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Preface

This manual describes the operation of the hardware of the 8-bit microcontroller
ML610Q411/ML610Q412/ML610Q415.

The following manuals are also available. Read them as necessary.

Il nX-U8/100 Core Instruction Manual
Description on the basic architecture and the each instruction of the nX-U8/100 Core.

Bl MACUS8 Assembler Package User’s Manual
Description on the method of operating the relocatable assembler, the linker, the
librarian, and the object converter and also on the specifications of the assembler
language.

B CCus User’s Manual
Description on the method of operating the compiler.

B CCus8 Programming Guide
Description on the method of programming.

B CCuUs Language Reference
Description on the language specifications.

Il DTUS Debugger User’s Manual
Description on the method of operating the debugger DTUS.

M IDEUS User’s Manual
Description on the integrated development environment IDEUS.

B UEASE User’s Manual
Description on the on-chip debug tool UEASE.

B uEASE connection Manual for ML610Q400
Description about the connection between UEASE and ML610Q400 series.

B FWUEASE Flash Writer Host Program User’s Manual
Description on the Flash Writer host program.



Notation

Classification Notation Description
+ Numeric value xxh, xxH Indicates a hexadecimal number. x: Any value in the range of 0 to F
xxb Indicates a binary number; “b” may be omitted. x: Avalue O or 1
¢ Unit word, W 1 word = 16 bits
byte, B 1 byte = 8 bits
nibble, N 1 nibble = 4 bits
maga-, M 10°
kilo-, K 2'0=1024
kilo-, k 10% = 1000
milli-, m 10
micro-, u 10°®
nano-, n 10°

second, s (lower case) second

¢ Terminology “H” level, “1” level Indicates high voltage signal levels Vg and Voy as specified by the
electrical characteristics.
“L” level, “0” level Indicates low voltage signal levels V,_and Vo_ as specified by the

electrical characteristics.

# Register description
R/W: Indicates that Read/Write attribute. “R” indicates that data can be read and “W” indicates that data can be written.
“R/W” indicates that data can be read or written.

mmmm e m oo Invalid bit: This bit reads “0” when read. Write to this bit is ignored.
Register name

1 1

! i : .
- : : Ty ERRERE RREEEEEELTEELED -=-----5---- Bitname
| | | | | | | | |

l ! ! : ! ! : : !

! | ' 1 | | 1 | \

! | | 1 | | 1 | \

! | | 1 | | 1 | |

! | 1 1 | | 1 | |

| mMsB__ ! i i i i | ) L LsB

FCONO — — OUTC1 | OUTCO — OSCMO | SYSC1 | SYSCo
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 1 1 0 0 1 1

------------------------- Initial value after reset



ML610Q411/ML610Q412/ML 610Q415 User’s Manual

Contents
Table of Contents
Chapter 1
N O Y= o= SRR PR SRS 11
O s [ - SRR 1-1
1.2 Configuration of FUNCLIONE BIOCKS............ccciiiiiiiiiee sttt s 1-4
121  Block Diagram of MLE10QA1LL/MLEBLOQALS .......ccveveiieeeiesieeeesieeeteseeestesesesteseesestesaesesseseesessesensens 1-4
122  Block Diagram of MLBLOQAL2........cocerueririirieiesieseeiesiesesieseeesteseesesseseesessessesessessssessessssessensesessessesens 1-5
TG T = 1 OSSPSR 1-6
131 T = Yo T | S 1-6
1.3.1.1 PinLayout of ML610Q411/ML610Q415 LQFP PaCkage.......ccceeivrererieeeeereeneseese e seestes e e 1-6
1.3.1.2 PinLayout of ML610QA412 LQFP PaCKaQE .......cceiuererierieiesieseeteeeeseeseeseestesnesreseeseeeeseenseseessessenns 1-7
1.3.1.3 PinLayout of ML610QA1L/MLE10QALE ChipP...ceiiceeeiiiiieesiiseetisieee et nenas 1-8
1314 PinLayout of MLE10QAL2 Chip....ccccceeieiiiiieriiiieeisieesie st sttt ae s sseaensssesens 1-9
1.3.1.5 Pad Coordinates of ML610Q411/ML6E10QAL5 Chip ..ccvveeeeiereeeiererieestesieesreseeeseseesessesessessesensens 1-10
1.3.1.6 Pad Coordinates of MLB10QA12 ChiP ....ccceeieriererierieiesiesestesieessesiesessesaesesseseesesseseesessesessessessasens 1-11
132 LISt OF PINS..iiiictiiteiete ettt sttt sttt sttt sttt sttt e e ne b e s et be et b bttt et e e 1-12
133 [ 1=STor T o) 0] o 1 SR 1-16
134  Termination of UNUSEA PiNS .....ccciiiiiiie sttt sttt s bbb 1-20
Chapter 2
2 . U RPN 2-1
P R O Y= VL= USRS 2-1
2.2 Program MEMOIY SPECE ......cccueeiuieeeetieateeateeteeteseesseesaeeseeaaseaeesaeaaseaseanbeeasesasesseesbeesseaasesasesasssasesseanseanseans 2-1
G B DT =N\ 1010 S o= o = PSPPSR 2-2
b2 S g1 U Tox 0 = o |4 o S 2-2
FZE S I - - N 1Y/ o= USSP 2-2
2.6 DESCription Of REGISIES....cuiiiie ettt ete e st s et saesbe s e es e e e e e eneeseetesaesreeseeneeneeneensenes 2-3
26.1 LSt Of REGISIENS. ..ei ettt b bbbt b e b et b e s e et b se bt ebeseeneebeseeneas 2-3
2.6.2 Data Segment REQISLEr (DSR) ....coueiuiirierieenie ettt sttt st b e s b e e b et b e be b seeneas 2-4
Chapter 3
G S = W [0 o TR 31
TN R @ = V1= TSRS 31
311 FFEALUIES. ...t b et e e e s Rt R e e R R R e e e e R e R Rt R e h e renr e ne e 31
312 L000] 01T 18] 2= 1o o FAU OO OO ST PP STPRRP 31
T O I = o | = 1 SRS 31
3.2 DeSCription Of REGISLEIS........oiuiiiiiteitietere ettt h et ee bbbt e e ae e e e e e beseesbesbeenesnneneanbeseens 32
321 RS 0 L o 1 = 6T PRSP 32
322  ReSel StatUS REGISIEN (RSTAT) .oviiiirieiitisieiriesieesie sttt et be e e st e st nesbesbenens 32
RGN D= o qT ol 1o a Kol @)= - 1] o SRS 33
331 Operation of SyStemM RESEL MOTE .......c.eceeeeeeere sttt ne e e eneesnens 33
Chapter 4
4. MCU CONLIOI FUNCHION ...ttt sttt ae e e e e b e s b e sbeeb e et e me e e e sbesbesbesae e e aneeseentas 4-1
O R @< oY T YU 4-1
O = (1 =SSR 4-1
41.2 (@0 01110 0= 1 o o RS 4-1
R D T o ] o 1o g o L= = £ S 4-2
421 LISt Of REQISIEIS....cueeeeei ettt et et e s ae et e e seeae e e e e e eeseeseesaesresneeneeneeneeneenes 4-2
422 Stop Code ACCEPLOr (STPACP) ...ttt e e b et sb e ens 4-3
423 Standby Control RegiSter (SBY CON) ......oiuiiririeieierieisiesieesie st seeeens 4-4
424 Block Control Register O (BLKCOND) .....coouiiiiirierieeieeeeeeee et se e e b s sne e e e e 4-5
425 Block Control Register 1 (BLIKCONIL) ....cooiiiiirieieeieeeeee et e st s sae e e e 4-6

Contents—1



ML610Q411/ML610Q412/ML 610Q415 User’s Manual

Contents
4.2.6 Block Control Register 2 (BLKCON2) ......ccciiiiciieceseceeiesees ettt st eeaesae e st sre st s sresneeneesns 4-7
427 Block Control Register 3 (BLKCONSI) ......coiiiiiiireciseeeete st ettt re e ae s sae st sre st s sre e ene s 4-8
428 Block Control Register 4 (BLKCONA) ......cceiiieee e cteeeeeeee e e see st sre s e seesae e et e snesneenenses 4-9
4.3 DESCriptioN Of OPEIALION. ......ceetireiietirieiet sttt sb e bt e bt sb et b e e e e bt b e e b e b e e ese b e e enas 4-11
431 Program RUN MOGE..........coi sttt bbbt sttt 4-11
T o VAN E Y/ oo TSP 4-11
T T @ = Y oo (= ST 4-12
4331 STOP ModeWhen CPU Operates with Low-Speed ClOCK.........cccceveviiieieniesececeeceeie e 4-12
4.3.3.2 STOP Mode When CPU Operates with High-Speed CIOCK .........ccccceveieveiiiecececcceceerecie s 4-13
4.3.3.3 Noteon Return Operation from STOP/HALT MOE......cccovviireienieeeese et seenie e 4-14
434 BlOCK CONrOl FUNCHION. ..ottt bbbttt b 4-15
Chapter 5
T 1 01 = 40 0 Y A IS ST RURURSTPRN 5-1
LT O @ = V1= SRS 5-1
LT O = (=== SOS SRS 5-1
5.2 DeSCription Of REGISLEIS.....c.ueiiieieiei it ctieeese e e ste s et sre e ese e e ste st e saesresse e e eneeae s e teseesressessensnensnnseseens 5-2
521 LISt Of REQISLEIS....cueeeeee ettt et e s ae b e e seese e e e e e eeseeseeseesreeneeneeneeneensenes 5-2
522 Interrupt ENable REGISLEr L (IEL)........cciiiieeiie ettt sttt 5-3
523 Interrupt Enable REQISLEr 2 (IE2)........cccii ittt 5-4
524 Interrupt Enable REGISLEr 3 (IE3)......ooiieeieeeiee sttt et ae e e 5-5
525 Interrupt ENable REGISLEN 4 (IE4) ..ottt et s e 5-6
5.2.6 Interrupt ENable REGISLEr 5 (IED)...c.uiciiecieeeriese sttt see e sttt a et et e s nesne e eneenaenne e es 5-7
.27 Interrupt ENable REGISLEN 6 (IEB)......cceieeieieeieie sttt ettt st st ne e e ena e e e ne s 5-8
5.2.8 Interrupt ENabl@ REGISLEr 7 (IE7) ...viuvcieieeeeeeses sttt ee e sttt ene e sneenee e e nns 59
529 Interrupt Request RegISter O (IRQO) ....oviieieieieeeeeeeeeee e e e e see e e e e te et sse e se e e ensennens 5-10
5210 Interrupt Request RegiSter 1 (IRQL) ....cceiueiriiriiiniirieirie sttt 5-11
5211 Interrupt Request Register 2 (IRQ2) .......couiiiiriiiririeiei sttt 5-12
5212 Interrupt Request REQISIEr 3 (IRQ3) .....eiuiiieieriiie ettt sttt 5-13
5.2.13 Interrupt Request REQISIEr 4 (IRQA) .....oouiiiiieie ettt et et 5-14
5214 Interrupt Request REQISIEr 5 (IRQ5) .....ccuieieieiiiie ittt eee e e sttt se e sae e sre st sne e e e e eneens 5-15
5.215 Interrupt Request REQISLEr 6 (IRQB) ......cecveierierieristise e eeeseese e e et ae e et e st sre e e e e e eneees 5-16
5216 Interrupt Request REQISLEr 7 (IRQ7) c.oveeueeeeiererese s se e eee e e st e e e st sresne e ene e e eneees 5-17
5.3 DeSCription Of OPEraliON.......ccucviieiisisesieeeieeeseese s e sre st s e e e e e tesee e sresresseeseessessesesaesressessessennsensees 5-18
531 Maskable INTETUPL PrOCESSING.......coveverteieterieieete sttt sttt sttt s b e bbb 5-19
532 Non-Maskahle INtErTUPE PrOCESSING.......coveeiiirieieriereeie sttt sttt bbb e 5-19
533 SOftWare INLEITUPL PrOCESSING.....veverueruereeieseestesie sttt eee st e seesteseesbesaesbe e e e e e seeseesbesaesbesneeneeneeneenseses 5-19
534 NOES ON INEEITUPE ROULINE. ...ttt et st b s s se s 5-20
535 INEErTUPE DISADIE SEALE ..ot r e e e sr et e s re b e s resaeene e e eneennens 5-23
Chapter 6
6. ClOCK GENEIAtioN CIFCUIT.......ccerieieeetiieeeieeeiesesees e see st s et e e e teseestestesbesbesseeseeneenseeeseesteseessesseeneeneensensesenns 6-1
T T O 1Y 1= SRS 6-1
ST O R = 0 =TSSR 6-1
6.1.2 L6001 1To 0= 1 o o FNU PRSP RUSRSRRRN 6-1
6.1.3 IS ) T 0PSRN 6-2
6.2  DESCIIPLiON Of REGISIENS....cuiiieiie ettt ettt e e st e st e s be e ae e besaeeae e e e e esteseeteseesresaeeneenneneentenes 6-2
6.2.1 TS 0 o 1 =S 6-2
6.2.2 Frequency Control RegiSter O (FCOND) .....cceviiireiecireeeeeesees et se e e e sae s sresre e eneeneeneeses 6-3
6.2.3 Frequency Control REISIEr 1 (FCONL) .....ccecieiriieeierieeeie ettt s sb e e 6-5
6.3  DESCriPtioN Of OPEIELION......c.eivieiterieiirtereeieete sttt sttt sttt sb ettt se et b e se e st b see st et e seesesbeseebeebeseeneebesreneas 6-6
B.3.1  LOW-SPEEA CIOCK ..ecviiieieiiiiiietisteiete sttt ettt st et s te et ssessesessesaesesse s esessensesessensesessensnsensensenes 6-6
6.3.1.1 Low-Speed Clock Generation CIiFCUIL .........cocoieiiriererereeie et se e s sbe e e e e e 6-6
6.3.1.2 Operation of Low-Speed Clock Generation CirCUIL ..........ccoeveeeieeiceeieeiesese e ese e seeseesee e 6-7
T o [To a1 1 oo SRR 6-9
6.3.2.1 500 KHZ RC OSCIHIALION. ....c.ecuiiiiieeiriiieierieeesieee ettt st 6-9

Contents—2



ML610Q411/ML610Q412/ML 610Q415 User’s Manual

Contents
6.3.2.2 Externa CIOCK INPUE MOGE .......cccuiiiiiicicieeste sttt sttt s sre st ena e enne s 6-10
6.3.2.3 Operation of High-Speed Clock Generation CirCUIL..........cccveverieieceseeieeeesees e st 6-11
6.3.3 SWiItChiNg Of SYSEEM ClOCK.......iitiieeieeri et e e ene e eneees 6-13
6.4 SPECITYING POI FEJISIEIS ..ueieeeeeeser sttt e et e s e e e e e s be s aeeaeese e e enseseeteseesaesneeneenaeneensn 6-15
6.4.1 Functioning P21 (OUTCLK) asthe high speed clock OULPUL ..o 6-15
6.4.2 Functioning P22 (LSCLK) asthe [ow speed clock OULPUL............cooeireririneneeseese e 6-16
Chapter 7
7. TIMEBESE COUNLET .....cuiitieetirteietisteree it ste et s et e te st e e te st et ebe st e e ebe s s eseebeseeneebeseeseese s s eneebeseeneebeseeneese st ensenensensenen 7-1
A @Y= V= SO STU S PTPRTRPN 7-1
711 L C (=PTSRS 7-1
712 L000] 01T 18] 2= 1o o FAU OO SPRST PRSP 7-1
7.2  DeSCIPLON Of REGISIEIS.......cuiitiiitirieiet ettt ettt b e bbbt b e b et et eseese b e seebe e b e seeaeebesreneas 7-3
7.2.1 RS 0 L o 1 = 6T PSSP 7-3
7.2.2 Low-Speed Time Base Counter (LTBR) ....cc.oiiiirieieeee et e 7-4
7.2.3 High-Speed Time Base Counter Divide Register (HTBDR) ........ccoveieiieie v 7-5
724 L ow-Speed Time Base Counter Frequency Adjustment RegistersL and H
(LTBADUJIL, LTBADUJH) ..ottt sttt st sttt st st st se s sbeseesesbeneenens 7-6
FACTIDI= v 1o 1To 1ol H0] o= - 1 o o 7-7
731 LOW-Speed Time BaSe COUNLES ........ceiirieeiereeieste sttt sttt se bbb bt ebesaebesbeseeneas 7-7
7.3.2 High-Speed Time Base COUNTET ..ottt sttt b et st eb e e b b seenea 7-8
7.3.3 L ow-Speed Time Base Counter Frequency Adjustment FUNCLION...........ccooeiiiiiinenienineeeeseee 7-9
7.34 A signal generation for 16bit timer 2-3 frequency measurement mode...........ccceveverererenenieeeenn 7-10
Chapter 8
e T o 11 [ S S 81
S R @Y= V1= T PSSO 81
811 LS (TSR RPSN 8-1
8.1.2 (6001 1To 0= 1 o o FNU RPN 8-1
S0 O N = o = 1 OSSR 8-1
8.2  DESCriptioN Of REGISLEIS.....cviiieitiieiticteeecteete e este sttt e e se e e s te st e s tesreeteeseeseesaess e testesbessesseeseensenteseens 8-2
oA R IR o L= [ = £ NSRS 8-2
8.2.2 Capture Control RegiSter (CAPCON)........coi ettt seeeeeeestesee s e et s e eeesse e sressessesnessesnesnsessens 8-3
8.2.3 Capture Status REQIStEr (CAPSTAT) .ottt ee e sae et s e e sre st e eneeneeneeneeneens 8-4
824  Capture Data Register O (CAPRO) ......coiuiiiiieerie ettt bbb 8-5
8.25 Capture Data RegiSter 1 (CAPRL) .....c.ooiiiitieee ettt 8-6
8.3 DeSCritioN Of OPEIEIION......coeiieiteitieterie ettt sttt sttt eae et e e e ee e beseesbesaesaeese e e enbeseesbesbesaesaneneenseseens 8-7
Chapter 9
L T A T 0= (s 4 1 SRS 9-1
LN R @ = V1= TSRS 9-1
911 FFEALUIES. ...t b e b h et s e Re s Rt R e e R b e R e e e e R e e R Rt R R e e renr e ne e 9-1
912 L000] 01T 18] 2= 1o o FAU OSSPSR U PRSP 9-1
9.2 DESCIIPLION OF REGISIEIS... vttt b bbb bt b et b e eb e b e e st b e ens 9-2
9.21 RS 0 L o 1 = 6T PRSP 9-2
922  1kHz Timer Count Registers (TIKCRL, TIKCRH) ...ccccviiiiiirieieeseeseseese e 9-3
9.2.3 1 kHz Timer Control RegISter (TIKCON) ....ccuiiiiiiecieee e ettt se e se et s s re st ene e e s 9-4
9.3 DESCription Of OPEIAIION.......ccueiieiieieiiteieseeeeeete st e ste s e sre e e s e ese e e eaetessestesreatesseeseesaessessessensessessenseesensessens 9-5
Chapter 10
O T 1811 €T SR 10-1
O @ Y= VPR SS 10-1
O R = =TSSR 10-1
0 50 @ o o 18 = o) o R 10-1
10.2 DESCriPtioN Of REQISIEIS.....ccviiieiiiiieitiste sttt ee et eieste e s et s et e e e e eaessestestestestesseesee s eneeseestesressesseensensensens 10-3

Contents—3



ML610Q411/ML610Q412/ML 610Q415 User’s Manual

Contents
0 I E= ol (=0 = = TSR 10-3
10.2.2 Timer O Data ReGISIEr (TMOD) ...coiuiiiieiieieie ettt sttt sttt sttt sttt 10-4
10.2.3  Timer 1 Data RegIStEr (TMLD) ..ocuecieeeierierieciesiesiestesee e eeesee e see st s ssa e e s e eesrestesnesnesneeneeneeneenees 10-5
10.24  Timer 2 Data RegIStEr (TM2D) ..cuecieeeierieriesiestesesteeseeeetesees e e e sre s e s e e e eeestesrestesnessesseeseeneeneenees 10-6
10.25 Timer 3Data ReGISIEr (TM3D) ..ociiiiicieiieicie ettt st st st e st sa e b e resaene e 10-7
10.2.6  Timer O Counter REGISIEr (TMOC) .....oiiiieiiierieerie ettt sttt e 10-8
10.2.7 Timer 1 Counter REGISIEr (TIMLC) ...ouiiiiiiie ettt bbb e b sbe s e e et 10-9
10.28 Timer 2 Counter REGISIEr (TIMZ2C) ....ueiiiiiie ittt e e e st st sae e ne e e 10-10
10.29 Timer 3 Counter REGISIEr (TIM3BC) ..uecuiiiiiieie ettt see ettt sa e e e besrestesreeae e enenaeseens 10-11
10.2.10 Timer O Control Register O (TMOCOND) ......ccueiririeeriinieirisieesesie st sse e ssesseenes 10-12
10.2.11 Timer 1 Control Register O (TMLICOND) ......cceveriererereeeeeeereesieseesreseesresseeeesseseessessessessessesseeseens 10-13
10.2.12 Timer 2 Control Register O (TM2COND) ......ccceviriererereeeeeeereeseeseeseseessessesseessessessessessessessesseeseens 10-14
10.2.13 Timer 3 Control Register 0 (TM3CONOD) .....coueueririreierieieeresiee sttt seeseeseese s 10-15
10.2.14 Timer O Control Register 1 (TMOCONL) .....coeiriririierieieneresiee sttt se e e seeseeseese s 10-16
10.2.15 Timer 1 Control Register 1 (TMLCONL) ......oceiiirieiriinieisesie et e e se et ssese e saeees 10-17
10.2.16 Timer 2 Control Register 1 (TM2CONL) ......cccoiiirieiriinieisisieeseste s se st e st ssese e sseneens 10-18
10.2.17 Timer 3 Control Register 1 (TM3CONL) ......coeiiirieiriinieerenie et 10-19
ORI BT=S v g ol Lo g lo) O] o = - 1 o] o IO 10-20
O 50 R 111 1= 4107 [ 0] o < - 1 o o 1S 10-20
10.3.2  16-hit timer frequency measurement Mmode OPEratioN .........ccccecceverereseseereereree e e e eee e 10-21
10.3.3  16-bit timer frequency measurement mode application for setting uart baud-rate................cc........ 10-23
Chapter 11
LI, PWIM ettt b e et s b e e R £ e Re e Ee e R SR e e R SR e e Rt Eene R Ee e R A et e Re e Ee e Eente e be st enenee 11-1
N @ Y= VSRS TS 11-1
O R = (S SRS 11-1
0 @ o o1 = o S 11-1
0 0 T I £ o 1 0 SRS 11-2
11.2 DeSCription Of REJISLEIS. ... .c.citiieeiriiietirttieie sttt sttt sttt bbb ettt b et b e b e st sb e b et et e b et sbe e e 11-3
2 R I £ o = o = (= £ OSSR 11-3
11.2.2 PWMO Period Registers (PWOPL, PWOPH) ........ccoeiiieiiiiee et 11-4
11.2.3 PWMO Duty Registers (PWODL, PWODH).......ccccoiiiireiee st 11-5
11.2.4 PWMO Counter Registers (PWOCH, PWOCL) ......oviiivieirieriee et 11-6
11.25 PWMO Control Register O (PWOCONUD)........ccceriiereriereeeereesiesieseessesseeseeseessessessessessessesseessssseseenses 11-7
11.26 PWMO Control Register 1 (PWOCONL)........cooiieieeereeseeeereesiesieseestesesseeeeeesesssessessessesseeessseseenses 11-8
11.3 DeSCription Of OPEIEIION........ceitieeuireieeterteeeie sttt sttt bbbt b bt b e bt b e b e st sb e b e st b e b e st sbe e eneees 11-9
11.4 SPECITYING POIT FEOISIEIS ... .veitieetiiteeet sttt ettt ettt e et b bbbt b e e bt b e e bt ss e e e bt b e e ene e e e ens 11-11
1141  Functioning P43 (PWMOQ) @S the PWM OULPUL .......cc.ceiriieiiriiriesie et 11-11
11.4.2  Functioning P34 (PWMOQ) @S the PWM OULPUL .......cc.ceiriieiiriiniesie e 11-12
Chapter 12
D22 VLV (o 0 (oo I I 02T 12-1
N R O Y= V= USRS 12-1
O R = (=SS 12-1
N A @ o T 18 = o] TSPV 12-1
12.2 DeSCription Of REQISIEIS.....ccueieiieie ittt ettt s e et e bt sbesbe s st eae e e e beseesbesbesaeene e e anseneans 12-2
2 R I £ ol = (= o = = T 12-2
12.2.2 Watchdog Timer Control RegiSter (WDTCON) .....cceoiieieeierieiestene e stesese e sres e seesresre e esaeseenees 12-3
12.2.3 Watchdog Timer Mode Register (WDTMOD).......ccovviiieeeeereriesiesiesesreseseeeeseesseseessessessessessenees 12-4
12.3 DeSCription Of OPEIGtON........ciieiieceiieeeeeses e se e e st se e e s e sees e srestesaesresseeseeseeseesesaessessesnessesneenenneens 12-5
Chapter 13
13, SYNCHIONOUS SEITAl POIT......c..i ittt b et e e b e st b e bt et e e e e e neese e st e s besaeeaeeneennenes 13-1
ST @ Y= VPSS 13-1
T O R = (=TSSR 13-1
G T 7 @ o o 11 = o) o S 13-1

