" to enable the voltage detection operation.

(5) Wait for 5 [ps] or more until the voltage detection circuit becomes stable.

(6) Make sure that VDCRI<VDI1SF>is "0".

(7) Clear VDCRI<VDIF>to "0".

(8) Set VDCR2<VDIMOD> to "1" to set the operation mode to generate voltage detection reset signals.

VDCRI1 and VDCR?2 are initialized by a power-on reset or an external reset input only. Because the voltage
detection operation is not disabled by the voltage detection reset, the voltage detection reset signals are generated
continuously while the supply voltage (Vpp) is lower than the detection voltage. Also, when the supply voltage
(Vpp) once becomes the detection voltage or higher, the supply voltage (Vpp) falls lower than the detection
voltage again before VDCR2<VDI1EN> is cleared to “0”, the voltage detection reset signals are generated
immediately.

To disable the voltage detection circuit while it is enabled with the voltage detection reset, make the following
setting:

(1) Clear the voltage detection circuit interrupt enable flag to "0".
(2) Clear VDCR2<VDIMOD> to "0" to set the operation mode to generate INTVLTD interrupt requests.
(3) Clear VDCR2<VDIEN> to "0" to disable the voltage detection operation.

Note: When the voltage detection circuit is disabled without clearing interrupt enable flag, unexpected interrupt request
may Occur.
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8. 1/0 Ports
The TMP89FS60B/62B/63B has input/output ports as follows.
The available ports are depend on a product. Refer to “8.2. Input/output ports for Each Product”.

Table 8-1 List of all I/O Ports
Port Pin name Num.ber of Input/output Secondary functions
name pins
Port PO P03 to P02 2 Input/output | Also used as the low-frequency oscillator connection pin
Also used as the external reset input, the external interrupt input
Port P1 P13t0 P10 4 Inputfoutput and the STOP mode release signal input
Also used as the UART input/output, the serial interface
Port P2 P27 to P20 8 Input/output input/output and the serial bus interface input/output
Port P4 P47 to P40 8 Input/output | Also used as the analog input and the key-on wakeup input
Port P5 P57 to P50 8 Input/output | Also used as the analog input
Port P7 P77 to P70 8 Inputioutput Also used as the tlme.r counter input/output, the divider output and
the external interrupt input
Port P8 P84 to P80 5 Input/output | Also used as the timer counter input/output
Port P9 P94 to P90 5 Inputioutput Also used as the UART input/output and the serial interface
input/output
Port PB PB7 to PBO 8 Input/output Also used as the UART input/output and the serial interface
input/output
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All output ports contain a latch, which holds the output data. No input port has a latch, so the external input data
should be externally held until the input data is read or reading should be performed several times before
processing.

Figure 8-1 shows input/output timing examples.

External data is read from an I/O port in the read cycle during execution of the read instruction. This timing cannot
be recognized from outside, so that transient input such as chattering must be processed by the program. Data is
output to an I/O port in the next cycle of the write cycle during execution of the write instruction.

Fetch cycle Fetch cycle Read cycle

System clock | | | |

Instruction - |
execution cycle

Internal read
signal I

T
1
Data input - X X

(a) Input timing

IExample: LD A, (x)

Fetchcycle Fetch cycle Write cycle

System clock | | | |

Instruction -
execution cycle |

Internal write
signal k

Data output - X*

(b) Output timing

IE><amp|e: LD (x), A

Note: The positions of the read and write cycles may vary, depending on the instruction.

Figure 8-1 Input/output Timing Example
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8.1. Input/output Port Control Registers

The following control registers are used for I/O ports. (The port number is indicated in place of x.) Registers that
can be set vary depending on the port. For details, refer to the description of each port.

e  PxDR register

This is the register for setting output data. When a port is set to the output mode, the value specified at
PxDR is output from the port.

e  PxPRD register

This is the register for reading input data. When a port is set to the input mode, the current port input status
can be read by reading PxPRD.

e  PxCR register

This register switches a port between input and output. A port can be switched between the input mode and
the output mode.

e  PxFC register

This register enables the secondary function output of each port. The secondary function output of each
port can be enabled or disabled.

e  PxOUTCR register
This register switches the port output between the CMOS output and the open drain output.

e  PxPU register

This register determines whether or not the built-in pull-up resistor is connected when a port is used in the
input mode or as the open drain output.
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8.2. Input/output ports for Each Product

The input/output ports for each product are shown in Table 8-2.
About setting for unavailable port, refer to each port section.

Table 8-2 Input/output Ports for Each Product
Name of port | Pin name | TMP89FS60B | TMP89FS62B | TMP89FS63B
P03 A A A
PO Port
P02 A A A
P13 A NA NA
P12 A NA NA
P1 Port
P11 A A A
P10 A A A
P27 A NA NA
P26 A NA NA
P25 A NA A
P24 A NA A
P2 Port
P23 A A A
P22 A A A
P21 A A A
P20 A A A
P47 A A A
P46 A A A
P45 A A A
P44 A A A
P4 Port
P43 A A A
P42 A A A
P41 A A A
P40 A A A
P57 A NA NA
P56 A NA NA
P55 A NA NA
P54 A NA A
P5 Port
P53 A NA A
P52 A NA A
P51 A NA A
P50 A NA A
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Name of port

Pin name

TMP89FS60B

TMP89FS62B

TMP89FS63B

P7 Port

P77

A

A

P76

P75

P74

P73

P72

P71

P70

> |>|>|>]|>

> |>|>|>]|>

P8 Port

P84

P83

P82

P81

P80

P9 Port

P94

P93

P92

P91

P90

PB Port

PB7

PB6

PB5

PB4

PB3

PB2

PB1

PBO

NI I I I I I N I S S P - I - B I - - - (- I - [ I i

Note: A: Available, NA: not available
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8.3. List of /O Port Settings

For the settings for the 1/O ports, refer to Table 8-3.

Table 8-3 List of /0O Ports Settings

Register set value

Port name Pin name Function :
PxCR PXOUTCR PxFC Other required
settings
Port input 0 0 -
P03 to P02
Port output 1 0 -
Port PO Without register
P03 XTOUT * Without register | -
P02 XTIN * 1 -
Port input 0 -
P13 to P11
Port output 1 -
Port input 0 (Note 1)
P10
Port output 1 (Note 1)
Port P1 P13 INT1 input 0 Without register | Without register | -
P12 INTO input 0 -
INT5 input 0 -
P11
STOP input 0 -
P10 RESET input * (Note 1)
Port input 0 * * -
P27 to P20
Port output 1 ** 0 -
SCLKO input (Note 4) 0 * * SERSEL<SRSELO> = 01
P25
SCLKO output (Note 4) 1 * 1 SERSEL<SRSELO> = 01
SCLO input/output (Note 4) 1 1 SERSEL<SRSELO> = *0
P24 Without register
SI0 input (Note 4) 0 * SERSEL<SRSELO> = 01
SDAQO input/output (Note 4) 1 1 SERSEL<SRSELO> = *0
P23 Without register
SO0 output (Note 4) 1 1 SERSEL<SRSELO> = 01
Port P2 SCLKO input 0 . . SERSEL<SRSEL0> = 10
SERSEL<SRSEL2> =0
P22
SCLKO output 1 - 1 SERSEL<SRSELO> =10
SERSEL<SRSEL2> =0
SERSEL<SRSELO0> = 0*
RXDO input 0 * * SERSEL<SRSEL2> =0
UATCNG<UATO0IO> =0
P21 SERSEL<SRSELO> = 0*
TXDO output 1 > 1 SERSEL<SRSEL2> =0
UATCNG<UATO0IO> =1
SI0 input 0 . . SERSEL<SRSELO0> =10

SERSEL<SRSEL2> =0
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Register set value

Port name Pin name Function :
PxCR PXOUTCR PxFC Other required
settings
SERSEL<SRSELO> = 0*
TXDO output 1 > 1 SERSEL<SRSEL2> =0
UATCNG<UATO0IO> =0
SERSEL<SRSELO> = 0*
Port P2 P20 RXDO input 0 * * SERSEL<SRSEL2> =0
UATCNG<UATO0IO> =1
. SERSEL<SRSELO> =10
SO0 output ! ! SERSEL<SRSEL2> = 0
Port input 0 * -
Port output 1 0 -
Port P4 P47 to P40 | AIN7 to AINO 0 Without register 1 -
KWI7 to KWI4 * * KWUCR1
KWI3 to KWIO * * KWUCRO
Port input 0 0 -
Port P5 P57 to P50 | Port output ! Without register 0 )
AIN15 to AIN8 0 1 -
(Note 6)
Port input 0 * -
P77 to P70
Port output 1 0 -
P77 INT4 input 0 Without register | -
P76 INT3 input 0 Without register | -
P75 INT2 input 0 Without register | -
P74 DVO output 1 1 -
TCA1 input 0 * -
Port P7 P73 Without register
PPGA1 output 1 1 -
TCAO input 0 * SERSEL<TCAOSEL> =00
P72
PPGAO output 1 1 -
TCO1 input 0 * -
P71 ———————
PPG01/PWMO01 output 1 1 -
TCOO0 input 0 * -
P70 S ——
PPG00/PWMO0O0 output 1 1 -
Port input 0 * -
P84 to P80
Port output 1 0 -
TCO3 input 0 * -
Port P8 P81 Without register
PPGO03/PWMO03 output 1 1 -
TCO2 input 0 * -
P80

PPG02/PWMO02 output
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Register set value

Port name Pin name Function Other required
PXCR PXOUTCR PXFC =
settings
Port input 0 * * -
P94 to P90
Port output 1 * 0 -
RXD2 input 0 * * UATCNG<UAT2I0> =0
Po4
TXD2 output 1 * 1 UATCNG<UAT2IO> =1
TXD2 output 1 > 1 UATCNG<UAT2I0> =0
P93
RXD2 input 0 * * UATCNG<UAT2I0> =1
SCLK1 input 0 * * SERSEL<SRSEL1> =10
P92
SCLK1 output 1 * 1 SERSEL<SRSEL1> =10
Port P9 RXD1 input 0 . . SERSEL<SRSEL1> = 0*
inpu UATCNG<UAT1IO> =0
P91 - SERSEL<SRSEL1> = 0*
TXD1 output ! ! UATCNG<UAT1IO> = 1
SI1 input 0 * * SERSEL<SRSEL1> =10
- SERSEL<SRSEL1> = 0*
TXD1 output ! ! UATCNG<UAT1IO> =0
P90 . . . SERSEL<SRSEL1> = 0*
RXD1 input 0 UATCNG<UAT1IO> = 1
SO1 output 1 * 1 SERSEL<SRSEL1> =10
Port input 0 * * -
PB7 to PBO
Port output 1 * 0 -
. " " SERSEL<SRSELO> =10
SCLKO input (Note 5) 0 SERSEL<SRSEL2> = 1
PB6
- SERSEL<SRSELO> =10
SCLKO output (Note 5) 1 1 SERSEL<SRSEL2> = 1
SERSEL<SRSELO> = 0*
RXDO input 0 * * SERSEL<SRSEL2> =1
UATCNG<UATO0IO> =0
PB5 SERSEL<SRSELO> = 0*
Port PB TXDO output 1 * 1 SERSEL<SRSEL2> = 1
UATCNG<UATOIO> =1
. . . SERSEL<SRSELO> =10
SI0 input (Note 5) 0 SERSEL<SRSEL2> = 1
SERSEL<SRSELO> = 0*
TXDO output 1 > 1 SERSEL<SRSEL2> =1
UATCNG<UATO0IO> =0
PB4 SERSEL<SRSELO> = 0*
RXDO input 0 * * SERSEL<SRSEL2> =1

UATCNG<UATOIO> =1

SO0 output (Note 5)

*k

SERSEL<SRSELO> = 10
SERSEL<SRSEL2> = 1

Note 1: After the power is turned on, pin P10 operates as an external reset input. To use pin P10 as a port, refer to

"2.4.4.9. How to use the external reset input pin as a port".

Note 2: About SERSEL and UATCNG, please refer to “8.5. Serial Interface Selecting Function”.
Note 3: About KWUCRO and KWUCRH1, please refer to “19. Key-on Wakeup (KWU)”.
Note 4: This function is not available for the TMP89FS62B.
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Note 5: This function is not available for the TMP89FS62B and TMP89FS63B.
Note 6: The TMP89FS62B does not have AIN15 to AIN8. And, the TMP89FS63B does not have AIN15 to AIN13.
Note 7: The symbol and numeric characters in the table have the following meanings:

Symbol and numeric characters Meaning
0 Set to "0".
1 Set to "1".
. Don't care.

(Operation is the same whether "1" or "0" is selected.)
The open-drain output or the CMOS output can be selected.

*k

Without register There is no register that corresponds to the bit.
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TOSHIBA

8.4. 1/0 Port Registers

8.4.1. Port PO

Port PO is a 2-bit input/output port that can be set to input or output for each bit individually, and it is also used as
the low-frequency resonator connection pin.

Port PO contains a programmable pull-up resistor on the VDD pin side. This pull-up resistor can be used when the
port is used in the input mode.

Table 8-4 Port PO
- - - - P03 P02 - -

Secondary

) - - - - XTOUT XTIN - -
function

8.4.1.1. PO Port for Each Product
PO port for each product is shown in Table 8-5.

Table 8-5 PO Port for Each Product

TMP89FS60B TMP89FS62B TMP89FS63B
P03 A A A
P02 A A A

Note: A: Available, NA: Not available
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Pull-up control

(for each bit)

POPU2 write

? (for each bit)

POCR2 write

Function control

(for each bit)

POFC2 write

Output latch
(for each bit)

PODR2 write

Input/output control

BB o

Programmable
pull-up resistor

VDD

RIN3

iﬁ@% f

POPRD2 read

Pull-up control

(for each bit)

POPU3 write

Internal data bus

(for each bit)

POCRS3 wiite

Output latch
(for each bit)

PODR3 write

Input/output control

Programmable
pull-up resistor

RiN3

P02
D (XTIN)

_ % :

?R

POPRD3 read
SYSCR2<XTEN>

SYSCR1<STOP>
SYSCR1<OUTEN>
Reset signal (Reset 2)

Note 1: R =100 [Q] (typ.)
Note 2: Rf = 6 [MQ] (typ.)
Note 3: Ro = 220 [kQ] (typ.)
Note 4: Rina = 50 [kQ] (typ.)

Figure 8-2 Port PO

P03
'O—D (XTOUT)
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8.4.1.2. Control
PO port is controlled by the following registers.

Port PO output latch

PODR 7 6 5 4 3 2 1 0
(0x0000) | Bit Symbol - - - - P03 P02 "0” ’0”
Read/Write R R R R R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
TMP89FS60B TMP89FS62B TMP89FS63B
P03 Output level in the output 0| "Low"level
mode 1: | “High” level
P02 Output level in the output 0| "Low"level
mode 1: | “High” level

Note: The bits 1 and 0 of PODR must be clear to “0”.
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Port PO input/output control

POCR 7 6 5 3 2 1 0
(0xOF1A) | Bit Symbol - - - POCR3 POCR2 ’0” ’0”
Read/Write R R R R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0
TMP89FS60B TMP89FS62B TMP89FS63B
Selects input mode or 0: | Input mode
POCR3 output mode
P ’ 1: | Output mode
Selects input mode or 0: | Input mode
POCR2 output mode
P ’ 1: | Output mode
Note: The bits 1 and 0 of POCR must be cleared to “0”.
2020-08-12
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Port PO function control

POFC 7 6 5 4 3 2 1 0
(0x0F34) | Bit Symbol - - - - - POFC2 - 17
Read/Write R R R R R R/W R R/W
After reset 0 0 0 0 0 0 0 1
TMP89FS60B TMP89FS62B TMP89FS63B
0: | 1/O port
POFC2 Port function
1: | XTIN (I)

Note 1: The bit 0 of POFC must be set to “1”.
Note 2: Symbol "I" means secondary function input
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Port PO built-in pull-up resistor control

POPU 7 6 5 4 3 2 1 0
(0x0F27) | Bit Symbol - - - - POPU3 POPU2 ’0” ’0”
Read/Write R R R R R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
TMP89FS60B TMP89FS62B TMP89FS63B
Selects connecting or 0:
POPU3 disconnecting a built-in Refer to Table 8-6.
pull-up resister. 1:
Selects connecting or 0:
POPU2 disconnecting a built-in Refer to Table 8-6.
pull-up resister. 1:

Note: The bits 1 and 0 of POPU must be cleared to “0”.

Table 8-6 Built-in Pull-up resister for P03 and P02

p.;s,,: :::g;i;nl CPnnected or Setting Condition

function disconnected | <popyj> | SYSCRZ | <PocRj> | <POFC2>
The connection
pinfs for the low- Disconnected * * 0 1

requency

resonator

Port Disconnected 0 0

Input mode Connected 1 0 0

Outp’:?rr:wo de Disconnected * 1

Note 1: *: Don’t care
Note 2:j=31t0 2
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Port PO input data

POPRD 7 6 5 4 3 2 1 0
(0x000D) | Bit Symbol - - - - POPRD3 | POPRD2 - -
Read/Write R R R R R R R R
After reset 0 0 0 0 * * * *
TMP89FS60B TMP89FS62B TMP89FS63B
POPRD3 Input data from port Refer to Table 8-7.
POPRD2 Input data from port Refer to Table 8-7.

Note: *: undefined

Table 8-7 Read Value of <POPRDj>

Read value of Setting Condition
<POPRDj> <POFC2> | <POCRj>
* 1
0
1 *
Level of the port pin 0 0

Note 1: * : Don’t care
Note 2:j=3t0 2
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8.4.2. Port P1

Port P1 is a 4-bit input/output port that can be set to input or output for each bit individually, and is also used as
the external interrupt input, the STOP mode release signal input and the external reset input.

Port P1 contains a programmable pull-up resistor on the VDD pin side. This pull-up resistor can be used when the
port is used in the input mode.

After reset, pin P10 is used as the external reset input. To use pin P10 as a port, refer to "2.4. Reset Control
Circuit".

Table 8-8 Port P1

- o - - P13 P12 P11 P10
Secondary - - - - INT1 INTO INT5 RESET
function STOP

8.4.2.1. P1 Port for Each Product

P1 port for each product is shown in Table 8-9.

In regards to unavailable bits of the P1 port, the value which must be set or cleared to the corresponding bit of
each register is shown in “8.4.2.2. Control”. These values must be set or cleared to corresponding bit of each
register in the setup routine.

And also, when the value of the register which includes these bits is modified, don’t change the set or cleared
value of these bit.

Table 8-9 P1 Port for Each Product

TMP89FS60B TMP89FS62B TMP89FS63B
P13 A NA NA
P12 A NA NA
P11 A A A
P10 A A A

Note: A: Available, NA: Not available
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P1PU write

— 5]

P1CR write

Output latch

Internal data bus

(for each bit)

Pull-up control
(for each bit)

Input/output control
(for each bit)

P1DR write

VDD

o

VDD RESET
pull-up
| resistor

ol

VDD
N
) 1
—Dmo

1
Programmable
pull-up resistor

RiN2

RiN3

P1PRD read

NN

Power-on reset signal
Reset 1

Reset 2

1
EN

SYSCR3<RSTDIS>
SYSCR4 0xB2 write

Low-voltage detection reset 1 signal
Watchdog timer reset signal —> Reset 0
System clock reset signal
Trimming data reset signal

Flash Memory standby reset signal

— 5]

Internal data bus

Peripheral

> Pull-up control
(for each bit)
P1PU write

Input/output control
(for each bit)

P1CR write

N Output latch
(for each bit)

P1DR write

VDD

VDD

Programmable
pull-up resistor

RIN3

P1i

functions

P1PRD read

Interrupt

INTO, INT1, INT5, STOP

STOP
control

SYSCR1<STOP>
SYSCR1<OUTEN>

Reset signal (Reset 2)

SYSCR1<STOP>

SYSCR1<OUTEN>
Reset signal (Reset 0)

Note 1: R =100 [Q] (typ.)