Contents—4



ML610Q411/ML610Q412/ML 610Q415 User’s Manual

Contents
T 0 T I = o 1 = OSSR 13-2
13.2 DESCriPtion Of REQISIEIS......cvciieiiiieite sttt e re st et te et e e e tesresbesbestestesseesee s esseseestesresaesresnsensensens 13-3
T I F o = o [ = S 13-3
13.2.2  Seria Port Transmit/Receive Buffers (SIOOBUFL, SIOOBUFH) ........ccccoivvveirecereesene e 13-4
13.2.3  Serial Port Control Register (SIOOCON)........ciiiiieieeereeiereeriesie e sie e e eeeeeeseesteseeseessessesseeneenees 135
13.2.4  Seria Port Mode Register O (SIOOMODO).......ccieieierieieieseeesteseesesteseese e seesesrese e ssee e ssesesressenens 13-6
13.25 Seria Port Mode Register 1 (SIOOMODL)......cccuieirierieeeiesieesieseesesiesessesiesessessesessessesessessesessessenens 13-7
13.3 DeSCription Of OPEIELION........ciiiteiieieeeieeeeie ettt re et et be s besbeeae s e et e se e beseesbesbesaesbeeneeneeneans 13-8
S N R I = 1015 (LA @] 0T = 1o o OSSR 13-8
ISR I A 20 o= AT @ o - 1o OSSR 13-9
13.3.3  TranSMit/RECEIVE OPEIELION .......coerueuiriirieirtiie sttt sttt st st ettt 13-10
13.4  SPECITYING POI FEOISLEIS ... .viitiieeiitereeierte sttt e et bbbt b et b e s e e b e b e e eaeneeneens 13-11
13.4.1 Functioning P42 (SOUTO), P41 (SCKO0) and P40 (SINO) asthe SSIO/ “Master mode’ ................ 13-11
13.4.2  Functioning P42 (SOUTO0), P41 (SCKQ) and P40 (SINO) asthe SSIO/ "Slave mode’................... 13-12
13.4.3 Functioning P46 (SOUTO), P45 (SCK0) and P44 (SINO) asthe SSIO/ "Master mode’ ................ 13-13
13.4.4  Functioning P46 (SOUTO), P45 (SCKQ) and P44 (SINQ) asthe SSIO/ "Slave mode’ ................... 13-14
Chapter 14
I U o SRS PSR TS 14-1
I R @Y= VL= YT SRR PO PRSPPSO 14-1
O R = (=SS 14-1
I A @ o {018 = o] TSSOSO 14-1
I 0 T I £ o 1 = SRS 14-1
14.2 DESCription Of REJISIEIS......cvciieiieieitisteie et et ee e e see e s e et te et e e e e e tessestestestesresseeseeseseseestessesnessesnsensensans 14-2
I R I £ ol = (= o = = TS 14-2
14.2.2 UARTO Transmit/Receive BUffer (UAOBUR) ...t 14-3
14.2.3 UARTO Control Register (UAOCON) .....cccouerireriestesteseeeeeeseesieseestessesresseeseessessessessessessessessessenses 14-4
14.2.4 UARTO Mode Register 0 (UAOMODO) ........ccueueiieieiesieeetesieestesaesestesaese e saese e sae e stessessstesessessenenns 14-5
1425 UARTO Mode Register 1 (UAOMODL) ...c.oceieiiieieiesieeete ettt sa e st sa et sae st 14-6
14.2.6 UARTO Baud Rate RegistersL, H (UAOBRTL, UAOBRTH) .....ccooceiiinieiieiecsere e 14-8
14.2.7 UARTO Status REGISIE (UADSTAT) .oveieciiierieesereetesiesestestesestesteesse st e testesestesae e stesaesestesansessenens 14-9
(R T=S v g ol To g lo) O] o = - 1 o] o IO 14-11
1431  Transfer DaaFOMMEL ........ccooiviieirieieesiee ettt b et 14-11
I B = - W o [ = =TSSP 14-12
14.3.3  TranSmit DA DIFECHION ......ccviiieiriirieiriere ettt sttt bbbt b et 14-13
14.3.4  TranSMIt OPEIALiON .....coueieeeiriirieiertiree sttt b et b et b bbbt s b et et b et et b et et s be b 14-14
14.35  RECEIVE OPEIBHION. .. .c.ciuieeiirtirieiirttst ettt bbbt b bbbt s b bt b b et b et et be st 14-16
14.4  SPECITYING POt FEOISIEIS ... ccueeieieteite ittt ettt sttt eb ettt be s ae b e beeheeae e e e bese e besbesbesbeeneenee e e e ses 14-18
14.4.1  Functioning P4A3(TXDO0) and P42(RXDO0) asthe UART ......cccceoriieniniineisesees e 14-18
14.4.2  Functioning P43(TXDO0) and PO2(RXDO) aSthe UART .....ccceirineririneesese e 14-19
Chapter 15
15, [PC BUS INEEITACE. ......ooveeieiiieiss sttt 15-1
L5.1 OVEIVIBW . ...ctieie ettt ettt et te st s e e s bt e beebe s ae e ebeeebe e beeabeeabeeaeesheesbeebeenbesnsesaeesaeesasenbeenteensesseesseestaentens 151
T R = =SSR 15-1
1512 CONFIQUIBLION ..ottt ettt ettt ettt e et eb e aeeae e e e e e eeseeebesaeebeeaeeneeneeseenbesbesbesbeeneeneeneansas 15-1
ST 0 TR I = o 1 0= SRR 15-1
15.2 DESCriPtion Of REJISIEIS.....ccvciieiieiteiisteieeteee et eeste e s et ete e e e etesaesbesbestestesseeseesesseseestessesaesseensensensens 15-2
ST R I E ol = o = = S 15-2
15.2.2  1°C Bus O Receive REGIStEr (I2C0RD).........ccieieieeeeeeeeeeseeesesseesesssesssssesssssesssssesssssessessessessessessnsnes 15-3
15.2.3 1°C Bus0 Slave Address REGIStEr (I2C0SA) ........cvuvucuereeeereeeeesessesssssessesssssssssssssssssssssessesssnes 15-4
15.2.4  1°C BusO Transmit Data Register (I2C0TD) ........cuuvueuereeeerereseeeeessessesssessessssssssssssssesssesssssesssnes 15-5
15.25 1?2C Bus 0 Control ReGiSter (I2CO0CON)..........cvwerereereeieieesesesssessessssssessesssssssssssssssessssesssssnsesssanes 15-6
15.2.6  1°C Bus0 Mode Register (I2COMOD)...........cuimereereeessesseiesesssesessssssssssssessssssssssssssssssssssssssssnes 15-7
15.2.7  12C Bus 0 Status REGISIEr (I2C0STAT) ..vuverreeeeereeeeseeisseessiessssssssssssssssssssnssssssssssssssssssssssssssssnes 15-8
15.3 DeSCription Of OPEIGiON........cieiiiecieeeeeitestes e se st e et e e e e sae st e tesrestesrestesseeseeseesseteseestessessestesseessensens 15-9
1531 Communication OPerating MOOE..........ccuieeieriererereseseseeee e ese s e et eeeeesee e sresresresneeneeneenees 159

Contents—5



ML610Q411/ML610Q412/ML 610Q415 User’s Manual

Contents
ST I I RS = A o o 117 o SRS 15-9
15.3.1.2 RESEAT CONUITION....cuiiiiiitiieeieiesieese ettt sttt sttt sttt et e saesesbeseesesbeseebesbeseeseseenensens 15-9
15.3.1.3 Slave Address TranSmMit MOOE..........coveuiririririeneeie ettt st st s se st seenens 15-9
15.3.1.4 Data TranSmMit IMOOE. .......oiueuiririeieiieriete ettt sttt st sttt e e sesbeseenesbenennens 15-9
15.3.1.5 DataRECEIVEIMOUE .......coieiieieieieeieee ettt e e st e be st sae et e e e eseeneenseseesbesseeneeneeneenean 159
15.3.1.6 Control Register SEtting Wait SLALE.........cccooieiireiieeieeeee e st neeneas 159
G B S (o o 1 @ 2 o [ o] o TSP 159
15.3.2  Communication OPeration TIMING ........cecceeereereererenrerieeeereereesee e sseseessesesseeeeseessessesaessesnsanseseens 15-10
15.3.3  Operation WaVEfOMMIS.......ccueuiiiiieiriiieisiiee sttt sttt ettt sttt st be e 15-12
15.4 DeSCription Of OPEraliON........curuirieirieietireeeseseeesteseesessessesessessesessesesessesesesseeesessesessessessssessensnsessenseses 15-13
15.4.1 Functioning PA1(SCL) and PA0(SDA) aSthe I2C ..o e 15-13
Chapter 16
G N = o SRS 16-1
T @ Y= VPSS 16-1
T O R = =TSSR 16-1
G300 @ o T 18 =) o S 16-1
G300 T I £ o T 0 TSRS 16-1
16.2 DeSCription Of REQISIEIS.....cceeiiereeieiiisesesteeeeeeesees e e st e e e e s e tesresaesresseesee e esseseesaessesnensenneensensens 16-2
16.2.1  LiSt Of REGISIEIS. ..ttt et et b e st b e bbb et bbb bbbt 16-2
16.2.2 NMI Data ReGISIEr (NMID).....oiiiiceieieice ettt sttt sttt sttt te b e sesae e e 16-3
16.2.3 NMI Control REGISIEr (NMICON) ....oiveieiiiieieie ettt st se st st sbe et sestesseneees 16-4
16.3 DeSCription Of OPEIELION........ciuieteiieieeieeeeee ettt se et et be bt sbesae s e e e e se e beseesbesbesaesbeeneeneeneans 16-5
16.3.1  INLEITUPL REGUESL......cctiiiiie ettt sttt st st s e st st e st e sa b e e st e e sa b e e sabe e sabe e s abeensbeesnneenanas 16-5
Chapter 17
2 = o o OSSR 17-1
L7.1 OVEIVIBW ...ttt ettt e st e s te e s te e teete s aeeebeaebe e beeabeeabesheesheesbaebeenbesaeesaeesaeesaeenbeenbeentesasesteestaestens 17-1
O R = =TSRSS 17-1
A @ o T 18 = 1] TSRS 17-1
0 0 T I = o 1 = OSSR 17-1
17.2 DeESCription Of REQISIEIS.....ccvciieiieiteitistese et et et e e see e st te et e e e aesrestesbestestesseesee e eeeseestesresnesseensensensans 17-2
I R I E o (= o [ = S 17-2
17.2.2 Port 0 Data REQISLEr (POD) ...c.eeiieeierieiieetieeeeeeeesees et se s s e sre st e sre e seeneeseesteseesressesneeneeneenses 17-3
17.2.3  Port 0 Control Registers 0, 1 (POCONO, POCONL) ......cccuiuereruiriereniesienesiesie st 17-4
17.2.4 External Interrupt Control Registers 0, 1 (EXICONO, EXICONL)......ccccverrirenenenieenesieesie e 17-5
17.25 External Interrupt Control Register 2 (EXICON2) ....cc.ooeeiiiiriie et 17-6
17.3 DeSCription Of OPEIELION........couieeiieieereeiete ettt ettt et be bt sbesae s e e e e se e beseesbesbesaesaeeneeneeneans 17-7
17.3.1 External INterrupt/Capture FUNCHION ........cccce ittt st s re e ena e eneas 17-7
17.3.2  INLEITUPE REGUESL.....cctiiiiie sttt sttt st s st s b e st e e s s e e st e e sabe e s abe e sabe e sabeenbteennneenanas 17-7
Chapter 18
G T = oo 0 OSSR 18-1
L8.1  OVEIVIEBW.....veeie ettt ettt et e e st e s te e s te e aeeate e aeeebeeebe e beeabeeateeaeesheesbaesbeessesasesaeesaeesaeenbeenteentesseesseestaentens 18-1
ST O R = =SSR 18-1
18.1.2  CONFIQUIBLION .....eeititeite ettt ettt et e e b e aeeae e e e e e eeseeebe s et ebeeaeeneeneeseenbesbesbesbesseeaeeneeneas 18-1
S 30 10 T I = o T = TSSOSO 18-1
18.2 DESCriPtion Of REJISIEIS.....ccvciieiieiieitisteseeteeeeeesteste e s ae st te e e e e e s resbesbesbestesseesee s eseeseestessesnessesnsensensens 18-2
ST I E o (= o = = S 18-2
18.2.2 Port 1 Data REQISLEr (PLD) ...ceeieeecieiiesieeeeeeeeesees ettt eeee e et e sre e e eseeneeseestesnesressesneeneeneenes 18-3
18.2.3 Port 1 Control Registers 0, 1 (PLCONO, PICONL) ....ccccviierieisierieestereete ettt 18-4
18.3 DeSCription Of OPEIELION........ceitieeuiriiietirteeeie ettt b b e b bt s b e b et sb e b e st st et e nesbe e aeees 18-5
18.3.1  INPUL POIT FUNCHION ...ttt bttt e b e bt et e e et et e sbesbesbesaeene e e ennan 18-5
R RCIZAS oo 0o = YA e ¥ 01 o o USSR 18-5

Contents—6



ML610Q411/ML610Q412/ML 610Q415 User’s Manual

Contents
Chapter 19
RS o OSSR 19-1
ST @Y= VTSP PS 19-1
ST R = (=SSR 19-1
19.1.2  CONFIQUIBLION ......iitiietiiteeete ettt ettt b et b e et b e e b e b se bt s b et b e s b et e b e b et e b e s bt ebe b enees 19-1
ST 0 T I £ o 1 0 SRS 19-1
19.2 DeSCription Of REQISIEIS.....ccueiieieiie ittt ettt sttt et e et e bt sbesbesaeese e e e beseesbesbesaeebeeneanseneans 19-2
RS R I E= ol = (= o = = TS 19-2
LS o g 2 DT = N = o = 1 (24 I ) OSSR 19-3
19.2.3  Port 2 control registers 0, 1 (P2CONO, P2CONL) .....ccvveeieieerierieseesiesesreseseeeeseesseseeseessessessesneenees 19-4
19.2.4  Port 2 Mode REQISLEr (P2MOD) ......cciiiiiriirieirie sttt st st st sttt be st s 19-5
19.3 DesCription Of OPEIEION........ccviiieieieieieieses ettt e e te s bessesreeseeseeneessetesaessessessessesneeneensens 19-6
S R @ 1111 oW1 o A W o (o S 19-6
19.3.2  SECONAEIY FUNCHION ...ttt ettt b e bbb e st e ae et e e e b e sbesbeeneene e e eneas 19-6
Chapter 20
B o S OSSPSR 20-1
201 OVEIVIBW. ...ueieiiiteiieeete sttt sttt sttt b e s bt st ese bt s he st e bt s b et e bt s £ et e bt s b et e be s A e st e b e s e e st e be s be e eb e s b eneebe st e e nbenteneees 20-1
O R = 0 =TSPTSRO 20-1
20.1.2  CONFIGUIBLION ...ttt ettt ettt ettt et b e et b e b et b e se e st b e se e s e eb e se e bt ebeseebeebeseebesbeneebesbeneenens 20-1
O 0 T T o) = 1 0TSRRI 20-2
20.2 DeSCIiPLioN Of REGISIEIS. .....ciuiiuieeeeie sttt sttt et b e saeebe et e se e e e besbesbesbeeneeseeneaneas 20-3
0 R I T o = o T =TS 20-3
20.2.2  Port 3 dataregiSter (P3D) ......cccieieresieriisteseeieiaesees e ste st s e e e sa e e s r e st e e ae e et sae s tesaeeneene e e enrenes 20-4
20.2.3  Port 3 Direction REGISLEr (P3DIR) .....cceiiiieriirieeereese e seseeeeeesee e et ese e see e seessesne e enesneensenes 20-5
20.2.4  Port 3 control registers 0, 1 (P3CONO, P3CONL) .....ccuvruereeeerienieseseesieseseeseeseeseeseeseessessessesseeneeses 20-6
20.25 Port 3moderegisters 0, 1 (PBMODO, PAMODL) ........cciiriiiriirieinie sttt seenens 20-8
20.3 DeSCription Of OPEIELION........ccuieeereieeterieieiest ettt b et b b b e bbb e b b 20-10
20.3.1  INPUL/OULPUL POIt FUNCLIONS .......eieiiiieiie ettt et e b e b b e saesne e e enne e 20-10
20.3.2  Secondary and Tertiary FUNCHIONS ........cccoiirirerie ettt e s sb s e e e 20-10
Chapter 21
P2 T o4 O SO STUSRPTOSPRPRSN 21-1
P2 I @ YT = TSP 21-1
0 = 0 =TSRSS 21-1
2112 CONIQUIBLION ...ttt ettt ettt ettt et b e s et b e bt b e se e st bt se e bt e b e se e bt b e seebesbeseebesbeneebesbennenens 21-1
20 e T T o) 1 0TSSP 21-2
21.2 DeSCIiPlioN Of REQISIEIS. ... .ottt sttt e bt s be s aeebe et e se e e e besbesaesbeeneeseeeeneas 21-3
0 R I T o = o T =T 21-3
21.2.2  POrt 4 Data REGISIEr (PAD) .....cueiuiieiiiieieiesiesiete sttt sttt sttt se et e sesteseesesbeseesenreneenens 21-4
21.2.3  Port 4 Direction REQISLEr (PADIR).....ccciiiiiieceeeereesese st s eee e e see st se e se e e e sresnesneenee e ensenes 21-5
21.2.4 Port 4 Control Registers 0, 1 (PACONO, PACONL) .....cccccvverererreeeseesieseseeseeseeseeseessesseesesseesessseses 21-6
21.25 Port 4 Mode Registers 0, 1 (PAMODO, PAMODL) ......ccccoioiririeirinieesieieneseeiee st sessesesesienesessenesens 21-8
21.3 DeSCription Of OPEIELION........ccueiveuereeeeierteeeiest ettt bbbt b e b e bbbt b e b 21-10
21.3. 1 INPUL/OULPUL POIt FUNCLIONS ....c.ueiieiiiieiie ettt e b e b b saesne e e e e e 21-10
21.3.2  Secondary and Tertiary FUNCHIONS .......ccccoiiiiriie ettt s e sb s se e 21-10
Chapter 22
B o 0 N OSSPSR 22-1
p A R @ Y VT SRS 22-1
N R = 0 (=PRSS 22-1
A I @0 ¢ | o U= 4 Lo] o FO PP RRRT 22-1
7 T 1 o) 1 0TSSP 22-1
22.2 DESCIIPLiON Of REGISIEIS.....uiiuicieeeeiteie st ee e e st ettt aeese e e e teseesbestesaeeaeeseessesetestesaessesneeseeseenen 22-2
7 R I T o = o 11 =TS 22-2

Contents—7



ML610Q411/ML610Q412/ML 610Q415 User’s Manual

Contents
2222  POrt A Data REQISIEN (PAD) ...cueiuiieiiiieieeie ettt sttt sttt st saese st seenesbeseesesteneenens 22-3
22.2.3  Port A Direction REGISLEr (PADIR) ......oouiiiiiceceees ettt et st sa et st ne e s 22-4
22.2.4  Port A Control Registers 0, 1 (PACONO, PACONL) ....oceeveiererine e sieseseeeeseesie e e e snessesseeneenes 22-5
22.3 DeSCription Of OPEIELION.......civeuiriereeerteriete ettt sttt sttt et s b e bbb e et e st et s be st e e sbe e s es 22-7
2720 T R U oo 10 7@ W 1001 o ¥ o o 22-7
Chapter 23
23, BUZZEN .. R R et Re e Re e R e e R e e AR e eReeeR e e aReeaRe e Rt eeesneesReenReereennean 23-1
P @V T Y ST SS 23-1
P T R = U = F T TSP PP PP USRS 231
P2 354 7 @0 o | o 1= 4 o] 231
BT T N 1= o) = 1 0TSSR 23-1
23.2 DeSCIiPtioN Of REGISIEIS......coueuiitirieiiterieie sttt sttt b et b e bbbt b e e et b e b et et st e e b e eee 23-2
W N I 1 o) 2 L= 11 = £ TSP 23-2
23.2.2 Buzzer 0 Control RegiSter (MDOCON) .....cciueieierieeeresieesteseesestesessestesessessesessessesessessesessessesessessesens 23-3
23.2.3 Buzzer 0 Tempo Code Register (MDOTIMP) ... sttt 234
23.2.4 Buzzer 0 Scale Code Register (MDOTON)......ccieirerieiererieesieseeesteseesesteseesesteseesestesessessesessesseneesens 23-5
23.25 Buzzer 0 Tone Length Code Register (MDOLEN) .......cccvveeierierine e 23-6
ARG DI='wi 1o 1Yo Tl H @) o = - 1 o o IO 23-7
2331  Operations Of BUZZEr OULPUL .......c.coiieeiiieieeerie sttt sttt s 23-12
23.4  SPECITYING POIT FEHISIEIS .....eivieeiiitereeert sttt bbbttt b bbbt b bt b e bt 23-13
23.4.1  Functioning P22 (MDQ) asthe BUZZEr OULPUL ..........ccoouiiiiriiiiiesiere e 23-13
Chapter 24
24, RC OSCillation TYPE A/D CONVEITEN .....c..cceieeeeeeeeeieseesieseestesseeeeeessestesaessessessesseessssssssessesssssessessessessesnsenes 24-1
P @ YT T ST 24-1
R = U (=TSRSS 24-1
24.1.2  CONIGUIBLION ...ttt ettt ettt ettt st s e et b e et b e s e st b e se bt e b e se e bt e b e seebe s b e seebesbeneebesbeneenens 24-1
T N IR T o) = 1 0TSSP 24-2
24.2 DeSCIPLioN Of REGISIEIS. .....ciueieieieieie ettt ettt s e et b e s ae bt et e se e e e besbesbesbeeneeneeneeneas 24-3
N R I T o = o T = =T 24-3
24.2.2 RC-ADC Counter A RegiSterS (RADCAD-2) ....oveuiiieeeierieinte et seeeste st st sseseesesteseesens 24-4
24.2.3 RC-ADC Counter B RegIStErS (RADCBO-2) .......cccvieiesiisieceeeeseeeseesese e seesaeseessessesnssressesnennes 24-5
2424 RC-ADC Mode RegiSter (RADMOD) .....coiiiiiierieisie sttt st st et seene st seenens 24-6
24.25 RC-ADC Control Register (RADCON)......ccciiierieriiteseeresteseetesteseetessesassessesassessesessessesessessessssessesens 24-7
24.3 DeSCription Of OPEIELION. .......civeuiriereeeerteriete ettt sttt sttt sttt b e et b s e b et e e bt b et b e b et e bese et sbe e eneees 24-8
24.3. 1  RC OSCIHIAOr CITCUITS.....cueiueieririeietesieieetesteieetesteestesaesestesaesesseseesestesaesesteseesessessasessessesessessesessessasens 24-8
24.3.2  Counter A/Counter B REfEreNCE MOOES ........coeiiiiiieie et 24-10
24.3.3 Example of Use of RC Oscillation Type A/D CONVEE .........cceveieveneneceseseeeeeeseesesre e e e 24-14
24.3.4  Monitoring RC OSCHIGLON .......ccuevieiieiiie ettt st sa e e e aesresbesresaeenee e enaeseens 24-19
24.4  SPECITYING POIT FEJISIEIS ....veeeeiereer et se et et eee e st e ste et s e s e e e e e s eesbesaesresseeseeneeseentesaessesaesseeneeneenseneens 24-21
24.4.1  Functioning P35(RCM), P34(RCTO0), P33(RTO0), P32(RS0), P31(CS0) and P30(INQ) asthe
L@ N B 1O (@1 0 ) TSRO 24-21
24.4.2  Functioning P47(RT1), P46(RS1), P45(CS1) and P44(IN1) asthe RC-ADC(Chl)........cccccvueee. 24-22
Chapter 25
25. Successive Approximation TYPE A/D CONVEITET ........ccveeeeeieeriereseseseseses e esesaesaestesrestesaesresseeseessesssnseses 25-1
P R @Y T Y SRS RPS 25-1
P2 N R = U = F TP T PP PP USSR 251
200 22 @0 o 1 o 1= 4 o] 25-1
TN T N 1= o) 1 0PRSS 25-2
25.2 DeSCIiPtioN Of REGISIEIS......coueiiiireeieeteriet ettt sttt sttt st b e bbbt et b e b et bbb b et b nn e e 25-3
25.2. 1 LISt Of REQISIEIS. ..c.ecuiitiieetiitesieteste et ste st te et ste st ste e besae e ebesaeseebesaeseeteseesenbesaesesbeseesesbeneesentenensens 25-3
2522 SA-ADC Result REGISIEr OL (SADROL) ...cueiieiitirieeisiesieesteseetesteseesestesessestesessessesessessessssessensssessesens 25-4
2523 SA-ADC Result Register OH (SADROH) ....ccciiiiieiirieneesie ettt st s sreseenessesaenens 25-4
2524 SA-ADC Result REGISIEr 1L (SADRILL) ..ocuiiieuiiieieeiesiesieesie sttt sttt st st sttt st se e nessesaenens 25-5

Contents—8



ML610Q411/ML610Q412/ML 610Q415 User’s Manual

Contents
2525 SA-ADC Result Register IH (SADRLH) ....ovcuiiiieiiriesiee ettt s seene e saenen 25-5
2526 SA-ADC Control Register O (SADCOND) ....ccuvviereeieriereeiesieresteseeesteseesestesessesteseesestesessessesessessesensens 25-6
25.2.7 SA-ADC Control Register 1 (SADCONL) ....cccviireeeriecteeeeeeee e e te s e sess e e s sre e sneeseeneeses 25-7
2528 SA-ADC Mode Register O (SADMODO) ......cceruiriererieenierieresteseeestesesestesessesteseesesteseeseseesessessenessens 25-8
25.3 DeSCription Of OPEIELION. .......civeueriereeiirtereete ettt sttt sttt sttt s b e e bt bese b b et b bt e b e st et sbe e es 25-9
25.3.1 Settings of A/D Conversion CRaNNEIS..........cociiiieiiineeneree ettt neene 25-9
25.3.2  Operation of the Successive Approximation A/D CONVEITES ........cocceerierererenere e 25-10
Chapter 26
26. LCD DIIVEIS ...eiuiitiieeiesteseeieste sttt sttt sttt st st st s et st e s e e be s b et eb e s b et e b e s b e e e b e s e e neebe s e e ne ek e s b e neebenbeneebenbeneebeneeneerens 26-1
26. 1 OVEIVIBW. ...ueeiniiteieeieete sttt sttt st s s s b s bt b e se bt sbe st e bt s b et e bt s E et e bt s A et e be s A e ne e b e s e e st e be s b e neebe s beneebe st e e nbenteneees 26-1
26.1. 1 FEAIUIES.....eceiieeteeeeee ettt sttt e e ke s e b e Rt se b eR e s e b e Rt e e e b e R e e b e Rt eE e b eRe e b et neebene e be e neetene e 26-1
26.1.2  Configuration Of tNE LCD DIIVEIS.......cciirieiririeerie sttt sttt et sb et sb e s sbeseene b neene s 26-2
26.1.3 Configuration of the Bias Generation CIrCUIT ..........c.cceereerirre e 26-3
P S T o) = 1 0TSSP 26-4
26.2 DESCIIPLiON Of REGISIEIS.....uiiuiciieieitee sttt e e e e st ae e e e e bestesbesbesaeeae e e essesetestesaesaesneeseeseenes 26-6
P R I T o = o T =TS 26-6
26.2.2 Bias Circuit Control Register O (BIASCON)......cccvieririreeieeereesesee e se e sseeseeseesee e e ssessessesnsees 26-7
26.2.3 Display Control ReQIStEr (DSPCNT) ....cciiiiiieeiereeresersteseseeeesee e see e e sseesees e seessesseesessessesnseses 26-8
26.24 Display Mode Register O (DSPMODO) ......ccoueueuiririeenerieeresieiesesieeseseesesessesesessesesessssesessssesessssenesens 26-9
26.2.5 Display Control Register (DSPCON) ....cc.oiiririeieeiriereee ettt sttt 26-10
26.2.6 Display Registers (DSPR0O0 to DSPR23 or DSPR0O0 t0 DSPR2B)......c.ccccoveirienieesenisesereeesieenns 26-11
26.3 DeSCIPLiON OF OPEIATON. ... .couiiteieirtirieeiieeei ettt sttt e et e ee e e besbesbesaesae e e e e e besbesbesbesaeeneeeanseseens 26-13
26.3.1 Operation of LCD Drivers and Bias Generation CirCUIt..........ccuevueverieresiesesesiesesseeseesesreseeseesnens 26-13
26.3.2 Display RegIStEr SEgMENT IMBD.......ceiiieiieiesiieseeese e e e e seeste s e s resre s e ese e e esaeseessestesaesteensenseseens 26-14
26.3.3  CommON OULPUL WaVEFOIMS. .....ccueceieeeeeie s ste st e e see e e te e s e e eseeseeaesaesresseeneeneeneensenenns 26-15
26.3.4  Segment OULPUL WAVEFOIM ... .ocveiueieiceceee ettt se e e saesresneeneene e e enaennens 26-16
Chapter 27
27. Battery LEVE DEIECLON ... .coueieiie ettt ettt sttt b ettt e e e e e be bt sheeb e et e ae e e e beseesbeebesaesneeneeneanes 27-1
P R @ YT Y S SPSRPS 27-1
D S R = 0 =~ TSRS 27-1
P27 45 W22 @0 o 1 o 1= 4 o] 27-1
27.2 DESCIPtiON Of REGISIEIS......eiuiceeeeriese sttt e e se e ae e e e e e aestesbesaeese e e eneeneenteseesaessenneeseeeenen 27-2
2721 LISt Of REGISIEIS. ... cuiiteieteitereet ettt ettt sttt sttt b e et b e s e st b e s e e bt bt seebe st e neebesbeneebesbeneenens 27-2
27.2.2 Battery Level Detector Control Register O (BLDCONO)........coiveeeierierenierieeniesieesie s seeesse e 27-3
27.2.3 Battery Level Detector Control Register 1 (BLDCONIL).........oiiiiiiiiiireeeee et 27-4
27.3 DESCIPLiON OF OPEIATON. ... .cuiieitieterie ettt sttt a et eesee e e be et b e s aesaeeae e e eneeseeabesbesaesbesneeseeneannan 27-5
P T R I == 10 Fo AV o o = 27-5
27.3.2 Operation Of Battery LEVEl DELECION .........cveieiieriecece et raeste et se e sre st resnesne e e e s 27-6
Chapter 28
28. POWES SUPPIY CITCUIT....eeuiitiieeiiete ettt sttt sttt et b e sttt se et b e s e st b e se e st et e seebesbeseeb e s b e neebesbeneeren 28-1
P22 T R @ 1Y VT TSR 28-1
2T R = (0 =TSSP 28-1
22 I I @0 ¢ o U= 4 [o] o FO PR RRR 28-1
P22 T I N I T o) T 0TSSP 28-1
28.2 DESCIIPiON Of OPEIAION......ccuiieieictiieetieeeeeie st e esesre e se e e e e e e stessesbesresbessesseesee s esseseestessesaessesneeseeneeneen 28-2
Chapter 29
29. ON-Chip DEDUG FUNCLION.......cueitiiitiieitiitereet sttt sttt ettt b e st b e et b et eb e sb e seebesbe e ebesreeerens 29-1
P2 I @Y T Y S PSRS 29-1
29.2 Method of Connecting to On-Chip Debug EMUIBLOT ............coiiiiiiriire s e 29-1
29.3 Flash Memory REWTITE FUNCLION ........ccuiiiiecieieses et s ettt ae e e e e tesnesne e e enaenenean 29-2

Contents—9



ML610Q411/ML610Q412/ML 610Q415 User’s Manual

Contents
Appendixes
F N 0= 00D AN (=0 K 1= S A-1
Appendix B PaCKage DIMENSIONS.........cciiiieiisiireeeeseeseseste st s s s e eeeeesees e saestesseeseeseensenseseessesseseessenseesennennees B-1
Appendix C  EleCtrical CharaCteriStiCS. ... ...oii it C-1
Appendix D Application CirCUit EXaMPIE.......c..ooiiiiiie e D-1
APPENAIX B CRECK LISt .. ittt ettt e e s a e e b e ae e ae et e e e e e seeebesbesbesaeeneaneeneantas E-1
Revision History
S YT 0] o o) Y/ R-1

Contents— 10



Chapter 1

Overview




ML610Q411/ML610Q412/ML610Q415 User’s Manual
Chapter 1 Overview

1. Overview

1.1 Features

This LSl is a high-performance 8-bit CMOS microcontroller into which rich peripheral circuits, such as synchronous
serial port, UART, I°C bus interface (master), buzzer driver, battery level detect circuit, RC oscillation type A/D
converter, 12-bit successive approximation type A/D converter, and LCD driver, are incorporated around 8-bit CPU
nX-U8/100.

The CPU nX-UB8/100 is capable of efficient instruction execution in 1-intruction 1-clock mode by 3-stage pipe line
architecture parallel procesing. The Flash ROM that is installed as program memory achieves low-voltage low-power
consumption operation (read operation) equivalent to mask ROM and is most suitable for battery-driven applications.
The on-chip debug function that is installed enables program debugging and programming.

e CPU
— 8-bit RISC CPU (CPU name: nX-U8/100)
— Instruction system: 16-bit instructions
— Instruction set: Transfer, arithmetic operations, comparison, logic operations, multiplication/division, bit
manipulations, bit logic operations, jump, conditional jump, call return stack manipulations,
arithmetic shift, and so on
— On-Chip debug function
— Minimum instruction execution time
30.5 ps (@32.768 kHz system clock)
2us (@500kHz system clock)

Internal memory
— Internal 16KByte Flash ROM (8Kx16 bits) (including unusable 1KByte TEST area)
— Internal 1KByte Data RAM (1024x8 bits)

Interrupt controller
— 2 non-maskable interrupt sources
Internal source: 1 (Watch dog timer)
External source: 1 (NMI)
— 19 maskable interrupt sources
Internal sources: 15 (SSIO, SA-A/D converter, 12C, Timer0, Timerl, Timer2, Timer3, 1kHz timer, UART,
RC-A/D converter, PWM, TBC128Hz, TBC32Hz, TBC16Hz, TBC2Hz)
External sources: 4 (P00, P01, P02, PO3)

Time base counter

— Low-speed time base counter x1 channel
Frequency compensation (Compensation range: Approx. —488ppm to +488ppm. Compensation accuracy: Approx.
0.48ppm, applied to ML610Q411/Q412)

— High-speed time base counter x1 channel

Watchdog timer

— Non-maskable interrupt and reset

— Free running

— Overflow period: 4 types selectable
ML610Q411/Q412: 125ms, 500ms, 2s, and 8s
ML610Q415: approx. 131ms, 524ms, 2.1s, 8.4s

Timers

— 8 bits x 4 channels (Timer0-3: 16-bit x 2 configuration available by using Timer0-1 or Timer2-3)

— Clock frequency measurement mode (in one channel of 16-bit configuration using Timer2-3, ML610Q415 does
not have this mode)
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1 kHz timer

— Interrupt function
ML610Q411/Q412: 10 Hz/1 Hz interrupt
ML610Q415: 9.5Hz/0.95Hz interrupt

Capture

— Time base capture x 2 channels
ML610Q411/Q412: 4096 Hz to 32 Hz
ML610Q415: 3906Hz  30.5H

PWM
— Resolution 16 bits x 1 channel

Synchronous serial port

— Master/slave selectable

— LSB first/MSB first selectable

— 8-bit length/16-bit length selectable

UART
Half-Duplex Communication
— TXD/RXD x 1 channel

— Bit length, parity/no parity, odd parity/even parity, 1 stop bit/2 stop bits

— Positive logic/negative logic selectable
— Built-in baud rate generator

I°C bus interface
— Master function only
— Standard mode (50kbps@500kHz)

Buzzer driver
— 4 output modes, 8 frequencies, 16 duty levels

RC oscillation type A/D converter

— 24-bit counter

— Time division x 2 channels

— Conversion time: 46us/1ch@500kHz

Successive approximation type A/D converter
— 12-bit A/D converter
— Input x 2 channels

General-purpose ports
— Non-maskable interrupt input port x 1 channel
— Input-only port x 6 channels (including secondary functions)
— Output-only port x 3 channels (including secondary functions)
— Input/output port
ML610Q411: 22 channels (including secondary functions)
ML610Q412: 14 channels (including secondary functions)
ML610Q415: 22 channels (including secondary functions)
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e LCD driver
— The number of segments
ML610Q411: 144 dots max. (36 seg x 4 com)
ML610Q412: 176 dots max. (44 seg x 4 com)
ML610Q415: 144 dots max. (36 seg x 4 com)
— 1/1to 1/4 duty
— 1/3 bias (built-in bias generation circuit)
— Frame frequency selecable
ML610Q411/Q412: approx. 64 Hz, 73 Hz, 85 Hz, and 102 Hz
ML610Q415: approx. 6 Hz, 70Hz, 81Hz, 97Hz
— Bias voltage multiplying clock selectable (8 types)
— Contrast adjustment (32 steps)
— LCD drive stop mode, LCD display mode, all LCDs on mode, and all LCDs off mode selectable

o Reset
— Reset through the RESET_N pin
— Power-on reset generation when powered on
— Reset when oscillation stop of the low-speed clock is detected (ML610Q411PC and ML610Q415 does not have
this function)
— Reset by the watchdog timer (WDT) overflow

e Power supply voltage detect function

— Judgment voltages: One of 16 levels
— Judgment accuracy: +2% (Typ.)
e Clock

— Low-speed clock
ML610Q411/ML610Q412: Crystal oscillation (32.768 kHz)
(This LSI can not guarantee the operation withoug low-speed crystal oscillation clock)
ML610Q415: 1/16 of Built-in RC oscillation 500 kHz (31.25kHz)*
(This LSI does not have low-speed crystal oscillation clock)
* This clock is not used for CPU operating clock.
— High-speed clock:
Built-in RC oscillation (500 kHz)
External clock (500kH or less)
— High-speed Clock gear: 1/2(250kHz), 1/4(125kHz), 1/8(62.5kHz: default)
— Selection of high-speed clock mode by software:
Built-in RC oscillation, External clock

e Power management
— HALT mode: Instruction execution by CPU is suspended (peripheral circuits are in operating states).
— STOP mode: Stop of low-speed oscillation and high-speed oscillation (Operations of CPU and peripheral circuits
are stopped.)
— High-speed Clock gear: The frequency of high-speed system clock can be changed by software (1/1, 1/2, 1/4, or
1/8 of the oscillation clock)
— Block Control Function: Power down (reset registers and stop clock supply) the circuits of unused peripherals.




ML610Q411/ML610Q412/ML610Q415 User’s Manual
Chapter 1 Overview

e Shipment

— Chip (Die)
ML610Q411-xxxWA (Blank product: ML610Q411-NNNWA)
ML610Q411P-xxxWA Blank product ML610Q411P-NNNWA
ML610Q411PA-xxxWA Blank product ML610Q411PA-NNNWA
ML610Q411PC-xxxWA Blank product ML610Q411PC-NNNWA
ML610Q412-xxxWA (Blank product: ML610Q412-NNNWA)
ML610Q412P-xxxWA Blank product ML610Q412P-NNNWA
ML610Q415-xxxWA (Blank product: ML610Q415-NNNWA)

— 120-pin plastic LQFP
ML610Q411-xxxTBZ03A (Blank product: ML610Q411-NNNTBZ03A)
ML610Q411P-xxxTBZ03A (Blank product: ML610Q411P-NNNTBZ03A)
ML610Q411PA-xxxTBZ03A (Blank product: ML610Q411PA-NNNTBZ03A)
ML610Q411PC-xxxTBZ03A (Blank product: ML610Q411PC-NNNTBZ03A)
ML610Q412-xxxTBZ03A (Blank product: ML610Q412-NNNTBZ03A)
ML610Q412P-xxxTBZ03A Blank product ML610Q412P-NNNTBZ03A
ML610Q415-xxxTBZ03A (Blank product: ML610Q415-NNNTBZ03A)
xxx: ROM code number
P: Wide range temperature version
A: Low-speed clock oscillation stop detection reset is selectable to disable always (See chapter3 and chapter4 in

the user’s manual for more detail).
C: EMS tolerance improved version/Hardware-inactive Low-speed clock oscillation stop detection reset (See
chapter3 and chapter4 in the user’s manual for more detail)

WA: Chip
TB: TQFP

e Guaranteed operating range
— Operating temperature: —20°C to +70°C (P version: —40°C to +85°C)
— Operating voltage: Vpp = 1.1V to 3.6V, AVpp = 2.2V to 3.6V
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1.2

121

Configuration of Functional Blocks

Block Diagram of ML610Q411/ML610Q415

"*"" indicates the secondary or tertiary function of each port.
"*" indicates ML610Q415 does not have the crystal oscillation.

CPU (nX-U8/100)

EPSW1 3| | Greg | |_ELRL 3 | |ECsR1 3|
PSW 015 || R | |DSRCsR |
Timing ALU | EA | | PC |
Controller A | Sp | Program
BUS Memory
- Instruction Instruction Controller (Flash) Vee
On-Chip Decoder Register 16Kbyte
ICE
\\ﬁDD Data-bus INT
SS
7—7|7 (e SCKO*
RAM SSIO | SINO*
RESET_N— RESET & 1024byte > SOUTO*
TEST—| TEST
Interrupt
G— [ R XDO*
UART
XTO* Controller TXDO*
XT1#* +——
OSCO* —> 0scC
LSCLK* +— rc [ osba
OUTCLK* +— > SCL
VoL «—
Vppx +— Power PWM ey P\N/ M O*
1kHzTC
INO* —>] _iF 1
CSO: «— Buzzer | B70*
RCTO Capture
RSO* +— =<2
RTO* «—— RC-ADC
RCM* +—— <2 5 { [ NMI
IN1* — - | q—
CS1* +— 8bit Timer 528 :8 II;EL)::E
RS1* «— x4 -—
RT1* «— GPIO e P20 to P22
AVpp > (== P30 to P35
AVss > P40 to P47
s > PAQ to PA7
Veer 12bit-ADC
| -
AINO, AINY == LCD = COMO to COM3
Driver === SFG0 to SEG35
Display
BLD registt_ar  G— | LCD ey V11, V2, Vi3
144bit BIAS e C1, C2

Figure 1-1 Block Diagram of ML610Q411/ML610Q415
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1.2.2 Block Diagram of ML610Q412

"*"" indicates the secondary or tertiary function of each port.

CPU (nX-U8/100)
EPSW1 3 GREG | | _ELR1L 3 | [ECSRL 3|
PSW 015 || R | |DSRICSR |
Timing ALU | EA | | PC |
Controller A | Sp | Program
BUS Memory
- Instruction Instruction Controller (Flash) Vee
On-Chip Decoder Register 16Kbyte
ICE
\\//DD Data-bus INT
SS
7—7|7 [e=> SCKO*
RAM SSIO [ S| \|O*
RESET_N— RESET & 1024byte p— SOUTO*

TEST—> TEST

Interrupt
Controller

UART [ RXDO*

XTO—> e TXDO*
XT1
OSCO* —> osc
* 4—oH 12c (> SDA*

OUTCLK: +— > scl

VoL «—

Vibpx «— Power PWM - P\\/MIO*

1kHzTC
INO* —] 1

CS0* + ]

RCTO*
p—

*
RS0 e anc

RCM* +— <2

Melody  jmmp MDO*
Capture

><2

— NMI

Clg%: : 8bit Timer (e P00 to PO3
RS1* +— =<4 = P10 to P11
RT1* +— GPIO s P20 to P22
AVpp —— o= P30 to P35
AVss—”'r *=> P40 to P47
VREF —>

12bit-ADC

AINO, AINL =—b] LCD =+ COMO to COM3

Driver

™ SEGO to SEG43

Display
register
176bit

BLD LCD ey /11, V2, Vi3

(C—— BAS e C1, C2

Figure 1-2 Block Diagram of ML610Q412




ML610Q411/ML610Q412/ML610Q415 User’s Manual
Chapter 1 Overview

1.3 Pins
1.3.1 Pin Layout
1.3.1.1 Pin Layout of ML610Q411/ML610Q415 120pin TQFP Package

ggg:g'ﬁgﬁﬁﬂamwwomwmmﬁoo“”\‘m
[CRCRCRCRTRCRORURORORORURURURURURURURURORU =N,
- W 0000w oO000 1 3 1N -I
n ?ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬂﬁﬁ(H)ﬁ =
§ 2855833838 RRERRRNREBBLE838S3
SEG21 LT (91 60 | [T (NC)
SEG22 T |92 59 | [T (NC)
SEG23 1| |93 58 | [T (NC)
SEG24 T 1T | |94 57 | [CT—3(NC)
SEG25 11|95 56 | [—T—3 (NC)
SEG26 T |9 55 | [T (NC)
SEG27 11|97 54 | —1—3 (NC)
SEG28 11|98 53 | ——1(NC)
SEG29 T 1|99 52 | —T— (NC)
SEG30 1] | 100 51 | 13 (NC)
SEG31 T ]| 101 50 | [T (NC)
SEG32 1| 102 49 | —T—(NC)
SEG33 1T | 103 48 | [T—1(NC)
SEG34 T || 104 47 | = VvSsS
SEG35 T || 105 46 | [ T1VDD
PAQ T | 106 45 | —T—1VSS
PA1 1| 107 44 | —T—1PO3
PA2 T | 108 43 | [CT—1P0O2
PA3 T | 109 42 | [CT—1PO1
PA4 T | 110 41 | [CT—1P00
PA5 T | 111 40 | T—INMI
pAG T || 112 39 | [T P11
pA7 T | 113 38 | [T—1P10
(NC) —— | 114 37 | T (NC)
(NC) 1| | 115 36 | [T AINL
(NC) —1—{| 116 35 | —T—1AINO
(NC) 1| 117 34 | T (NC)
(NC)——] | 118 33 | T (NC)
(NC) | 119 32 | = (NC)
(NC)—1— (120 31} =T (NC)
~N 00O OdNMITWMmON~0O O
R e L F R T
>S>00000- D.&D.D.&D.D.&D.D.&D.Lu>ﬂ>g><><>ﬂf>
L 7> > <>«
0
o

(NC): No Connection

Note:
The assignment of the P30 to P35 are not in order.

Figure 1-3 Pin Layout of ML610Q411/ML610Q415 Package
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1.3.1.2 Pin Layout of ML610Q412 120pin TQFP Package

ggg:g'ﬁggﬁﬂgmwr\@mwmw-—ioo“'”m
IORURCRCRTRURCRORCRORURURURCRURURURURORORU =N
- DWW WUy UUouuwoOO000 13 0N -I
m ?ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬂﬁﬁﬁﬁ =
8885883888 RRRRRRRNRRBBL883888
SEG21 T (91 60 | T3 (NC)
SEG22 1|92 59 | [_T_J(NC)
SEG23 T |93 58 | [T (NC)
SEG24 T | |94 57 | T3 (NC)
SEG25 11|95 56 [ I3 (NC)
SEG26 [T |96 55 | [T (NC)
SEG27 1|97 54 | 1 (NC)
SEG28 [T 1|98 53 | =T (NC)
SEG29 11|99 52 | —1—1 (NC)
SEG30 T | 100 51 | [ (NC)
SEG31 T | 101 50 | T (NC)
SEG32 1| 102 49 | =—(NC)
SEG33 1T | 103 48 | [T (NC)
SEG34 [T || 104 47 | =T—1VSS
SEG35 [T | 105 46 | T 1T—1VDD
SEG43 [T | 106 45 | [T1VSS
SEG42 LT | 107 44 | —T—1PO3
SEG41 T || 108 43 | [T P02
SEG40 1] | 109 42 | —T—1PO1
SEG39 T | 110 41 | [CT—IP00
SEG38 T || 111 40 | —T—INMI
SEG37 1| 112 39 | T P11
SEG36 T || 113 38 | —T—1P10
(NC) —— | 114 37 | = (NC)
(NC) T | 115 36 | [T AIN1
(NC) 11| 116 35 [ [—T—1AINO
(NC) 1| 117 34 [ [T (NC)
(NC)—— | 118 33 | [T (NC)
(NC)C—{| 119 32 | [CT—J(NC)
(NC) —— (120 3L} =T (NC)

120p|n — N M n O ~0,

VPP [T
VSS T}
P20 T
P21 1T
P22 1T
P40 T
P41 1T

RESET_N 1]

P42 T |
P43 T 1|10
P44 T |11
P45 1T 1|12
P46 T 1|13
P47 1|14
P30 11|15
P31 T 1|16
P34 1|17
P32 1|18
P33 T |19
P35 11|20
TEST 1|21
VDD T 1|22
vDDL 1|23
VSS T 1|24
VDDX T |25
XT1 —T—1|26
XTO 1|27
AVSS T |28
VREF T |29
AVDD T 30

(NC): No Connection

Note:
The assignment of the P30 to P35 are not in order.

Figure 1-4 Pin Layout of ML610Q412 Package
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1.3.1.3 Pin Layout of ML610Q411/ML610Q415 Chip

OOOMNOULTMNTO O™
N —DONOOTONT—O
GOOOOOOOOOOOOO0OOOOOOO2=222_m
L L L L) L LU L L L L L L LU L L L L L i i il Q O O O i J v oy
NDNDNNNNNDNNDNNNNNDNNNNNNOOOO>>>00
COOMNOUTOANTTONOMNOWTONTODNONOLUOTMON T
YOOV MNMNMNMNNMNNMNMMNMNNOOOOOOOOO
OOoOo0OoO00O000Oo0000000OooOOoOoooooooon *
SEG21 91 o
SEG22 92 | O
SEG23 93 | O
SEG24 94 | O
SEG25 95 | O
SEG26 96 | O m} 47 VSS
SEG27 97 | O m} 46 VDD
SEG28 98 | O m] 45 VSS
SEG29 99 | O m] 44 P03
SEG30 100 | O (m} 43 P02
SEG31 101 | O o| 42 P01 2.636mm
SEG32 102 | O m} 41 P00
SEG33 103 | O o | 40 NMI
SEG34 104 | O ol 39 Pi1
SEG35 105 O o 38 P10
PAO 106 | O 37 (NC)
PA1 107 | O a 36 AIN1
PA2 108 | O o 35 AINO
PA3 109 | O
PA4 110 | O
PA5 111 | O
PA6 112 | O
PA7 113 ]| O
* | m
DOoOoO0O00O00O00000O0O000O0OOO0OOOOmOOOn v
—NOTOON 0o 2TNOTOORLOIININEE NES
LNOT-NO—ZANMINONOT—TANNWVFAJINXT~ ONLLA
Lo BaassanLonesR0Rosk Lolg
L S ><
L
o
<4 2.836mm >
* Dummy pad

Note: These dummy pads are visible and do have any function, they are placed for a mechanical evaluation in LAPIS
semiconductor. Please do NOT implement wire-bonding to the dummy pad.
Note:

The assignment of the P30 to P35 are not in order.

Chip size: 2.836mm x 2.636mm
PAD count: 95 pins

Minimum PAD pitch: 80 um

PAD aperture: 70 um x 70 um

Chip thickness: 350 um

Voltage of the rear side of chip: Vgs level

Figure 1-5 Dimensions of ML610Q411/ML610Q415 Chip
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1.3.14 Pin Layout of ML610Q412 Chip

OCOOMNOUTTONTO oM
N+~ MNONOWOTOHONT~O
OOOOOOOOOOOOO0OOOOOOOOSZ=22_x
LU LU L L L L L L L L L L L L L L L i il Q QO O 1 J v oy
NNNNNNNNNNNNNNNNDNNNNNOOLO>>>00
OOOXONOUTOANTOOOMNOUOTONTONONOOTMN
OYCO 0 OMWWWMWOMNMNMNMNNMNNMMNMNNNOOOOOOOOO
000000000 000000000000O0O0O0OO0OO0OO V'S
SEG21 91 | O
SEG22 92 | O
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SEG32 102 ] O o | 41 P00
SEG33 103 | O o | 40 NMI
SEG34 104 | O o] 39 P
SEG35 105 | O o] 38 P10
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< 2.836mm >
* Dummy pad

Note: These dummy pads are visible and do have any function, they are placed for a mechanical evaluation in LAPIS
semiconductor. Please do NOT implement wire-bonding to the dummy pad.
Note:

The assignment of the P30 to P35 are not in order.