Note 2: RIN2 = 220 [kQ] (typ.)
Note 3: RIN3 = 50 [kQ] (typ.)
Note 4: TMP89FS60B: i =3 to 1

In case of P12
iand P13

D In case of P10

TMP89FS62B, TMP89FS63B: i = 1

Figure 8-3 Port P1
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8.4.2.2. Control
P1 port is controlled by the following registers.

Port P1 output latch

P1DR 7 6 5 4 3 2 1 0
(0x0001) | Bit Symbol - - - - P13 P12 P11 P10
Read/Write R R R R R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
TMP89FS60B TMP89FS62B TMP89FS63B
P13 Output level in the output | 0: | “Low” level Reserved (this bit symbol must be
mode 1: | “High” level cleared to “0”.)
P12 Output level in the output | 0: | “Low” level Reserved (this bit symbol must be
mode 1: | “High” level cleared to “0”.)
P11 Output level in the output | 0: | “Low” level
mode 1: | “High” level
P10 Output level in the output | 0: | “Low” level
mode 1: | “High” level
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Port P1 input/output control

P1CR 7 6 5 4 3 2 1 0
(0xOF1B) | Bit Symbol - - - - P1CR3 P1CR2 P1CR1 P1CRO

Read/Write R R R R R/W R/W R/W R/W

After reset 0 0 0 0 0 0 0 0
TMP89FS60B TMP89FS62B TMP89FS63B

0 Input mode
P1CR3 Selects input mode or INT1 (1) Re“se;rved (this bit symbol must be set
output mode. to “17.)

1: | Output mode

] 0 Input mode o
P1CR2 Selects input mode or " | INTO (1) Re“se;rved (this bit symbol must be set
output mode. to “17.)

1: | Output mode

Input mode
i 0: | INT5 (I
P1CR1 Selects input mode or (1
output mode. STOP (1)
1: | Output mode
; 0: | Input mode
P1CRO Selects input mode or P

output mode. 1: | Output mode (Note 2)

Note 1: Symbol "I" means the secondary function input
Note 2: When P10 pin is used as RESET pin, the output buffer of P10 turns off regardless of the value of <P1CR0>.
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Port P1 built-in pull-up resistor control

P1PU 7 6 4 3 2 1 0
(0x0F28) | Bit Symbol - - - P1PU3 P1PU2 P1PU1 P1PUO
Read/Write R R R R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0
TMP89FS60B TMP89FS62B TMP89FS63B
Selects connecting or L
P1PU3 disconnecting a built-in Refer to Table Reserved (thls bit symbol must be
. 8-11. cleared to “0”.)
pull-up resister.
Selects connecting or s
P1PU2 disconnecting a built-in Refer to Table Reserved (thls bit symbol must be
. 8-11. cleared to “0”.)
pull-up resister.
Selects connecting or
P1PU1 disconnecting a built-in Refer to Table 8-11.
pull-up resister.
Selects connecting or
P1PUO disconnecting a built-in Refer to Table 8-10.
pull-up resister.

Table 8-10 P10 and Built-in Pull-up Resister

Note: *: Don’t care

Note 1: *: Don’t care

Port function/ Setting Condition
Secondary Connected/ SYSCR3
. Disconnected
function <P1PUO> <RSTDIS> <P1CRO>
Port Disconnected 0 0
Input mode Connected 1 ]
Port . .
Output mode Disconnected 1
RESET pin Connected 1 0 0
Table 8-11 P1i and Built-in Pull-up resister
Port function/ Connected/ Setting Condition
Secondary Di ted
function isconnecte <P1PUi> <P1CRi>
Port Disconnected 0
Input mode Connected 1
Port . .
Output mode Disconnected

Note 2: TMP89FSG0B: i = 3 to 1
TMP89FS62B, TMP89FS63B: i = 1
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Port P1 input data

P1PRD 7 6 5 3 2 1 0
(0Ox000E) | Bit Symbol - - - P1PRD3 | P1PRD2 | P1PRD1 P1PRDO
Read/Write R R R R R R R R
After reset 0 0 0 * * * *
TMP89FS60B TMP89FS62B TMP89FS63B

P1PRD3 Input data from port Refer to Table 8-12. | The read data is “0”.

P1PRD2 Input data from port Refer to Table 8-12. | The read data is “0”.

P1PRD1 Input data from port Refer to Table 8-12.

P1PRDO Input data from port Refer to Table 8-12.

Table 8-12 Read Value of <P1PRDi>
Setting
Read value of Condition
<POPRDj>
<P1CRi>
1
Level of the port pin 0
Note: TMP89FS60B:i=31t0 0
TMP89FS62B, TMP89FS63B:i =110 0
2020-08-12
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8.4.3. Port P2

Port P2 is an 8-bit input/output port that can be set to input or output for each bit individually, and it is also used as
the serial bus interface input/output, the serial interface input/output, the UART input/output and the on-chip
debug function.

The output circuit has the P-channel output control function and either the open-drain output or the CMOS output
can be selected.

Port P2 contains a programmable pull-up resistor on the VDD pin side. This pull-up resistor can be used when the
port is used in the input mode or as an open-drain output in the output mode.

When this port is used as the serial bus interface, the serial interface or the UART, setting for serial interface
selecting function is also needed. For details, refer to "8.5. Serial Interface Selecting Function".

For the on-chip debug function, refer to "23. On-chip Debug Function (OCD)".

Table 8-13 Port P2

P27 P26 P25 P24 P23 P22 P21 P20
- - SCLO SDAO RXDO TXDO
Secondary SCLKO SI0 SO0 TXDO RXDO
function (Note) (Note) (Note) SCLKO SI0 SO0
OCDDIO | OCDCK

Note: The TMP89FS62B does not have the serial interface input/output (SCLKO, SI0/SCL0O and SO0/SDAO).

8.4.3.1. P2 Port for Each Product

P2 port for each product is shown in Table 8-14.

In regards to unavailable bits of the P2 port, the value which must be set or cleared to the corresponding bit of
each register is shown in “8.4.3.2. Control”.

These values must be set or cleared to corresponding bit of each register in the setup routine.

And also, when the value of the register which includes these bits is modified, don’t change the set or cleared
value of these bit.

Table 8-14 P2 Port for Each Product

TMP89FS60B TMP89FS62B TMP89FS63B
P27 A NA NA
P26 A NA NA
P25 A NA A
P24 A NA A
P23 A A A
P22 A A A
P21 A A A
P20 A A A

Note: A: Available, NA: Not available
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Internal data bus

Peripheral
functions

Pull-up control
(for each bit)
—>
Input/output control
? (for each bit)
Function control
. ? (for each bit)

P2PU write

Output control

(for each bit)

P20UTCR write

P2CR write

VDD

P2FC wiite

Output latch

0S

(for each bit)
1

. : |Functions enclbsed by the
P2DR write : |datted line are for P20,
..................................... P21.P22 arel P25 orly,

SCLKO, SO0, TXDO

SI00

QF

VDD
Programmable
pull-up resistor

Rina

—|:| P2i

UARTO

N

P2PRD read
SCLKO, SI0, RXDO

Internal data bus

Peripheral
functions

— 5]

——]

SYSCR1<STOP>
SYSCR1<OUTEN> E ) Yo————

Reset signal (Reset 2)

Input/output control
(for each bit)

P2CR write

Function control
(for each bit)

P2FC write

—=L¢

Output latch

(for each bit) 0Ss
P2DR wiite

SCLO, SDAO, 300’7

SI00

VDD

P2j

2
(weli} A

P2PRD read

SCLO, SDAO, SI0

Note 1: R =100 [Q] (typ.)

Note 2: Rins = 50 [kQ] (typ.)

SYSCR1<STOP>
SYSCR1<OUTEN> %
Reset signal (Reset 2)

Note 3: TMP89FS60B: i=7t05,2t00
TMP89FS62B:i=2to 0
TMP89FS63B: i=5,2t0 0

Note 4: TMP89FS60B, TMP89FS63B:j=4to 3
TMP89FS62B: j = 3

Figure 8-4

Port P2
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8.4.3.2. Control

P2 port is controlled by the following registers.

Port P2 output latch

P2DR 7 6 5 4 3 2 1 0
(0x0002) | Bit Symbol P27 P26 P25 P24 P23 P22 P21 P20
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
TMP89FS60B TMP89FS62B TMP89FS63B
Output level in the output 0: Refer to Table Reserved (this bit symbol must be
P27 ey
mode 1: 8-15. cleared to “0”.)
Output level in the output 0: | Refer to Table Reserved (this bit symbol must be
P26 s
mode 1: | 8-15. cleared to “0”.)
. 0: Reserved (this bit
P25 Output level in the output Refer to Table symbol must be Refer to Table
mode 1- | 8-15. ary 8-15.
: cleared to “0”.)
. 0: | “Low” level Reserved (this bit | “Low” level
P24 %cj)tg:t level in the output o symbol must be o
10| *Hi-Z cleared to “0”.) Hi-Z
P23 Output level in the output | 0: | “Low” level
mode 1- | *Hi-z"
; 0:
P22 Output level in the output Refer to Table 8-15.
mode 1:
; 0:
P21 Output level in the output Refer to Table 8-15.
mode 1:
; 0:
P20 Output level in the output Refer to Table 8-15.
mode 1:
Table 8-15 Output Status of I/O Pin in the Output Mode
Setting Condition
Port Function Outﬂ.ll:)stgtus
o pin <P2i> <P20UTCRi> <P2PUi>
Port “Low” level 0
Output mode 0 *
CMOS output “High” level 1
“Low” level 0
0
Port “Hi-z” 1
Output mode 1
Open-drain output “Low” level 0
1
“Pull-up” 1
Note 1: *: Don’t care
Note 2: TMP89FS60B:i=71t05,2t00
TMP89FS62B:i=210 0
TMP89FS63B:i=5,21t00
2020-08-12

160/ 487

Rev. 1.0



TMP89FS60BFG/TMP89FS60BUG
TMP89FS62BUG/TMP89FS63BUG

TOSHIBA

Port P2 input/output control

P2CR 7 6 5 4 3 2 1 0
(0xOF1C) | Bit Symbol | P2CR7 P2CR6 P2CR5 P2CR4 P2CR3 P2CR2 P2CR1 P2CRO
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
TMP89FS60B TMP89FS62B TMP89FS63B
P2CR7 Selects input mode or 0: | Input mode Reserved (this bit symbol must be set
output mode. 1: | Output mode to “1”.
P2CR6G Selects input mode or 0: | Input mode Reserved (this bit symbol must be set
output mode. 1: | Output mode to “17.
0 Input mode Input mode
: Reserved (this bit
Selects input mode or SCLKO (1) ( SCLKO (1)
P2CR5 out symbol must be
put mode. Output mod Output mod
1- utput mode set to “1”. utput mode
SCLKO (O) SCLKO (O)
0 Input mode Input mode
: Reserved (this bit
Selects input mode or Sio (1) ( SI0 (1)
P2CR4 output mode symbol must be
’ 1- Output mode set to “1”. Output mode
SCLO (I/0) SCLO (I/0O)
0: | Input mode
P2CR3 Selects input mode or Output mode
output mode. 1: | SDAO (1/0)
SO0 (0)
0 Input mode
Selects input mode or SCLKO (1)
P2CR2
output mode. Output mode
1:
SCLKO (O)
Input mode
0: | RXDO (1)
P2CR1 Selects input mode or SI0 ()
output mode.
1- Output mode
" | TXDO (O)
0 Input mode
" | RXDO (1)
Selects input mode or
P2CRO output mode. Output mode
1: | TXDO (O)
SO0 (0)

Note : Symbol "I" means the secondary function input, Symbol “O” means secondary function output, Symbol “l/O”
means secondary function input/output
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Port P2 function control

P2FC
(OxOF36)

7 5 4 3 2 1
Bit Symbol - P2FC5 P2FC4 P2FC3 P2FC2 P2FC1 P2FCO
Read/Write R R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0
TMP89FS60B TMP89FS62B TMP89FS63B
0: | I/O port Reserved (this bit | 1/O port
P2FC5 Port function symbol must be
1: | SCLKO (O) cleared to “0”.) SCLKO (O)
0: | I/O port Reserved (this bit | 1/O port
P2FC4 Port function symbol must be
1: | SCLO (I/O) cleared to “0”.) SCLO (I/0)
0: | /O port Reserved (this bit | /O port
P2FC3 Port function SDAO (|/O) symbol must be SDAO (|/O)
1: SO0 (O) cleared to “0".) SO0 (O)
0: | I/O port
P2FC2 Port function
1: | SCLKO (O)
0: | I/O port
P2FC1 Port function
1: | TXDO (O)
0: | I/O port
P2FCO Port function TXDO (O)
| s00 (0)

Note : Symbol “O” means secondary function output, Symbol “I/O” means secondary function input/output
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Port P2 output control

P20OUTCR 7 6 5 4 3 2 1 0
(0xOF43) | Bit Symbol | P20UT7 | P20UT6 | P20OUT5 - - P20UT2 | P20UT1 | P20UTO
Read/Write R/W R/W R/W R R R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
TMP89FS60B TMP89FS62B TMP89FS63B

0: | CMOS output Reserved (this bit symbol must be

P20UT7 Output circuit type of port cleared to “0".)

1: | Open-drain output

0: | CMOS output Reserved (this bit symbol must be

P20UT6 Output circuit type of port cleared to “0".)

1: | Open-drain output

0: | CMOS output Reserved (this bit | CMOS output
P20UT5 Output circuit type of port symbol must be
1: | Open-drain output | cleared to “0”.) Open-drain output

0: | CMOS output
P20UT2 Output circuit type of port
1: | Open-drain output

0: | CMOS output

P20UT1 Output circuit type of port
1: | Open-drain output

0: | CMOS output

P20UTO Output circuit type of port

1: | Open-drain output
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Port P2 built-in pull-up resistor control

P2PU 7 6 5 4 3 2 1 0
(0x0F29) | Bit Symbol P2PU7 P2PU6 P2PU5 - - P2PU2 P2PU1 P2PUO
Read/Write R/W R/W R/W R R R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
TMP89FS60B TMP89FS62B TMP89FS63B
Selects connecting or 0: L
PoPU7 disconnecting a built-in Refer to Table Reserved (thls bit symbol must be
. . | 8-16. cleared to “0”.)
pull-up resister. 1:
Selects connecting or 0: s
P2PU6 disconnecting a built-in Refer to Table Reserved (thls bit symbol must be
. . | 8-16. cleared to “0”.)
pull-up resister. 1.
Selects connecting or 0: Reserved (this bit
P2PU5 disconnecting a built-in Refer to Table symbol must be Refer to Table
- . | 8-16. P 8-16.
pull-up resister. 1: cleared to “0”.)
Selects connecting or 0:
P2PU2 disconnecting a built-in Refer to Table 8-16.
pull-up resister. 1:
Selects connecting or 0:
P2PU1 disconnecting a built-in Refer to Table 8-16.
pull-up resister. 1:
Selects connecting or 0:
P2PUO disconnecting a built-in Refer to Table 8-16.
pull-up resister. 1.

Table 8-16 Port Function and Built-in Pull-up Resister

Port Function (.:onnectedl <P2PUi> <P2CRi> < P20UTi> <P2i>
Disconnected
Not connected 0
Input mode 0 .
Connected 1 .
Output mode .
CMOS output Not connected 1 0
Output mode Not connected 0 0
Open-drain output Connected ] 1 1 1

Note 1: *: Don’t care

Note 2: TMP89FS60B:i=7t05,2t00
TMP89FS62B:i=21t0 0
TMP89FS63B:i=5,21t00
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Port P2 input data

P2PRD 7 6 5 4 3 2 1 0
(0Ox000F) | Bit Symbol | P2PRD7 | P2PRD6 | P2PRD5 | P2PRD4 | P2PRD3 | P2PRD2 | P2PRD1 | P2PRDO
Read/Write R R R R R R R R
After reset * * * * * * * *
TMP89FS60B TMP89FS62B TMP89FS63B
P2PRD7 Input data from port Refer to Table 8-17. | The read data is “0”.
P2PRD6 Input data from port Refer to Table 8-17. | The read data is “0”.
P2PRD5 Input data from port Refer to Table 8-17. | The read data is “0”. | Refer to Table 8-17.
P2PRD4 Input data from port The level of port pin The read data is “0”. The level of port pin
is read. is read.
P2PRD3 Input data from port The level of port pin is read.
P2PRD2 Input data from port Refer to Table 8-17.
P2PRD1 Input data from port Refer to Table 8-17.
P2PRDO Input data from port Refer to Table 8-17.

Table 8-17 Read Value of <P2PRDi>

Read value of Setting Condition
<P2PRDi> <P2CRi> | <P20UTCRi>
Level of the port pin 0 *
0 0
1
Level of the port pin 1

Note 1: * : Don’t care
Note 2: TMP89FS60B:i=7t05,2t0 0

TMP89FS62B:i=21t0 0
TMP89FS63B:i=5,21t00
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8.4.4. Port P4

Port P4 is an 8-bit input/output port that can be set to input or output for each bit individually, and it is also used as
the analog input of the AD convertor and the key-on wakeup input.

Port P4 contains a programmable pull-up resistor on the VDD pin side. This pull-up resistor can be used when the
port is used in the input mode and is used as key-on wakeup input.

Table 8-18 Port P4
P47 P46 P45 P44 P43 P42 P40
Secondary AIN7 AING6 AIN5 AIN4 AIN3 AIN2 AIN1 AINO
function KWI7 KWI6 KWI5 KW14 KWI3 KWI2 KWIA1 KWIO
8.4.4.1. P4 Port for Each Product
P4 port for each product is shown in Table 8-19.
P4 port can be used on all products.
Table 8-19 P4 Port for Each Product
TMP89FS60B TMP89FS62B TMP89FS63B

P47 A A A

P46 A A A

P45 A A A

P44 A A A

P43 A A A

P42 A A A

P41 A A A

P40 A A A

Note: A: Available
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SYSCR1<STOP>
SYSCR1<OUTEN> ::)—
U VDD

Pull-up control
(for each bit)

|
9 Jﬂ) 1L Programmable
f pull-up resistor
P4PU write |7

RiN3

Input/output control
(for each bit)

P4CR write

Function control VDD

(for each bit)

P4FC write _D P4i
Output latch _TDO—I -~

(for each bit)

Internal data bus

Peripheral
functions P4DR write

KWUCRX<KWiEN>

? R
Key-on n
wakeup I~ P4PRD read —>— ¢

KWIi

AINi enable signal Reset signal (Reset 2)

AD ADCCR1<AINEN>
AINi

>

Note 1: R =100 [Q] (typ.)
Note 2: Rina = 50 [kQ] (typ.)
Note 3:i=7t0 0
Note 4: x=11t00

Figure 8-5 Port P4

2020-08-12
167/ 487 Rev. 1.0



TOSHIBA

TMP89FS60BFG/TMP89FS60BUG
TMP89FS62BUG/TMP89FS63BUG

8.4.4.2. Control
P4 port is controlled by the following registers.

Port P4 output latch

P4DR 7 6 5 4 3 2 1 0
(0x0004) | Bit Symbol P47 P46 P45 P44 P43 P42 P41 P40
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
TMP89FS60B TMP89FS62B TMP89FS63B

P47 Output level in the output | 0: | “Low” level

mode 1: | “High” level
P46 Output level in the output | 0: | “Low” level

mode 1: | “High” level
P45 Output level in the output | 0: | “Low” level

mode 1: | “High” level
P44 Output level in the output | 0: | “Low” level

mode 1: | “High” level
P43 Output level in the output | 0: | “Low” level

mode 1: | “High” level
P42 Output level in the output | 0: | “Low” level

mode 1: | “High” level
P41 Output level in the output | 0: | “Low” level

mode 1: | “High” level
P40 Output level in the output | 0: | “Low” level

mode 1: | “High” level

2020-08-12
168/ 487 Rev. 1.0



TOSHIBA

TMP89FS60BFG/TMP89FS60BUG
TMP89FS62BUG/TMP89FS63BUG

Port P4 input/output control

P4CR 7 6 5 4 3 2 1 0
(OXOF1E) | Bit Symbol P4CR7 P4CR6 P4CR5 P4CR4 P4CR3 P4CR2 P4CR1 P4CRO
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
TMP89FS60B TMP89FS62B TMP89FS63B
Selects input mode or 0:
P4CR7 output mode. . Refer to Table 8-20.
Selects input mode or 0:
P4CR6 output mode. . Refer to Table 8-20.
Selects input mode or 0:
P4CR5 output mode. . Refer to Table 8-20.
Selects input mode or 0:
P4CR4 output mode. . Refer to Table 8-20.
Selects input mode or 0:
P4CR3 output mode. " Refer to Table 8-20.
Selects input mode or 0:
P4CR2 output mode. . Refer to Table 8-20.
Selects input mode or 0:
P4CR1 output mode. . Refer to Table 8-20.
Selects input mode or 0:
P4CRO output mode. . Refer to Table 8-20.
Table 8-20 <P4CRi> and Input/output Mode of Each Pin
Port Function/ Setting Condition
Shared Function <PACRi> KWUCRx<KWIEN>
Port
Input mode/ 0
AINi 0
Port
Output mode
Port
Input mode * 1
Key-on wakeup input
Note 1: *: Don’t care
Note 2:i=7to 0
Note 3: x=1to 0
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Port P4 function control

P4FC 7 6 5 4 3 2 1 0
(0x0F38) | Bit Symbol P4FC7 P4FC6 P4FC5 P4FC4 P4FC3 P4FC2 P4FC1 P4FCO
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
TMP89FS60B TMP89FS62B TMP89FS63B
0: | I/O port
P4FC7 Port function
1: | AIN7 (1)
0: | I/O port
P4FC6 Port function
1: | AING (1)
0: | I/O port
P4FC5 Port function
1: | AIN5 (1)
0: | I/O port
P4FC4 Port function
1: | AIN4 (1)
0: | I/O port
P4FC3 Port function
1: | AIN3 (I)
0: | I/O port
P4FC2 Port function
1: | AIN2 (1)
0: | I/O port
P4FC1 Port function
1: | AIN1 (1)
0: | I/O port
P4FCO Port function
1: | AINO (1)

Note 1: Symbol "I" means the secondary function input

Note 2: When P4i (i = 7 to 0) port is used as an analog input of the AD convertor (<P4FCi> =1 (i = 7 to 0)), the input gate
of 1/0 port is disabled to block the through current in the input gate.

Note 3: When P4i (i = 7 to 0) port is used as a key-on wakeup input (KWUCRx<KWIEN> =1 (x=110 0, i=7 to 0)), the
input gate of I/O port is enabled regardless of setting <P4FCi> (i = 7 to 0). Therefore, when P4i (i = 7 to 0) port is
used as a key-on wakeup input and an analog input of the AD convertor, the through current may flow in the input
gate.
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Port P4 built-in pull-up resistor control

P4PU 7 6 5 4 3 2 1 0
(0xOF2B) | Bit Symbol P4PU7 P4PUG6 P4PU5 P4PU4 P4PU3 P4PU2 P4PU1 P4PUO
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
TMP89FS60B TMP89FS62B TMP89FS63B
Selects connecting or 0:
P4PU7 disconnecting a built-in Refer to Table 8-21.
pull-up resister. 1.
Selects connecting or 0:
P4PUG disconnecting a built-in Refer to Table 8-21.
pull-up resister. 1.
Selects connecting or 0:
P4PU5 disconnecting a built-in Refer to Table 8-21.
pull-up resister. 1:
Selects connecting or 0:
P4PU4 disconnecting a built-in Refer to Table 8-21.
pull-up resister. 1:
Selects connecting or 0:
P4PU3 disconnecting a built-in Refer to Table 8-21.
pull-up resister. 1.
Selects connecting or 0:
P4PU2 disconnecting a built-in Refer to Table 8-21.
pull-up resister. 1.
Selects connecting or 0:
P4PU1 disconnecting a built-in Refer to Table 8-21.
pull-up resister. 1:
Selects connecting or 0:
P4PUO disconnecting a built-in Refer to Table 8-21.
pull-up resister. 1:

Table 8-21 Port and Secondary Function and Built-in Pull-up Resister

Setting Condition
Port function/ Connected/ o
Secondary function Disconnected ; ; ;
<P4PUi> <KWIEN> <P4CRi> | <P4FCi>
Port Not connected 0
Input mode 0
Port Connected 1 0
Input mode 0
AINi Not connected * 1
Port * *
Output mode Not connected 1
Key-on wakeup input Not connected 0 1 . .
Key-on wakeup input Connected 1
Note 1: *: Don'’t care
Note 2:i=7to 0
Note 3: x=1t0 0
2020-08-12
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Port P4 input data

P4PRD 7 6 5 4 3 2 1 0
(0x0011) | Bit Symbol | P4PRD7 | P4PRD6 | P4PRD5 | P4PRD4 | P4PRD3 | P4PRD2 | P4PRD1 | P4PRDO
Read/Write R R R R R R R R
After reset * * * * * * * *
TMP89FS60B TMP89FS62B TMP89FS63B
P4PRD7 Input data from port Refer to Table 8-22.
P4PRD6 Input data from port Refer to Table 8-22.
P4PRD5 Input data from port Refer to Table 8-22.
P4PRD4 Input data from port Refer to Table 8-22.
P4PRD3 Input data from port Refer to Table 8-22.
P4PRD2 Input data from port Refer to Table 8-22.
P4PRD1 Input data from port Refer to Table 8-22.
P4PRDO Input data from port Refer to Table 8-22.
Table 8-22 Read Value of <P4PRDi>
Setting Condition
Read Value of e
<P4PRDi> X ; ;
<KWIEN> <P4CRi> | <P4FCi>
Level of the port pin 0
0 0 *
0 1
Level of the port pin 1 *
Note 1: *: Don’t care
Note 2:i=7100
Note 3: x=11t0 0
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8.4.5. Port P5

Port P5 is an 8-bit input/output port that can be set to input or output for each bit individually, and it is also used as
the analog input of AD converter.

Table 8-23 Port P5

P57 P56 P55 P54 P53 P52 P51 P50
Secondary AIN15 AIN14 AIN13
function (Note) (Note) (Note) AIN12 AIN11 AIN10 AIN9 AIN8

Note: The TMP89FS63B does not have the analog input (AIN15 to 13) of AD converter.

8.4.5.1. P5 Port for Each Product

PS5 port for each product is shown in Table 8-24.

In regards to unavailable bits of the P5 port, the value which must be set or cleared to the corresponding bit of
each register is shown in“8.4.5.2. Control”. These values must be set or cleared to corresponding bit of each
register in the setup routine.

And also, when the value of the register which includes these bits is modified, don’t change the set or cleared

value of these bit.

Table 8-24 PS5 Port for Each Product

TMP89FS60B TMP89FS62B TMP89FS63B
P57 A NA NA
P56 A NA NA
P55 A NA NA
P54 A NA A
P53 A NA A
P52 A NA A
P51 A NA A
P50 A NA A

Note: A: Available, NA: Not available
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Input/output control _
(for each bit)

—]

P5CR wiite

Function control
(for each bit)

P5FC write P5i

Output latch
(for each bit)

——->]

Internal data bus

P5DR write

\~ P5PRD read

SYSCR1<STOP>
SYSCR1<OUTEN> %
Peripheral Reset signal (Reset 2)

functions X .
AINj enable signal

AD ADCCR1<AINEN>
AINj

Note 1: R =100 [Q] (typ.)
Note 2: TMP89FS60B: i =7 to 0
TMP89FS63B:i=4100

Note 3: TMP89FS60B: j= 1510 8
TMP89FS63B: j=12t0 8

Figure 8-6 Port P5
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8.4.5.2. Control
PS5 port is controlled by the following registers.

Port P5 output latch

P5DR 7 6 5 4 3 2 1 0
(0x0005) | Bit Symbol P57 P56 P55 P54 P53 P52 P51 P50
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
TMP89FS60B TMP89FS62B TMP89FS63B
P57 Output level in the output | 0: | “Low” level Reserved (this bit symbol must be
mode 1: | “High” level cleared to “0”.)
P56 Output level in the output | 0: | “Low” level Reserved (this bit symbol must be
mode 1: | “High” level cleared to “0”.)
P55 Output level in the output | 0: | “Low” level Reserved (this bit symbol must be
mode 1: | “High” level cleared to “0”.)
. 0: | “Low” level Reserved (this bit | “Low” level
P54 Out(g)ut level in the output symbol must be
modae 1: | “High” level cleared to “0”.) “High” level
. 0: | “Low” level Reserved (this bit | “Low” level
P53 Out(g)ut level in the output symbol must be
modae 1: | “High” level cleared to “0”.) “High” level
. 0: | “Low” level Reserved (this bit | “Low” level
P52 Ou’g)ut level in the output symbol must be
mode 1: | “High” level cleared to “0”.) “High” level
. 0: | “Low” level Reserved (this bit | “Low” level
P51 Ou’g)ut level in the output symbol must be
mode 1: | “High” level cleared to “0”.) “High” level
. 0: | “Low” level Reserved (this bit | “Low” level
P50 Out(g)ut level in the output symbol must be
modae 1: | “High” level cleared to “0”.) “High” level
2020-08-12
175/ 487 Rev. 1.0




TOSHIBA

TMP89FS60BFG/TMP89FS60BUG
TMP89FS62BUG/TMP89FS63BUG

Port P5 input/output control

P5CR 7 6 5 4 3 2 1 0
(0xOF1F) | Bit Symbol P5CR7 P5CR6 P5CR5 P5CR4 P5CR3 P5CR2 P5CR1 P5CRO
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0
TMP89FS60B TMP89FS62B TMP89FS63B
) 0 Input mode o
P5CR7 Selects input mode or " | AIN15 ) Re“se;rved (this bit symbol must be set
output mode. to “17.)
1: | Output mode
' 0 Input mode o
P5CR6 Selects input mode or " | AIN14 ) Re“s?rved (this bit symbol must be set
output mode. to “17.)
1: | Output mode
) 0 Input mode o
P5CR5 Selects input mode or " | AIN13 ) Re“se;rved (this bit symbol must be set
output mode. to “17.)
1: | Output mode
s ' 0 Input mode Reserved (this bit Input mode
P5CR4 elects input mode or AIN12 (1) symbol mustbe | AIN12 (1)
output mode. setto “17))
1: | Output mode ' Output mode
I ) g 0 Input mode Reserved (this bit Input mode
P5CR3 Selects input mode or AIN11 (1) symbol mustbe | AIN11 (1)
output mode. setto “1”.)
1: | Output mode ' Output mode
s ' 0 Input mode Reserved (this bit Input mode
P5CR2 elects input mode or AIN10 (1) symbol mustbe | AIN10 (I)
output mode. setto “1”))
1: | Output mode ' Output mode
I ) g 0 Input mode Reserved (this bit Input mode
P5CR1 Selects input mode or AINO (1) symbol mustbe | AIN9 (1)
output mode. setto “17))
1: | Output mode ' Output mode
s ) 0 Input mode Reserved (this bit Input mode
P5CRO elects input mode or AINS (1) symbol mustbe | AINS (I)
output mode. setto “1”))
1: | Output mode ' Output mode
Note: Symbol "I" means the secondary function input
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Port P5 function control

P5FC 7 6 5 4 3 2 1 0
(0xOF39) | Bit Symbol P5FC7 P5FC6 P5FC5 P5FC4 P5FC3 P5FC2 P5FC1 P5FCO
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
TMP89FS60B TMP89FS62B TMP89FS63B
0: | I/O port i hi
P5FC7 Port function Rleser\éetd (t(;us bit symbol must be
1: | AIN15 (1) cleared to “0".)
0: | I/O port i hi
P5FC6 Port function Rleser\éetd (t(;us bit symbol must be
1: | AIN14 (1) cleared to “0".)
0: | I/O port i hi
P5FC5 Port function Rleser\éetd (t(;us bit symbol must be
1: | AIN13 (1) cleared to “0".)
0: | I/O port Reserved (this bit | 1/O port
P5FC4 Port function symbol must be
1: | AIN12 (1) cleared to “0”.) AIN12 (1)
0: | I/O port Reserved (this bit | I/O port
P5FC3 Port function symbol must be
10 | AINT1 (1) cleared to “0”.) AIN11 (1)
0: | I/O port Reserved (this bit | I/O port
P5FC2 Port function symbol must be
12| AIN10 (1) cleared to “0”.) AIN10 (1)
0: | I/O port Reserved (this bit | 1/O port
P5FC1 Port function symbol must be
10 | AIN9 (1) cleared to “0”.) AIN9 (1)
0: | I/O port Reserved (this bit | 1/O port
P5FCO Port function symbol must be
10| AIN8 (1) cleared to “0”.) AINS (1)

Note 1: Symbol "I" means the secondary function input
Note 2: When P5i port is used as an analog input of the AD convertor (<P5FCi> = 1), the input gate of I/0 port is disabled

to block the through current in the input gate (TMP89FS60B: i = 7 to 0, TMP89FS63B: i = 4 to 0).
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Port P5 input data

P5PRD
(0x0012)

7 6 5 4 3 2 1 0
Bit Symbol | PSPRD7 | P5SPRD6 | P5PRD5 | P5PRD4 | P5PRD3 | P5PRD2 | PSPRD1 | P5PRDO
Read/Write R R R R R R R R
After reset * * * * * * * *
TMP89FS60B TMP89FS62B TMP89FS63B

PS5PRD7

Input data from port

Refer to Table 8-25.

The read data is “0”.

P5PRD6

Input data from port

Refer to Table 8-25.

The read data is “0”.

P5PRD5

Input data from port

Refer to Table 8-25.

The read data is “0”.

P5PRD4

Input data from port

Refer to Table 8-25.

The read data is “0”.

Refer to Table 8-25.

P5PRD3

Input data from port

Refer to Table 8-25.

The read data is “0”.

Refer to Table 8-25.

P5PRD2

Input data from port

Refer to Table 8-25.

The read data is “0”.

Refer to Table 8-25.

P5PRD1

Input data from port

Refer to Table 8-25.

The read data is “0”.

Refer to Table 8-25.

P5PRDO

Input data from port

Refer to Table 8-25.

The read data is “0”.

Refer to Table 8-25.

Note 1: *: Don’t care

Note 2: TMP89FSG0B: i =7 to 0
TMP89FS63B:i=4100

Table 8-25 Read Value of <P5PRDi>

Read Value of

Setting Condition

el <P5CRi> | <P5FCi>
Level of the port pin 0 0
0 * 1
0 1 *
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8.4.6. Port P7

Port P7 is an 8-bit input/output port that can be set to input or output for each bit individually, and it is also used as

the external interrupt input, the divider output and the timer counter input/output.

Table 8-26 Port P7

P77 P76 P75 P74 P73 P72 P71 P70
s d INT4 INT3 INT2 DVO TCA1 TCAO TCO1 TCO00
econdary
function PPGAT | PPGAO | PPGO1 | PPGOO
PWMO1 PWMOO
8.4.6.1. P7 Port for Each Product
P7 port for each product is shown in Table 8-27.
P7 port can be used on all products.
Table 8-27 P7 Port for Each Product
TMP89FS60B TMP89FS62B TMP89FS63B
P77 A A A
P76 A A A
P75 A A A
P74 A A A
P73 A A A
P72 A A A
P71 A A A
P70 A A A
Note: A: Available
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N
Input/output control
(for each bit)
P7CR wiite
H " H VDD
H Function control H
H (for each bit) :
< :
) P7FC wiite P7i
K : :
T Output latch H S H -~
Peripheral S 7| (oreachbi) —10 : '
functions IS : 1 :
Divider P7DR write Furctions m:ck)sed by
out Jeeerrrreese e e * | thedoted Ine aefor R
outp i DVO, PPGAI, PPGAD, PPGO1,| P74toP700nly.
External : PPG00, PWMO01, PWM0OO :
mermpt| ||
Q5
TCAO _~ P7PRDread INT4, INT3, INT2,
TCA1 TCA1, TCAO, TCO1, TC00
TCO00
TCO1 SYSCR1<STOP>
SYSCR1<OUTEN> QDO—
Reset signal (Reset 2)

Note 1: R =100 [Q] (typ.)
Note 2:i=71t0 0

Figure 8-7 Port P7
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8.4.6.2. Control
P7 port is controlled by the following registers.

Port P7 output latch

P7DR 7 6 5 4 3 2 1 0
(0x0007) | Bit Symbol P77 P76 P75 P74 P73 P72 P71 P70
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
TMP89FS60B TMP89FS62B TMP89FS63B
P77 Output level in the output | 0 | “Low” level
mode 1: | “High” level
P76 Output level in the output | 0 | “Low” level
mode 1: | “High” level
P75 Output level in the output | 0 | “Low” level
mode 1: | “High” level
P74 Output level in the output | 0 | “Low” level
mode 1: | “High” level
P73 Output level in the output | 0 | “Low” level
mode 1: | “High” level
P72 Output level in the output | 0 | “Low” level
mode 1: | “High” level
P71 Output level in the output | 0 | “Low” level
mode 1: | “High” level
P70 Output level in the output | 0 | “Low” level
mode 1: | “High” level
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TOSHIBA

Port P7 input/output control

P7CR 7 6 5 4 3 2 1 0
(0xOF21) | Bit Symbol P7CR7 P7CR6 P7CR5 P7CR4 P7CR3 P7CR2 P7CR1 P7CRO
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
TMP89FS60B TMP89FS62B TMP89FS63B
0 Input mode
P7CR7 Selects input mode or INT4 (1)
output mode.
1: | Output mode
Input mode
Selects input mode or o
P7CR6 P INT3 (1)
output mode.
1. | Output mode
Input mode
Selects input mode or o
P7CR5 INT2 (1)
output mode.
1: | Output mode
0: | Input mode
Selects input mode or
P7CR4 output mode. 1- Output mode
" | DVO (0)
0: Input mode
Selects input mode or TCA1(l)
P7CR3 output mode
P ' 1 Output mode
" | PPGA1 (0)
0: Input mode
Selects input mode or TCAO (1)
P7CR2 output mode
P ' 1 Output mode
| PPGAO (O)
0 Input mode
"] TCO1 (1)
Selects input mode or
P7CR1 output mode. Output mode
1: | PPGO1 (O)
PWMO01 (O)
0 Input mode
~ | TCOO (1)
Selects input mode or
P7CRO output mode. Output mode
1. | PPGOO (O)
PWMOO (O)
Note: Symbol "I'" means secondary function input. Symbol "O" means secondary function output.
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Port P7 function control

P7FC 7 4 3 2 1 0
(0xOF3B) | Bit Symbol - P7FC4 P7FC3 P7FC2 P7FC1 P7FCO
Read/Write R R/W R/W R/W R/W R/W
After reset 0 0 0 0
TMP89FS60B TMP89FS62B TMP89FS63B
1/O port
P7FC4 Port function
DVO (O)
1/O port
P7FC3 Port function
PPGA1 (O)
1/0 port
P7FC2 Port function
PPGAO (O)
1/0 port
P7FCA1 Port function PPG01 (O)
PWMO01 (O)
1/O port
P7FCO Port function PPG00 (O)
PWMO0O (O)
Note: Symbol "O" means secondary function output.
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Port P7 input data

P7PRD 7 6 5 4 3 2 1 0
(0x0014) | Bit Symbol | P7TPRD7 | P7PRD6 | P7PRD5 | P7PRD4 | P7PRD3 | P7PRD2 | P7PRD1 | P7PRDO
Read/Write R R R R R R R R
After reset * * * * * * * *
TMP89FS60B TMP89FS62B TMP89FS63B
P7PRD7 Input data from port Refer to Table 8-28.
P7PRD6 Input data from port Refer to Table 8-28.
P7PRD5 Input data from port Refer to Table 8-28.
P7PRD4 Input data from port Refer to Table 8-28.
P7PRD3 Input data from port Refer to Table 8-28.
P7PRD2 Input data from port Refer to Table 8-28.
P7PRD1 Input data from port Refer to Table 8-28.
P7PRDO Input data from port Refer to Table 8-28.
Table 8-28 Read Value of <P7PRDi>
Setting
Read Value of Condition
<P7PRDi>
<P7CRi>
Level of the port pin 0
0 1
Note: i=71t0 0
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8.4.7. Port P8

Port P8 is a 5-bit input/output port that can be set to input or output for each bit individually, and it is also used as

the timer counter input/output.