Chip size: 2.836mm x 2.636mm
PAD count: 95 pins

Minimum PAD pitch: 80 um

PAD aperture: 70 um x 70 um

Chip thickness: 350 um

Voltage of the rear side of chip: Vs level

Figure 1-6 Dimensions of ML610Q412 Chip
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1.3.1.5 Pad Coordinates of ML610Q411/ML610Q415 Chip

Table 1-1 Pad Coordinates of ML610Q411/ML610Q415
Chip Center: X=0,Y=0

No. Name X(um) | Y(um) No. Name X(um) | Y(um) No. Name X(um) | Y(um)
1 VPP -1230 | -1212 51 (NO) - - 101 SEG31 -1312 160
2 VSS -1150 | -1212 52 (NC) - - 102 SEG32 -1312 80
3 P20 -1070 | -1212 53 (NO) - - 103 SEG33 -1312 0
4 p21 -990 -1212 54 (NC) - - 104 SEG34 -1312 -80
5 P22 910 | -1212 55 (\NC) - - 105 SEG35 | -1312 | -160
6 P40 -830 | -1212 56 (NC) - - 106 PAO -1312 | -240
7 P41 750 | -1212 57 (\NC) - - 107 PA1 -1312 | -320
8 RESET N -670 -1212 58 (NC) - - 108 PA2 -1312 -400
9 P42 -590 | -1212 59 (NO) - - 109 PA3 -1312 | -480
10 P43 -510 -1212 60 (NC) - - 110 PA4 -1312 -560
11 P44 -430 -1212 61 C2 1220 1212 111 PA5 -1312 -640
12 P45 -350 -1212 62 Cl 1140 1212 112 PA6 -1312 -720
13 P46 -270 | -1212 63 VL3 1060 | 1212 113 PA7 -1312 | -800
14 Pa7 -190 -1212 64 VL2 980 1212 114 (NO) - -
15 P30 -110 -1212 65 VL1 900 1212 115 (NO) - -
16 P31 -30 -1212 66 COM3 820 1212 116 (NC) - -
17 P34 50 -1212 67 Com2 740 1212 117 (NO) - -
18 P32 130 -1212 68 Ccom1 660 1212 118 (NO) - -
19 P33 210 | -1212 69 COMO 580 [ 1212 119 (NC) - -
20 P35 290 -1212 70 SEGO 500 1212 120 (NO) - -
21 TEST 370 -1212 71 SEG1 420 1212
22 VDD 450 -1212 72 SEG2 340 1212
23 VDDL 530 -1212 73 SEG3 260 1212
24 VSS 610 -1212 74 SEG4 180 1212
25 VDDX 690 -1212 75 SEG5 100 1212
26 XT1 770 -1212 76 SEG6 20 1212
27 XTO 930 -1212 77 SEG7 -60 1212
28 AVSS 1030 | -1212 78 SEG8 -140 1212
29 VREF 1110 | -1212 79 SEG9 -220 1212
30 AVDD 1190 | -1212 80 SEG10 -300 1212
31 (NO) - - 81 SEG11 -380 1212
32 (\NC) - - 82 SEG12 -460 | 1212
33 (NO) - - 83 SEG13 -540 1212
34 (\NC) - - 84 SEG14 620 | 1212
35 AINO 1312 -522 85 SEG15 -700 1212
36 AIN1 1312 -350 86 SEG16 -780 1212
37 (NO) - - 87 SEG17 -860 1212
38 P10 1312 -210 88 SEG18 -940 1212
39 P11 1312 -130 89 SEG19 -1020 | 1212
40 NMI 1312 -50 90 SEG20 -1100 1212
41 P00 1312 30 91 SEG21 -1312 960
42 P01 1312 110 92 SEG22 -1312 880
43 P02 1312 190 93 SEG23 -1312 800
44 P03 1312 270 94 SEG24 -1312 720
45 VSS 1312 350 95 SEG25 -1312 640
46 VDD 1312 430 96 SEG26 -1312 560
47 VSS 1312 510 97 SEG27 -1312 480
48 (NC) - - 98 SEG28 -1312 400
49 (NO) - - 99 SEG29 -1312 320
50 (NC) - - 100 SEG30 -1312 240
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1.3.1.6 Pad Coordinates of ML610Q412 Chip

Table 1-2 Pad Coordinates of ML610Q412
Chip Center: X=0,Y=0

No. Name X(um) | Y(um) No. Name X(um) | Y(um) No. Name X(um) | Y(um)
1 VPP -1230 | -1212 51 (NO) - - 101 SEG31 -1312 160
2 VSS -1150 | -1212 52 (NC) - - 102 SEG32 -1312 80
3 P20 -1070 | -1212 53 (NO) - - 103 SEG33 -1312 0
4 p21 -990 -1212 54 (NC) - - 104 SEG34 -1312 -80
5 P22 910 | -1212 55 (\NC) - - 105 SEG35 | -1312 | -160
6 P40 -830 | -1212 56 (NC) - - 106 SEG43 -1312 | -240
7 P41 750 | -1212 57 (\NC) - - 107 SEG42 | -18312 | -320
8 RESET N -670 -1212 58 (NC) - - 108 SEG41 -1312 -400
9 P42 -590 | -1212 59 (NO) - - 109 SEG40 -1312 | -480
10 P43 510 | -1212 60 (\NC) - - 110 SEG39 -1312 | -560
11 P44 -430 -1212 61 C2 1220 1212 111 SEG38 -1312 -640
12 P45 -350 -1212 62 Cl 1140 1212 112 SEG37 -1312 -720
13 P46 -270 | -1212 63 VL3 1060 | 1212 113 SEG36 -1312 | -800
14 Pa7 -190 -1212 64 VL2 980 1212 114 (NO) - -
15 P30 -110 -1212 65 VL1 900 1212 115 (NO) - -
16 P31 -30 -1212 66 COM3 820 1212 116 (NC) - -
17 P34 50 -1212 67 Com2 740 1212 117 (NO) - -
18 P32 130 -1212 68 Ccom1 660 1212 118 (NO) - -
19 P33 210 | -1212 69 COMO 580 [ 1212 119 (NC) - -
20 P35 290 -1212 70 SEGO 500 1212 120 (NO) - -
21 TEST 370 -1212 71 SEG1 420 1212
22 VDD 450 -1212 72 SEG2 340 1212
23 VDDL 530 -1212 73 SEG3 260 1212
24 VSS 610 -1212 74 SEG4 180 1212
25 VDDX 690 -1212 75 SEG5 100 1212
26 XT1 770 -1212 76 SEG6 20 1212
27 XTO 930 -1212 77 SEG7 -60 1212
28 AVSS 1030 | -1212 78 SEG8 -140 1212
29 VREF 1110 | -1212 79 SEG9 -220 1212
30 AVDD 1190 | -1212 80 SEG10 -300 1212
31 (NO) - - 81 SEG11 -380 1212
32 (\NC) - - 82 SEG12 -460 | 1212
33 (NO) - - 83 SEG13 -540 1212
34 (\NC) - - 84 SEG14 620 | 1212
35 AINO 1312 -522 85 SEG15 -700 1212
36 AIN1 1312 -350 86 SEG16 -780 1212
37 (NO) - - 87 SEG17 -860 1212
38 P10 1312 -210 88 SEG18 -940 1212
39 P11 1312 -130 89 SEG19 -1020 | 1212
40 NMI 1312 -50 90 SEG20 -1100 1212
41 P00 1312 30 91 SEG21 -1312 960
42 P01 1312 110 92 SEG22 -1312 880
43 P02 1312 190 93 SEG23 -1312 800
44 P03 1312 270 94 SEG24 -1312 720
45 VSS 1312 350 95 SEG25 -1312 640
46 VDD 1312 430 96 SEG26 -1312 560
47 VSS 1312 510 97 SEG27 -1312 480
48 (NC) - - 98 SEG28 -1312 400
49 (NO) - - 99 SEG29 -1312 320
50 (NC) - - 100 SEG30 -1312 240




ML610Q411/ML610Q412/ML610Q415 User’s Manual

Chapter 1 Overview

1.3.2 List of Pins
PAD Primary function Secondary function Tertiary function
No. Pin name 1/0 Function Pin name 1/0 Function Pin name 1/0 Function
2
' \Y — | Negative power supply pin — — — _ _ _
24,4547 ss g p pply p
22, 46 Voo — | Positive power supply pin — — — — — —
Power supply pin for
23 VoL — |internal logic (internally — — — — — —
generated)
Power supply pin for
25 Vbpx — | low-speed oscillation — — — _ _ _
(internally generated)
1 v Power supply pin for Flash
PP ~ |ROM _ _ _ _ _ _
Negative power supply pin
28 AVss — | for successive — — — — — —
approximation type ADC
Positive power supply pin
30 AVpp — | for successive — — — — _ _
approximation type ADC
65 v Power supply pin for LCD
L | bias (internally generated) _ _ _ _ _ _
64 v Power supply pin for LCD
L2 | bias (internally generated) _ _ _ _ _ _
63 v Power supply pin for LCD
L3 | bias (internally generated) _ _ _ _ _ _
Capacitor connection pin
62 Cl " |for LCD bias generation T T T T T T
Capacitor connection pin
61 c2 ~|for LCD bias generation _ _ _ _ _ _
21 TEST 1/0 | Input/output pin for testing — — — _ _ _
8 RESET_N | Reset input pin — — — _ _ _
97 XTO() | IF;i(:]w-speed clock oscillation| - o o - - -
2 XTl(*3) o IF_)ic;w-speed clock oscillation| . . . . . .
Reference power supply
29 Vrer — | pin for successive — — — — — _
approximation type ADC
Successive approximation
36 AINO ! type ADC input - - T - - -
Successive approximation
37 AINT ! type ADC input B T B B B B
40 NMI | Non-maskable interrupt pin — — — — _ _
a1 POO/EXI0/ | Input port, External . o
CAPO interrupt 0, Capture 0 input - _ o o
4 PO1/EXI1/ | Input port, External . o
CAP1 interrupt 1, Capture 1 input - _ o o
43 PO2/EXI12/ | Input port, External - o
RXDO interrupt 2, UARTO receive - _ T T
Input port, External
44 PO3/EXI3 | interrupt 3 — — — — — —
38 P10 | Input port OSCO | External clock — — —
39 P11 | Input port — — — _ _ —
Low- d clock
3 P20/LEDO O | Output port LSCLK (0] ow-speed cloc — — —
output
High-speed clock
4 P21LED1 O | Output port OUTCLK output —_ —_ —
5 P22/LED2 O |Output port MDO Melody output — — —
15 P30 1/0 | Input/output port INO I RC type ADCO — — —
1-13
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PAD Primary function Secondary function Tertiary function
No. Pin name 1/0 Function Pin name 1/0 Function Pin name 1/0 Function
oscillation input pin
RC type ADCO
16 P31 I/0 | Input/output port Cso ) reference capacitor — — —
connection pin
RC type ADCO
17 P34 110 | Inputioutput port RCTO 0 ;eesr:zfrrg;anpna;;g . PWMO | O PWM output
pin
RC type ADCO
18 P32 I/0 | Input/output port RSO O |reference resistor - — —
connection pin
RC type ADCO
19 P33 1/0 | Input/output port RTO (0] resistor sensor — — _
connection pin
20 P35 110 | Inputioutput port RCM 0 S;ﬁ';;:%m or _ _ _
6 P40 1/0 | Input/output port SDA 110 I°C data input/output SINO | SSIO data input
7 P41 /O | Inputioutput port scL 1o | 1’C clock inputioutput]  scko | 1o fli'cck) synchronous
9 P42 1/0 | Input/output port RXDO | UART data input SOUTO | SSIO data output
10 P43 1/0 | Input/output port TXDO (0] UART data output PWMO (0] PWM output
Input/output port, Timer
11 P44/;22P0 110 OI'FI)'imgr 2p/PV$M0 external IN1 | Ssiitllyartjt%:ﬁ](;it pin SINO | SSIOO0 data input
clock input
12 | PATPL S ;r;gtjr:glrﬂs?:ifeorrrfanﬂi cs1 0 Sa?e?gr)\i: Sa(l:a:;citor scko | o |SSIO0synchronous
CK input connection pin clock
RC type ADC1
13 P46 1/0 | Input/output port RS1 (0] reference resistor SOUTO (0] SSIO0 data output
connection pin
RC type ADC1
14 P47 1/0 | Input/output port RT1 (0] resistor sensor — — _
connection pin
106 PAO(*") I/0 | Input/output port — — — _ _ _
SEG43(*3) | O | LCD segment pin — — — _ _ _
107 PAL(*) I/0 | Input/output port — — — _ _ _
SEG42(*3) | O | LCD segment pin — — — _ _ _
108 PA2(*") I/0 | Input/output port — — — _ _ _
SEG41(*3) | O | LCD segment pin — — — _ _ _
109 PA3(*") 110 | Input/output port — — — _ _ _
SEG40(*3) | O | LCD segment pin — — — _ _ _
110 PA4() I/0 | Input/output port — — — _ _ _
SEG39(*3) | O | LCD segment pin — — — _ _ _
11 PA5(*") I/0 | Input/output port — — — _ _ _
SEG38(*3) | O | LCD segment pin — — — _ _ _
110 PA6(*Y) | /O | Input/output port — — _ _ _ —
SEG37(*) | O | LCD segment pin — — — _ _ _
113 PA7(*) I/0 | Input/output port — — — _ _ _
SEG36(*3) | O | LCD segment pin — — — _ _ _
69 COMO O |LCD common pin — — — — _ _
68 COM1 O |LCD common pin — — — — _ _
67 COM2 O |LCD common pin — — — — _ _
66 COM3 O |LCD common pin — — — — _ _
70 SEGO O |LCD segment pin — — — — — _
71 SEG1 O |LCD segment pin — — — — _ _
72 SEG2 O |LCD segment pin — — — — — _
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PAD Primary function Secondary function Tertiary function
No. Pin name 1/0 Function Pin name 1/0 Function Pin name 1/10 Function
73 SEG3 O |LCD segment pin — — — — — _
74 SEG4 O |LCD segment pin — — _ _ _ .
75 SEG5 O |LCD segment pin — — — — — _
76 SEG6 O |LCD segment pin — — — — _ _
77 SEG7 O |LCD segment pin — — — — — _
78 SEGS8 O |LCD segment pin — — — — _ _
79 SEG9 O |LCD segment pin — — — — — _
80 SEG10 O |LCD segment pin — — — — _ _
81 SEG11 O |LCD segment pin — — — — _ _
82 SEG12 O |LCD segment pin — — — — _ _
83 SEG13 O |LCD segment pin — — — — _ _
84 SEG14 O |LCD segment pin — — — — _ _
85 SEG15 O |LCD segment pin — — — — _ _
86 SEG16 O |LCD segment pin — — — — _ _
87 SEG17 O |LCD segment pin — — — — _ _
88 SEG18 O |LCD segment pin — — — — _ _
89 SEG19 O |LCD segment pin — — — — _ _
90 SEG20 O |LCD segment pin — — — — _ _
91 SEG21 O |LCD segment pin — — — — _ _
92 SEG22 O |LCD segment pin — — — — _ _
93 SEG23 O |LCD segment pin — — — — _ _
94 SEG24 O |LCD segment pin — — — — _ _
95 SEG25 O |LCD segment pin — — — — _ _
96 SEG26 O |LCD segment pin — — — — _ _
97 SEG27 O |LCD segment pin — — — — _ _
98 SEG28 O |LCD segment pin — — — — _ _
99 SEG29 O |LCD segment pin — — — — _ _
100 SEG30 O |LCD segment pin — — — — _ _
101 SEG31 O |LCD segment pin — — — — _ _
102 SEG32 O |LCD segment pin — — — — _ _
103 SEG33 O |LCD segment pin — — — — _ _
104 SEG34 O |LCD segment pin — — — — _ _
105 SEG35 O |LCD segment pin — — — — _ _

(1Y Pins on ML610Q411 and ML610Q415.

(*2) Pins on ML610Q412.
(*) ML610Q415 does not have the low-speed crystal oscillation function, but XTO pin must be tied to Vss.
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1.3.3 Description of Pins
Primary/
Pin name | /O Description Secondary/| Logic
Tertiary
System
RESET_N | | Reset input pin. When this pin is set to a “L” level, system reset mode is — Negative
set and the internal section is initialized. When this pin is set to a “H” level
subsequently, program execution starts. A pull-up resistor is internally
connected.
XTO | | Crystal connection pin for low-speed clock. — —
XT1 o |A 32.768 kHz crystal oscillator (see measuring circuit 1) is connected to
this pin. Capacitors CDL and CGL are connected across this pin and Vsg
as required. ML610Q415 does not have the crystal oscillation function, but - -
connect XTO to VSS and non-connect XT1 on ML610Q415.
0SCo | | High-speed external clock input pin. This pin is used as the secondary Secondary —
function of the P10.
LSCLK O | Low-speed clock output pin. This pin is used as the secondary function of | Secondary —
the P20 pin.
OUTCLK O | High-speed clock output pin. This pin is used as the secondary function of | Secondary —
the P21 pin.
General-purpose input port
P00-P0O3 | | General-purpose input port. Primary | Positive
Since these pins have secondary functions, the pins cannot be used as a
port when the secondary functions are used.
P10-P11 | | General-purpose input port. Primary Positive
Since these pins have secondary functions, the pins cannot be used as a
port when the secondary functions are used.
General-purpose output port
P20-P22 O | General-purpose output port. Primary Positive
Since these pins have secondary functions, the pins cannot be used as a
port when the secondary functions are used.
General-purpose input/output port
P30-P35 1/0 | General-purpose input/output port. Primary Positive
Since these pins have secondary functions, the pins cannot be used as a
port when the secondary functions are used.
P40-P47 1/0 | General-purpose input/output port. Primary Positive
Since these pins have secondary functions, the pins cannot be used as a
port when the secondary functions are used.
PAO-PA7 1/0 | General-purpose input/output port. Primary Positive

These pins are for the ML610Q411 and ML610Q415, but are not provided

in the ML610Q412.




ML610Q411/ML610Q412/ML610Q415 User’s Manual
Chapter 1 Overview

Pin name | I/O Description Primary/ Logic
Secondary/
Tertiary
UART
TXDO O | UART data output pin. This pin is used as the secondary function of the Secondary | Positive
P43 pin.
RXDO | | UART data input pin. This pin is used as the secondary function of the Primary/Se | Positive
P42 or the primary function of the P02 pin. condary
I°C bus interface
SDA I/0 | I°C data input/output pin. This pin is used as the secondary function of the Secondary | Positive
P40 pin. This pin has an NMOS open drain output. When using this pin as
a function of the 1°C, externally connect a pull-up resistor.
SCL O |I°C clock output pin. This pin is used as the secondary function of the P41 | Secondary | Positive
pin. This pin has an NMOS open drain output. When using this pin as a
function of the 1°C, externally connect a pull-up resistor.
Synchronous serial (SSIO)
SCKO 1/0 | Synchronous serial clock input/output pin. This pin is used as the tertiary Tertiary —
function of the P41 or P45 pin.
SINO | | Synchronous serial data input pin. This pin is used as the tertiary function Tertiary Positive
of the P40 or P44 pin.
SOUTO O | Synchronous serial data output pin. This pin is used as the tertiary Tertiary | Positive
function of the P42 or P46 pin.
PWM
PWMO O | PWMO output pin. This pin is used as the tertiary function of the P43 or Tertiary Positive
P34 pin.
TO2P0OCK O |PWMO external clock input pin. This pin is used as the primary function of Primary —
the P44 pin.
External interrupt
NMI | | External non-maskable interrupt input pin. An interrupt is generated on Primary | Positive/
both edges. negative
EXIO-3 | | External maskable interrupt input pins. Interrupt enable and edge selection | Primary | Positive/
can be performed for each bit by software. These pins are used as the negative
primary functions of the PO0-P03 pins.
Capture
CAPO | | Capture trigger input pins. The value of the time base counter is captured Primary | Positive/
in the register synchronously with the interrupt edge selected by software. negative
CAP1 | | These pins are used as the primary functions of the POO pin(CAPO) and Primary | Positive/
P01 pin(CAP1). negative
Timer
TO2P0OCK | | External clock input pin used for both Timer 0 and Timer 2. The clocks for Primary
these timers are selected by software. This pin is used as the primary —
function of the P44 pin.
T13P1CK | | External clock input pin used for both Timer 1 and Timer 3. The clocks for Primary
these timers are selected by software. This pin is used as the primary —
function of the P45 pin.
Buzzer
Bz0 O | Buzzer signal output pin. This pin is used as the secondary function of the | Secondary | Positive/
P22 pin. negative
LED drive
LEDO-2 O | Nch open drain output pins to drive LED. Primary | Positive/
negative
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Primary/
Pin name | I/O Description Secondary/| Logic
Tertiary
RC oscillation type A/D converter

INO I | Channel 0 oscillation input pin. This pin is used as the secondary function | Secondary
of the P30 pin.

CSo O | Channel O reference capacitor connection pin. This pin is used as the Secondary
secondary function of the P31 pin.

RCTO O |Resistor/capacitor sensor connection pin of Channel 0 for measurement. | Secondary
This pin is used as the secondary function of the P33 pin.

RSO O | This pin is used as the secondary function of the P32 pin which is the Secondary
reference resistor connection pin of Channel 0.

RTO O |Resistor sensor connection pin of Channel 0 for measurement. This pin is | Secondary
used as the secondary function of the P34 pin.

RCM O | RC oscillation monitor pin. This pin is used as the secondary function of Secondary
the P35 pin.

IN1 | | Oscillation input pin of Channel 1. This pin is used as the secondary Secondary
function of the P44 pin.

CSs1 O | Reference capacitor connection pin of Channel 1. This pin is used as the | Secondary
secondary function of the P45 pin.

RS1 O | Reference resistor connection pin of Channel 1. This pin is used as the Secondary
secondary function of the P46 pin.

RT1 O | Resistor sensor connection pin for measurement of Channel 1. This pinis | Secondary

used as the secondary function of the P47 pin.

Successive approximation type A/D converter

AVss — | Negative power supply pin for successive approximation type A/D — —
converter.

AVpp — | Positive power supply pin for successive approximation type A/D — —
converter.

VRer — | Reference power supply pin for successive approximation type A/D — —
converter.

AINO I | Channel 0 analog input for successive approximation type A/D converter. — —

AIN1 | | Channel 1 analog input for successive approximation type A/D converter. — —

LCD drive signal

COMO0-3 O | Common output pins. _ —

SEGO0-35 O | Segment output pins. _ —

SEG36-43 O | Segment output pin. These pins are for the ML610Q412, but are not — —
provided in the ML610Q411 and ML610Q415.

LCD driver power supply

Vi1 — | Power supply pins for LCD bias (internally generated). Capacitors Ca, Cb, — —
Vi, __ | and Cc (see measuring circuit 1) are connected between Vss and V1, V5, _ _
Vi —_ | and V3, respectively. — —
C1l — | Power supply pins for LCD bias (internally generated). Capacitors C12 is — —
c2 __ | connected between C1 and C2. _ _
For testing
TEST | 1/0 | Input/output pin for testing. A pull-down resistor is internally connected. — —
Power supply
Vss — | Negative power supply pin. _ —
Vb — | Positive power supply pin for I/O, internal regulator, battery low detector, — —
and power-on reset.
VppL — | Positive power supply pin (internally generated) for internal logic. — —

Capacitors CLO and CL1 (see measuring circuit 1) are connected between
this pin and Vss.

Vopx — | Positive power supply pin (internally generated) for low-speed oscillation. — —
When using ML610Q411 and ML610Q412, connect capacitor Cx (see
measuring circuit 1) between this pin and Vss. Connect this pin to Vss
directly when using ML610Q415.

1-18
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Primary/
Pin name | I/O Description Secondary/| Logic
Tertiary

Vpp — | Power supply pin for programming Flash ROM. A pull-down resistor is — —
internally connected.
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1.3.4 Termination of Unused Pins

Table 1-3 shows methods of terminating the unused pins.

Table 1-3 Termination of Unused Pins

Pin Recommended pin termination
Vpp Open
AVpp Vss
AVss Vss
Vppx Vss (ML610Q415)
VRer Vss
XTO Vss (ML610Q415)
XT1 Open(ML610Q415)
AINO, AIN1 Open
Vi1, Vio, Vis Open
C1, C2 Open
RESET_N Open
TEST Open
NMI Open
P00 to P03 Vpp Of Vss
P10 to P11 Vpp
P20 to P22 Open
P30 to P35 Open
P40 to P47 Open
PAO to PA7 Open
COMO to 3 Open
SEGO to 43 Open

Note:

It is recommended to set the unused input ports and input/output ports to the inputs with pull-down resistors/pull-up
resistors or the output mode since the supply current may become excessively large if the pins are left open in the high

impedance input setting.
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2. CPU and Memory Space

2.1 Overview

This LSl includes LAPIS Semiconductor’s original 8-bit CPU nX-U8/100 and the memory model is “SMALL model” .
For details of the CPU nX-U8/100, see “nX-U8/100 Core Instruction Manual”.

2.2 Program Memory Space

The program memory space is used to store program codes, table data (ROM window), or vector tables.

The program codes have a length of 16 bits and are specified by a 16-bit program counter (PC).

The ROM window area data has a length of 8 bits and can be used as table data.

The vector table, which has 16-bit long data, can be used as reset vectors, hardware interrupt vectors, and software
interrupt vectors.

The program memory space consists of 1 segments and has 16-Kbyte (8-Kword) capacity.

Figure 2-1 shows the configuration of the program memory space.

CSR:PC Segment0
0:0000H | Vector Table Area or
Program Code or
0:00FFH ROM Window Area
0:0100H
Program Code
or
ROM Window Area
0:03CO0H
0:03BFFH Test Data Area
0:03CO0H Write-able
0:03DFFH
0:03E00H
Test Data Area
Test Data Area
Non Write-able
0:03FFFH 0:03FFFH
8hit 8hit

Figure 2-1 Configuration of Program Memory Space

Notes:

— Since test program data is stored in the 1024Byte (512Word) test data area (0:03C00H to 0:03FFFH) of Segment 0,
this area cannot be used as a program code area.

— The address “0: 03CO0H to 0: 03DFFH” in the test area is write-able and erase-able. Fill the area with “OFFH”. If
data in the area is uncertain or other data (i.e. not OFFH), operating with the code can not be guranteed.

— Set “OFFH” data (BRK instruction) in the unused area of the program memory space.
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2.3 Data Memory Space

The data memory space of this LS| consists of the ROM window area, 1IKByte RAM area and SFR area of Segment 0
and the ROM reference areas of the Segment 1 and Segment 8.

The data memory stores 8-bit data and is specified by 20 bits consisting of higher 4 bits as DSR and lower 16 hits as
addressing specified by each instruction.

Figure 2-2 shows the configuration of the data memory space.

DSR: Data
DSR: Data address Segment 0 address Segment 8
0:0000H 8:0000H
ROM Window ROM Reference
Area Area
0:03E00H Non Access-able 8:03E00H Non Access-able
0:03FFFH Area 8:03FFFH Area
Unused Area
Unused Area
0:0DFFFH
0:0E000H RAM Area
0:0E3FFH 1KByte
0:0E400H Unused Area
0:0FO00H
SFR Area
0:0FFFFH 8:0FFFFH
8hit 8hit

Figure 2-2 Configuration of Data Memory Space

Notes:
— The contents of the 1-Kbyte RAM area are undefined at system reset.  Initialize this area by software.
— The contents of Segment O of the program memory space is read from the ROM reference area of Segment 8.

2.4  Instruction Length

The length of ainstruction is 16 bits.

2.5 Data Type

The data types supported include byte (8 bits) and word (16 bits).
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2.6  Description of Registers

2.6.1 List of Registers

Address Name Symbol (Byte) Symbol (Word) R/W Size | Initial value
OFO00H Data segment register DSR — R/W 8 00H
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2.6.2 Data Segment Register (DSR)

Address; OFOO0H
Access; RIW
Access size: 8 hits
Initial value: 00H

7 6 5 4 3 2 1 0
DSR — — — — DSR3 DSR2 DSR1 DSRO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

DSR is a special function register (SFR) to retain a data segment.

Instruction Manual”.

[Description of Bits]
e DSR3-DSRO (bits 3-0)

For details of DSR, see “nX-U8/100 Core

DSR3 DSR2 DSR1 DSRO Description
0 0 0 0 Data segment O (initial value)
0 0 0 1
0 0 1 0
0 0 1 1
0 1 0 0 Prohibited
0 1 0 1
0 1 1 0
0 1 1 1
1 0 0 0 Data segment 8
1 0 0 1
1 0 1 0
1 0 1 1
1 1 0 0 Prohibited
1 1 0 1
1 1 1 0
1 1 1 1
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3. Reset Function

3.1 Overview

This LSI has the five reset functions shown below. If any of the five reset conditions is satisfied, this LSI enters system
reset mode.

Reset by the RESET_N pin

Reset by power-on detection

Reset by the low-speed oscillation stop detection (Not available on ML610Q411PC and ML610Q415)
Reset by the 2" watchdog timer (WDT) overflow

Software reset by execution of the BRK instruction

311 Features

The RESER_N pin has an internal pull-up resistor

The low-speeed oscillation stop deteciton time is typ. 3 ms (Not available on ML610Q411PC and ML610Q415)
250 ms, 1 sec, 4 sec, or 16 sec can be selected as the watchdog timer (WDT) overflow period

Built-in reset status register (RSTAT) indicating the reset generation causes

Only the CPU is reset by the BRK instruction (neither the RAM area nor the SFR area are reset).

3.1.2 Configuration

Figure 3-1 shows the configuration of the reset generation circuit.

E Voo

RESET_N

ﬁ\_‘_> Reset signal

| Power-on reset I
L

§ Low-speed Oscillation
i stop detect reset

: ML610Q411/Q412 © RSTAT Data bus
: | WDT reset ’—

RSTAT:Reset status register
) ML610Q411PA : Low-speed oscillation stop detect reset can be controlled by DXTSP bit of BLKCON4 resistor.
ML610Q411PC : Low-speed oscillation stop detect reset is always disabled.

Figure 3-1 Configuration of Reset Generation Circuit

3.1.3 List of Pin

Pin name 1/0 Description
RESET_N | Reset input pin
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3.2  Description of Registers

3.2.1 List of Registers

Address Name Symbol (Byte) Symbol (Word) R/W Size Initial value
OF001H Reset status register RSTAT — R/W 8 —

3.2.2 Reset Status Register (RSTAT)

Address: 0FO01H
Access: RIW

Access size: 8 bits
Initial value: Undefined

7 6 5 4 3 2 1 0
RSTAT — — — — — WDTR XSTR POR
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 x/0(*) 1

(*) Undefined on ML610Q411 and ML610Q412, “0” on ML610Q411PC and ML610Q415.

RSTAT is a special function register (SFR) that indicates the causes by which the reset is generated.

At the occurrence of reset, the contents of RSTAT are not initialized, while the bit indicating the cause of the reset is
set to ”1”. When checking the reset cause using this function, perform write operation to RSTAT in advance and
initialize the contents of RSTAT to “00H".

[Description of Bits]
e POR (bit 0)
The POR bit is a flag that indicates that the power-on reset is generated. This bit is set to “1” when powered on.

POR Description
0 Power-on reset not generated
1 Power-on reset generated

o XSTR (bit1)
The XSTR bit is a flag that indicates the generation of low-speed oscillation stop detect reset. When low-speed
oscillation stops for the period specified by the low-speed oscillation stop detection time (TSTOP) or more, this bit is
set to “1”. Writing to the bit is invalid and returns always “0” when reading on ML610Q411PC and ML610Q415.

XSTR Description
0 Low-speed oscillation stop detect reset not occurred
1 Low-speed oscillation stop detect reset occurred

e WDTR (bit 2)
The WSDTR is a flag that indicates that the watchdog timer reset is generated. This bit is set to “1” when the reset by
overflow of the watchdog timer is generated.

WDTR Description
0 Watchdog timer reset not occurred
1 Watchdog timer reset occurred

Note:
No flag is provided that indicates the occurrence of reset by the RESET_N pin.
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3.3  Description of Operation

3.3.1 Operation of System Reset Mode

System reset has the highest priority among all the processings and any other processing being executed up to then is
cancelled.

The system reset mode is set by any of the following causes.

Reset by the RESET_N pin

Reset by power-on detection

Reset by low-speed oscillation stop detection (Not available on ML610Q411PC and ML610Q415)
Reset by watchdog timer (WDT) overflow

Software reset by the BRK instruction (only the CPU is reset)

In system reset mode, the following processing is performed.

(1) The power circuit is initialized, but not initialized by the reset by the BRK instruction execution. For the details of
the power circuit, refer to Chapter 28, “Power Circuit”.

(2) All the special function registers (SFRs) whose initial value is not undefined are initialized. However, the
initialization is not performed by software reset due to execution of the BRK instruction. See Appendix A
“Registers” for the initial values of the SFRs.

(3) CPU is initialized.

o All the registers in CPU are initialized.

e The contents of addresses 0000H and 0001H in the program memory are set to the stack pointer (SP).

e The contents of addresses 0002H and 0003H in the program memory are set to the program counter (PC).
However, when the interrupt level (ELEEVL) of the program status word (PSW) at reset by the BRK instruction
is 1 or lower, the contents of addresses 0004H and 0005H of the program memory are set in the program counter
(PC). For the BRK instruction, see “nX-U8/100 Core Instruction Manual”.

Note:

In system reset mode, the contents of data memory and those of any SFR whose initial value is undefined are not
initialized and are undefined. Initialize them by software.

In system reset mode by the BRK instruction, no special function register (SFR) that has a fixed initial value is
initialized either. Therefore initialize such an SFR by software.
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4. MCU Control Function

41 Overview

The operating states of this LSI are classified into the following 4 modes including system reset mode:

System reset mode
Program run mode
HALT mode
STOP mode

For system reset mode, see Chapter 3, “Reset Function”.

This LSI has a block control function, which power downs the circuits of unused peripherals (reset registers and stop
clock supplies) to make even more reducing the current consumption.

41.1 Features

o HALT mode, where the CPU stops operating and only the peripheral circuit is operating

STOP mode, where both low-speed oscillation and high-speed oscillation stop

Stop code acceptor function, which controls transition to STOP mode

Block control function, which power downs the circuits of unused peripherals (reset registers and stop clock
supplies).

41.2 Configuration

Figure 4-1 shows an operating state transition diagram.

Release of reset

Power on Program

run mode

System reset
mode

Reset or BRK
instruction

STP =*"1"

Reset Interrupt

External interrupt

STOP mode HALT mode

Figure 4-1 Operating State Transition Diagram
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4.2  Description of Registers

421 List of Registers

Address Name Symbol (Byte) Symbol (Word) R/W Size Initial value
OFO008H Stop code acceptor STPACP — W 8 —
OF009H Standby control register SBYCON — W 8 00H
0F028H Block control register 0 BLKCONO — R/W 8 00H
0F029H Block control register 1 BLKCON1 — R/W 8 00H
0F02AH Block control register 2 BLKCON2 — R/W 8 00H
0F02BH Block control register 3 BLKCON3 — R/W 8 00H
0F02CH Block control register 4 BLKCON4 — R/W 8 00H
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422 Stop Code Acceptor (STPACP)

Address: 0FO08H

Access: W

Access size: 8 bits

Initial value: — (Undefined)

7 6 5 4 3 2 1 0

STPACP — — — — — — _ _
W w W W W w W W W
Initial value — — — — — _ — _

STPACP is a write-only special function register (SFR) that is used for setting a STOP mode.

When STPACP is read, “00H” is read.

When data is written to STPACP in the order of “5nH”(n: an arbitrary value) and “0AnH”(n: an arbitrary value), the
stop code acceptor is enabled. When the STP bit of the standby control register (SBYCON) is set to “1” in this state,
the mode is changed to the STOP mode. When the STOP mode is set, the STOP code acceptor is disabled.

When another instruction is executed between the instruction that writes “5nH” to STPACP and the instruction that
writes “0AnH”, the stop code acceptor is enabled after “OAnH” is written. However, if data other than “OAnH” is
written to STPACP after “5nH” is written, the “5nH” write processing becomes invalid so that data must be written
again starting from “5nH”.

During a system reset, the stop code acceptor is disabled.

Note:

The STOP code acceptor can not be enabled on the condition of that both any interrupt enable flag and the
corresponding interrupt request flag are “1”(An interrupt request occurrence with resetting MIE flag will have the
condition).
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4.2.3 Standby Control Register (SBYCON)

Address: 0FO09H
Access: W

Access size: 8 bits
Initial value: O0OH

7 6 5 4 3 2 1 0

SBYCON — — — — — — STP HLT
W w W W W w W W W
Initial value 0 0 0 0 0 0 0 0

SBYCON is a special function register (SFR) to control operating mode of MCU.

[Description of Bits]

o STP (bit 1)
The STP bit is used for setting the STOP mode. When the STP bit is set to “1” with the stop code adapter enabled by
using STPACP, the mode is changed to the STOP mode. When the NMI interrupt request or the PO0—PO3 interrupt
request enabled by the interrupt enable register 1 (IE1) is issued, the STP bit is set to “0” and the LSI returns to the
program run mode.

o HLT (bit0)
The HALT bit is used for setting a HALT mode. When the HALT bit is set to “1”, the mode is changed to the HALT
mode. When the NMI interrupt request, WDT interrupt request, or enabled (the interrupt enable flag is “1”) interrupt
request is issued, the HALT bit is set to “1” and the mode is returned to program run mode.

STP HLT Description
0 0 Program run mode (initial value)
0 1 HALT mode
1 0 STOP mode
1 1 Prohibited

Note:

The mode can not be changed to HALT mode or STOP mode on the condition of that both any interrupt enable flag
and the corresponding interrupt request flag are “1”(An interrupt request occurrence with resetting MIE flag will have
the condition).

When a maskable interrupt source (interrupt with enable bit) occurs while the MIE flag of the program status word
(PSW) in the nX-U8/100 core is “0”, the STOP mode and the HALT mode are simply released and interrupt processing
is not performed. Refer to the “nX-U8/100 Core Instruction Manual” for details of PSW.
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424 Block Control Register 0(BLKCONO)

Address: 0F028H
Access: RIW

Access size: 8 bits
Initial value: O0OH

7 6 5 4 3 2 1 0
BLKCONO — — — — DTM3 DTM2 DTM1 DTMO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

BLKCONO is a special function register (SFR) to make even more reducing current consumption by turning unused
peripherals off.

[Description of Bits]

e DTM3 (bit 3)
The DTM3 bit is used to control Timer3 operation. When the DTM3 bit is set to “1”, the circuits related to Timer 3
are reset and turned off.

DTM3 Description
0 Enable operating Timer 3 (initial value)
1 Disable operating Timer 3

e DTM2 (bit 2)
The DTM2 bit is used to control Timer2 operation. When the DTMZ2 bit is set to “1”, the circuits related to Timer 2
are reset and turned off.

DTM2 Description
0 Enable operating Timer 2 (initial value)
1 Disable operating Timer 2

e DTM1 (bit 1)
The DTML1 bit is used to control Timerl operation. When the DTM1 bit is set to “1”, the circuits related to Timer 1
are reset and turned off.

DTM1 Description
0 Enable operating Timer 1 (initial value)
1 Disable operating Timer 1

e DTMO (bit 0)
The DTMO bit is used to control Timer3 operation. When the DTMO bit is set to “1”, the circuits related to Timer 3
are reset and turned off.

DTMO Description
0 Enable operating Timer 3 (initial value)
1 Disable operating Timer 3

Note:

When certain bits of block control registers are set to “1”, corresponding peripherals are reset (all registers are reset)
and operating clocks for the peripherals stop. Writing to every SFR (special function register) in the corresponding
peripherals is not valid while the bits of block control registers are set to “1” and returns the initial value for read.
Ensure the bits are reset to “0” before using the peripherals to enable the operation.

See Chapter 10, “Timers” for detail about operation of Timer 0, Timer 1, Timer 2 and Timer 3.
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4.2.5 Block Control Register 1(BLKCONL1)

Address: 0F029H
Access: RIW

Access size: 8 bits
Initial value: O0OH

7 6 5 4 3 2 1 0
BLKCON1 — DCAPR — DT1K — — — DPWO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

BLKCONL1 is a special function register (SFR) to make even more reducing current consumption by turning unused
peripherals off.

[Description of Bits]

e DCAPR (bit 6)
The DCAPR bit is used to control Capture operation. When the DCAPR bit is set to “1”, the circuits related to
Capture are reset and turned off.

DCAPR Description
0 Enable operating Capture (initial value)
1 Disable operating Capture

e DTI1K (hit4)
The DT1K bit is used to control 1kHz Timer operation. When the DT1K bit is set to “1”, the circuits related to 1kHz
Timer are reset and turned off.

DT1K Description
0 Enable operating 1kHz Timer (initial value)
1 Disable operating 1kHz Timer

o DPWO (bit 0)
The DPWO bit is used to control PWMO operation. When the DPWO bit is set to “1”, the circuits related to PWMO
are reset and turned off.

DPWO Description
0 Enable operating PWMO (initial value)
1 Disable operating PWMO

Note:

When certain bits of block control registers are set to “1”, corresponding peripherals are reset (all registers are reset)
and operating clocks for the peripherals stop. Writing to every SFR (special function register) in the corresponding
peripherals is not valid while the bits of block control registers are set to “1” and returns the initial value for read.
Ensure the bits are reset to “0” before using the peripherals to enable the operation.

See Chapter 8, “Capture” for detail about operation of Capture.
See Chapter 9, “1kHz Timer” for detail about operation of 1kHz Timer.
See Chapter 11, “PWM?” for detail about operation of PWM.




ML610Q411/ML610Q412/ML610Q415 User’s Manual
Chapter 4 MCU Control Function

4.2.6 Block Control Register 2(BLKCONZ2)

Address: 0F02AH
Access: RIW

Access size: 8 bits
Initial value: O0OH

7 6 5 4 3 2 1 0
BLKCON2 DI2CO — — — — DUAO — DSIOO0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

BLKCON?2 is a special function register (SFR) to make even more reducing current consumption by turning unused
peripherals off.

[Description of Bits]

e DI2CO (bit 7)
The DI2CO0 bit is used to control 12C bus interface operation. When the DI2CO bit is set to “1”, the circuits related to
12C bus interface are reset and turned off.

DI2CO Description
0 Enable operating 12C (initial value)
1 Disable operating 12C

e DUAO (hit2)
The DUAO bit is used to control UART operation. When the DUAO bit is set to “1”, the circuits related to UART are
reset and turned off.

DUAO Description
0 Enable operating UART (initial value)
1 Disable operating UART

e DSIOO (bit 0)
The DSIOQ bit is used to control SSIO operation. When the DSIOO0 bit is set to “1”, the circuits related to SSIO are
reset and turned off.

DSIO0 Description
0 Enable operating SSIO (initial value)
1 Disable operating SSIO

Note:

When certain bits of block control registers are set to “1”, corresponding peripherals are reset (all registers are reset)
and operating clocks for the peripherals stop. Writing to every SFR (special function register) in the corresponding
peripherals is not valid while the bits of block control registers are set to “1” and returns the initial value for read.
Ensure the bits are reset to “0” before using the peripherals to enable the operation.

See Chapter 15, “12C Bus Interface” for detail about operation of 12C Bus Interface.
See Chapter 14, “UART” for detail about operation of UART.
See Chapter 13, “Synchronous Serial Port” for detail about operation of SSIO.
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4.2.7 Block Control Register 3(BLKCON3)

Address: 0F02BH
Access: RIW

Access size: 8 bits
Initial value: O0OH

7 6 5 4 3 2 1 0
BLKCON3 — — — — — — — DMDO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

BLKCONS3 is a special function register (SFR) to make even more reducing current consumption by turning unused
peripherals off.

[Description of Bits]

e DMDO (bit 0)
The DMDO bit is used to control Melody/Buzzer operation. When the DMDO bit is set to “1”, the circuits related to
Melody/Buzzer are reset and turned off.

DMDO Description
0 Enable operating Buzzer (initial value)
1 Disable operating Buzzer

Note:

When certain bits of block control registers are set to “1”, corresponding peripherals are reset (all registers are reset)
and operating clocks for the peripherals stop. Writing to every SFR (special function register) in the corresponding
peripherals is not valid while the bits of block control registers are set to “1” and returns the initial value for read.
Ensure the bits are reset to “0” before using the peripherals to enable the operation.

See Chapter 23, “Buzzer” for detail about operation of Buzzer.
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4.2.8 Block Control Register 4(BLKCON4)

Address: 0FO2CH
Access: RIW

Access size: 8 bits
Initial value: O0OH

7 6 5 4 3 2 1 0
BLKCON4 — DLCD DBLD DXTSP — — DRAD DSAD
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

BLKCONA4 is a special function register (SFR) to make even more reducing current consumption by turning unused
peripherals off.

[Description of Bits]

e DLCD (bit 6)
The DLCD bit is used to control LCD driver operation. When the DLCD bit is set to “1”, the circuits related to LCD
driver are reset and turned off.

DLCD Description
0 Enable operating LCD driver (initial value)
1 Disable operating LCD driver

e DBLD (hit5)
The DBLD bit is used to control BLD (Battery Level Detector) operation. When the DBLD bit is set to “1”, the
circuits related to BLD are reset and turned off.

DBLD Description
0 Enable operating BLD (initial value)
1 Disable operating BLD driver

o DXTSP (bit 4)
ML610Q411/Q412: The DXTSP bit is used to control 32kHz oscillation stop detect operation. Only during HALT
mode, When the DXTSP bit is set to “1”, the circuits related to 32kHz oscillation stop detect are reset and turned off.
When the operating mode is not in HALT, the 32kHz oscillation stop detect is always working regardless the
condition of this bit.
ML610Q411PC/ML610Q415: The 32kHz oscillation stop detect circuit is always disable regardless the condition of
this bit.

DXTSP Description
0 Enable operating 32kHz oscillation stop detect (initial value)
1 Disable operating 32kHz oscillation stop detect in HALT mode*

* ML610Q411PA has a different specification of that the circuits related to 32kHz oscillation stop detect are reset and
turned off (disabled) when the DXTSP bit is set to “1” regardless the CPU in HALT mode or not.

o DRAD (bit1)
The DRAD bit is used to control RC type A/D converter operation. When the DRAD bit is set to “1”, the circuits
related to RC type A/D converter are reset and turned off.

DRAD Description
0 Enable operating RC type A/D converter (initial value)
1 Disable operating RC type A/D converter
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o DSAD (bit 0)

The DSAD bit is used to control SA type A/D converter operation. When the DSAD bit is set to “1”, the circuits
related to SA type A/D converter are reset and turned off.

DSAD Description
0 Enable operating SA type A/D converter (initial value)
1 Disable operating SA type A/D converter

Note:

When certain bits of block control registers are set to “1”, corresponding peripherals are reset (all registers are reset)
and operating clocks for the peripherals stop. Writing to every SFR (special function register) in the corresponding
peripherals is not valid while the bits of block control registers are set to “1” and returns the initial value for read.
Ensure the bits are reset to “0” before using the peripherals to enable the operation.

See Chapter 26, “LCD Driver” for detail about operation of LCD driver.
See Chapter 27, “Battery Level Detector” for detail about operation of BLD.

See Chapter 3, “Reset Function” for detail about operation of 32kHz oscillation stop detector.
See Chapter 24, “RC Oscillation Type A/D Converter” for detail about operation of RC oscillation type A/D converter.
See Chapter 25, “Successive Approximation” for detail about operation of SA type A/D converter.
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4.3  Description of Operation

431 Program Run Mode

The program run mode is the state where the CPU executes instructions sequentially.

At power-on reset, RESET_N pin reset, low-speed oscillation stop detect reset, or WDT overflow reset, the CPU
executes instructions from the addresses that are set in addresses 0002H and 0003H of program memory (ROM) after
the system reset mode is released.

At reset by the BRK instruction, the CPU executes instructions from the addresses that are set in the addresses 0004H
and 0005H of the program memory after the system reset mode is released. However, when the value of the interrupt
level bit (ELEVEL) of the program status word (PSW) is 02H or higher at execution of the BRK instruction (after the
occurrence of the WDT interrupt or NMI interrupt), the CPU executes instructions from the addresses that are set in the
addresses 0002H and 0003H.

For details of the BRK instruction and PSW, see the “nX-U8/100 Core Instruction Manual” and for the reset function,
see Chapter 3, “Reset Function”.

43.2 HALT Mode

The HALT mode is the state where the CPU interrupts execution of instructions and only the peripheral circuits are
running.

When the HLT bit of the standby control register (SBYCON) is set to “1”, the HALT mode is set.

When a NMI interrupt request, a WDT interrupt request, or an interrupt request enabled by an interrupt enable register
(IE1-IE7) is issued, the HLT bit is set to “0” on the falling edge of the next system clock (SYSCLK) and the HALT
mode is returned to the program run mode released.

Figure 4-2 shows the operation waveforms in HALT mode.

System clock

SYSCLK [ L [ L1 L [
CPUCLK 1 T 7 1 [ 1
SBYCON.HLT
Interrupt request A
Program operating mode HALT mode Program operating mode

Figure 4-2 Operation Waveforms in HALT Mode

Note:
Since up to two instructions are executed during the period between HALT mode release and a transition to interrupt
processing, place two NOP instructions next to the instruction that sets the HLT bit to “1”.
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4.3.3 STOP Mode

The STOP mode is the state where low-speed oscillation and high-speed oscillation stop and the CPU and peripheral
circuits stop the operation.

When the stop code acceptor is enabled by writing “5nH”(n: an arbitrary value) and “0AnH”(n: an arbitrary value) to
the stop code acceptor (STPACP) sequentially and the STP bit of the standby control register (SBYCON) is set to “1”,
the STOP mode is entered. When the STOP mode is set, the stop code acceptor is disabled.

When a NMI interrupt request or an interrupt-enabled (the interrupt enable flag is “1”) P00 to P003 interrupt request is
issued, the STP bit is set to “0”, the STOP mode is released, and the mode is returned to the program run mode.

4.3.3.1 STOP Mode When CPU Operates with Low-Speed Clock

When the stop code acceptor is in the enabled state and the STP bit of SBYCON is set to “1”, the STOP mode is
entered, stopping low-speed oscillation and high-speed oscillation.

When the NMI interrupt request or the interrupt-enabled (the interrupt enable flag is “1”) P00 to P03 interrupt request
is issued, the STP bit is set to “0” and low-speed oscillation restarts. If the high-speed clock was oscillating before the
STOP mode is entered, the high-speed oscillation restarts. When the high-speed clock was not oscillating before the
STOP mode is entered, high-speed oscillation does not start.

When an interrupt request occurs, the STOP mode is released after the elapse of the low-speed oscillation start time
(TXTL) and the low-speed clock (LSCLK) oscillation settling time (8192-pulse count), the mode is returned to the
program mode, and the low-speed clock (LSCLK) restarts supply to the peripheral circuits. If the high-speed clock
already started oscillation at this time, the high-speed clocks (OSCLK and HSCLK) also restart supply to the peripheral
circuits.

For the low-speed oscillation start time (TXTL), see the “Electrical Characteristics” Section in Appendix C.

Figure 4-3 shows the operation waveforms in STOP mode when CPU operates with the low-speed clock.