Table 8-29 Port P8

- P84 P83 P82 P81 P80
- - - - TCO3 TCO02
Secondary
function PPGO03 PPG02
PWMO03 PWMO02

8.4.7.1. P8 Port for Each Product

P8 port for each product is shown in Table 8-30.

In regards to unavailable bits of the P8 port, the value which must be set or cleared to the corresponding bit of
each register is shown in “8.4.7.2. Control” These values must be set or cleared to corresponding bit of each
register in the setup routine.

And also, when the value of the register which includes these bits is modified, don’t change the set or cleared

value of these bit.

Note: A: Available, NA: Not available

Table 8-30 P8 Port for Each Product

TMP89FS60B TMP89FS62B TMP89FS63B
P84 A NA NA
P83 A NA NA
P82 A NA NA
P81 A A A
P80 A A A
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—{ | Pei

N
Input/output control
(for each bit)
P8CR wriite
Function control VDD
1 (for each bit) : D—
[ : H
3 : :
0 . .
8 P8FC write
[ R TP
© .
[ N Output latch : oS _D—| -
Peripheral @ (for each bit) : 1
functions £
P8DR write :
................................... Functions'enclosed b
: thedotted line are for
TCO3 : PPG03, PPG02, PWM03, PWM02| P81 and R80 only
< Ql
P8PRD read —=le
NN
TCO03, TCO2

SYSCR1<STOP>
SYSCR1<OUTEN> E%

Reset signal (Reset 2)

Note 1: R =100 [Q] (typ.)

Note 2: TMP89FS60B: i=4to 0
TMP89FS62B, TMP89FS63B: i= 1100

Figure 8-8 Port P8
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8.4.7.2. Control
P8 port is controlled by the following registers.

Port P8 output latch

P8DR 7 6 5 4 3 2 1 0
X it Symbol - - -
(0x0008) | Bit Symbol P84 P83 P82 P81 P80
Read/Write R R R R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
TMP89FS60B TMP89FS62B TMP89FS63B
P84 Output level in the output | 0: | “Low” level Reserved (this bit symbol must be
mode 1: | “High” level cleared to “0”.)
P83 Output level in the output | 0: | “Low” level Reserved (this bit symbol must be
mode 1: | “High” level cleared to “0”.)
P82 Output level in the output | 0: | “Low” level Reserved (this bit symbol must be
mode 1: | “High” level cleared to “0”.)
P81 Output level in the output | 0: | “Low” level
mode 1: | “High” level
P80 Output level in the output | 0: | “Low” level
mode 1: | “High” level
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Port P8 input/output control

P8CR 7 6 5 4 3 2 1 0
(0x0F22) | Bit Symbol - - - P8CR4 P8CR3 P8CR2 P8CR1 P8CRO
Read/Write R R R R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
TMP89FS60B TMP89FS62B TMP89FS63B
PSCRA4 Selects input mode or 0| Input mode Reserved (this bit symbol must be set
output mode. 1: | Output mode to “17.)
PSCR3 Selects input mode or 0: | Input mode Reserved (this bit symbol must be set
output mode. 1: | Output mode to “17.)
PSCR2 Selects input mode or 0 | Input mode Reserved (this bit symbol must be set
output mode. 1: | Output mode to “17.)
0 Input mode
"] TCO3 (1)
Selects input mode or
PBCR1 output mode. Output mode
1: | PPGO3 (O)
PWMO03 (O)
0 Input mode
| TCO2 (1)
Selects input mode or
PBCRO output mode. Output mode
1: | PPG02 (O)
PWMO02 (O)

Note: Symbol "I" means secondary function input. Symbol "O" means secondary function output
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Port P8 function control

P8FC 7 4 2 1 0
(OxOF3C) | Bit Symbol P8FC1 P8FCO
Read/Write R R R RW RW
After reset 0 0 0 0 0
TMP89FS60B TMP89FS62B TMP89FS63B
1/0 port
P8FCA1 Port function PPGO03 (0)
PWMO03 (O)
1/O port
P8FCO Port function PPG02 (O)
PWMO02 (O)
Note: Symbol "O" means secondary function output.
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Port P8 input data

P8PRD 7 6 5 4 3 2 1 0
(0x0015) | Bit Symbol - - - P8PRD4 | PSPRD3 | P8PRD2 | P8PRD1 | P8PRDO
Read/Write R R R R R R R R
After reset 0 0 0 * * * * *
TMP89FS60B TMP89FS62B TMP89FS63B
P8PRD4 Input data from port Refer to Table 8-31. | The read data is “0”.
P8PRD3 Input data from port Refer to Table 8-31. | The read data is “0”.
P8PRD2 Input data from port Refer to Table 8-31. | The read data is “0”.
P8PRD1 Input data from port Refer to Table 8-31.
P8PRDO Input data from port Refer to Table 8-31.

Table 8-31 Read Value of <PSPRDi>

Setting
Read Value of Condition
<P8PRDi>
<P8CRi>
Level of the port pin 0
0 1

Note: TMP89FS60B: i =4to 0
TMP89FS62B, TMP89FS63B:i=11to 0
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8.4.8. Port P9

Port P9 is a 5-bit input/output port that can be set to input or output for each bit individually, and it is also used as
the serial interface and the UART.

The output circuit has the P-channel output control function and either the open-drain output or the CMOS output
can be selected.

Port P9 contains a programmable pull-up resistor on the VDD pin side. This pull-up resistor can be used when the
port is used in the input mode or as an open-drain output.

When this port is used as the serial interface or the UART, setting for the serial interface selecting function is also
needed. For details, refer to "8.5. Serial Interface Selecting Function".

Table 8-32 Port P9

- - - P94 P93 P92 P91 P90
Secondar - - - RXD2 TXD2 RXD1 TXD1
function y TXD2 RXD2 TXD1 RXD1
SCLK1 Si1 SO1

8.4.8.1. P9 Port for Each Product

P9 port for each product is shown in Table 8-33.
P9 port can be used on all products.

Table 8-33 P9 Port for Each Product

TMP89FS60B TMP89FS62B TMP89FS63B
P94 A A A
P93 A A A
P92 A A A
P91 A A A
P90 A A A

Note: A: Available
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VDD

Pull-up control
(for each bit) o |
—ol Programmable

pull-up resistor
Rin3

P9PU write

Output control 1
(for each bit) |

POOUTCR write

Input/output control
(for each bit)

POCR write

Function control
(for each bit)

POFC write

VDD

Internal data bus

Output latch
(for each bit) 0s

i

PODR write

N

Peripheral R
functions SCLK1, SO1,TXD2

SIO1
UART1 POPRD read =l ¢

N\
UART2 SCLK1, SI1, TXD1

SYSCR1<STOP>
SYSCR1<OUTEN> ED,
Reset signal (Reset 2)

Note 1: R =100 [Q] (typ.)
Note 2: Rina = 50 [kQ] (typ.)
Note 3:i=41t00
Figure 8-9 Port P9
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8.4.8.2. Control

P9 port is controlled by the following registers.

Port P9output latch

PODR 7 6 5 4 3 2 1 0
(0x0009) | Bit Symbol - - - P94 P93 P92 P91 P90
Read/Write R R R R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
TMP89FS60B TMP89FS62B TMP89FS63B
; 0:
P94 Output level in the output Refer to Table 8-34.
mode 1:
; 0:
P93 Output level in the output Refer to Table 8-34.
mode 1:
; 0:
P92 Output level in the output Refer to Table 8-34.
mode 1:
; 0:
P91 Output level in the output Refer to Table 8-34.
mode 1:
; 0:
P90 Output level in the output Refer to Table 8-34.
mode 1:
Table 8-34 Output Status of I/O Pin in the Output Mode
Setting Condition
Port Function OUtf;;tOSt?tus J
© pin <P9i> <P9OUTCRIi> <P9PUi>
Port “Low” level 0
Output mode *
CMOS Output “High” level 1
“Low” level 0 0
Port “Hi-Z” 1
Output mode - .
Open-drain output Low” level 0 :
“Pull-up” 1
Note 1: *: Don’t care
Note 2:i=4t0 0
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Port P9 input/output control

PI9CR 7 6 4 3 2 1 0
(0xO0F23) | Bit Symbol - - POCR4 POCR3 P9CR2 PIOCR1 POCRO
Read/Write R R R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0
TMP89FS60B TMP89FS62B TMP89FS63B
Input mode
Selects input mode or RXD2 (1)
POCR4 output mode
P ' Output mode
TXD2 (O)
Input mode
Selects input mode or RXD2 (1)
POCR3 output mode
P ' Output mode
TXD2 (O)
Input mode
Selects input mode or SCLK1 (1)
POCR2 output mode
P ’ Output mode
SCLK1 (O)
Input mode
RXD1 (1)
PICR1 Selects input mode or S ()
output mode.
Output mode
TXD1 (O)
Input mode
RXD1 (1)
Selects input mode or
POCRO output mode. Output mode
TXD1 (O)
SO1 (0)
Note: Symbol "I" means secondary function input. Symbol "O" means secondary function output.
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Port P9 function control

POFC 7 5 4 3 2 1 0
(OxOF3D) | Bit Symbol - - POFC4 POFC3 POFC2 POFCA1 POFCO
Read/Write R R R/W R/W R/W R/W R/W
After reset 0 0 0 0 0
TMP89FS60B TMP89FS62B TMP89FS63B
0: | 1/O port
P9FC4 Port function
1: | TXD2 (O)
0: | 1/0 port
P9FC3 Port function
1. | TXD2 (O)
0: | I/O port
P9FC2 Port function
1: | SCLK1 (0)
0: | 1/O port
P9FC1 Port function
1. | TXD1 (O)
0: | I/O port
POFCO Port function TXD1 (0)
1:
SO1 (0O)
Note: Symbol "O" means secondary function output.
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Port P9 output control

POOUTCR 7 6 5 4 3 2 1 0
(OxOF4A) | Bit Symbol - - - POOUT4 | POOUT3 | PO9OUT2 | POOUT1 | P9OUTO
Read/Write R R R R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
TMP89FS60B TMP89FS62B TMP89FS63B
0: | CMOS output
POOUT4 Output circuit type of port
1: | Open-drain output
0: | CMOS output
POOUT3 Output circuit type of port
1: | Open-drain output
0: | CMOS output
POOUT2 Output circuit type of port
1: | Open-drain output
0: | CMOS output
POOUT1 Output circuit type of port
1: | Open-drain output
0: | CMOS output
POOUTO Output circuit type of port
1: | Open-drain output
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Port P9 built-in pull-up resistor control

POPU 7 6 5 4 3 2 1 0
(0xOF30) | Bit Symbol - - - POPU4 POPU3 POPU2 POPU1 POPUO
Read/Write R R R R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
TMP89FS60B TMP89FS62B TMP89FS63B
Selects connecting or 0:
POPU4 disconnecting a built-in Refer to Table 8-35.
pull-up resister. 1.
Selects connecting or 0:
POPU3 disconnecting a built-in Refer to Table 8-35.
pull-up resister. 1.
Selects connecting or 0:
P9PU2 disconnecting a built-in Refer to Table 8-35.
pull-up resister. 1:
Selects connecting or 0:
P9PU1 disconnecting a built-in Refer to Table 8-35.
pull-up resister. 1:
Selects connecting or 0:
POPUO disconnecting a built-in Refer to Table 8-35.
pull-up resister. 1.
Table 8-35 Port Function and Built-in Pull-up Resister
Port function Connectedor | = _pgpyji> | <pgcRi> | <P9OUTI> <P9i>
disconnected
Not connected 0
Input mode 0 *
Connected 1 .
Output mode .
CMOS output Not connected 0
Output mode Not connected 0 1 0
Open-drain output Connected 1 1 1
Note 1: *: Don’t care
Note 2:i=4to 0
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Port P9 input data

P9PRD 7 6 5 4 3 2 1 0
(0x0016) | Bit Symbol - - - P9PRD4 | P9PRD3 | P9PRD2 | P9PRD1 | P9PRDO
Read/Write R R R R R R R R
After reset 0 0 0 * * * * *
TMP89FS60B TMP89FS62B TMP89FS63B
P9PRD4 Input data from port Refer to Table 8-36.
P9PRD3 Input data from port Refer to Table 8-36.
P9PRD2 Input data from port Refer to Table 8-36.
P9PRD1 Input data from port Refer to Table 8-36.
P9PRDO Input data from port Refer to Table 8-36.
Table 8-36 Read Value of <P9PRDi>
Read value of Setting Condition
<P9PRDi> <P9CRi> <P9OUTCRI>
Level of the port pin 0 *
0 0

Level of the port pin

1

Note 1: *: Don’t care

Note 2:i=4to0
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8.4.9. Port PB

Port PB is an 8-bit input/output port that can be set to input or output for each bit individually, and it is also used
as the serial interface input/output and the UART input/output.

The output circuit has the P-channel output control function and either the open-drain output or the CMOS output
can be selected.

When this port is used as the serial interface or the UART, setting for serial interface selecting function is also
needed. For details, refer to "8.5. Serial Interface Selecting Function".

Table 8-37 Port PB

PB7 PB6 PB5 PB4 PB3 PB2 PB1 PBO
] RXDO TXDO ] - ] -
Secondary TXDO RXDO
function SCLKO SI0 S00

Note: The TMP89FS62B and the TMP89FS63B do not have the serial interface input/output (SCLKO, SI0 and SOO0).

8.4.9.1. PB Port for Each Product

PB port for each product is shown in Table 8-38.

In regards to unavailable bits of the PB port, the value which must be set or cleared to the corresponding bit of
each register is shown in “8.4.9.2. Control”. These values must be set or cleared to corresponding bit of each
register in the setup routine.

And also, when the value of the register which includes these bits is modified, don’t change the set or cleared
value of these bit.

Table 8-38 PB Port for Each Product

TMP89FS60B TMP89FS62B TMP89FS63B
PB7 A NA NA
PB6 A NA NA
PB5 A A A
PB4 A A A
PB3 A A A
PB2 A A A
PB1 A A A
PBO A A A

Note: A: Available, NA: Not available

2020-08-12
199/ 487 Rev. 1.0



TOSHIBA TMP89IFSE0BFG/TMPSIFS60BUG
TMP89FS62BUG/TMPS9FS63BUG

Output control
(for each bit)

PBOUTCR write

q
Input/output control ’_(1_)_

(for each bit)

PBCR write
VDD VDD

Function control

Internal data bus

(for each bit)

PBFC write PBi

Output latch : S : <=
(for each bi) —1° : . (Note3)
Peripheral : :

1
funtons || PEORwile i ( "ne ot e ar
: SCLKD, SO0, TXDO for PB6 to PI?4 only. R

S100 e eeeteteseeeteteeeeeseeeeseneeerenenararaeaaaraead : /ip
UARTO \~ PBPRD read —~=¢
SCLKO, SI0, RXDO

SYSCR1<STOP>
SYSCR1<OUTEN> ED()—
Reset signal (Reset 2)

Note 1: R =100 [Q] (typ.)
Note 2:i=7to 0
Note 3: Large Current Port (LIOL)

Figure 8-10 Port PB
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8.4.9.2. Control

PB port is controlled by the following registers.

Port PB output latch

PBDR 7 6 5 4 3 2 1 0
(0x000B) | Bit Symbol PB7 PB6 PB5 PB4 PB3 PB2 PB1 PBO
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
TMP89FS60B TMP89FS62B TMP89FS63B
Output level in the output 0: Refer to Table Reserved (this bit symbol must be
PB7 P
mode 1: 8-39. cleared to “0”.)
Output level in the output 0: | Refer to Table Reserved (this bit symbol must be
PB6 s
mode 1. | 8-39. cleared to “0”.)
; 0:
PB5 Output level in the output Refer to Table 8-39.
mode 1:
; 0:
PB4 Output level in the output Refer to Table 8-39.
mode 1:
; 0:
PB3 Output level in the output Refer to Table 8-39.
mode 1:
; 0:
PB2 Output level in the output Refer to Table 8-39.
mode 1:
; 0:
PB1 Output level in the output Refer to Table 8-39.
mode 1:
; 0:
PBO Output level in the output Refer to Table 8-39.
mode 1:

Table 8-39 Output Status of I/O Pin in the Output Mode

Note 1: *: Don’t care

Note 2: TMP89FS60B: i=7to 0
TMP89FS62B, TMP89FS63B

. Output status of Setting Condition
Port Function /0 oi
e <PBi> <PBOUTCRi>

Output mode “Low” level 0 .

CMOS output “High” level ]

Output mode “Low” level 0 1
Open-drain output “Hi-Z" ]

:i=5t00
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Port PB input/output control

PBCR
(OXOF25)

Note: Symbol "I" means secondary function input. Symbol "O" means secondary function output.

7 6 5 4 3 2 1 0
Bit Symbol | PBCR7 PBCR6 PBCR5 PBCR4 PBCR3 PBCR2 PBCR1 PBCRO
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
TMP89FS60B TMP89FS62B TMP89FS63B
PBCR7 Selects input mode or 0: | Input mode Reserved (this bit symbol must be set
output mode. 1: | Output mode to “17.)
0 Input mode
PBCR6 Selects input mode or SCLKO (1) Reserved (this bit symbol must be set
output mode. Output mode to “17.)
1:
SCLKO (O)
Input mode Input mode
0: | RXDO (1) RXDO (1)
PBCR5 Selects input mode or SI0 (1)
output mode.
1- Output mode Output mode
" | TXDO (0) TXDO (O)
0 Input mode Input mode
| RXDO (1) RXDO (1)
Selects input mode or
PBCR4 output mode. Output mode Output mode
1: | TXDO (O) TXDO (O)
SO0 (0)
Selects input mode or 0: | Input mode
PBCR3 output mode
P ' 1: | Output mode
Selects input mode or 0: | Input mode
PBCR2 output mode
P ' 1: | Output mode
Selects input mode or 0: | Input mode
PBCR1 output mode
P ' 1. | Output mode
Selects input mode or 0: | Input mode
PBCRO output mode
P ' 1: | Output mode
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Port PB function control

PBFC 7 6 5 4 3 2 1 0
(OxOF3F) | Bit Symbol - PBFC6 PBFC5 PBFC4 - - - -
Read/Write R R/W R/W R/W R R R R
After reset 0 0 0 0 0 0 0 0
TMP89FS60B TMP89FS62B TMP89FS63B
0: | I/O port R d (this b bol b
. eserved (this bit symbol must be
PBFC6 Port function 1 SCLKO (0) cleared to “0".)
" | (Note 2)
0: | I/O port
PBFC5 Port function
1: | TXDO (O)
0: | I/O port
PBFC4 Port function TXDO (O)
1 500 (0) (Note 2)

Note 1: Symbol "O" means secondary function output.
Note 2: The SIOO for the TMP89FS62B and TMP89FS63B is “Reserved”.
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Port PB output control

PBOUTCR 7 6 5 4 3 2 1 0
(0xOF4C) | Bit Symbol | PBOUT7 | PBOUT6 | PBOUT5 | PBOUT4 | PBOUT3 | PBOUT2 | PBOUT1 | PBOUTO
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
TMP89FS60B TMP89FS62B TMP89FS63B

0: | CMOS output Reserved (this bit symbol must be

PBOUT7 Output circuit type of port cleared to “0".)