Oscillation
. waveform
L Hiz
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waveform Low-speed oscillation

Tyt 8192-pulse count

L <S> L

LSCLK

High-speed oscillation  oscillation waveform Oscillation waveform
waveform
HSCLK  HSCLK waveform HSCLK waveform

SBYCON.STP bit

Interrupt request

Program operating mode STOP mode Program operating mode

Figure 4-3 Operation Waveforms in STOP Mode When CPU Operates with Low-Speed Clock
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4.3.3.2 STOP Mode When CPU Operates with High-Speed Clock

When the CPU is operating with a high-speed clock and the STP bit of SBYCON is set to “1” with the stop code
acceptor enabled, the STOP mode is entered and high-speed oscillation and low-speed oscillation stop.

When the NMI interrupt request or the interrupt-enabled (the interrupt enable flag is “1””) P00 to P03 interrupt request
is issued, the STP bit is set to “0” and the low-speed and high-speed oscillation restart.

When an interrupt request is issued, the STOP mode is released after the elapse of the high-speed oscillation start time
(Tre) and the high-speed clock (OSCLK) oscillation stabilization time (8192-pulse count), the mode is returned to the
program run mode, and the high-speed clocks (OSCLK and HSCLK) restart supply to the peripheral circuits.

The low-speed clock (LSCLK) restarts supply to the peripheral circuits after the elapse of the low-speed oscillation
start time (Txr.) and low-speed clock (LSCLK) oscillation settling time (8192 count).

For the high-speed oscillation start time (Trc) and low-speed oscillation start time (Txr ), see the “Electrical
Characteristics” Section in Appendix C.

Figure 4-4 shows the operation waveforms in STOP mode when CPU operates with the high-speed clock.
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Figure 4-4 Operation Waveforms in STOP Mode When CPU Operates with High-Speed Clock

Note:

The STOP mode is entered two cycles after the instruction that sets the STP bit to “1” and up to two instructions are
executed during the period between STOP mode release and a transition to interrupt processing. Therefore, place two
NOP instructions next to the instruction that set the STP bit to “1”.
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4.3.3.3 Note on Return Operation from STOP/HALT Mode

The operation of returning from the STOP mode and HALT mode varies according to the interrupt level (ELEVEL) of
the program status word (PSW), master interrupt enable flag (MIE), the contents of the interrupt enable register (IEO to
IE3), and whether the interrupt is a non-maskable interrupt or a maskable interrupt.

For details of PSW and the IE and IRQ registers, see “nX-U8/100 Core Instruction Manual” and Chapter 5, “Interrupt”,
respectively.

Table 4-1 and Table 4-2 show the return operations from STOP/HALT mode.

Table 4-1 Return Operation from STOP/HALT Mode (Non-Maskable Interrupt)

ELEVEL | MIE | IEn.m | IRQn.m Return operation from STOP/HALT mode

* * - 0 Not returned from STOP/HALT mode.
After the mode is returned from STOP/HALT mode, the program
operation restarts from the instruction following the instruction that
sets the STP/HLT bit to “1”. The program operation does not go to the
interrupt routine.
After the mode is returned from the STOP/HALT mode, program
0,1,2 * - 1 operation restarts from the instruction following the instruction that
sets the STP/HLT bit to “1”, then goes to the interrupt routine.

Table 4-2 Return Operation from STOP/HALT Mode (Maskable Interrupt)

ELEVEL | MIE | IEn.m | IRQn.m Return operation from STOP/HALT mode
* * *
" " 0 2 Not returned from STOP/HALT mode.
* 0 1 1 After the mode is returned from STOP/HALT mode, the program
operation restarts from the instruction following the instruction that
2,3 1 1 1 sets the STP/HLT bit to “1”. The program operation does not go to the

interrupt routine.

After the mode is returned from the STOP/HALT mode, program
0,1 1 1 1 operation restarts from the instruction following the instruction that
sets the STP/HLT bit to “1”, then goes to the interrupt routine.

Notes:

o |If the ELEVEL bit is OH, it indicates that the CPU is performing neither nonmaskable interrupt processing nor
maskable interrupt processing nor software interrupt processing.

o If the ELEVEL bit is 1H, it indicates that the CPU is performing maskable interrupt processing or software interrupt
processing. (ELEVEL is set during interrupt transition cycle.)

o |f the ELEVEL bit is 2H, it indicates that the CPU is performing non-maskable interrupt processing. (ELEVEL is set
during interrupt transition cycle.)

o |f the ELEVEL bit is 3H, it indicates that the CPU is performing interrupt processing specific to the emulator. This
setting is not allowed in normal applications.
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4.3.4 Block Control Function

This LSI has a block control function, which resets and completely turns operating circuits of unused peripherals off to
make even more reducing current consumption.

When certain bits of block control registers are set to “1”, corresponding peripherals are reset (all registers are reset)
and operating clocks for the peripherals stop. Writing to every SFR (special function register) in the corresponding
peripherals is not valid while the bits of block control registers are set to “1” and returns the initial value for read.
Ensure the bits are reset to “0” before using the peripherals to enable the operation.

BLKCONO register controls(disables/enables) operation of Timer 0, Timer 1, Timer 2 and Timer 3.

BLKCONL1 register controls(disables/enables) operation of Capture, 1kHz Timer and PWM.

BLKCONZ2 register controls(disables/enables) operation of 12C, UART and SSIO.

BLKCONS register controls(disables/enables) operation of Melody/Buzzer.

BLKCONA4 register controls(disables/enables) operation of LCD driver, Battery Level Detector, 32kHz oscillation stop
detector, RC type A/D converter and SAR type A/D converter.

Note:
DXTSP bit (bit 4) of BLKCONA4 register disables the operation of 32kHz oscillation stop detector in HALT mode only.
See the each chapter for detail about the opeation of each peripheral and relevant notes.

* ML610Q411PA has a different specification of that the circuits related to 32kHz oscillation stop detect are reset and
turned off (disabled) when the DXTSP bit is set to “1” regardless the CPU in HALT mode or not.




Chapter 5
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5. Interrupts (INTS)

5.1 Overview

This LSl has 25 interrupt sources (External interrupts: 5 sources, Internal interrupts: 20 sources) and a software
interrupt (SW1).
For details of each interrupt, see the following chapters:

Chapter 7, “Time Base Counter”

Chapter 9, “1 kHz Timer”

Chapter 10, “Timer”

Chapter 11, “PWM”

Chapter 12, “Watchdog Timer”

Chapter 13, “ Synchronous Serial Port”

Chapter 14, “UART”

Chapter 15, “I°C Bus Interface”

Chapter 16, “NMI”

Chapter 17, “Port0”

Chapter 24, “RC Oscillation Type A/D Converter”
Chapter 25, “ Successive Approximation Type A/D Converter”

5.1.1 Features

2 non-maskable interrupt sources (Internal source: 1, External source: 1)
19 maskabl e interrupt sources (Internal sources: 15, External sources: 4)
Software interrupt (SWI): 64 sources max.

External interrupts allow edge selection and sampling selection.




ML610Q411/ML610Q412/ML610Q415 User’s Manua
Chapter 5 Interrupts (INTS)

5.2  Description of Registers

5.2.1 List of Registers

Address Name Symbol (Byte) [ Symbol (Word) | R/W Size [ Initial value
OF011H Interrupt enable register 1 IE1 — R/W 8 00H
0F012H Interrupt enable register 2 IE2 — R/W 8 00H
0F013H Interrupt enable register 3 IE3 — R/W 8 00H
0F014H Interrupt enable register 4 IE4 — R/W 8 00H
0F015H Interrupt enable register 5 IES — R/W 8 00H
0F016H Interrupt enable register 6 IE6 — R/W 8 00H
OF017H Interrupt enable register 7 IE7 — R/W 8 00H
0F018H Interrupt request register 0 IRQO — R/W 8 00H
0F019H Interrupt request register 1 IRQ1 — R/W 8 00H
OF01AH Interrupt request register 2 IRQ2 — R/W 8 00H
0F01BH Interrupt request register 3 IRQ3 — R/W 8 00H
OF01CH Interrupt request register 4 IRQ4 — R/W 8 00H
OF01DH Interrupt request register 5 IRQ5 — R/W 8 00H
OFO1EH Interrupt request register 6 IRQ6 — R/W 8 00H
OFO01FH Interrupt request register 7 IRQ7 — R/W 8 00H
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5.2.2 Interrupt Enable Register 1 (IE1)
Address: 0F011H
Access: RIW
Access size: 8 hits
Initial value: OOH
7 6 5 4 3 2 1 0
IE1 — — — — EPO3 EPO2 EPO1 EPOO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

IE1 isaspecial function register (SFR) to control enable/disable for each interrupt request.
When an interrupt is accepted, the master interrupt enable flag (MIE) is set to “0”, but the corresponding flag of IEL is
not reset.

[Description of Bits]
o EPOO (bit 0)
EPOO is the enable flag for the input port POO pin interrupt (POOINT).

EPOO Description
0 Disabled (initial value)
1 Enabled

e EPO1 (bit 1)
EPOL1 is the enable flag for the input port PO1 pin interrupt (PO1INT).

EPO1 Description
0 Disabled (initial value)
1 Enabled

o EPO2 (hit 2)
EPO2 is the enable flag for the input port PO2 pin interrupt (PO2INT).

EP02 Description
0 Disabled (initial value)
1 Enabled

e EPO3 (hit 3)
EPO3 is the enable flag for the input port PO3 pin interrupt (PO3INT).

EPO3 Description
0 Disabled (initial value)
1 Enabled
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5.2.3 Interrupt Enable Register 2 (IE2)

Address; 0FO12H
Access; RIW
Access size: 8 hits
Initial value: 00H

7 6 5 4 3 2 1 0
IE2 El2C0 — — — — ESAD — ESIOO0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

IE2 isaspecial function register (SFR) to control enable/disable for each interrupt request.
When an interrupt is accepted, the master interrupt enable flag (MIE) is set to “0”, but the corresponding flag of IE2 is
not reset.

[Description of Bits]
e ESIOO (bit 0)
ESIOO0 is the enable flag for the synchronous serial port O interrupt (SIOOINT).

ESIOO0 Description
0 Disabled (initial value)
1 Enabled

e ESAD (bit 2)
ESAD isthe enable flag for the successive approximation type A/D converter interrupt (SADINT).

ESAD Description
0 Disabled (initial value)
1 Enabled

e EI2CO (bit 7)
EI2C0 isthe enable flag for the |2C bus O interrupt (I2COINT).

EI2CO Description
0 Disabled (initial value)
1 Enabled
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5.24 Interrupt Enable Register 3 (IE3)

Address; OFO13H
Access; RIW
Access size: 8 hits
Initial value: 00H

7 6 5 4 3 2 1 0
IE3 — — — — — — ETM1 ETMO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

IE3 isaspecial function register (SFR) to control enable/disable for each interrupt request.
When an interrupt is accepted, the master interrupt enable flag (MIE) is set to “0”, but the corresponding flag of IE3 is
not reset.

[Description of Bits]
e ETMO (bit 0)
ETMO isthe enable flag for the timer O interrupt (TMOINT).

ETMO Description
0 Disabled (initial value)
1 Enabled

e ETM1 (bit 1)
ETM1 isthe enable flag for the timer 1 interrupt (TM1INT).

ETM1 Description
0 Disabled (initial value)
1 Enabled




ML610Q411/ML610Q412/ML610Q415 User’s Manua
Chapter 5 Interrupts (INTS)

525 Interrupt Enable Register 4 (IE4)

Address; 0F014H
Access; RIW
Access size: 8 hits
Initial value: 00H

7 6 5 4 3 2 1 0
IE4 — — ERAD — — — — EUAO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

IE4 isaspecial function register (SFR) to control enable/disable for each interrupt request.
When an interrupt is accepted, the master interrupt enable flag (MIE) is set to “0”, but the corresponding flag of IE4 is
not reset.

[Description of Bits]
e EUAO (bit 0)
EUAOQ isthe enable flag for the UARTO interrupt (UAOINT).

EUAO Description
0 Disabled (initial value)
1 Enabled

e ERAD (hit5)
ERAD isthe enable flag for the RC oscillation type A/D converter interrupt (RADINT).

ERAD Description
0 Disabled (initial value)
1 Enabled
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5.2.6 Interrupt Enable Register 5 (IE5)

Address; OFO15H
Access; RIW
Access size: 8 hits
Initial value: 00H

7 6 5 4 3 2 1 0
IE5 — — ETM3 ETM2 — — — —
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

IE5 isaspecial function register (SFR) to control enable/disable for each interrupt request.
When an interrupt is accepted, the master interrupt enable flag (MIE) is set to “0”, but the corresponding flag of IE5 is
not reset.

[Description of Bits]
o ETM2 (bit 4)
ETM2 the enable flag for the timer 2 interrupt (TM2INT).

ETM2 Description
0 Disabled (initial value)
1 Enabled

o ETM3 (hit5)
ETM3 the enable flag for the timer 3 interrupt (TM3INT)

ETM3 Description
0 Disabled (initial value)
1 Enabled
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5.2.7 Interrupt Enable Register 6 (IE6)
Address: OFO16H
Access. RIW
Access size: 8 bits
Initial value: O0OH
7 6 5 4 3 2 1 0
IE6 E32H — E128H ET1K — — — EPWO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

IE6 isaspecial function register (SFR) to control enable/disable for each interrupt request.
When an interrupt is accepted, the master interrupt enable flag (MIE) is set to “0”, but the corresponding flag of IE6 is
not reset.

[Description of Bits]
o EPWO (bit 0)
EPWO is the enable flag for the PWMO interrupt (PWOINT)

EPWO Description
0 Disabled (initial value)
1 Enabled

e ETIK (bit4)

ET1K isthe enable flag for the 1 kHz timer interrupt (T1KINT).

ET1K Description
0 Disabled (initial value)
1 Enabled

o E128H (bit 5)

E128H isthe enable flag for the time base counter 128 Hz interrupt (T128HINT).

E128H Description
0 Disabled (initial value)
1 Enabled

o E32H (bit 7)
E32H is the enable flag for the time base counter 32 Hz interrupt (T32HINT).

E32H Description
0 Disabled (initial value)
1 Enabled
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5.2.8 Interrupt Enable Register 7 (IE7)

Address; OFO17H
Access; RIW
Access size: 8 hits
Initial value: 00H

7 6 5 4 3 2 1 0
IE7 — — — — E2H — — E16H
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

IE7 isaspecial function register (SFR) to control enable/disable for each interrupt request.
When an interrupt is accepted, the master interrupt enable flag (MIE) is set to “0”, but the corresponding flag of IE7 is
not reset.

[Description of Bits]
e E16H (bit 0)
E16H isthe enable flag for the time base counter 16 Hz interrupt (T16HINT).

E16H Description
0 Disabled (initial value)
1 Enabled

o E2H (bit 3)
E2H isthe enable flag for the time base counter 2 Hz interrupt (T2HINT).

E2H Description
0 Disabled (initial value)
1 Enabled
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5.2.9 Interrupt Request Register 0 (IRQO)

Address; OFO18H
Access; RIW
Access size: 8 hits
Initial value: 00H

7 6 5 4 3 2 1 0
IRQO — — — — — — QNMI QwWDT
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

IRQO isaspecial function register (SFR) to request an interrupt for each interrupt source.

The watchdog timer interrupt (WDTINT) and the NMI interrupt (NMINT) are non-maskable interrupts that do not
depend on MIE. Inthiscase, an interrupt is requested to the CPU regardless of the value of the Mask Interrupt Enable
flag (MIE).

Each IRQO request flag is set to “1” regardless of the MIE value when an interrupt is generated. By setting the IRQO
request flag to “1” by software, an interrupt can be generated.

The corresponding flag of IRQO isset to “0” by hardware when the interrupt request is accepted by the CPU.

[Description of Bits]
e QWDT (hit 0)
QWDT isthe request flag for the watchdog timer interrupt (WDTINT).

QWDT Description
0 No request (initial value)
1 Request

e QNMI (bit 1)
ONMI istherequest flag for the NMI interrupt (NMINT).

QNMI Description
0 No request (initial value)
1 Request

Note:
When an interrupt is generated by the write instruction to the interrupt request register (IRQO), the interrupt shift cycle
starts after the next 1 instruction is executed.




ML610Q411/ML610Q412/ML610Q415 User’s Manual

Chapter 5 Interrupts (INTS)
5.2.10 Interrupt Request Register 1 (IRQ1)
Address; OFO19H
Access: RIW
Access size: 8 hits
Initial value: OOH
7 6 5 4 3 2 1 0
IRQ1 — — — — QP03 QP02 QP01 QP00
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0
IRQ1 isaspecial function register (SFR) to request an interrupt for each interrupt source.
Each IRQ1 request flag is set to “1” regardless of the IEL and MIE values when an interrupt is generated.  In this case,

an interrupt is requested to the CPU when the related flag of the interrupt enable register (IE1) is set to “1” and the
master interrupt enable flag (MIE) issetto “1”.

By setting the IRQ1 request flag to “1” by software, an interrupt can be generated.

The corresponding flag of IRQL isset to “0” by hardware when the interrupt request is accepted by the CPU.

[Description of Bits]
e QPOO (bit 0)
QP00 isthe request flag for the input port POO pin interrupt (POOINT).

QP00 Description
0 No request (initial value)
1 Request

e QPOL1 (bit 1)
QP01 isthe request flag for the input port PO1 pin interrupt (POLINT).

QP01 Description
0 No request (initial value)
1 Request

e QP02 (hit 2)
QP02 isthe request flag for the input port PO2 pin interrupt (PO2INT).

QP02 Description
0 No request (initial value)
1 Request

e QP03 (hit 3)
QP03 isthe request flag for the input port PO3 pin interrupt (PO3INT).

QP03 Description
0 No request (initial value)
1 Request

Note:
When an interrupt is generated by the write instruction to the interrupt request register (IRQ1) or to the interrupt enable
register (IE1), the interrupt shift cycle starts after the next 1 instruction is executed.
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5.2.11 Interrupt Request Register 2 (IRQ2)

Address: OFO1AH
Access; RIW
Access size: 8 hits
Initial value: 00H

7 6 5 4 3 2 1 0
IRQ2 Ql2Co — — — — QSAD — QsIo0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

IRQ2 isaspecial function register (SFR) to request an interrupt for each interrupt source.

Each IRQ2 request flag is set to “1” regardless of the IE2 and MIE values when an interrupt is generated.  In this case,
an interrupt is requested to the CPU when the related flag of the interrupt enable register (IE2) is set to “1” and the
master interrupt enable flag (MIE) issetto “1”.

By setting the IRQ2 request flag to “1” by software, an interrupt can be generated.

The corresponding flag of IRQ2 isset to “0” by hardware when the interrupt request is accepted by the CPU.

[Description of Bits]
e QSO0 (bit 0)
QSIOO0 is the request flag for the synchronous serial port O interrupt (SIOOINT).

QSIO0 Description
0 No request (initial value)
1 Request
o QSAD (hit2)
QSAD istherequest flag for the successive approximation type A/D converter interrupt (SADINT)
QSAD Description
0 No request (initial value)
1 Request
e QI2CO0 (bit 7)
QI2C0 isthe request flag for the 12C bus 0 interrupt (I2COINT).
QI2C0 Description
0 No request (initial value)
1 Request

Note:
When an interrupt is generated by the write instruction to the interrupt request register (IRQ2) or to the interrupt enable
register (IE2), the interrupt shift cycle starts after the next 1 instruction is executed.
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5.2.12 Interrupt Request Register 3 (IRQ3)

Address; OFO1BH
Access; RIW
Access size: 8 hits
Initial value: 00H

7 6 5 4 3 2 1 0
IRQ3 — — — — — — QTM1 QTMO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

IRQ3 isaspecial function register (SFR) to request an interrupt for each interrupt source.

Each IRQ3 request flag is set to “1” regardless of the IE3 and MIE values when an interrupt is generated.  In this case,
an interrupt is requested to the CPU when the related flag of the interrupt enable register (IE3) is set to “1” and the
master interrupt enable flag (MIE) issetto “1”.

By setting the IRQ3 request flag to “1” by software, an interrupt can be generated.

The corresponding flag of IRQ3 isset to “0” by hardware when the interrupt request is accepted by the CPU.

[Description of Bits]
e QTMO (bit 0)
QTMO isthe request flag for the timer O interrupt (TMOINT).

QTMO Description
0 No request (initial value)
1 Request

e QTM1 (bit1)
QTM1istherequest flag for the timer 1 interrupt (TM1INT).

QTM1 Description
0 No request (initial value)
1 Request

Note:
When an interrupt is generated by the write instruction to the interrupt request register (IRQ3) or to the interrupt enable
register (IE3), the interrupt shift cycle starts after the next 1 instruction is executed.
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5.2.13 Interrupt Request Register 4 (IRQ4)

Address; OFO1CH
Access; RIW
Access size: 8 hits
Initial value: 00H

7 6 5 4 3 2 1 0
IRQ4 — — QRAD — — — — QUAO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

IRQ4 isaspecial function register (SFR) to request an interrupt for each interrupt source.

Each IRQ4 request flag is set to “1” regardless of the IE4 and MIE values when an interrupt is generated.  In this case,
an interrupt is requested to the CPU when the related flag of the interrupt enable register (IE4) is set to “1” and the
master interrupt enable flag (MIE) issetto “1”.

By setting the IRQ4 request flag to “1” by software, an interrupt can be generated.

The corresponding flag of IRQ4 isset to “0” by hardware when the interrupt request is accepted by the CPU.

[Description of Bits]
e QUAO (bit 0)
QUADO istherequest flag for the UARTO interrupt (UAOINT).

QUAO Description
0 No request (initial value)
1 Request

e QRAD (bit5)
QRAD isthe request flag for the RC oscillation type A/D converter interrupt (RADINT).

QRAD Description
0 No request (initial value)
1 Request

Note:
When an interrupt is generated by the write instruction to the interrupt request register (IRQ4) or to the interrupt enable
register (IE4), the interrupt shift cycle starts after the next 1 instruction is executed.
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5.2.14 Interrupt Request Register 5 (IRQ5)

Address: OFO1DH
Access; RIW
Access size: 8 hits
Initial value: 00H

7 6 5 4 3 2 1 0
IRQ5 — QTM3 QTM2 — — — — —
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

IRQ5 isaspecial function register (SFR) to request an interrupt for each interrupt source.

Each IRQ5 request flag is set to “1” regardless of the IE5 and MIE values when an interrupt is generated.  In this case,
an interrupt is requested to the CPU when the related flag of the interrupt enable register (IE5) is set to “1” and the
master interrupt enable flag (MIE) issetto “1”.

By setting the IRQ5 request flag to “1” by software, an interrupt can be generated.

The corresponding flag of IRQ5 isset to “0” by hardware when the interrupt request is accepted by the CPU.

[Description of Bits]
e QTM2 (bit5)
QTM2 isthe request flag for the timer 2 interrupt (TM2INT).

QTM2 Description
0 No request (initial value)
1 Request

o QTM3 (hit 6)
QTM3 istherequest flag for the timer 3 interrupt (TM3INT).

QTM3 Description
0 No request (initial value)
1 Request

Note:
When an interrupt is generated by the write instruction to the interrupt request register (IRQ5) or to the interrupt enable
register (IE5), the interrupt shift cycle starts after the next 1 instruction is executed.
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5.2.15 Interrupt Request Register 6 (IRQ6)
Address: OFO1EH
Access; RIW
Access size: 8 hits
Initial value: 00H
7 6 5 4 3 2 1 0
IRQ6 Q32H — Q128H QT1K — — — QPWO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

IRQ6 isaspecial function register (SFR) to request an interrupt for each interrupt source.

Each IRQ6 request flag is set to “1” regardless of the IE6 and MIE values when an interrupt is generated.  In this case,
an interrupt is requested to the CPU when the related flag of the interrupt enable register (IE6) is set to “1” and the
master interrupt enable flag (MIE) issetto “1”.

By setting the IRQ6 request flag to “1” by software, an interrupt can be generated.

The corresponding flag of IRQ6 isset to “0” by hardware when the interrupt request is accepted by the CPU.

[Description of Bits]
e QPWO (bit 0)
QPWO is the request flag for the PWMO interrupt (PWOINT).

QPWO Description
0 No request (initial value)
1 Request

e QTIK (bit4)
QT 1K isthe request flag for the 1 kHz timer interrupt (T1KINT).

QT1K Description
0 No request (initial value)
1 Request

e Q128H (bit 5)
Q128H isthe request flag for the time base counter 128 Hz interrupt (T128HINT).

Q128H Description
0 No request (initial value)
1 Request

o Q32H (bit 7)

Q32H isthe request flag for the time base counter 32 Hz interrupt (T32HINT).

Q32H Description
0 No request (initial value)
1 Request

Note:

When an interrupt is generated by the write instruction to the interrupt request register (IRQ6) or to the interrupt enable
register (IE6), the interrupt shift cycle starts after the next 1 instruction is executed.
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5.2.16 Interrupt Request Register 7 (IRQ7)

Address; OFO1FH
Access; RIW
Access size: 8 hits
Initial value: 00H

7 6 5 4 3 2 1 0
IRQ7 — — — — Q2H — — Q16H
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

IRQ7 isaspecial function register (SFR) to request an interrupt for each interrupt source.

Each IRQ7 request flag is set to “1” regardless of the IE7 and MIE values when an interrupt is generated.  In this case,
an interrupt is requested to the CPU when the related flag of the interrupt enable register (IE7) is set to “1” and the
master interrupt enable flag (MIE) issetto “1”.

By setting the IRQ7 request flag to “1” by software, an interrupt can be generated.

The corresponding flag of IRQ7 isset to “0” by hardware when the interrupt request is accepted by the CPU.

[Description of Bits]
e Q16H (bit 0)
Q16H isthe request flag for the time base counter 8 Hz interrupt (T8HINT).

Q16H Description
0 No request (initial value)
1 Request

e Q2H (bit 3)
Q2H isthe request flag for the time base counter 2 Hz interrupt (T2HINT).

Q2H Description
0 No request (initial value)
1 Request

Note:
When an interrupt is generated by the instruction to write to the interrupt request register (IRQ7) or to the interrupt
enable register (IE7), the the interrupt shift cycle starts after the next 1 instruction is executed.
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5.3  Description of Operation

With the exception of the watchdog timer interrupt (WDTINT) and the NMI interrupt (NMINT), interrupt
enable/disable for 19 sources is controlled by the master interrupt enable flag (MIE) and the individual interrupt enable

registers (IE1 to 7).