1: | Open-drain output

0: | CMOS output Reserved (this bit symbol must be

PBOUT6 Output circuit type of port cleared to “0".)

1: | Open-drain output
0: | CMOS output
1: | Open-drain output
0: | CMOS output
1: | Open-drain output
0: | CMOS output
1: | Open-drain output
0: | CMOS output
1: | Open-drain output
0: | CMOS output
1: | Open-drain output
0: | CMOS output
1: | Open-drain output

PBOUT5 Output circuit type of port

PBOUT4 Output circuit type of port

PBOUT3 Output circuit type of port

PBOUT2 Output circuit type of port

PBOUT1 Output circuit type of port

PBOUTO Output circuit type of port
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Port PB input data

PBPRD
(0x0018)

7 6 5 4 3 2 1 0
Bit Symbol | PBPRD7 | PBPRD6 | PBPRD5 | PBPRD4 | PBPRD3 | PBPRD2 | PBPRD1 | PBPRDO
Read/Write R R R R R R R R
After reset * * * * * * * *
TMP89FS60B TMP89FS62B TMP89FS63B

PBPRD7

Input data from port

Refer to Table 8-40.

The read data is “0”.

PBPRD6

Input data from port

Refer to Table 8-40.

The read data is “0”.

PBPRD5

Input data from port

Refer to Table 8-40.

PBPRD4

Input data from port

Refer to Table 8-40.

PBPRD3

Input data from port

Refer to Table 8-40.

PBPRD2

Input data from port

Refer to Table 8-40.

PBPRD1

Input data from port

Refer to Table 8-40.

PBPRDO

Input data from port

Refer to Table 8-40.

Note 1: * : Don’t care

Note 2: TMP89FS60B: i=7to 0
TMP89FS62B, TMP89FS63B: i =510 0

Table 8-40 Read Value of <PBPRDi>

Read value of
<PBPRDi>

Setting Condition

<PBCRi>

<PBOUTCRI>

Level of the port pin

0

*

0

Level of the port pin
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8.5. Serial Interface Selecting Function

The TMP89FS60B/62B/63B can change the pins of the serial interfaces (SIO0/1, UARTO0/1/2 and 12C0) and
interrupt source assignment and the input pin of the 16-bit timer counter (TCAOQ) by using the serial interface

selecting function.

Two out of three functions, SIO0, UARTO and 12CO0, can be used at the same time.
One of two functions, SIO1 and UART1, can be used.

Note: To use the serial interface and 16-bit timer counter, setting I/O port registers other than the registers of the serial
interface selecting function is needed. Refer to " 8.4. I/0O Port Registers".

P90 (TXD1/RXD1/SO1)
P91 (RXD1/TXD1/SI1)
P92( - / - /SCLK1)

PB4 (TXDO/RXD0/SO0)
PB5 (RXDO/TXDO/SI0)
PB6( - / - /SCLKO)

P20 (TXDO/RXD0/SO0)
P21 (RXDO/TXDO/SIO)
P2( - / - /SCLKO)

P23 (SDA0/SO0)
P24 (SCLO/SIO)
P25 ( - /SCLKO)

P93 (TXD2/RXD2)
P94 (RXD2/TXD2)

P72 (TCAO)

Selector
UART1 —————p| " PORT
> 10 /\7‘ IS
S UATCNG
SI01 < — Serial interface <UAT110>
SERSEL selection 1
<SRSEL1>
Serial interface PORT
selection 0A IS
Selector UATCNG
Selector 1 <UATOIO>
UARTO |<—|0* <—P> 0 PORT
S
10 s
S | UATCNG
SI00 . L oerseL <UATOIO>
elector <SRSEL2>
01 PORT
2C0  |[—{*0 /\/
S Serial interface
I selection 0B
SERSEL
<SRSEL0>
UART2 PORT
S
UATCNG
Selector <UAT2I0>
TCAO ¢ 00 PORT
01 P21 (RXDO0)
10 P91 (RXD1)
11— P94 (RXD2)
S
SERSEL
<TCAOSEL>
Figure 8-11 Serial Interface Selecting Function
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Serial interface selection control register

SERSEL 7 6 5 4 3 2 1 0
(OXOFCB) | Bit Symbol TCAOSEL - SRSEL2 SRSEL1 SRSELO
Read/Write R/W R/W R R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
TMP89FS60B | TMP89FS62B TMP89FS63B
00: [ P72 (TCAO)
TCAOSEL | 16-bit timer counter TCAQ 01: | Assigned to P21 (RXDO)
input switching (Note 3) 10: | Assigned to P91 (RXD1)
11: [ Assigned to P94 (RXD2)
SRSEL2 _Select UARTO0/SIO0 0: [P22, P21, P20 P22, P21, P20 P22, P21, P20
input/output port PB6, PB5, PB4 PB5, PB4 (Note 4) |PB6, PB5, PB4
00: | UART1
SRSEL1 Serial interface selection 1 | 01: | UART1
(Note 4) 10: | SIO1
11: | Reserved
00: 0A: UARTO 0A: UARTO 0A: UARTO
0B: 12C0 0B: (Note 5) 0B: 12C0
o ) | OA: UARTO 0A: UARTO 0A: UARTO
SRSELO (S,\i;'tae' g;terface selection 0 | 01 5. 5100 0B: (Note 5) 0B: SI00
10- 0A: SIO0 0A: SIO0 0A: SIO0
0B: 12C0 0B: (Note 5) 0B: 12C0
11: | Reserved Reserved Reserved
Note 1: The operation for changing SERSEL must be executed while the applicable serial interface and timer counter

Note 2:
Note 3:
Note 4:
Note 5:
Note 6:
Note 7:

operations are stopped.

The interrupt latch for the applicable serial interface must be cleared after changing SERSEL.

The port assignment of the RXDx (x = 2 to 0) pin which is input to TCAO input cannot be selected by UATCNG.
The SIOO0 cannot be selected as the serial interface selection 1.
The serial interface which is assigned to the serial interface selection OB cannot be used.
"0A" means "Serial interface selection OA" in Figure 8-11 and "0B" means "Serial interface selection 0B".

When a read instruction is executed on SERSEL, bit 5 is read as "0".
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UART input/output change control register

UATCNG 7 6 5 4 3 2 1 0
(0x0F57) | Bit Symbol - - - - - UAT2I10 UAT11O UATOIO
Read/Write R R R R R R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
RXDx pin TXDx pin
. 0: |P94 P93
UAT2I0 Sjtletcjt Uc,JArIt?TZ input/
putp 1: P93 P94
Select UART1 input/ 0- P91 P90
UATTIO output port
putp 1: |P90 P91
SERSEL SERSEL SERSEL SERSEL
UATOIO Select UARTO input/ <SERSEL2> = 0|<SERSEL2> = 1|<SERSEL2> = 0| <SERSEL2> = 1
output port 0: |P21 PB5 P20 PB4
1: [P20 PB4 P21 PB5

Note 1: Set the corresponding bit of function register (PmFC (m = B, 9 and 2)) to "1", when the port is assigned to a TXDx
(x=2to 0) pin.

Note 2: When a read instruction is executed on UATCNG, bits 7 to 3 are read as "0".
Note 3: The operation for changing UATCNG must be executed while the applicable UART operations are stopped.
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Table 8-41 Select input/output port and interrupt

Port
Interrupt
SERSEL SERSEL | UATCNG
<SRSELO0> | <SRSEL2> | <UAT0IO> SLaEle pedley
PB4 PB5 PB6 P20 P21 P22 P23 | P24 P25 <IL7> <IL6> <IL15>
0 TXDO | RXDO
0 (Note2) [ (Note2) | (Note2) (Note2)
1 RXDO | TXDO
00 SDAOQ [ SCLO | (Note2) | INTTXDO | INTRXDO | INTSBIO
0 TXDO | RXDO
1 (Note2) [ (Note2) | (Note2) [ (Note2)
1 RXDO | TXDO
0 TXDO | RXDO
0 (Note2) [ (Note2) | (Note2) (Note2)
1 RXDO | TXDO
01 SO0 | SI0 | SCLKO [INTTXDO | INTRXDO | INTSIOO0
0 TXDO | RXDO
1 (Note2) [ (Note2) | (Note2) [ (Note2)
1 RXDO | TXDO
0 * (Note2) | (Note2) | (Note2)| SO0 | SI0 | SCLKO
10 SDAO | SCLO | (Note2) - INTSIOO | INTSBIO
1 * SO0 | SI0 | SCLKO | (Note2) | (Note2) | (Note2)
11 * * Reserved
Note 1: *: Don’t care
Note 2: This bit can be used as a port. Clear the corresponding bit of function register (PmFC (m = B and 2)) to "0".
Table 8-42 Select input/output port and interrupt
Port
Interrupt
SERSEL UATCNG UARTA/SIO
<SRSEL1> <UAT110>
P90 P91 P92 <|L23> <|L22>
0 TXD1 RXD1
00 (Note2) INTTXD1 INTRXD1
1 RXD1 TXD1
0 TXD1 RXD1
01 (Note2) INTTXD1 INTRXD1
1 RXD1 | TXD1
10 * SO1 S SCLK1 - INTSIO1
11 * Reserved
Note 1: *: Don’t care
Note 2: This bit can be used as a port. Clear the corresponding bit of function register (P9FC) to "0".
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9. Special Function Registers

The TMP89FS60B/62B/63B adopts the memory mapped 1/O system, and all peripheral hardware data control and
transfer operations are performed through the special function registers (SFR). SFR1 is mapped on addresses
"0x0000" to "0x003F", SFR2 is mapped on addresses "0x0F00" to "0xOFFF", and SFR3 is mapped on addresses

"0x0E40" to "0xOEBF".

9.1. SFR1 ("0x0000" to "0x003F")

Table 9-1 SFR1 ("0x0000" to "0x003F")

Address Register Name Address Register Name
0x0000 PODR 0x0020 SIO0SR
0x0001 P1DR 0x0021 SIO0BUF
0x0002 P2DR 0x0022 SBIOCR1
0x0003 Reserved 0x0023 SBIOCR2/SBIOSR2
0x0004 P4DR 0x0024 I2COAR
0x0005 P5DR 0x0025 SBIODBR
0x0006 Reserved 0x0026 TOOREG
0x0007 P7DR 0x0027 TO1REG
0x0008 P8DR 0x0028 TOOPWM
0x0009 P9DR 0x0029 TO1PWM
0x000A Reserved 0x002A TOOMOD
0x000B PBDR 0x002B TO1MOD
0x000C Reserved 0x002C TOO1CR
0x000D POPRD 0x002D TAODRAL
0x000E P1PRD 0x002E TAODRAH
0x000F P2PRD 0x002F TAODRBL
0x0010 Reserved 0x0030 TAODRBH
0x0011 P4PRD 0x0031 TAOMOD
0x0012 P5PRD 0x0032 TAOCR
0x0013 Reserved 0x0033 TAOSR
0x0014 P7PRD 0x0034 ADCCR1
0x0015 P8PRD 0x0035 ADCCR2
0x0016 P9PRD 0x0036 ADCDRL
0x0017 Reserved 0x0037 ADCDRH
0x0018 PBPRD 0x0038 DVOCR
0x0019 Reserved 0x0039 TBTCR
0x001A UARTOCR1 0x003A EIRL
0x001B UARTOCR2 0x003B EIRH
0x001C UARTODR 0x003C EIRE
0x001D UARTOSR 0x003D EIRD
0x001E TDOBUF/RDOBUF 0x003E Reserved
0x001F SIO0CR 0x003F PSW

Note: Don’t read from or write to the address of the SFR with “Reserved”.
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9.2. SFR2 ("0x0F00" to "0xOFFF")

Table 9-2 SFR2 ("0x0F00" to "0x0F7F")

Address | Register Name Address | Register Name Address | Register Name Address | Register Name
0X0F00 "Reserved 0X0F20 "Reserved 0X0F40 "Reserved 0X0F60 "Reserved
0x0F01 Reserved 0x0F21 P7CR 0x0F41 Reserved 0x0F61 Reserved
0x0F02 Reserved 0x0F22 P8CR 0x0F42 Reserved 0x0F62 Reserved
0x0F03 Reserved 0x0F23 PI9CR 0x0F43 P20UTCR 0x0F63 Reserved
0x0F04 Reserved 0x0F24 Reserved 0x0F44 Reserved 0xOF64 Reserved
0x0F05 Reserved 0x0F25 PBCR 0x0F45 Reserved 0x0F65 Reserved
0x0F06 Reserved 0x0F26 Reserved 0x0F46 Reserved 0x0F66 Reserved
0x0F07 Reserved 0x0F27 POPU 0xOF47 Reserved 0xOF67 Reserved
0xOF08 Reserved 0x0F28 P1PU 0x0F48 Reserved 0xOF68 Reserved
0x0F09 Reserved 0x0F29 P2PU 0x0F49 Reserved 0x0F69 Reserved
0xOFOA Reserved 0x0F2A Reserved 0xO0F4A PO9OUTCR 0xOFB6A Reserved
0xOF0B Reserved 0xOF2B P4PU 0x0F4B Reserved 0xOF6B Reserved
0xOF0C Reserved 0x0F2C Reserved 0xOF4C PBOUTCR 0xOF6C Reserved
0x0FOD Reserved 0x0F2D Reserved 0xO0F4D Reserved 0x0F6D Reserved
0xOFOE Reserved 0xOF2E Reserved O0xOF4E Reserved 0xOF6E Reserved
O0xOFOF Reserved O0xOF2F Reserved O0xOF4F Reserved O0xOF6F Reserved
0x0F10 Reserved 0x0F30 POPU 0x0F50 Reserved 0xO0F70 SIO1CR
0x0F 11 Reserved 0x0F31 Reserved 0xO0F51 Reserved 0x0F71 SIO1SR
0x0F12 Reserved 0x0F32 Reserved 0x0F52 Reserved 0x0F72 SIO1BUF
0x0F13 Reserved 0x0F33 Reserved 0x0F53 Reserved 0x0F73 Reserved
0x0F 14 Reserved 0x0F 34 POFC O0x0F54 UART1CR1 OxOF74 POFFCRO
0x0F15 Reserved 0x0F 35 Reserved 0x0F55 UART1CR2 O0xOF75 POFFCR1
0x0F16 Reserved 0x0F 36 P2FC 0x0F56 UART1DR OxOF76 POFFCR2
0x0F17 Reserved 0x0F37 Reserved 0xO0F57 UART1SR O0xOF77 POFFCR3
0x0F18 Reserved 0x0F 38 P4FC 0xOF58 TD1BUF/RD1BUF OxOF78 Reserved
0x0F19 Reserved 0x0F39 P5FC 0x0F59 Reserved 0x0F79 Reserved
O0xOF1A POCR 0x0F3A Reserved 0xOF5A UART2CR1 O0xOF7A Reserved
0x0F1B P1CR 0x0F3B P7FC 0x0F5B UART2CR2 O0x0F7B Reserved
0x0F1C P2CR 0x0F3C P8FC 0x0F5C UART2DR 0x0F7C Reserved
0x0F1D Reserved 0x0F3D P9FC 0x0F5D UART2SR O0xOF7D Reserved
O0xOF1E P4CR 0xOF3E Reserved OxOF5E TD2BUF/RD2BUF OxOF7E Reserved
O0xOF1F P5CR O0xOF3F PBFC O0xOF5F Reserved OxOF7F Reserved

Note: Don’t read from or write to the address of the SFR with “Reserved”.
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Table 9-3 SFR2 ("0x0F80" to "0xOFFF")

Address | Register Name Address | Register Name Address | Register Name Address | Register Name
0x0F80 -Reserved 0xOFAO -Reserved 0xOFCO -Reserved O0xOFEO ) ILL
0xOF 81 Reserved O0xOFA1 Reserved 0xOFC1 Reserved OxOFE1 ILH
0x0F82 Reserved 0x0FA2 Reserved 0x0FC2 Reserved OxOFE2 ILE
0x0F83 Reserved 0xOFA3 Reserved 0xOFC3 Reserved OxOFE3 ILD
0xOF 84 Reserved O0xOFA4 Reserved 0xOFC4 KWUCRO OxOFE4 Reserved
0x0F85 Reserved 0xOFA5 Reserved 0xOFC5 KWUCR1 OxOFE5 Reserved
0x0F86 Reserved 0xOFA6 Reserved 0x0FC6 VDCR1 OxOFE6 Reserved
O0xOF87 Reserved OxOFA7 Reserved 0xOFC7 VDCR2 OxOFE7 Reserved
0x0F88 TO2REG 0x0FA8 TA1DRAL 0xOFC8 RTCCR OxOFE8 Reserved
0x0F89 TO3REG 0xOFA9 TA1DRAH 0x0FC9 Reserved OxOFE9 Reserved
0xOF8A T02PWM OxOFAA TA1DRBL OxOFCA Reserved O0xOFEA Reserved
0x0F8B TO3PWM O0xOFAB TA1DRBH 0xOFCB SERSEL 0xOFEB Reserved
0x0F8C T02MOD OxOFAC TA1TMOD 0x0FCC IRSTSR 0xOFEC Reserved
0x0F8D TO3MOD O0xOFAD TA1CR 0xOFCD WUCCR 0xOFED Reserved
0xOF8E T023CR OxOFAE TA1SR 0xOFCE WUCDR O0xOFEE Reserved
OxOF8F Reserved OxOFAF Reserved 0xOFCF CGCR OxOFEF Reserved
0x0F90 Reserved 0x0FBO Reserved 0x0FDO FLSCR1 OxOFFO ILPRS1
0x0F91 Reserved 0x0FB1 Reserved 0xOFD1 FLSCR2/FLSCRM OxOFF1 ILPRS2
0x0F92 Reserved 0x0FB2 Reserved 0x0FD2 FLSSTB OxOFF2 ILPRS3
0x0F93 Reserved 0x0FB3 Reserved 0xOFD3 Reserved 0xOFF3 ILPRS4
0x0F94 Reserved 0x0FB4 Reserved 0xOFD4 WDCTR OxOFF4 ILPRS5
0x0F95 Reserved 0x0FB5 Reserved 0xOFD5 WDCDR OxOFF5 ILPRS6
0x0F96 Reserved 0xOFB6 Reserved 0xOFD6 WDCNT 0xOFF6 Reserved
0x0F97 Reserved 0x0FB7 Reserved 0xOFD7 WDST OxOFF7 Reserved
0x0F98 Reserved 0xOFB8 Reserved 0xOFD8 EINTCR1 O0xOFF8 Reserved
0x0F99 Reserved 0xOFB9 Reserved 0xOFD9 EINTCR2 0xOFF9 Reserved
0x0F9A Reserved O0xOFBA Reserved 0xOFDA EINTCR3 OxOFFA Reserved
0x0F9B Reserved 0xOFBB Reserved 0xOFDB EINTCR4 O0xOFFB Reserved
0xOF9C Reserved 0xOFBC Reserved 0xOFDC SYSCR1 OxOFFC Reserved
0x0F9D Reserved 0xO0FBD Reserved 0xOFDD SYSCR2 0xOFFD Reserved
0xOF9E Reserved 0xOFBE Reserved 0xOFDE SYSCR3 OxOFFE Reserved
0x0F9F Reserved OxOFBF Reserved OxOFDF SYSCR4/SYSSR4 OxOFFF Reserved