WDTINT and NMIINT are non-maskable interrupts.

When the interrupt conditions are satisfied, the CPU calls a branching destination address from the vector table
determined for each interrupt source and the interrupt shift cycle starts to branch to the interrupt processing routine.
Table 5-1 lists the interrupt sources.

Table 5-1 Interrupt Sources

Priority Interrupt source Symbol Vector table address
1 Watchdog timer interrupt WDTINT 0008H
2 NMI interrupt NMINT 000AH
3 POO0 interrupt POOINT 0010H
4 PO1 interrupt POLINT 0012H
5 P02 interrupt PO2INT 0014H
6 P03 interrupt PO3INT 0016H
7 Synchronous serial port O interrupt SIOO0INT 0020H
o | Soceesve sl 0 A0 | saoi
9 I°C bus 0 interrupt I2COINT 002EH
10 Timer O interrupt TMOINT 0030H
11 Timer 1 interrupt TM1INT 0032H
12 UART O interrupt UAOINT 0040H
13 ilf]?erc:lsjgitllation type A/D converter RADINT 004AH
14 Timer 2 interrupt TM2INT 0058H
15 Timer 3 interrupt TM3INT 005AH
16 PWMO interrupt PWOINT 0060H
17 1 kHz timer interrupt TIKINT 0068H
18 TBC128Hz interrupt T128HINT 006AH
19 TBC32Hz interrupt T32HINT 006EH
20 TBC16Hz interrupt T16HINT 0070H
21 TBC2Hz interrupt T2HINT 0076H

Note:

- When multiple interrupts are generated concurrently, the interrupts are serviced according to this priority and
processing of low-priority interruptsis pending.

- Please define vector tables for all unused interrupts for fail safe.
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53.1 Maskable Interrupt Processing

When an interrupt is generated with the MIE flag set to “1”, the following processing is executed by hardware and the
processing of program shifts to the interrupt destination.

(1) Transfer the program counter (PC) to ELR1.
(2) Transfer CSR to ECSR1.

(3) Transfer PSW toEPSW1.

(4) SettheMIEflagto“0”.

(5) Setthe ELEVEL fieldto“1".

(6) Load theinterrupt start addressinto PC.

5.3.2 Non-Maskable Interrupt Processing

When an interrupt is generated regardless of the state of MIE flag, the following processing is performed by hardware
and the processing of program shifts to the interrupt destination.

(1) Transfer PCto ELR2.

(2) Transfer CSR to ECSR2.

(3) Transfer PSW to EPSW2.

(4) Setthe ELEVEL fieldto“2".

(5) Load theinterrupt start addressinto PC.

5.3.3 Software Interrupt Processing

A software interrupt is generated as required within an application program. When the SWI instruction is performed
within the program, a software interrupt is generated, the following processing is performed by hardware, and the
processing program shifts to the interrupt destination.  The vector table is specified by the SWI instruction.

(1) Transfer PCto ELRL.

(2) Transfer CSR to ECSR1.

(3) Transfer PSW to EPSW1.

(4) SettheMIEflagto“0”.

(5) Setthe ELEVEL fieldto“1".

(6) Load the interrupt start addressinto PC.

Reference:
For the MIE flag, Program Counter (PC), CSR, PSW, and ELEVEL, see “nX-U8/100 Core Instruction Manual”.
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5.34 Notes on Interrupt Routine

Notes are different in programming depending on whether a subroutine is called or not by the program in executing an

interrupt routine, whether multiple interrupts are enabled or disabled, and whether such interrupts are maskable or
non-maskable.

State A: Maskable interrupt is being processed

A-1: When a subroutine is not called by the program in executing an interrupt routine
A-1-1: When multiple interrupts are disabled
e Processing immediately after the start of interrupt routine execution
No specific notes.
e Processing at the end of interrupt routine execution

Specify the RTI instruction to return the contents of the ELR register to the PC and those of the EPSW register
to PSW.

A-1-2: When multiple interrupts are enabled
e Processing immediately after the start of interrupt routine execution
Specify “PUSH ELR, EPSW” to save the interrupt return address and the PSW status in the stack.
e Processing at the end of interrupt routine execution

Specify “POP  PC, PSW” instead of the RTI instruction to return the contents of the stack to PC and PSW.

Example of description: State A-1-1 Example of description: State A-1-2
Intrpt_A-1-1: ; A-1-1 state Intrpt_A-1-2: ; Start
DI ; Disable interrupt PUSH ELR, EPSW ; Sa\{e E.LR and EPSW at the
beginning
El ; Enable interrupt
RTI ; Return PC from ELR
; Return PSW form EPSW
; End
POP PC, PSW ; Return PC from the stack
: Return PSW from the stack
: End




ML610Q411/ML610Q412/ML610Q415 User’s Manua
Chapter 5 Interrupts (INTS)

A-2: When a subroutine is called by the program in executing an interrupt routine
A-2-1: When multiple interrupts are disabled
¢ Processing immediately after the start of interrupt routine execution
Specify the “PUSH LR” instruction to save the subroutine return address in the stack.
e Processing at the end of interrupt routine execution

Specify “POP LR” immediately before the RTI instruction to return from the interrupt processing after
returning the subroutine return addressto LR.
A-2-2: When multiple interrupts are enabled
e Processing immediately after the start of interrupt routine execution

Specify “PUSH LR, ELR, EPSW” to save the interrupt return address, the subroutine return address, and the
EPSW status in the stack.

e Processing at the end of interrupt routine execution

Specify “POP PC, PSW, LR" instead of the RTI instruction to return the saved data of the interrupt return
address to PC, the saved data of EPSW to PSW, and the saved dataof LRto LR.

Example of description: A-2-2

Intrpt_A-2-2: ; Start
PUSH ELR, EPSW, ; Save E_LR,_ EPSW, LR at
the beginning
LR
El ; Enable interrupt
: Sub_1: ;
/ DI ; Disable interrupt

BL Sub_1 ; Call subroutine Sub_1 :
: <—— |RT ; Return PC from LR
POP PC, PSW, LR ; Return PC from the stack ; End of subroutine

: Return PSW from the stack

; Return LR from the stack

; End
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State B: Non-maskable interrupt is being processed

B-1: When no instruction is executed in an interrupt routine
e Processing immediately after the start of interrupt routine execution
Specify the RTI instruction to return the contents of the ELR register to the PC and those of the EPSW register

to PSW.

B-2: When one or more instructions are executed in an interrupt routine
B-2-1: When a subroutine is not called by the program in executing an interrupt routine
¢ Processing immediately after the start of interrupt routine execution
Specify “PUSH ELR, EPSW” to save the interrupt return address and the PSW status in the stack.
e Processing at the end of interrupt routine execution

Specify “POP  PC, PSW” instead of the RTI inst

ruction to return the contents of the stack to PC and PSW.

B-2-2: When a subroutine is called by the program in executing an interrupt routine
e Processing immediately after the start of interrupt routine execution
Specify “PUSH LR, ELR, EPSW" to save the interrupt return address, the subroutine return address, and the

EPSW status in the stack.

e Processing at the end of interrupt routine execution

Specify “POP PC, PSW, LR” instead of the RTI

instruction to return the saved data of the interrupt return

address to PC, the saved data of EPSW to PSW, and the saved dataof LR to LR.

Example of description: B-1

Example of description: B-2-1

Intrpt_B-1: ; B-1 state Intrpt_B-2-1: ; Start
RTI ; Return PC from ELR PUSH ELR EPSW ; Save ELR, EPSW at the
: Return PSW form EPSW beginning
; End
POP PC PSW : Return PC from the stack
: Return PSW from the stack
; End
Example of description: B-2-2
Intrpt_B-2-2: ; Start
PUSH ELR,EPSW,LR ; Save ELR, EPSW, LR at the
beginning

/

BL Sub_1 ; Call subroutine Sub_1

Sub_1:

POP PC PSW LR ; Return PC from the stack
; Return PSW from the stack
; Return LR from the stack

; End

RT ; Return PC from LR
; End of subroutine
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5.35 Interrupt Disable State

Even if the interrupt conditions are satisfied, an interrupt may not be accepted depending on the operating state. Thisis
called an interrupt disabled state. See below for the interrupt disabled state and the handling of interruptsin this state.

Interrupt disabled state 1:  Between the interrupt shift cycle and the instruction at the beginning of the interrupt
routine
When the interrupt conditions are satisfied in this section, an interrupt is generated immediately following the

execution of the instruction at the beginning of the interrupt routine corresponding to the interrupt that has already
been enabled.

Interrupt disabled state 2:  Between the DSR prefix instruction and the next instruction
When the interrupt conditions are satisfied in this section, an interrupt is generated immediately after execution of
the instruction following the DSR prefix instruction.

Reference:
For the DSR prefix instruction, see “nX-U8/100 Core Instruction Manual”.
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6. Clock Generation Circuit

6.1 Overview

The clock generation circuit generates and provides a low-speed clock (LSCLK), 2x low-speed clock (LSCLK?2), a
high-speed clock (HSCLK), a system clock (SYSCLK), and a high-speed output clock (OUTCLK). LSCLK,
LSCLKx2, and HSCLK are time base clocks for the peripheral circuits, SYSCLK is a basic operation clock of CPU,
and OUTCLK isaclock that is output from a port.

For the OUTCLK output port, see Chapter 19, “Port 2. Additionally, for the STOP mode described in this chapter, see
Chapter 4, “MCU Control Function”, and for BLD, see Chapter 27, “Battery Level Detection Circuit”.

6.1.1 Features

o | ow-speed clock: 32.768 kHz crystal oscillation mode
ML610Q411/ML610Q412:

— 32.768kHz Crystal oscillation mode

— Capable of generating LSCLK x 2 (64 kHz) to be used for some peripherals.
ML610Q411/ML610Q412:

— 1/16 of 500kHz RC oscillation mode (31.25kHz)

— Capable of generating LSCLK x 2 (62.5kHZz) to be used for some peripherals.
o High-speed clock: Software selection

— 500 kHz RC oscillation mode

— External clock input mode (Not available on ML610Q415)

6.1.2 Configuration

Figure 6-1 shows the configuration of the clock generation circuit.

' 2x low-speed clock

: (LSCLKx2)
XT0*' —  Low-speed
! | clock generation ° Low-speed clock
XT1* 0 circuit <« (LSCLK)
E System clock
: 2 (SYSCLK)
; Divide ratio
P10/0SCO |j— High-speed OSCLK selection . High-speed clock
! | clock generation 11, 1/2, 1/4, 1/8 (HSCLK)
P11/0SC1 G circuit <e 1 .
: DiVildetratio High-speed output clock
' selection
' 11, 172, 1/4, 1/8 (OUTCLK)
| —
I —| FCONO, FCON1 l—
Data bus

FCONO : Frequency control register O

FCON1 : Frequency control register 1

*1 :Not used on ML610Q415

*2 :The SYSCLK isfixed to HSCLK on ML610Q415

Figure 6-1 Configuration of Clock Generation Circuit

Note:

This LSl starts operation with a clock generated by dividing the 500 kHz RC oscillation frequency by 8 after power-on
or asystem reset. At initialization by software, set the FCONO or FCONL1 register to switch the clock to a required
one. Operation of ML610Q411/ ML610Q412 is not guaranteed under a condition where a low-speed clock is not
supplied.

6-1
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6.1.3 List of Pins

Pin name 1/0 Description
XT0 | Pin for connecting a crystal for low-speed clock
(Connect to VSS on ML610Q415)
XT1 o Pin for connecting a crystal for low-speed clock

(Non connect on ML610Q415)

Pin for an external high-speed clock input

P10/0SCO | Used for the secondary function of the P10 pin

(The external clock input is not available on ML610Q415)

6.2  Description of Registers

6.2.1 List of Registers

Address Name Symbol (Byte) | Symbol (Word) | R/W Size \I/r:ltlja;
OF002H Frequency control register O FCONO FCON R/W 8/16 33H
OFO003H Frequency control register 1 FCON1 R/W 8 03H
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6.2.2 Frequency Control Register 0 (FCONO)

Address; OFO02H
Access; RIW

Access size: 8/16 hits
Initial value: 33H

7 6 5 4 3 2 1 0
FCONO — — OuUTC1 QOUTCO — OSCMO SYSC1 SYSCO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 1 1 0 0 1 1

FCONO is a special function register (SFR) to control the high-speed clock generation circuit and to select system
clock.

[Description of Bits]
e SYSC1, SYSCO (bits 1, 0)
The SYSCL1 and SY SCO bits are used to select the frequency of the high-speed clock (HSCLK) used for system
clock and peripheral circuits (including high-speed time base counter). OSCLK, 1/20SCLK, 1/40SCLK, or
1/80SCLK can be selected.  The maximum operating frequency guaranteed for the system clock (SY SCLK) of this
LSl is500kHz. At system reset, 1/80SCLK is selected.

SYSC1 SYSCO Description
0 0 OSCLK
0 1 1/20SCLK
1 0 1/40SCLK
1 1 1/80SCLK (initial value)

e OSCMO (bits 2)
The OSCMO hit is used to select the mode of the high-speed clock generation circuit. RC oscillation mode or
external clock input mode can be selected.
The setting of OSCMO0 can be changed only when high-speed oscillation is being stopped (ENOSC bit of FCON1 is
“0"). At systemreset, RC oscillation mode is selected.
The mode is fixed to RC oscillation mode and this bit aways returns “0” when reading on ML610Q415.

OSCMO Description
0 RC oscillation mode (initial value)
1 External clock input mode

e OUTC1, OUTCO (hits5, 4)
The OUTC1 and OUTCO bits are used to select the frequency of the high-speed output clock which is output when
the secondary function of the port is used.
OSCLK, 1/20SCLK, 1/40SCLK, or 1/80SCLK can be selected.
At system reset, 1/80SCLK is selected.

OUTC1 OUTCO Description
0 0 OSCLK
0 1 1/20SCLK
1 0 1/40SCLK
1 1 1/80SCLK (initial value)
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Note:

— To switch the mode of the high-speed clock generation circuit using the OSCMO hit, stop the high-speed oscillation
and set the system clock to the low-speed clock (set the ENOSC bit and SY SCLK of FCON1to “07).
— The maximum operating frequency guaranteed for the system clock (SY SCLK) of this LS| is 500kHz. The external

clock that is connected to the P10/OSCO pins must not exceed 500kHz. For more detail about the specification, see
Appendix C, “Electrical Characteristics’
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6.2.3 Frequency Control Register 1 (FCON1)

Address; OFOO3H
Access; RIW
Access size: 8 hits
Initial value: O3H

7 6 5 4 3 2 1 0
FCON1 — — — — — ENMLT ENOSC SYSCLK
R/W R R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 1 1

FCONL1 is a special function register (SFR) to control the high-speed clock generation circuit and to select system
clock.

[Description of Bits]

e SYSCLK (hit 0)
The SYSCLK hit is used to select system clock. It allows selection of the low-speed clock (LSCLK) or HSCLK
(UnOSCLK: n=1, 2, 4, 8) selected by using the high-speed clock frequency select bit (SY SC1, 0) of FCONO.
When the oscillation of high-speed clock is stopped (ENOSC bit = “0"), the SYSCLK bit is fixed to “0" and the
low-speed clock (LSCLK) is selected for system clock.
The system clock isfixed to HSCLK and this bit always returns “1” when reading on ML610Q415.

SYSCLK Description
0 LSCLK
1 HSCLK (initial value)

e ENOSC (bit1)
The ENOSC bit is used to select enable/disable of the oscillation of the high-speed clock oscillator.
The oscillation of high-speed clock is aways enable exept for STOP mode and this bit always returns “1” when
reading on ML610Q415.

ENOSC Description
0 Disables high-speed oscillation
1 Enables high-speed oscillation (initial value)

e ENMLT (bit 2)
The ENMLT bit is used to select enable/disable of the operation of the 2x low-speed clock (L SCLK x2).

ENMLT Description
0 Disables 2x low-speed clock operation (initial value)
1 Enables 2x low-speed clock operation
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6.3  Description of Operation

6.3.1 Low-Speed Clock

6.3.1.1 Low-Speed Clock Generation Circuit
Figure 6-2 shows the configuration of the low-speed clock generation circuit.

ML610Q411/ML 610Q412:

A low-speed clock generation circuit is provided with an external 32.768 kHz crystal. To match the oscillation
frequency by using atrimmer capacitor, connect external capacitors (Cg. and Cp,) as required.

In STOP mode, Vppyx is powered off to stop low-speed oscillation, and the XTO and XT1 pins become Hiz (Hi
Impedance state). When the ENMLT bit of FCON1 is set to “1”, the 2x low-speed clock circuit starts to generalte the
LSCLKx2(64kHz).

ML 610Q415:
LSCLK is genrated by the high-speed clock generation circuit and the 1/16 devider. An external crystal oscillator is not

requred. In STOP mode, the high-speed clock oscillation stops. When the ENMLT bit of FCON1 is set to “1”, the 2x
low-speed clock circuit starts to generate the LSCLK x2(62.5kHz).

: Vobx

32.768 kHz :
crystal 5 * b A

Control Circuit | STOP mode

._.{\> A Low-speed clock
L (LSCLK)

2><_c|o_ck |, 2x low-speed clock
circuit (LSCLKx2)

(A

ENMLT

Vss

Figure 6-2-1 Circuit Configuration of 32.768 kHz Crystal Oscillation Mode

STOP mode
1/16 & o Low-speed clock
Devider (LSCLK)
2x clock _ 2xlow-speed clock
circuit (LSCLKx 2)
High-speed ’t
oscillation circuit ENMLT

Figure 6-2-2 Circuit Configuration of 1/16 of 500kHz RC Oscillation Mode

Notes:

— Ingtall acrysta as close to the LSl as possible and make sure that signals causing noise and power supply wiring are
not near the crystal and its wiring.

— Note that oscillation may stop due to condensation.
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6.3.1.2 Operation of Low-Speed Clock Generation Circuit

ML 6100Q411/ML 6100Q412:

The low-speed clock generation circuit is activated by the occurrence of power ON reset.

A low-speed clock (LSCLK) is supplied to the peripheral circuits after the elapse of the low-speed oscillation start
period (Txr. ) and oscillation stabilization period (8192 counts) after powered on.

The low-speed clock generation stops the oscillation in STOP mode. When the oscillation is resumed by releasing of
the STOP mode by external interrupt, LSCLK is supplied to the periphera circuits after the elapse of the low-speed
oscillation start period (Txr.) and low-speed clock (LSCLK) oscillation stabilization period. For STOP mode, see
Chapter 4, “MCU Control Function”.

Figure 6-3-1 shows the waveforms of the low-speed clock generation circuit. For the low-speed oscillation start time
(TxrL), see Appendix C, “Electrical Characteristics’.

Power supply Vpp

RESET
Txr.: Oscillation start time Txr.: Oscillation start time
Low-speed clock < ° — S —
oscillation waveform —< Low-speed‘clock oscillation waveform Low—speeq clock oscillation waveform
T <S>
Low-speed ascillation Low-speed oscillation
Reset of voltage regulator Count: 4096 Count: 4096
for low-speed oscillation Ve
RESET_VRX
Low-speed oscillation Low-speed oscillation
Count: 8192 Count: 8192 —
Low-speed clock ! LSCLK wavefgrm ! LSCLK waveform
LSCLK 4 A A
Start of LSCLK ~ STOP
suppl mode
pply Start of LSCLK
supply

Occurrence of
external interrupt

Figure 6-3-1 Operation of Low-Speed Clock Generation Circuit (ML610Q411/ML610Q412)

Note:

After the power supply is turned on, CPU starts operation with a high-speed clock (500 kHz RC oscillation). It is
recommended to switch to the low-speed clock after confirming that the low-speed clock is oscillating by checking that
the 128 Hz interrupt request bit (Q128H) of the low-speed time base counter is“1”.  If the clock is switched before the
low-speed clock oscillates, the CPU stops operation until oscillation of the low-speed clock starts.
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ML 6100Q415:

The low speed clock(L SCLK) starts to be supplied at the same time as the high speed clock (HSCLK). See
Chapter 6.3.2, “High-Speed Clock” for more detail about the high speed clock generation.

The low-speed clock generation circuit stops the oscillation in STOP mode. When oscillation is resumed by
releasing of the STOP mode by external interrupt, HSCLK and LSCLK is supplied to the peripheral circuits at
the same time, after the elapse of the low-speed oscillation start period (Trc) and high-speed clock (HSCLK)
oscillation stabilization period (128 counts). For STOP mode, see Chapter 4, “MCU Control Function”.
Figure 6-3-2 shows the waveforms of the low-speed clock generation circuit.  For the low-speed oscillation
start time (Txr), see Appendix C, “Electrical Characteristics’.

Power supply Vpp

RESET
Trc: Oscillation start time Trc: Oscillation start time
High-speed clock < ? - — < >
oscillation waveform . ——_ Hiigh-speed clock oscillation waveform High-speed clock oscillation waveform
High-speed oscillation High-speed oscillation
Count: 8192 Count: 128
Low-speed oscillation Low-speed oscillation
Count: 8192 Count: 8192 —
Low-speed clock oun LSCLK wavefgrm oun LSCLK waveform
LSCLK 4 4
Start of HSCLK supply STOP
CPU start mode Start of HSCLK supply
CPU start

Occurrence of
external interrupt

Figure 6-3-2 Operation of Low-Speed Clock Generation Circuit (ML610Q415)
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6.3.2 High-Speed Clock

Setting of the OSCMO bits of the frequency control register 0 (FCONO) allows selection of the 500 kHz RC oscillation
mode or external clock input mode for the high-speed clock generation circuit.

6.3.2.1 500 kHz RC Oscillation

In RC oscillation mode (OSCMO = “0”), supply of OSCLK (high-speed oscillation clock) is started when RC
oscillation clock pulse count reaches 128 after oscillation is enabled (ENOSC is set to “1").

In 500 kHz RC oscillation mode, both the P10/OSCO pin can be used as general -purpose input ports.

Figure 6-4 shows the circuit configuration in RC oscillation mode.

VDDL

< STOP mode

RC oscillation  |«<—— ENOSC (Enables oscillation)
circuit

— Count: 128 —> OSCLK (High-speed oscillation clock)

Figure 6-4 Circuit Configuration in RC Oscillation Mode

Notes:
— The RC oscillation mode is allowed within the range of Vpp = 1.3V t03.6 V.

— After system reset mode is released, supply of OSCLK starts after the RC oscillation clock pulse count reaches 8192.
After release of a STOP mode, supply of OSCLK starts.
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6.3.2.2 External Clock Input Mode

In external clock input mode, external clock is input from the P10/OSCO pin.
Figure 6-5 shows the circuit configuration in external clock input mode.

' VDD

i O@ STOP mode
; ENOSC (Enables oscillation)

P High-speed oscillation clock
(OSCLK)

External clock input — :
| P10/0SCO

Figure 6-5 Circuit Configuration in External Clock Input Mode

Notes:

The external clock input modeis not available on ML610Q415.

— The external clock input mode can be used within aVpp range of 1.8V t0 3.6 V. Select afrequency according to
the operation voltage range by using the power supply voltage detection circuit (BLD).

— Since the diodes are included between the P10/OSCO pin and Vpp and between the P10/OSCO pin and Vss, do not
apply voltages higher than Vpp and lower than V g5 to the P10/OSCO pin.

— If the PLO/OSCO pin isleft open in external clock input mode, excessive current can flow. Therefore, make sure that
the“H” level (Vpp) or the“L” level (Vsg) isinput.

— The maximum operating frequency guaranteed for the system clock (SY SCLK) of this LS| is 500kHz. The external
clock that is connected to the P10/OSCO pins must not exceed 500kHz. For more detail about the specification, see
Appendix C, “Electrical Characteristics’




ML610Q411/ML610Q412/ML610Q415 User’'s Manual
Chapter 6 Clock Generation Circuit

6.3.2.3 Operation of High-Speed Clock Generation Circuit

The high-speed clock generation circuit is activated in 500Hz RC oscillation mode by power-on reset generation.

As a result of the occurrence of power-on reset, the circuit goes into system reset mode and then shifts to program
operating mode after the elapse of the high-speed RC oscillation start time (Trc) and the oscillation stabilization time
(Count: 8192) of the high-speed oscillation clock (OSCLK) and at the same time, a high-speed clock (HSCLK) is
supplied to the peripheral circuits.

Figure 6-6 shows the waveforms of the high-speed clock generation circuit at power on. For the high-speed RC
oscillation start time (Trc), see Appendix C, “Electrical Characteristics’.

Power supply Vpp
RESET
Trc: Oscillation start time
High-speed oscillation —<__ High-speed oscillation clock waveform
clock waveform |
! High-speed oscillation
High-speed clock Count: 8192 HSCLK waveform
HSCLK
System clock SYSCLK waveform
SYSCLK A
CPU start

Figure 6-6 Operation of High-Speed Clock Generation Circuit at Power-On

The high-speed clock generation circuit allows selection of an oscillation mode and start/stop of oscillation by using the
frequency control registers 0 and 1 (FCONO and FCONL1).

Oscillation can be started by setting the ENOSC bit to “1” after selecting a high-speed oscillation mode in FCONO and
a high-speed oscillation frequency. After the start of oscillation, HSCLK starts supply of a clock to the peripheral
circuits following the elapse of the high-speed oscillation start period (Trc) and the oscillation stabilization period of
the high-speed oscillation clock.

The high-speed clock generation circuit stops oscillation in STOP mode. When the STOP mode is released by external
interrupt, HSCLK supplies clocks to peripheral circuits following the elapse of the high-speed oscillation start period
(Tre) and the oscillation stabilization period of the high-speed clock. The oscillation stabilization period is the duration
of 128 clock pulses.
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Figure 6-7 shows the waveforms of the high-speed clock generation circuit in crystal/ceramic oscillation mode.