Note: Don’t read from or write to the address of the SFR with “Reserved”.
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9.3. SFR3 ("0x0E40" to "Ox0EFF")

Table 9-4 SFR3 ("0x0E40" to "0x0EBF")

Address | Register Name Address | Register Name Address | Register Name Address | Register Name
0x0E40 Reserved 0xOE60 Reserved 0xOE80 Reserved O0xOEAOQ Reserved
0xOE41 Reserved 0x0E61 Reserved O0xOE81 Reserved O0xOEA1 Reserved
0x0E42 Reserved 0x0E62 Reserved 0x0E82 Reserved 0xO0EA2 Reserved
0x0E43 Reserved 0x0E63 Reserved 0x0E83 Reserved 0xOEA3 Reserved
0xOE44 Reserved 0xOE64 Reserved 0xOE84 Reserved OxOEA4 Reserved
0x0E45 Reserved 0x0E65 Reserved 0x0E85 Reserved O0xOEAS5 Reserved
0x0E46 Reserved 0x0E66 Reserved 0x0E86 Reserved 0xOEA6 Reserved
OxOE47 Reserved 0xOE67 Reserved O0xOE87 Reserved OxOEA7 Reserved
0xOE48 Reserved 0xOE68 Reserved 0xOE88 Reserved OxOEA8 Reserved
0x0E49 Reserved 0x0E69 Reserved 0x0E89 Reserved 0xOEA9 Reserved
O0xOE4A Reserved O0xOEGBA Reserved O0xOE8A Reserved OxOEAA Reserved
0xOE4B Reserved 0xOE6B Reserved 0xOE8B Reserved OxOEAB Reserved
0xO0E4C Reserved 0x0E6C Reserved 0xOE8C Reserved 0xOEAC Reserved
0x0E4D Reserved 0x0E6D Reserved 0xOE8D Reserved 0xOEAD Reserved
OxOE4E Reserved O0xOEGE Reserved OxOE8E Reserved OXOEAE Reserved
OxOE4F Reserved OxOE6F Reserved OxOE8F Reserved OxOEAF Reserved
0x0E50 Reserved 0x0E70 Reserved 0x0E90 Reserved 0xO0EBO Reserved
O0xOE51 Reserved 0x0E71 Reserved 0x0E91 Reserved 0xOEB1 Reserved
0x0E52 Reserved 0x0E72 Reserved 0x0E92 Reserved 0xOEB2 Reserved
0x0E53 Reserved 0x0E73 Reserved 0x0E93 Reserved 0xO0EB3 Reserved
0x0E54 Reserved 0x0E74 Reserved 0x0E94 Reserved 0xOEB4 Reserved
0xOE55 Reserved 0xOE75 Reserved 0x0E95 Reserved 0xOEBS Reserved
0xOE56 Reserved 0xOE76 Reserved 0xOE96 Reserved 0xOEB6 Reserved
0x0E57 UATCNG O0x0E77 Reserved 0x0E97 Reserved 0xO0EB7 Reserved
0xOE58 Reserved 0xOE78 Reserved 0xOE98 Reserved 0xOEB8 Reserved
0xOE59 Reserved 0x0E79 Reserved 0x0E99 Reserved 0xOEB9 Reserved
O0xOE5A Reserved OxO0E7A Reserved O0xO0E9A Reserved 0xOEBA Reserved
0xO0E5B Reserved 0xOE7B Reserved 0x0E9B Reserved 0xOEBB Reserved
0xOE5C Reserved 0x0E7C Reserved 0xOE9C Reserved 0xOEBC Reserved
0x0E5D Reserved 0xOE7D Reserved 0x0E9SD Reserved 0xOEBD Reserved
O0xOE5E Reserved OxOE7E Reserved O0xO0ESE Reserved O0xOEBE Reserved
OxOES5F Reserved OxOE7F Reserved OxOE9F Reserved OxOEBF Reserved

Note: Don’t read from or write to the address of the SFR with “Reserved”.
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Table 9-5 SFR3 ("0x0EC0" to "Ox0EFF")

Address | Register Name Address [ Register Name Address | Register Name Address [ Register Name
0xOECO -Reserved 0xOEDO -Reserved OxOEEO -Reserved O0xOEFO -Reserved
0x0ECA1 Reserved 0xOED1 Reserved OxOEE1 Reserved OxOEF1 Reserved
0x0EC2 Reserved 0xO0ED2 Reserved O0xOEE2 Reserved O0x0EF2 Reserved
0xOEC3 Reserved 0xOED3 Reserved OxOEE3 Reserved O0xOEF3 Reserved
0xOEC4 Reserved 0xOED4 Reserved OxOEE4 Reserved OxOEF4 Reserved
0xOEC5 Reserved 0xOED5 Reserved OxOEE5 Reserved O0xO0EF5 Reserved
0xOEC6 Reserved 0xOED6 Reserved OxOEE6 Reserved O0xOEF6 Reserved
OxOEC7 Reserved 0xOED7 Reserved OxOEE7 Reserved OXOEF7 Reserved
OxOEC8 Reserved 0xOED8 Reserved OxOEES8 Reserved OxOEF8 Reserved
0xOEC9 Reserved 0xO0ED9 Reserved OxOEE9 Reserved 0xO0EF9 Reserved
O0xOECA Reserved O0xOEDA Reserved OxOEEA Reserved OxOEFA Reserved
0xOECB Reserved 0xOEDB Reserved OxOEEB Reserved OxOEFB Reserved
0xO0ECC Reserved 0xOEDC Reserved OxOEEC Reserved OxOEFC Reserved
0xOECD Reserved 0xOEDD Reserved OxOEED Reserved O0xOEFD Reserved
O0xOECE Reserved O0xOEDE Reserved OxOEEE Reserved OxOEFE Reserved
OxOECF Reserved OxOEDF Reserved OxOEEF Reserved OxOEFF Reserved

Note: Don’t read from or write to the address of the SFR with “Reserved”.
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10. Low Power Consumption Control for Peripherals

The TMP89FS60B/62B/63B has low power consumption registers (POFFCRn) that save power when specific
peripheral functions are unused. Each bit of the low power consumption registers can be set to enable or disable
each peripheral function. (n = 3 to 0)

The basic clock supply to each peripheral function is disabled for power saving, by setting the corresponding bit of
the low power consumption registers (POFFCRn) to "0". (The disabled peripheral functions become unavailable.)
The basic clock supply to each peripheral function is enabled and the function becomes available by setting the
corresponding bit of the low power consumption registers (POFFCRn) to "1".

After reset, the low power consumption registers (POFFCRn) are initialized to "0", and thus the peripheral
functions are unavailable. When each peripheral function is used for the first time, be sure to set the corresponding
bit of the low power consumption registers (POFFCRn) to "1" in the initial settings of the program (before
operating the control register for the peripheral function).

When a peripheral function is operating, the corresponding bit of the low power consumption registers
(POFFCRn) must not be changed to "0". When it is changed, the peripheral function may operate unexpectedly.
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10.1. Control

The Low Power Consumption Control is controlled by the low power consumption registers (POFFCRn). (n =0,
1,2,3)

Low power consumption register 0

POFFCRO 7 6 5 4 3 2 1 0
(Ox0F74) Bit Symbol - - TCO023EN | TCOO1EN - - TCA1EN | TCAOEN
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
0: | Disable
TCO23EN TCO02 and 03 control
1: | Enable
0: | Disable
TCOO01EN TCO00 and 01 control
1: | Enable
0: | Disable
TCA1EN TCA1 control
1: | Enable
0: | Disable
TCAOEN TCAO control
1: | Enable

Note: The written values are read from the bits 7 and 6, 3 and 2 of POFFCRO. These bits must be cleared to “0”.

Low power consumption register 1

POFFCR1 7 6 5 4 3 2 1 0
(OxOF75) [ Bit Symbol - - - SBIOEN - UART2EN | UART1EN | UARTOEN
Read/Write R/W R/W RW R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
0: Disable
SBIOEN SBIO control
(Note 2) 1: Enable
0: Disable
UART2EN | UARTZ2 control
1: Enable
0: Disable
UART1EN UART1 control
1: Enable
0: Disable
UARTOEN | UARTO control
1: Enable

Note 1: The written values are read from the bits 7 to 5 and 3 of POFFCR1. These bits must be cleared to “0”.
Note 2: <SBIOEN> is “Reserved” for the TMP89FS62B.

2020-08-12
216/ 487 Rev. 1.0



TOSHIBA

TMP89FS60BFG/TMP89FS60BUG
TMP89FS62BUG/TMP89FS63BUG

Low power consumption register 2

POFFCR2 7 6 5 4 3 2 1 0
(OxOF76) | Bit Symbol - - RTCEN - - - SIO1EN SIOOEN
Read/Write RW RW R/W RW R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
0: Disable
RTCEN RTC control
1: Enable
0: Disable
SIO1EN SIO1 control
1: Enable
0: Disable
SIO0EN SIO0 control
1: Enable
Note: The written values are read from the bits 7 and 6, 4 to 2 of POFFCR2. These bits must be cleared to “0”.
Low power consumption register 3
POFFCR3 7 6 5 4 3 2 1 0
(OxOF77) | Bit Symbol - - INT5EN INT4EN INT3EN INT2EN INT1EN INTOEN
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
0: Disable
INTSEN INT5 control
1: Enable
0: Disable
INT4EN INT4 control
1: Enable
0: Disable
INT3EN INT3 control
1: Enable
0: Disable
INT2EN INT2 control
1: Enable
0: Disable
INT1EN INT1 control
(Note 2) 1: Enable
0: Disable
INTOEN INTO control
(Note 2) 1: Enable
Note 1: The written values are read from the bits 7 and 6 of POFFCRS3. These bits must be cleared to “0”.
Note 2: <INTOEN> and <INT1EN> are “Reserved” for the TMP89FS62B and TMP89FS63B.
2020-08-12
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11. Divider Output (DVO)

This function outputs approximately 50% duty pulses that can be used to drive the piezoelectric buzzer or other
device.

11.1. Configuration

Selector
fcgck/2'? or fs/2° y—Ja
fcgek/i2' or fs/2* >—{B
fcgeki2'or fs/2°>—C Y

S 1o

DVO pin
fcgck/2® P

<DVOEN>

<DVOCK>

Divider output control register

Figure 11-1 Divider Output

11.2. Control

The divider output is controlled by the divider output control register (DVOCR).

Divider output control register

DVOCR 7 6 5 4 3 2 1 0
(0x0038) | Bit Symbol - - - - - DVOEN DVOCK
Read/Write R R R R R R/W R/W
After reset 0 0 0 0 0 0 0 0
; 0: | Disable the divider output
DVOEN :Ehna(tjallgzldlsatilest p
e divider outpu 1: | Enable the divider output
NORMAL1/2 or IDLE1/2 mode SLOW1/2 or
SLEEP1
SYSCR1<DV9CK> =0 | SYSCR1<DV9CK>=1 | mode
Selects the divider .
00: | fcgek / 212 fs /25 fs /25
DVOCK output frequency cgek / s/ s/
Unit: [Hz] 01: | fcgck / 2" fs /24 fs /24
10: | fcgek / 210 fs /23 fs /23
11: | fcgek / 2° Reserved Reserved

Note 1: fcgck: Gear clock [Hz], fs: Low-frequency clock [Hz]

Note 2: DVOCR<DVOEN?> is cleared to "0" when the operation mode is switched to STOP, IDLEO or SLEEPO mode.
At this time, DVOCR<DVOCK?> holds the value.

Note 3: When SYSCR1<DV9CK> is "1" in the NORMAL1/2 or IDLE1/2 mode, the DVO frequency is subject to some
fluctuations to synchronize fs and fcgck.

Note 4: When a read instruction is executed on DVOCR, bits 7 to 3 are read as "0".
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11.3. Function
Select the divider output frequency at DVOCR<DVOCK>.
The divider output is enabled by setting DVOCR<DVOEN> to "1". Then, The rectangular wave selected by
DVOCR<DVOCK> is output from DVO pin.

It is disabled by clearing DVOVR<DVOEN> to "0". And DVO pin keeps “High” level.

When the operation mode is changed to STOP or IDLEO/SLEEP0O mode, DVOCR<DVOEN> is cleared to "0" and
the DVO pin outputs the “High” level.

The divider output source clock operates, regardless of the value of DVOCR<DVOEN>.

Therefore, the frequency of the first divider output after DVOCR<DVOEN> is set to "1" is not the frequency set
at DVOCR<DVOCK>.

When DVOCR<DVOEN> is cleared to “0” by the software or the operation mode is changed to STOP, IDLEO or
SLEEPO mode and DVOCR<DVOEN> is cleared to "0", the frequency of the divider output is not the frequency
set at DVOCR<DVOCK>.

Figure 11-2 Divider Output Timing

DVOCR<DVOEN> |

When the operation mode is changed from NORMAL mode to SLOW mode or from SLOW mode to NORMAL
mode, the divider output frequency does not reach the expected value due to synchronization of the gear clock
(fcgck) and the low-frequency clock (fs).

Example: 2.441 [kHz] pulse outputs from DVO pin (fcgck = 10.0 [MHz])
LD (DVOCR), 0x04 ; <DVOCK> < "00", <DVOEN> « "1"

Table 11-1 Divider Output Frequency (Example: fcgck = 10.0 [MHz], fs = 32.768 [kHz])

Divider output frequency
NORMAL1/2 or IDLE1/2 mode
<DVOCK> SLOW1/2 or SLEEP1
SYSCR1 SYSCR1 mode
<DV9CK> =0 <DV9CK> =1
00 2.441 [kHZz] 1.024 [kHZ] 1.024 [kHZz]
01 4.883 [kHz] 2.048 [kHZ] 2.048 [kHZz]
10 9.766 [kHZz] 4.096 [kHZz] 4.096 [kHz]
11 19.531 [kHZ] Reserved Reserved
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12. Time Base Timer (TBT)
The time base timer generates the base time for key scanning, dynamic display and other processes. It also
provides a time base timer interrupt request (INTTBT) in a certain cycle.

12.1. Configure

fcgck/2? or fs/2'® oo |
fegck/2?° or fs/2'3 p——
fcgek/2'® or fs/28 >——— Falling IDLEO, SLEEPO
fcgek/2' or fs/2° >——— > i
fcgek/2'? or fs/2° >
fcgek/2' or fs/2t >

fcgek/2' or fs/2° >

Source clock
edge >
detector Release request
INTTBT
Interrupt request
fogck/2® —
3_f
<TBTCK> <TBTEN>

| TBTCR |

Selector

time base timer control register

Figure 12-1 Time Base Timer Configuration

2020-08-12

220/ 487 Rev. 1.0



TOSHIBA

TMP89FS60BFG/TMP89FS60BUG
TMP89FS62BUG/TMP89FS63BUG

12.2. Control

The time base timer is controlled by the time base timer control register (TBTCR).

Time base timer control register

TBTCR
(0x0039)

7 6 5 4 3 2 0
Bit Symbol - - - - TBTEN
Read/Write R R R R R/W
After reset 0 0 0 0 0 o | 0
Enables/disables the time 0: Disables generation of interrupt requests
TBTEN base timer interrupt
request 1: Enables generation of interrupt requests
NORMAL1/2 or IDLE1/2 mode
SLOW1/2 or
SYSCR1 SYSCR1 SLEEP1 mode
<DV9CK> =0 <DVICK> =1
000: | fcgck / 222 fs / 21°
001: | fcgck /220 fs /213
Selects the time base ] 15 s
TBTCK timer interrupt frequency 010: | fcgck /2 fs /2 Reserved
Unit: [Hz] 011: | fegek /213 fs /26 Reserved
100: | fcgek /212 fs /25 Reserved
101: | fcgek / 2™ fs / 24 Reserved
110: | fegek / 21° fs /28 Reserved
111: | fcgck / 28 Reserved Reserved

Note 1: fcgck: Gear clock [HZ], fs: Low-frequency clock [Hz]

Note 2: When the operation mode is changed to the STOP mode. At this time, TBTCR<TBTEN> is cleared to "0" and
TBTCR<TBTCK> maintains the value.

Note 3: TBTCR<TBTCK> must be set when TBTCR<TBTEN> is "0".

Note 4: When SYSCR1<DV9CK> is "1" in the NORMAL1/2 or IDLE1/2 mode, the time of the interrupt request is subject
to some fluctuations to synchronize fs and fcgck.

Note 5: When a read instruction is executed on TBTCR, bits 7 to 4 are read as "0".
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12.3. Functions

Select the source clock frequency for the time base timer by TBTCR<TBTCK>. TBTCR<TBTCK> must be
changed when TBTCR<TBTEN> is "0". Otherwise, the INTTBT interrupt request is generated at unexpected
timing.

Setting TBTCR<TBTEN> to "1" causes interrupt request to occur at the falling edge of the source clock. When
TBTCR<TBTEN> is cleared to "0", no interrupt request will occur.

When the operation mode is changed to the STOP mode, TBTCR<TBTEN> is cleared to "0".

The source clock of the time base timer operates regardless of the TBTCR<TBTEN> value.

A time base timer interrupt is generated at the first falling edge of the source clock after a time base timer interrupt
request is enabled. Therefore, the period from when the time TBTCR<TBTEN> is set to "1" to the time when the
first interrupt request occurs is shorter than the period of the frequency set at TBTCR<TBTCK>.

Source clock | | I I

First interrupt period—>:—!<—
TBTCR<TBTEN> '

A

INTTBT interrupt '
request :
]

— T "
—

[

[ €——————»
H *Interrupt period*

Time base timer enable

Figure 12-2 Time Base Timer Interrupt

When the operation mode is changed from NORMAL mode to SLOW mode or from SLOW mode to NORMAL
mode, the interrupt request will not occur at the expected timing due to synchronization of the gear clock (fcgck)
and the low-frequency clock (fs). It is recommended that the operation mode be changed when TBTCR<TBTCK>
is "0”'

Table 12-1 Time Base Timer Interrupt Frequency
(Example: when fcgck = 10.0 [MHZz] and fs = 32.768 [kHz])

Time base timer interrupt frequency
<TBTCK> NORMAL1/2 or IDLE1/2 NORMAL1/2 or IDLE1/2
mode mode SLOW1/2 or SLEEP1 mode
SYSCR1<DV9CK> =0 SYSCR1<DV9CK> =1
000 2.38 [Hz] 1 [Hz] 1 [Hz]
001 9.54 [Hz] 4 [Hz] 4 [Hz]
010 305.18 [Hz] 128 [Hz] Reserved
011 1220.70 [Hz] 512 [Hz] Reserved
100 2441.41 [HZ] 1024 [Hz] Reserved
101 4882.81 [Hz] 2048 [Hz] Reserved
110 9765.63 [Hz] 4096 [Hz] Reserved
111 39062.5 [Hz] Reserved Reserved
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Example: Set the time base timer interrupt frequency to fcgck/2'® [Hz] and enable generation of interrupt request.

DI ; <IMF> «— "0"

SET (EIRL).5 ; Set the interrupt enable register

El ; <IMF> «—"1"

LD (TBTCR), 0x02 ; Set the interrupt frequency

LD (TBTCR), Ox0A ; Enable generation of interrupt request
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13.

16-bit Timer Counter (TCA)

The TMP89FS60B/62B/63B contains the high-performance 16-bit timer counters (TCA).

This chapter describes the TCAQ. For the TCA1, replace the SFR addresses and pin names, as shown in Table

13-1 and Table 13-2.

Table 13-1 SFR Address Assignment
TAXDRAL | TAXDRAH | TAxDRBL | TAXDRBH | TAXMOD | TAxCR TAXSR c';:‘;"u'::"':;’n
(Address) | (Address) | (Address) | (Address) | (Address) | (Address) | (Address) regist:r
TCAO TAODRAL | TAODRAH TAODRBL | TAODRBH TAOMOD TAOCR TAOSR POFFCRO
(0x002D) | (Ox002E) (0X002F) (0x0030) (0x0031) (0x0032) (0x0033) <TCAOEN>
TCA1 TA1DRAL | TA1DRAH TA1TDRBL | TA1DRBH TA1MOD TA1CR TA1SR POFFCRO
(OXOFA8) | (OxOFA9) | (OXOFAA) | (OxOFAB) | (OXOFAC) | (OxOFAD) | (OXOFAE) <TCA1EN>
Table 13-2 Pin Names
Timer input PPG output
pin pin
TCAO TCAO pin PPGAOQ pin
TCA1 TCA1 pin PPGA1 pin

13.1. 16-bit Timer Counters for Each Product
The 16-bit timer counters (TCA) for each product is shown Table 13-3.

In regards to unavailable channel of the TCA, the corresponding bit of the low power register must be cleared to
660”.

Table 13-3 16-bit Timer Counters (TCA) for Each Product

TMP89FS60B TMP89FS62B TMP89FS63B
TCAO A A A
TCA1 A A A

Note: A: Available
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Figure 13-1 Timer Counter A0
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13.3. Control

The TCADO is controlled by the low power consumption register (POFFCRO), the timer counter A0 mode register
(TAOMOD), the timer counter A0 control register (TAOCR) and two 16-bit timer A0 registers (TAODRA and

TAODRB).

Low power consumption register 0

POFFCRO 7 6 5 4 3 2 1 0
(OxOF74) [ Bit Symbol - - (TCO23EN)[(TCO01EN) - - TCA1EN | TCAOEN
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
0: |Disable
TCA1EN TCA1 control
1: |Enable
0: |Disable
TCAOEN TCAO control
1: [Enable

Note: The written values are read from the bits 7 and 6, 3 and 2 of POFFCRO. These bits must be cleared to “0”.
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Timer counter A0 mode register

TAOMOD
(0x0031)

7 6 5 4 2 1 0
, TAOMCAP
Bit Symbol [ TAODBE | TAOTED TAOMETT TAOCK TAOM
Read/Write R/W R/W R/W R/W R/W
After reset 1 0 0 0 0 0 0
0: | Disable the double buffer
TAODBE Double buffer control
1: | Enable the double buffer
; ; 0: | Rising edge/’High” level
TAOTED ExlterPaI trigger input
selection 1: | Falling edge/’Low” level
; 0: | Both edge capture
TAOMCAP Pulse width measurement
mode control 1: | Single edge capture
; i 0: | Trigger start
TAOMETT Extetrnlal trigger timer mode 99
contro 1: | Trigger start & stop
NORMAL1/2 or IDLE1/2 mode SLOW1/2 or
SYSCRH1 SYSCR1 SLEEP1
<DV9CK> = 0 <DV9CK> = 1 mode
TAOCK TCAQ source clock 00: | fcgck /210 fs / 23 fs / 23
selection
01: | fcgck /28 fcgek / 28 -
10: | fcgck / 22 fcgek / 22 -
11: | fegek /2 fcgek / 2 -
000: | Timer mode
001: | Timer mode
010: | Event counter mode
TAOM TCAO operation mode 011: | PPG output mode (Software start)
selection 100: | External trigger timer mode
101: | Window mode
110: | Pulse width measurement mode
111: | Reserved

Note 1: fcgck: Gear clock [Hz], fs: Low-frequency clock [Hz]

Note 2: Set TAOMOD when the TCAO is stopped (TAOCR<TAO0S> = 0). Writing to TAOMOD is invalid during it is operated
(TAOCR<TAOQ0S> =1).
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Timer counter AQ control register

TAOCR 7 6 5 4 3 2 1 0
. TAOACAP
(0x0032) | Bit Symbol | TAOOVE | TAOTFF TAONC - - TAOMPPG TAOS
Read/Write R/W R/W R/W R R R/W R/W
After reset 0 1 0 0 0 0 0 0

Generates no INTTCAQO interrupt request when the counter

0:
. overflow occurs.
TAOOVE S(;/rirrfcl)(l)w interrupt
1 Generates an INTTCAQO interrupt request when the counter
" | overflow occurs.
0: | Clear
TAOTFF Timer F/F control
1: | Set
NORMAL1/2 or IDLE1/2 mode | SLOW1/2 or SLEEP1 mode
Noise canceller 00: | No noise canceller No noise canceller
TAONC sampling interval 01: | fcgek /2 -

settin
9 10: | fcgek / 22 -

11: | fcgek / 28 fs /2

0: | Disable the auto capture
TAOACAP | Auto capture function
1: | Enable the auto capture

0: | Continuous
TAOMPPG | PPG output control
1: | One-shot

0: | Stop & clear counter
TAOS TCAO start control
1: | Start

Note 1: The auto capture can be used only in the timer, event counter, external trigger timer and window modes.

Note 2: Set <TAOTFF>, <TAOOVE> and <TAONC> when the TCAO is stopped (<TA0S> = 0). Writing to them is invalid
during it is operated (<TA0S> = 1).

Note 3: When the STOP mode is started, the start control <TA0S> is automatically cleared to "0" and the TCAO stops.
Set <TA0S> again to use the TCAO after the release of the STOP mode.

Note 4: When a read instruction is executed on TAOCR, the bits 3 and 2 are read as "0".

Note 5: Do not set <TAONC> to "01" or "10" when the operation mode is in the SLOW1/2 or SLEEP1 mode. Setting
<TAONC> to "01" or "10" stops the noise canceller and no signal is input to the TCAO.
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Timer counter A0 status register

TAOSR
(0x0033)

7 6 5 4 3 2 1 0
Bit Symbol | TAOOVF - - - - - TAOCPFA | TAOCPFB
Read/Write R R R R R R R R
After reset 0 0 0 0 0 0 0 0
0: No overflow has occurred.
TAOOVF | Overflow flag
1: The overflow has occurred at least once.
0: No capture operation has been executed.
TAOCPFA | Capture completion flag A 1: | The pulse width capture has been executed in the both-
edge capture mode at least once.
0: No capture operation has been executed.
The capture operation has been executed in the single-
TAOCPFB | Capture completion flag B edge capture at least once.

both-edge capture at least once.

The pulse duty width capture has been executed in the

Note 1: <TAOOVF>, <TAOCPFA> and <TAOCPFB> are cleared to "0" automatically after TAOSR is read. Writing to

TAOSR is invalid.

Note 2: When a read instruction is executed on TAOSR, the bits 6 to 2 are read as "0".
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Timer counter AOQ register AL

TAODRAL
(0x002D)

TAODRAH
(0X002E)

TAODRBL
(0x002F)

TAODRBH
(0x0030)

7 6 5 2 0
Bit Symbol
Read/Write
After reset 1 T 1 K
Timer counter A0 register AH
15 14 13 10 8
Bit Symbol
Read/Write
After reset 1 1 1 1 1
Timer counter A0 register BL
7 6 5 2 0
Bit Symbol
Read/Write
After reset 1 1 1 1 1
Timer counter A0 register BH
15 14 13 10 8
Bit Symbol
Read/Write

After reset

]

|

Note 1: When a write instruction is executed on TAODRAL (TAODRBL), the set value does not become effective
immediately, but is temporarily stored in the temporary buffer. Subsequently, when a write instruction is executed
on the high order register, TAODRAH (TAODRBH), the 16-bit value are collectively stored in the double buffer or
TAODRAL (TAODRBL) and TAODRAH (TAODRBH) . When setting data to the registers of the TCAO, be sure to

write the data into the lower order register and the higher order register in a sequence.
Note 2: The registers of the TCAO cannot be written in the pulse width measurement mode.
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13.4. Low Power Consumption Control

The TCAO has the low power consumption register (POFFCRO) that saves power consumption when the TCAO is
not used.

Setting POFFCRO<TCAOEN> to "0" disables the basic clock supply to the TCAO to save power. Note that this
makes the TCAOQ unusable. Setting POFFCRO<TCAOEN> to "1" enables the basic clock supply to the TCAO and
enables the TCAO to operate.

After reset, POFFCRO<TCAOEN> is initialized to "0", and this makes the TCAOQ unusable. When using the TCAO
for the first time, be sure to set POFFCRO<TCAOEN> to "1" in the initial setting of the program (before the TCAO
control register is modified).

Do not change POFFCRO<TCAOEN> to "0" during the TCAO operation. Otherwise TCAO may operate
unexpectedly.

13.5. Timer Function

The TCADO has six types of operation modes; timer, external trigger timer, event counter, window, pulse width
measurement and programmable pulse generate (PPG) output modes.

13.5.1. Timer mode

In the timer mode, the up-counter counts up using the internal clock, and interrupt request can be generated
regularly at specified times.

13.5.1.1. Setting

Setting the operation mode selection TAOMOD<TAOM> to "000" or "001" activates the timer mode. Selects the
source clock at TAOMOD<TAOCK>.

Setting TAOCR<TAOS> to "1" starts the timer counter operation. After the timer counter operation is started,
writing to TAOMOD and TAOCR<TAOOVE> is disabled. Be sure to complete the required settings to these
registers before starting the timer counter operation.

Table 13-4 Resolution of Timer Mode and Maximum Time Setting

Source clock Resolution Maximum time setting
TAOMOD NORMAL1/2 or IDLE1/2 mode
<TAOCK> s"scl’_vé’éff’ fcgek = 10 | fs = 32.768 | fcgek = 10 | fs = 32.768
SYSCR1 SYSCR1 [MHz] [kHz] [MHz] [kHz]
<DVICK> = 0 <DVICK> = 1 mode
00 fcgek / 210 [Hz] fs / 23 [Hz] fs/23[Hz] | 102.4 [us] | 244.1 [us] 6.7 [s] 16 [s]
01 fcgek / 28 [Hz] fcgek / 28 [Hz] - 6.4 [us] - 419.4 [ms] -
10 fcgek / 22 [Hz] fcgek / 22 [Hz] - 400 [ns] - 26.2 [ms] -
11 fcgck / 2 [HZz] fcgek /2 [HZ] - 200 [ns] - 13.1 [ms] -

13.5.1.2. Operation

Setting TAOCR<TAOS> to "1" enables the 16-bit up counter to increment based on the selected internal source
clock. When a match between the up-counter value and the value set to timer register A (TAODRA) is detected, an
INTTCAO interrupt request is generated and the up counter is cleared to "0x0000". After being cleared, the up
counter continues counting. Setting TAOCR<TAO0S> to "0" while the timer counter is operated causes that the up
counter is stopped to count and the up counter is cleared to "0x0000".

231/ 487

2020-08-12

Rev. 1.0



TOSHIBA TMP89IFSE0BFG/TMPSIFS60BUG
TMP89FS62BUG/TMPS9FS63BUG

13.5.1.3. Auto capture
The latest contents of the up counter can be taken into timer register B (TAODRB) by setting
TAOCR<TAOACAP> to "1" (auto capture function). When TAOCR<TAOACAP> is "1", the current contents of
the up counter can be read by reading from TAODRBL. TAODRBH is loaded at the same time as TAODRBL is
read. Therefore, when reading the captured value, be sure to read TAODRBL and TAODRBH in this order.
The auto capture function can be used whether the timer counter is operating or stopped. When the timer counter
is stopped, TAODRBL is read as "0x00". TAODRBH keeps the captured value after the timer counter stops, but it
is cleared to "0x00" when TAODRBL is read while the timer counter is stopped.
When the timer counter is started with TAOCR<TAOACAP> which is set to "1", the auto capture is enabled
immediately after the timer counter is started.

Note: The value set to TAOCR<TAOACAP> cannot be changed at the same time as TAOCR<TAQS> is rewritten from "1"
to "0". (This setting is ignored.)

¢ Timer start ¢Timer stop
TAOCR<TAO0S>
TAOCR<TAOACAP>
Source clock )]
Counter 9
TAODRBL Q
TAODRBH is updated when TAODRBL is read

TAODRBH X o 0x00 0x18 o o 0x000Q
Read TAODRBL [ [
Read TAODRBH [ [ [ [

\4 \4 \/ Y \4 \4 \4

Read value Read value Read value Read value Read value Read value Read value
0x00 0x00 OxFE 0x18 0x18 0x00 0x00

Figure 13-2 Timer Mode Timing Chart (Auto Capture)
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13.5.1.4. Register buffer configuration
(1) Temporary buffer

The TMP89FS60B/62B/63B contains an 8-bit temporary buffer. When a write instruction to TAODRAL is
executed, the data is stored into this temporary buffer, whether the double buffer is enabled or disabled.

Subsequently, when a write instruction to TAODRAH is executed, the written value is stored into the
double buffer or TAODRAH. At the same time, the written value in the temporary buffer is stored into the
double buffer or TAODRAL. (This structure is designed to enable the set values of the lower-level and
higher-level registers simultaneously.) Therefore, when writing data to TAODRA, be sure to write the data
into TAODRAL and TAODRAH in this order.

See Figure 13-1 for the temporary buffer configuration.

(2) Double buffer

In the TMP89FS60B/62B/63B, the double buffer can be used by setting TAOMOD<TAODBE>. Setting
TAOMOD<TAODBE> to "0" disables the double buffer. Setting TAOMOD<TAODBE> to "1" enables the
double buffer.

See Figure 13-1 for the double buffer configuration.

—  When the double buffer is enabled

When a write instruction to TAODRAH is executed while the timer counter is operated, the written
value is stored into the double buffer. TAODRAH and TAODRAL are not updated.

TAODRAH and TAODRAL compare the up counter value to the last written values. When the values
are matched, the INTTCAO interrupt request is generated and the value set to double buffer is stored
to TAODRAH and TAODRAL. Subsequently, the match detection is executed using a new stored
value.

When a read instruction from TAODRAH and TAODRAL is executed, the value in the double buffer
(the last written value) is read, not the values in TAODRAH and TAODRAL (the current effective
values).

When a write instruction to TAODRAH and TAODRAL is executed while the timer counter is
stopped, the written value is immediately stored into the double buffer, TAODRAH and TAODRAL.

—  When the double buffer is disabled

When a write instruction to TAODRAH is executed while the timer counter is operated, the written
value is stored into TAODRAH and TAODRAL. Subsequently, the match detection is executed using
a new stored value.

When the values written to TAODRAH and TAODRAL are smaller than the up counter value, the
match detection is executed using a new written values after the up counter is overflowed. Therefore,
the interrupt request interval may be longer than the specified period. When this is a problem, enable
the double buffer.

When a write instruction to TAODRAH and TAODRAL is executed while the timer counter is
stopped, the set value is immediately stored into TAODRAH and TAODRAL.
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Figure 13-3 Timer Mode Timing Chart
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13.5.2. External trigger timer mode

In the external trigger timer mode, the up counter starts counting when TCAO is triggered by the input to the
TCAO pin.

13.5.2.1. Setting
Setting the operation mode selection TAOMOD<TAOM> to “100" activates the external trigger timer mode. Select
the source clock at TAOMOD<TAOCK>.
Select the trigger edge at the trigger edge input selection TAOMOD<TAOTED>. Clearing TAOMOD<TAOTED>
to "0" selects the rising edge, and setting it to "1" selects the falling edge.
Note that this mode uses the TCAO input pin, and the TCAOQ pin must be set to the input mode beforehand in port
settings.

The operation is started by setting TAOCR<TAO0S> to "1". After the timer counter is started, writing to TAOMOD
and TAOCR<TAOOVE> is disabled. Be sure to complete the required mode settings before starting the timer
counter.

13.5.2.2. Operation

After the timer counter is started, when the selected trigger edge is input to the TCAO pin, the up counter starts
counting by the selected source clock. When a match between the up counter value and the value set to TAODRA
is detected, the INTTCAO interrupt request is generated and the up counter is cleared to "0x0000". After being
cleared, the up counter continues counting.

When TAOMOD<TAOMETT> is "1" and the edge opposite to the selected trigger edge is detected, the up counter
stops counting and is cleared to "0x0000". Subsequently, when the selected trigger edge is detected, the up counter
restarts counting.

In this mode, the INTTCAUO interrupt request can be generated by detecting that the input pulse to TCAO pin
exceeds a certain pulse width. When TAOMOD<TAOMETT> is "0", the selected edge and the opposite edge do
not detect during the period from the detection of the specified trigger edge and the start of counting through until
the match detection.

Setting TAOCR<TAO0S> to "0" while the timer counter is operated causes the up counter to stop counting and be
cleared to "0x0000".

13.5.2.3. Auto capture
Refer to "13.5.1.3. Auto capture".

13.5.2.4. Register buffer configuration
Refer to "13.5.1.4. Register buffer configuration".
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Figure 13-4 External Trigger Timer Timing Chart
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13.5.3. Event counter mode
In the event counter mode, the up counter counts up at the edge of the input to the TCAO pin.

13.5.3.1. Setting

Setting the operation mode selection TAOMOD<TAOM> to "010" activates the event counter mode. Set the edge
of the input to the TCAO pin at the external trigger input selection TAOMOD<TAOTED>. Clearing
TAOMOD<TAOTED> to "0" selects the rising edge, and setting it to "1" selects the falling edge for counting up.

Note that this mode uses the TCAO input pin, and the TCAOQ pin must be set to the input mode beforehand in port
settings.

The operation is started by setting TAOCR<TAOS> to "1". After the timer counter is started, writing to TAOMOD
and TAOCR<TAOOVE> is disabled. Be sure to complete the required mode settings before starting the timer
counter.

13.5.3.2. Operation

After the event counter mode is started, when the selected edge is input to the TCAO pin, the up counter
increments.

When a match between the up counter value and the value set to TAODRA is detected, the INTTCAO interrupt
request is generated and the up counter is cleared to "0x0000". After being cleared, the up counter continues
counting and counts up at each edge of the input to the TCAO pin. Setting TAOCR<TAO0S> to "0" while the timer
counter is operated causes the up counter to stop counting and be cleared to "0x0000".

The maximum frequency which is supplied to TCAO pin is fcgck / 2 [Hz] (in the NORMALI1/2 or IDLE1/2 mode)
or fs / 2 [Hz] (in the SLOW1/2 or SLEEP1 mode), and a pulse width of two machine cycles or more is required at
both the “High” and “Low” levels.

13.5.3.3. Auto capture
Refer to "13.5.1.3. Auto capture".

13.5.3.4. Register buffer configuration
Refer to "13.5.1.4. Register buffer configuration".
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13.5.4. Window mode

In the window mode, the up counter counts up at the rising edge of the pulse that is logical ANDed the input pulse
to the TCAO pin (window pulse) and the source clock.

13.5.4.1. Setting

Setting the operation mode selection TAOMOD<TAOM> to "101" activates the window mode. Select the source
clock at TAOMOD<TAOCK>.

Select the window pulse level at the trigger edge input selection TAOMOD<TAOTED>. Clearing
TAOMOD<TAOTED> to "0" enables counting up as long as the window pulse is at the “High” level. Setting
TAOMOD<TAOTED> to "1" enables counting up as long as the window pulse is at the “Low” level.

Note that this mode uses the TCAO input pin, and the TCAOQ pin must be set to the input mode beforehand in port
settings.

The operation is started by setting TAOCR<TAO0S> to "1". After the timer counter is started, writing to TAOMOD
and TAOCR<TAOOVE> is disabled. Be sure to complete the required mode settings before starting the timer
counter.

13.5.4.2. Operation

After the operation is started, when the level selected at TAOMOD<TAOTED> is input to the TCAO pin, the up
counter counts up according to the source clock selected at TAOMOD<TAOCK>. When a match between the up
counter value and the value set to TAODRA is detected, the INTTCAO interrupt request is generated and the up
counter is cleared to "0x0000". After being cleared, the up counter restarts counting.

The maximum frequency which is supplied to TCAO pin must be slow enough for the program to analyze the
count value. Define a frequency pulse that is sufficiently lower than the selected source clock.

Setting TAOCR<TAO0S> to "0" while the timer counter is operated causes the up counter to stop counting and be
cleared to "0x0000".

13.5.4.3. Auto capture
Refer to "13.5.1.3. Auto capture".

13.5.4.4. Register buffer configuration
Refer to "13.5.1.4. Register buffer configuration".
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13.5.5. Pulse width measurement mode

In the pulse width measurement mode, the up counter starts counting at the rising or falling edge of the input to the
TCAO pin and measures the input pulse width based on the source clock.

13.5.5.1. Setting

Setting the operation mode selection TAOMOD<TAOM> to "110" activates the pulse width measurement mode.
Select the source clock at TAOMOD<TAOCK>.

Select the trigger edge at the trigger edge input selection TAOMOD<TAOTED>. Clearing TAOMOD<TAOTED>
to "0" selects the rising edge, and setting it to "1" selects the falling edge as a trigger to start the capture.

The operation after capturing is determined by the pulse width measurement mode control
TAOMOD<TAOMCAP>. Clearing TAOMOD<TAOMCAP> to "0" selects the both edge capture. Setting
TAOMOD<TAOMCAP> to "1" selects the single-edge capture.

The operation to be executed in case of an overflow of the up counter can be selected at the overflow interrupt
control TAOCR<TAOOVE>. Setting <TAOOVE> to "1" makes the INTTCAO interrupt request occur in case of an
overflow. Setting <TAOOVE> to "0" makes no INTTCAQO interrupt request occur in case of an overflow.

Note that this mode uses the TCAO input pin, and the TCAO pin must be set to the input mode beforehand in port
settings.

The operation is started by setting TAOCR<TAO0S> to "1". In this time, TAODRA and TAODRB register are
initialized to "0x0000". After the timer counter is started, writing to TAOMOD and TAOCR<TAOOVE> is
disabled. Be sure to complete the required mode settings before starting the timer counter.

2020-08-12
241/ 487 Rev. 1.0



TOSHIBA TMP89IFSE0BFG/TMPSIFS60BUG
TMP89FS62BUG/TMPS9FS63BUG

13.5.5.2. Operation

After the timer counter is started, when the selected trigger edge (start edge) is input to the TCAO pin, the
INTTCAO interrupt request is generated, and then the up counter counts up according to the selected source clock.
Subsequently, when the edge opposite to the selected edge is detected, the up counter value is captured into
TAODRB, the INTTCAO interrupt request is generated, and TAOSR<TAOCPFB> is set to "1". Depending on the
TAOMOD<TAOMCAP> setting, the operation differs as follows:

e Single-edge capture (When TAOMOD<TAOMCAP>is "1")

The up counter stops counting up and is cleared to "0x0000" when the edge opposite to the selected edge is
detected. Subsequently, when the start edge is input, the INTTCAO interrupt request is generated, and then
the up counter restarts increment.

e  Both edge capture (When TAOMOD<TAOMCAP> is "0")

The up counter continues counting up after the edge opposite to the selected edge is detected. Subsequently,
when the selected trigger edge is input, the up counter value is captured into TAODRA, the INTTCAO
interrupt request is generated, and TAOSR<TAOCPFA> is set to "1". At this time, the up counter is cleared to
"0x0000".

When the up counter overflows during capturing, the overflow flag TAOSR<TAOOVF> is set to "1". At this time,
the INTTCAO interrupt request occurs when the overflow interrupt control TAOCR<TAOOVE> is set to "1".

The capture completion flags (TAOSR<TAOCPFA>,TAOSR<TAOCPFB>) and the overflow flag
(TAOSR<TAOOVF>) are cleared to "0" automatically when TAOSR is read.

The captured value must be read from TAODRB (and also from TAODRA for the both edge capture) before the
next trigger edge is detected. When the captured value is not read, it becomes undefined. TAODRA and TAODRB
must be read by using a 16-bit access instruction.

Clearing TAOCR<TAOS> to "0" while the timer counter is operated causes the up counter to stop counting and be
cleared to "0x0000".

Note: After the timer counter is started, when the edge opposite to the selected trigger edge is detected first, no capture
is executed and no INTTCAQO interrupt request occurs. In this case, the capture starts when the selected trigger
edge is detected next.
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Figure 13-7 Pulse Width Measurement Mode Timing Chart
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13.5.5.3. Capture process
Figure 13-8 shows an example of the capture process for the INTTCAO interrupt subroutine. The capture edge or
overflow state can be easily judged by status register (TAOSR)

INTTCAO interrup
subroutine
TAOSR read

INTTCAOQ interrup
subroutine

Error handling

TAODRB read

Capture value
handling
| 2

REITI

Capture value
handling
I«

REITI

Interrupt process for single-edge capture Inte rrupt process for double-edge capture

Figure 13-8 Example of capture process
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13.5.6. Programmable pulse generate (PPG) mode

In the PPG output mode, an arbitrary duty pulse of an arbitrary cycle is output by two timer registers.

13.5.6.1. Setting
Setting the operation mode selection TAOMOD<TAOM> to "011" activates the PPG output mode. Select the
source clock at TAOMOD<TAOCK>. Select continuous or one-shot PPG output at TAOCR<TAOMPPG>.
Set the PPG output cycle at TAODRA and set the time until the output is reversed first at TAODRB. Be sure to set
register values so that TAODRA is larger than TAODRB.

Note that this mode uses the PPGAO pin. The PPGAO pin must be set to the output mode beforehand in port
settings.

Set the initial state of the PPGAO pin at the timer flip-flop TAOCR<TAOTFF>. Setting TAOCR<TAOTFF>to "1"
selects the “High” level as the initial state of the PPGAO pin. Clearing TAOCR<TAOTFF> to "0" selects the
“Low” level as the initial state of the PPGAO pin.

The operation is started by setting TAOCR<TAO0S> to "1". After the timer counter is started, writing to TAOMOD

and TAOCR<TAOOVE> and <TAOTFF> is disabled. Be sure to complete the required mode settings before
starting the timer counter.

13.5.6.2. Operation

After the timer counter is started, the up counter counts up.

When a match between the up counter value and the value set to tTAODRB is detected, the PPGAO pin is
changed to the “High” level when TAOCR<TAOTFF> is "0", or the PPGAO pin is changed to the “Low” level
when TAOCR<TAOTFF>is "1".

Subsequently, the up counter continues counting. When a match between the up counter value and the value set to
TAODRA is detected, the PPGAO pin is changed to the “Low” level when TAOCR<TAOTEFF> is "0", or the
PPGAO pin is changed to the “High” level when TAOCR<TAOTFF>is "1".

At this time, the INTTCAO interrupt request occurs. When the PPG output control TAOCR<TAOMPPG> is set to
"1" (one-shot), TAOCR<TAOS> is automatically cleared to "0" and the timer stops.

When TAOCR<TAOMPPG> is set to "0" (continuous), the up counter is cleared to "0x0000" and continues
counting and PPG output. When TAOCR<TAO0S> is cleared to "0" (including the auto stop by the one-shot
operation) during the PPG output, the PPGAO pin returns to the level set in TAOCR<TAOTFF>.
TAOCR<TAOMPPG> can be changed during the operation. Changing TAOCR<TAOMPPG> from "1" to "0"
during the operation cancels the one-shot operation and enables the continuous operation. Changing
TAOCR<TAOMPPG> from "0" to "1" during the operation clears TAOCR<TAO0S> to "0" and stops the up counter
automatically after the current pulse output is completed.

The double buffer can be used for TAODRA and TAODRB. Setting TAOMOD<TAODBE> to "1" enables the
double buffer. When the values set to TAODRA and TAODRB are changed during the PPG output with the double
buffer enabled, the writing to TAODRA and TAODRB will not immediately become effective but will become
effective when a match between TAODRA and the up counter is detected. When the double buffer is disabled, the
writing to TAODRA and TAODRB will become effective immediately. When the written value is smaller than the
up counter value, the up counter counts up from "0x0000" continuously after the up counter overflows. And then,
the PPGAO pin is reversed when the up counter is matched with the written value.
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13.5.6.3. Register buffer configuration
(1) Temporary buffer

The TMP89FS60B/62B/63B contains an 8-bit temporary buffer. When a write instruction to TAODRAL is
executed, the data is first stored into this temporary bufter, whether the double buffer is enabled or
disabled.

Subsequently, when a write instruction to TAODRAH is executed, the written value is stored into the
double buffer or TAODRAH. At the same time, the written value in the temporary buffer is stored into the
double buffer or TAODRAL . (This structure is designed to enable the set values of the lower-level register
and the higher-level register simultaneously.) Therefore, when writing data to TAODRA, be sure to write
the data into TAODRAL and TAODRAH in this order.

The same operation is executed for TAODRB. TAODRA in the above explanation is replaced as TAODRB
for operation of TAODRB.

See Figure 13-1 for the temporary buffer configuration.

(2) Double buffer

In the TMP89FS60B/62B/63B, the double buffer can be used by setting TAOMOD<TAODBE>. Setting
TAOMOD<TAODBE> to "0" disables the double buffer. Setting TAOMOD<TAODBE> to "1" enables the
double buffer.

See Figure 13-1 for the double buffer configuration.

—  When the double buffer is enabled

When a write instruction to TAODRAH is executed while the timer counter is operated, the written
value is stored into the double buffer. TAODRAH and TAODRAL are not updated.

TAODRAH and TAODRAL compare the up counter value to the last written values. When the values
are matched, the INTTCAO interrupt request is generated and the double buffer written value is
stored into TAODRAH and TAODRAL. Subsequently, the match detection is executed using a new
stored value.

When a read instruction from TAODRAH and TAODRAL is executed, the value in the double buffer
(the last written value) is read, not the values in TAODRAH and TAODRAL (the current effective
values).

When a write instruction to TAODRAH and TAODRAL is executed while the timer counter is
stopped, the written value is immediately stored into the double buffer, and TAODRAH and
TAODRAL.

The same operation is executed for TAODRB. TAODRA in the above explanation is replaced as
TAODRB for operation of TAODRB.

—  When the double buffer is disabled

When a write instruction to TAODRAH and TAODRAL is executed while the timer counter is
operated, the written value is stored into TAODRAH and TAODRAL. Subsequently, the match
detection is executed using a new stored value.

When the values written to TAODRAH and TAODRAL are smaller than the up counter value, the
up counter counts up from "0x0000" continuously after the up counter overflows. And then, the up
counter is matched with the new written value. Therefore, the output pulse width may be longer than
the written width. When that is a problem, enable the double buffer.

When a write instruction to TAODRAH and TAODRAL is executed while the timer counter is
stopped, the set value is immediately stored into TAODRAH and TAODRAL.

The same operation is executed for TAODRB. TAODRA in the above explanation is replaced as
TAODRB for operation of TAODRB.
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13.6. Noise Canceller

The digital noise canceller can be used in the operation modes that use the TCAO pin.

13.6.1. Setting

When the digital noise canceller is used, the input level is sampled at the sampling intervals set at
TAOCR<TAONC>. When the same level is detected three times consecutively, the level of the input to the timer is
changed.

Setting TAOCR<TAONC> to any values except "00" enables the noise canceller to start operation, regardless of
the TAOCR<TAOS> value.

When the noise canceller is used, enable the timer to start after a period of time that is equal to four times or more
the sampling interval after TAOCR<TAONC> is set has elapsed. This stabilizes the input signal.

Set TAOCR<TAONC> while the timer is stopped (TAOCR<TAO0S> = 0). When TAOCR<TAO0S> is "1", writing is
ignored.

In the SLOW1/2 or SLEEP1 mode, setting TAOCR<TAONC> to "11" selects fs / 2 as the source clock for the
operation. Setting TAOCR<TAONC> to "00" disables the noise canceller. Setting TAOCR<TAONC> to "01" or
"10" makes the TCAO pin input invalid.

Table 13-5 Noise Cancel Time

fcgck = 10 [MHz]
<TAONC> S_amplmg Time car!celed Time r(-?garded
interval as noise as signal
00 None - _
200 [ns] less than
o (2 /fogek) 800 [ | 800 Ins] or more
400 [ns] less than
10 (4 / fegek) 1.2 [us] 1.6 [us] or more
11 25.6 [us] less than 102.4 [us] or
(256 / fcgcek) 76.8 [us] more
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14. 8-bit Timer Counter (TCO)

The TMP89FS60B/62B/63B contains the high-performance 8-bit timer counters (TCO0). Each timer counter can be
used for time measurement and pulse output with a prescribed width. When two TCOs are connected in a cascade,
they also can be used as 16-bit timer counter.

This chapter describes the TC00 and TCO1 when they are connected in an cascade.
For TCO02 and TCO03, replace the SFR addresses and pin names as shown in Table 14-1 and Table 14-2.

Table 14-1 SFR Address Assignment

';i:'::;:r' TOXREG | TOXPWM | TOXMOD | TOXxCR c';:‘;’u':’:":zn
(Address) | (Address) | (Address) | (Address) . P
mode register
TC00 Lower8 | TOOREG | TOOPWM | TOOMOD
bits (0x0026) | (0x0028) | (0x002A) | Too1cR POEFCRO
TC01 Higher8 | TO1IREG | To1PwM | Toimop | (0x002C) | <TCOO1EN>
bits (0x0027) | (0x0029) | (0x002B)
TC02 Lower8 | TO2REG | To2PWM | T02MOD
TC03 Higher8 | TO3REG | To3PwM | Tosmop | (OxOF8E) | <TCO23EN>
bits (OxOF89) | (0xOF8B) | (OXOF8D)

Table 14-2 Pin Name

Timer input PWM output PPG output

pin pin pin
TCO00 TCOO pin PWMOO pin PPGO0 pin
TCO1 TCO1 pin PWMO1 pin PPGO1 pin
TCO2 TCO2 pin PWMO2 pin PPGO02 pin
TCO3 TCO3 pin PWMO3 pin PPGO3 pin

14.1. 8-bit Timer Counters for Each Product
The 8-bit timer counters (TCO) for each product is shown Table 14-3.

In regards to unavailable channel of the TCO, the corresponding bit of the low power register must be cleared to
‘40”'

Table 14-3 8-bit Timer Counters (TCO0) for Each Product

TMP89FS60B TMP89FS62B TMP89FS63B
TCO00 A A A
TCO1 A A A
TCO02 A A A
TCO03 A A A

Note: A: Available
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14.3. Control

14.3.1. TCO0

The TCOO0 is controlled by the timer counter 00 mode register (TOOMOD) and two 8-bit timer registers (TOOREG
and TOOPWM).

Timer register 00

TOOREG
(0x0026)

Timer register 00

TOOPWM
(0x0028)

5 0
Bit Symbol TOOREG
Read/Write R/W
After reset | | 1 | | | | 1
5 0
Bit Symbol TOOPWM
Read/Write R/W

After reset

|

Note: For the configuration of TOOPWM in the 8-bit and 12-bit PWM modes, refer to "14.5.3. 8-bit pulse width modulation

(PWM) output mode" and "14.5.7. 12-bit pulse width modulation (PWM) output mode".
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Timer counter 00 mode register

TOOMOD 7 6 4 3 2 1 0
(0x002A) | Bit Symbol TFFO DBEQO TCKO EINO TCMO
Read/Write R/W R/W R/W R/W R/W
After reset 1 1 | o 0 0 0 0
0: | Clear
TFFO Timer F/FO control
1: | Set
0: | Disable the double buffer
DBEO Double buffer control
1: | Enable the double buffer
NORMAL1/2 or IDLE1/2 mode SLOW1/2 or
SYSCRH1 SYSCRH1 SLEEP1
<DV9CK> = 0 <DV9ICK> = 1 mode
000: | fcgck / 21 fs /24 fs /24
001: | fcgek /210 fs / 23 fs / 23
. . 8 8 -
TCKO Opera't|on clock 010: | fcgck /2 fcgck /2
selection
011: | fcgek / 28 fcgek / 26 -
100: | fcgek / 24 fcgek / 24 -
101: | fcgek / 22 fcgek / 22 -
110: | fegek /2 fcgek / 2 -
111: | fegek fcgck fs / 22
Selection for using 0: | Select the internal clock as the source clock.
EINO external source
clock 1: | Select an external clock as the source clock.
(the falling edge of the TCOO pin)
00: | 8-bit timer/event counter modes
TeMo Operation mode 01: | 8-bit timer/event counter modes
selection 10: | 8-bit pulse width modulation output (PWM) mode
11: | 8-bit programmable pulse generate (PPG) mode
Note 1: fcgck: Gear clock [HZ], fs: Low-frequency clock [Hz]
Note 2: Set TOOMOD while the timer counter is stopped. Writing data into TOOMOD is invalid while the timer counter is
operated.

Note 3:

Note 4:

Note 5:

Note 6:

In the 8-bit timer/event modes, the <TFFO0> setting is invalid. In this mode, when the PWMO00 and PPGO0 pins
are set as the function output pins in the port setting, the pins always output the “High” level.

When <EINO> is set to "1" and the external clock input is selected as the source clock, the <TCKO0> setting is
ignored.

When the TOO1CR<TCAS> is "1", TC0O0 operates in the 16-bit mode. The TOOMOD setting is invalid and TC00
cannot be used independently in this mode. When the PWMO00 and PPGOO pins are set to the function output
pins in the port setting, the pins always output the “High” level.

When the 16-bit mode is selected at TO01CR<TCAS>, the timer start is controlled at TO0O1CR<TO01RUN>. TC00
is not started by writing data into TO01CR<TOORUN>.
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14.3.2. TCO1

The TCO1 is controlled by timer counter 01 mode register (TO1MOD) and two 8-bit timer registers (TOIREG and
TO1PWM).

Timer register 01

TO1REG 7 6 5 4 3 2 1 0
(0x0027) | Bit Symbol TO1REG

Read/Write R/W

After reset R

Timer register 01

TO1PWM 7 6 5 4 3 2 1 0
(0x0029) | Bit Symbol TO1PWM

Read/Write R/W

After reset R

Note: For the configuration of TO1PWM in the 8-bit and 12-bit PWM modes, refer to "14.5.3. 8-bit pulse width modulation
(PWM) output mode" and "14.5.7. 12-bit pulse width modulation (PWM) output mode".
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Timer counter 01 mode register

TO1MOD 7 6 4 3 2 1 0
(0x002B) | Bit Symbol TFF1 DBE1 TCKA1 EIN1 TCM1
Read/