High-speed oscillation enable
ENOSC
Tre: 500kHz RC oscillation start time Tre: 500kHz RC oscillation start time
High-speed oscillation <> <>
waveform (_High-speed oscillation waveform \__High-speed oscillation waveform
High-speed osgcillation ngh—s.peed oscillation
. Count: 8192 Count: 128
High-speed clock HSCLK waveform HSCLK waveform
HSCLK Txr.: Low-speed oscillation start time (ML610Q411/ML610Q412)
Tre: Low-speed oscillation start time (ML610Q415)
Low-speed clock pPT—— < > —
oscillation waveform Low-speed clock oscillation waveform Low-speed clock oscillation waveform

1

Start of high-speed
oscillation

STOP
mode

Generation of external  Restart of

interrupt program

Stop of high-speed
oscillation

Figure 6-7 Operation of High-Speed Clock Generation Circuit in 500kHz RC Oscillation Mode
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6.3.3 Switching of System Clock

The system clock can be switched between high-speed clock (HSCLK) and low-speed clock (LSCLK) by using the
frequency control registers (FCONO, FCONL1). Thisfunction is not available on ML610Q415.

Figure 6-8 shows a flow of system clock switching processing (HSCLK—LSCLK) and Figure 6-11 shows a flow of
system clock switching processing (LSCLK—HSCLK).

<System clock switching>

SYSCLK«"0"

ENOSC«"0"

Qow-speed operation mod§

- System clock switching (High-speed clock—Low-speed clock)

Stop of high-speed oscillation

~ (* do not need to stop the oscillation if the high-speed clock is used

for any peripheral)

Figure 6-8 Flow of System Clock Switching Processing (HSCLK—LSCLK)

Note:

—  Thefunction switching HSCLK to LSCLK is not available on ML610Q415.

—  After the power is turned on or if the system clock is switched from HSCLK to LSCLK immediately following
return from the STOP mode, the CPU becomes inactive until LSCLK starts clock supply to the peripheral circuits.
Therefore, It is recommended to switch to LSCLK after confirming that the LSCLK is oscillating by checking that
the time base counter interrupt request bit (Q128H) is“1”.
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Gysmm clock switchi@ rrrrrrrr Set high-speed oscillation mode before switching the system clock.

Use

500 kHz RC ? Remain using the low-speed clock (LSCLK).

When using 500kHz RC oscillation mode or 500kHz
""""""" external clock mode, check that Vpp is 1.3V or
higher by using BLD.

o 500kHz RC osciilation mode can not be used.
Remain using the low-speed clock (LSCLK).

ENOSC«"1" | Start of high-speed oscillation

Wait until oscillation |
stabilizes (TWAIT)

SYSCLK«"1" | System clock switching (Low-speed clock—High-speed clock)

High-speed operation
mode

Voltage detection by
BLD

Twarr = 500 ps @500 kHz RC oscillation mode
Twarr = 1 ms @External clock input mode

Figure 6-9 Flow of System Clock Switching Processing (LSCLK—HSCLK)

Note:

—  Thefunction switching HSCLK to LSCLK is not available on ML610Q415.

If the system clock is switched from a low-speed clock to a high-speed clock before the high-speed clock
(HSCLK) starts oscillation, the CPU becomes inactive until HSCLK starts clock supply to the peripheral circuits.
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6.4  Specifying port registers

When you want to make sure clock output functions are working, please check related port registers are specified. See
Chapter 20, “Port2” for detail about the port registers.

6.4.1 Functioning P21 (OUTCLK) as the high speed clock output

Set P21MD bit (bitl of P2MOD register) to “1” for specifying the high speed clock output as the secondary function
of P21.

Reg. name P2MOD register (Address: 0F214H)
Bit 5 4 3 2 1 0
Bit name - - - P22MD P21MD P20MD
Data - - - * 1 *

Set P21C1 bit (bit1 of P2CON1 register) to *1” and set P21CO bit(bit1 of P2CONO register) to “1”, for specifying the

P21 as CMOS output.
Reg. name P2CONL1 register (Address: OF213H)
Bit 5 4 3 2 1 0
Bit name - - - P22C1 P21C1 P20C1
Data - - - * 1 *
Reg. name P2CONO register (Address: OF212H)
Bit 5 4 3 2 1 0
Bit name - - - P22CO0 P21CO P20CO0
Data - - - * 1 *

Data of P21D hit (bitl of P2D register) does not affect to the high speed clock output function, so don't care the data

for the function.

Reg. name P2D register (Address: 0F210H)
Bit 5 4 3 2 1 0
Bit name - - - P22D P21D P20D
Data - - - * *% *

- : Bit does not exist.

* 1 Bit not related to the high speed clock function

**: Don't care the data.

Note:

P21(Port2) is an output-only port, does not have an register to select the data direction(input or output).
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6.4.2 Functioning P22 (LSCLK) as the low speed clock output

Set P22MD bit (bit2 of P2MOD register) to “1” for specifying the low speed clock output as the secondary function of
p22.

Reg. name P2MOD register (Address: 0F214H)
Bit 7 6 5 4 3 2 1 0
Bit name - - - - - P22MD P21MD P20MD
Data - - - - - 1 * *

Set P22C1 hit (bit2 of P2ZCON1 register) to “1” and P22C0 hit (bit2 of P2CONO register), for specifying P22 as
CMOS outpuit.

Reg. name P2CONL1 register (Address: 0F213H)
Bit 7 6 5 4 3 2 1 0
Bit name - - - - - P22C1 pP21C1 P20C1
Data - - - - - 1 * *
Reg. name P2CONO register (Address: OF212H)
Bit 7 6 5 4 3 2 1 0
Bit name - - - - - P22C0 P21CO P20C0
Data - - - - - 1 * *

Data of P22D bit (bit2 of P2D register) does not affect to the low speed clock output function, so don’t care the data
for the function.

Reg. name P2D register (Address: 0F210H)
Bit 7 6 5 4 3 2 1 0
Bit name - - - - - P22D P21D P20D
Data - - - - _ *% * *

- : Bit does not exist.
* : Bit not related to the low speed clock function
** . Don't care the data.

Note:
P22(Port2) is an output-only port, does not have an register to select the data direction(i.e. input or output).
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7. Time Base Counter

7.1 Overview

This LSI includes a low-speed time base counter (LTBC) and a high-speed time base counter (HTBC) that generate
base clocks for peripheral circuits. By using the time base counter, it is possible to generate events periodically.

For input clocks, see Chapter 6, “Clock Generation Circuit”. For interrupt permission, interrupt request flags, etc.,
described in this chapter, see Chapter 5, “Interrupts’.

7.1.1 Features

e | TBC generates T32KHZ to T1HZ signals by dividing the low-speed clock (LSCLK) frequency.

e HTBC generates HTB1 to HTB32 signals by dividing the high-speed clock (HSCLK) frequency.

e LTBC alows frequency adjustment (Adjustment range: Approx. —488ppm to +488ppm. Adjustment accuracy:
Approx. 0.48ppm) by using the low-speed time base counter frequency adjustment registers (LTBADJH and
LTBADJL). (*1)

e Capable of generating 128Hz , 32Hz , 16Hz , and 2Hz interrupts. (*?)

Note:

(*1) This function can be utilized on ML610Q411 and ML610Q412 which has the low-speed crystal oscillation clock.
(*?) In the case of ML610Q415, the frequency will be {122Hz , 30.5Hz , 15.3Hz , and 1.9HZ} + temperature variation
of RC oscillation.

7.1.2 Configuration

Figure 7-1 and Figure 7-2 show the configuration of alow-speed time base counter and a high-speed time base counter,
respectively.

T32KHZ
T16KHZ
T8KHZ
T4AKHZ
T2KHZ
T1KHZ
T512HZ
T256HZ

T128HZ
T64HZ
T32HZ
T16HZ
T8HZ
T4HZ
T2HZ
l T1HZ

7-bit Counter LTBR

LSCLK 8-bit Counter —\l/
(32.768 kHz) > R > R

4\ LTBADJL
LTBDJH

RESET
(Internal signal)

Data bus

LTBR Write

LTBR : Low-speed time base counter register
LTBADJL : Low-speed time base counter frequency adjust register
LTBADJH : Low-speed time base counter frequency adjust register

Figure 7-1 Configuration of Low-Speed Time Base Counter (LTBC)
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HSCLK
(500kHz)

RESET
(Internal signal)

Data bus

—=>q

HTBDR
=~ 1/n-Counter

R

HTBCLK

= (500kHz to 31kHz)

HTBDR: High-speed time base counter frequency divide register

Figure 7-2 Configuration of High-Speed Time Base Counter

Note:

The frequency of HSCLK changes according to specified data in SYSCL bit and SY SCO hit of Frequency control

register 0 (FONO)
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7.2  Description of Registers

7.2.1 List of Registers

Address Name Symbol (Byte) | Symbol (Word) | R/W Size Initial value

OFOOAH Lovy-speed time base counter LTBR o RIW 8 00H
register

oFoogH | High-speed time base counter HTBDR — RIW 8 00H
frequency divide register

OFooCH | LOW-speed time base counter LTBADJL RW | 8/16 00H
frequency adjustment register L LTBADJ

OEOODH Low-speed time base counter LTBADJIH RIW 8 00H

frequency adjustment register H
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7.2.2 Low-Speed Time Base Counter (LTBR)

Address; OFOOAH
Access; RIW
Access size: 8 hits
Initial value: 00H

7 6 5 4 3 2 1 0
LTBR T1HZ T2HZ T4HZ T8HZ T16HZ T32HZ T64HZ T128HZ
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

LTBR isaspecia function register (SFR) to read the T128HZ-T1HZ outputs of the low-speed time base counter.
The T128HZ-T1HZ outputs are set to “0” when write operation is performed for LTBR.

Note:

A TBC interrupt (128Hz interrupt, 32Hz interrupt, 16Hz interrupt, or 2Hz interrupt)* may occur depending on the
LTBR write timing (see Figure 7-4, “Interrupt Timing and Reset Timing by Writing to LTBR”). Therefore, take care
in software programming.

(*) In the case of ML610Q415, the frequency will be {122Hz , 30.5Hz , 15.3Hz , and 1.9HZ} + temperature variation
of RC oscillation.
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7.2.3 High-Speed Time Base Counter Divide Register (HTBDR)

Address; OFOOBH
Access; RIW
Access size: 8 hits
Initial value: 00H

7 6 5 4 3 2 1 0
HTBDR — — — — HTD3 HTD2 HTD1 HTDO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

HTBDR isaspecia function register (SFR) to set the divide ratio of the 4-bit, 1/n counter.

[Description of Bits]

e HTD3-HTDO (bits 3-0)
The HTD3-HTDO hits are used to set the frequency divide ratio of the 4-bit, 1/n counter. The frequency divide
ratios selectable include 1/1 to 1/16.

HTD3 HTD2 HTD1 HTDO Description
Divide ratio Frequency of HTBCLK (*1)
0 0 0 0 x 1/16 (initial value) 31kHz
0 0 0 1 x 1/15 33kHz
0 0 1 0 x 1/14 36kHz
0 0 1 1 x 1/13 38kHz
0 1 0 0 x 1/12 42kHz
0 1 0 1 x 1/11 45kHz
0 1 1 0 x 1/10 50kHz
0 1 1 1 x 1/9 56kHz
1 0 0 0 x 1/8 63kHz
1 0 0 1 x 17 71kHz
1 0 1 0 x 1/6 83kHz
1 0 1 1 x 1/5 100kHz
1 1 0 0 x 1/4 125kHz
1 1 0 1 x 1/3 167kHz
1 1 1 0 x 1/2 250kHz
1 1 1 1 x 1/1 500kHz

*1: Indicates the frequency when the high-speed oscillation clock, HSCLK is 500kHz.
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7.2.4 Low-Speed Time Base Counter Frequency Adjustment Registers L and H (LTBADJL, LTBADJH)

Address; OFOOCH
Access; RIW

Access size: 8/16 hits
Initial value: 00H

7 6 5 4 3 2 1 0
LTBADJL LADJ7 LADJ6 LADJ5 LADJ4 LADJ3 LADJ2 LADJ1 LADJO

R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

Address: OFOODH
Access; RIW
Access size: 8 hits
Initial value: 00H

7 6 5 4 3 2 1 0
LTBADJH — — — — — LADJS LADJ9 LADJ8
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

LTBADJL and LTBADJH are special function registers (SFRs) to set the frequency adjustment values of the low-speed
time base clock.

[Description of Bits)
e LADJS, LADJ9-LADJS8 (bits 2-0) LADJ7-L ADJO (bits 7-0)
The LADJS and LADJ9 to LADJO bits are used to adjust frequency.
Adjustment range: Approx. —488ppm to +488ppm.
Adjustment accuracy:  Approx. 0.48ppm
See Section 7.3.3, “Low-Speed Time Base Counter Freguency Adjustment Function” for the correspondence
between the frequency adjustment values (LTBADJH, LTBADJL) and adjustment ratio.
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7.3  Description of Operation

7.3.1 Low-Speed Time Base Counter

The low-speed time base counter (LTBC) starts counting from 0000H on the LSCLK falling edge after system reset.
The T128HZ, T32HZ, T16HZ, and T2HZ outputs of LTBC are used as time base interrupts and an interrupt is
requested on the falling edge of each output. Each of LTBC outputs is also used as an operation clock for peripheral
circuits.

The output data of T128HZ to T1HZ of LTBC can be read from the low-speed time base counter register (LTBR).
When reading the data, read LTBR twice and check that the two values coincide to prevent reading of undefined data
during counting.

Figure 7-3 shows an example of program to read LTBR.

LEA offset LTBR ; EA<-LTBR address
MARK:
L RO, [EA] ; 1st read
L R1, [EA] ; 2nd read
CMP RO, R1 ; Comparison for LTBR
BNE MARK ; To MARK when the values do not coincide

Figure 7-3 Programming Example for Reading LTBR

LTBR isreset when write operation is performed and the T128HZ to T1HZ outputs are set to “0". Write datais invalid.
Since an interrupt occurs if afalling edge occurs in the T128Hz to T1Hz outputs during writing to LTBR, take care in
software programming.

Figure 7-4 shows interrupt generation timing and reset timing of the time base counter output by writing to LTBR.

LTBR Write

T256HZ | [VIV VIV IV IVIVIVIVIVIVIVIVIVIVIVIVIVIV[VIVIV[V[VIVIV[V[V]V]V
TizgHz | Y Y vy [y vy jfyvryryvyrvyryvyryvyrvrvrv,

T64HZ | | | 1 r 1 | L | 1 | | l_
T2HZ| [ VY A

T16HZ v | \4

TIGHZ [ [YIVIVIVIVIVIVIVIVIVIVIVIVIVIVIVIVIVIVIVIVIVIVIVIVV[VIVIV]V
TeHz [ LI LT L[ Lo LI Lo rerrrrererererere

T4HZ — . 1 1. 1 1 1

ToHZ [ Y~/ . oI

T1HZ l ' r
—~

“— Indicates interrupt timing

Figure 7-4 Interrupt Timing and Reset Timing by Writing to LTBR
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7.3.2 High-Speed Time Base Counter

The high-speed time base counter is configured as a 4-bit 1/n counter (n = 1 to 16).

In the 4-bit 1/n counter, the divided clock (1/16xHSCLK to 1/1xHSCLK) selected by the high-speed time base counter

divide register (HTBDR) is generated as HTBCLK. HTBCLK is used as a timer and also as an operation clock of
PWM.

Figure 7-5 shows the output waveform of HTBCLK.

High-speed clock

wsok  UUUUUUUUUUUULUDUTUULUUTL
1/n countT_'r '|?|_;,J(t:p|_uli W H H H U H H m

x 1/1 x 1/2 x 1/3
High-speed time base counter
Divide register OFH OEH >< ODH
HTBDR

Figure 7-5 Output Waveform of HTBCLK
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7.3.3 Low-Speed Time Base Counter Frequency Adjustment Function

Freguency adjustment (Adjustment range: Approx. —488ppm to +488ppm. Adjustment accuracy: Approx. 0.48ppm) is
possible for outputs of TBKHZ to T1HZ of LTBC by using the low-speed time base counter frequency adjust registers
(LTBADJH and LTBADJL).

Table7-1 shows correspondence between the frequency adjustment values (LTBADJH, LTBADJL) and adjustment
ratio.

Table 7-1 Correspondence between Frequency Adjustment Values (LTBADJH, LTBADJL)
and Adjustment Ratio

LADJ10to O Hexadecimal |Frequency adjustment ratio (ppm)

0 1 1 1 1 1 1 1 1 1 1 3FFH +487.80
0 1 1 1 1 1 1 1 1 1 0 3FEH +487.33
0 0 0 0 0 0 0 0 0 1 1 003H +1.43
0 0 0 0 0 0 0 0 0 1 0 002H +0.95
0 0 0 0 0 0 0 0 0 0 1 001H +0.48
0 0 0 0 0 0 0 0 0 0 0 000H 0
1 1 1 1 1 1 1 1 1 1 1 7FFH —-0.48
1 1 1 1 1 1 1 1 1 1 0 7FEH —-0.95

0 0 0 0 0 0 1 401H —-487.80
1 0 0 0 0 0 0 0 0 0 0 400H -488.28

The adjustment values (LADJ10 to LADJO) to be set in LTBADJH and LTBADJL can be obtained by using the
following equations:

Adjustment value Frequency adjustment ratio x 2097152 (decimal)

Frequency adjustment ratio x 200000h (hexadecimal)

Example 1: When adjusting +15.0ppm (gaining time)
Adjustment value = +15.0ppm x 2097152 (decimal)

+15.0 x 10°® x 2097152

+31.45728 (decimal)

01Fh (hexadecimal)

e mn

Example 2: When adjusting —25.5ppm (losing time)
Adjustment value —25.5ppm x 2097152 (decimal)

—25.5 x 10°° x 2097152

~53.477376 (decimal)

7CCh (hexadecimal)

e n

Note:

The low-speed clock (LSCLK) and the outputs of T32KHZ and T16KHZ of LTBC are not adjusted by the frequency
adjust function.

The frequency adjustment accuracy does not guarantee the accuracy including the frequency variation of the crystal
oscillation (32.768kHz) due to temperature variations.

The function can be utilized on ML610Q411 and ML610Q412 which has the low-speed crystal oscillation clock. It can
not be utilized on ML610Q415 because the ML610Q415 uses 1/16 of 500kHz RC oscillation clock (31.25kHz) for the
low-speed clock (LSCLK), as which frequency has significant temperature variation comparing to the crysta
oscillation.
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7.3.4 A signal generation for 16bit timer 2-3 frequency measurement mode

A signal (437C) used for 16hit timer 2-3 frequency measurement mode is generated in the time base conter block. See

Chapter 10, “Timer” for more detail about the frequency measurement function. The frequency measurement function
is Not available on ML610Q415.

16KHz
8KHz
4KHz

2KHz
TBC |————>| Decoder

1KHz 437c (supplied to timer 2 & 3)
o Q

512Hz
—>

256Hz
—
128Hz
o> 64Hz

LSCLK

Figure 7-6 437c signhal generation block diagram (used for frequency measurement mode)

Note:
The frequency measurement function in using 16bit timer 2 & 3 is Not available on ML610Q415.
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8. Capture

8.1 Overview

This LS| has two channels of capture circuits that capture the TAKHZ to T32HZ signals of the low-speed base counter
(LTBC) to the capture register at the occurrence of POO and PO1 interrupts.  The circuits capture timings at which each
interrupt occurred, based on the time from the time base counter.

For the external interrupt (POOINT, PO1INT) from the POO or PO1 pin, see Chapter 5, "Interrupt" and Chapter 18, "Port
0".

8.1.1 Features
o Time base capturex2ch (4096Hz to 32Hz)

8.1.2 Configuration

Figure 8-1 shows the configuration of the capture circuit.

( T4KHZ
T2KHZ
T1KHZ
T512HZ

LTBC T256HZ

T128HZ
T64HZ

L T32HZ '
LSCLK () ——————— J/ $
polNT ——>>| Capwre - T

= CAPRO

7P CAPR1
POOINT N Controller
Interrupt request signal I

CAPSTAT

CAPCON CP1F| |CPOF
R R

Write CAPR1 N 4 8 {3
Write CAPRO
Data bus

CAPCON : Capture control register ML610Q411/Q412: 32.768kHz
CAPSTAT : Capture status register ML610Q415: 31.25kHz
CAPRO : Capture data register 0

CAPR1 : Capture data register 1

Figure 8-1 Configuration of Capture Circuit

8.1.3 List of Pins

Pin name I/O Description
Capture 0 input pin

Used as the secondary function of the P00 pin.
Capture 1 input pin

Used as the secondary function of the PO1 pin.

POO/CAPO |

PO1/CAP1 |
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8.2  Description of Registers

8.2.1 List of Registers

Address Name Symbol (Byte) | Symbol (Word) R/W Size |Initial value
OF090H Capture control register CAPCON — R/W 8 00H
OF091H Capture status register CAPSTAT — R/W 8 00H
0F092H Capture data register 0 CAPRO — R/W 8 00H
0F093H Capture data register 1 CAPR1 — R/W 8 00H
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8.2.2 Capture Control Register (CAPCON)

Address; OFO90H
Access; RIW
Access size: 8 hits
Initial value: 00H

7 6 5 4 3 2 1 0
CAPCON — — — — — — ECAP1 ECAPO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

CAPCON is aspecial function register (SFR) to control the capture circuit.

[Description of Bits)
o ECAPO (bit 0)
The ECAPO hit is used to start or stop the operation of capture 0.

ECAPO Description
0 Stops the capture 0 operation. (initial value)
1 Starts the capture 0 operation.

e ECAP1 (bit 1)
The ECAPL hit is used to start or stop the operation of capture 1.

ECAP1 Description
0 Stops the capture 1 operation. (initial value)
1 Starts the capture 1 operation.
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8.2.3 Capture Status Register (CAPSTAT)

Address; OF091H
Access; RIW
Access size: 8 hits
Initial value: 00H

7 6 5 4 3 2 1 0
CAPSTAT — — — — — — CAPF1 CAPFO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

CAPSTAT isaspecia function register (SFR) to indicate a state of the capture circuit.

[Description of Bits)

o CAPFO (hit 0)
The CAPFO bit is the flag to indicate whether datais captured in capture dataregister 0
(CARPO) or not.

When the CAPFO bit isset to "1", it indicates that data is captured in capture data register 0 (CAPRO).
When the CAPFO bit is set to "1", the next capture operation is stopped. So perform the write operation to capture

data register 0 (CAPRO) to clear the CAPFO bit to "0".

CAPFO Description
0 No capture 0 latch (initial value)
1 Capture 0 latch

o CAPFL1 (bit 1)
The CAPF1 bit is the flag to indicate whether datais captured in capture data register O
(CARP1) or not.

When the CAPFO bit isset to "1", it indicates that data is captured in capture dataregister 0 (CAPR1).
When the CAPF1 bit is set to "1", the next capture operation is stopped. So perform the write operation to capture

dataregister 1 (CAPRL) to clear theCAPFO bit to "0".

CAPF1 Description
0 No capture 1 latch (initial value)
1 Capture 1 latch
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8.2.4 Capture Data Register 0 (CAPRO)

Address; 0F092H
Access; RIW
Access size: 8 hits
Initial value: 00H

7 6 5 4 3 2 1 0
CAPRO CPO7 CPO06 CPO5 CP04 CPO3 CPO02 CPO1 CPO0OO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

CAPRO isaregister in which capture data is stored.

The T4KHZ to T32HZ signals of the low-speed time base counter (L TBC) are captured when the POO interrupt request
is generated with the CAPFO flag (bit O of the CAPSTAT register) set to "0".

Writing to CAPRO sets the CAPFO flag of CAPSTAT to "0". The value of CAPRO does not change even if data is
written to it.




ML610Q411/ML610Q412/ML610Q415 User’'s Manual
Chapter 8 Capture

8.2.5 Capture Data Register 1 (CAPR1)

Address; OFO93H
Access; RIW
Access size: 8 hits
Initial value: 00H

7 6 5 4 3 2 1 0
CAPR1 CP17 CP16 CP15 CP14 CP13 CP12 CP11 CP10
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

CAPRL1l isaregister in which capture data is stored.

The T4KHZ to T32HZ signals of the low-speed time base counter (L TBC) are captured when the PO1 interrupt request
is generated with the CAPF1 flag (bit 1 of the CAPSTAT register) set to "0".

Writing to CAPR1 sets the CAPF1 flag of CAPSTAT to "0". The value of CAPR1 does not change even if data is
written to it.
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8.3  Description of Operation

The capture circuit starts the capture operation by setting the ECAPO or ECAPL hit of the capture control register
(CAPCON).

When the input trigger from the POO or PO1 pin selected by the external interrupt control register 0 or 1 (EXICONO or
EXICONL1) is generated and the POO or PO1 interrupt request flag (QPO0 or QP01) is set to “1”, the TAKHZ to T32HZ
signals of the low-speed time base counter (LTBC) are captured in the capture register 0 or 1 (CAPRO or CAPR1) on
the next low-speed clock (LSCLK) falling edge and the at the same time, the capture flag (CAPFO or CAPF1) of the
capture status register (CAPSTAT) issetto“1”.

When the capture flag (CAPFO, CAPF1) is“1”, the following capture operation stops.

After reading the value captured in the capture register 0 or 1 (CAPRO, CAPR1), perform write operation (write data is

meaningless) for the capture register 0 or 1 (CAPRO, CAPR1), clear the capture flag (CAPFO, CAPF1) to “0”, and wait
for the next POO or PO1 interrupt.

Figure 8-2 shows the timing of the capture operation.

systemelook | [ LA LML L L LML
sow [ L LTV L LT L L LT
(TAKHZ to T?I,_le—?z(; N X N+1 2 ) -
P00 and P01 pins K
QP00, QP01 —
Interrupt request flag ':
v

CAPRO, CAPR1 XX X N+ ) N+1

«
CAPF0, CAPF1 | "

Write CAPRO, 1 « [

Figure 8-2 Timing Diagram of Capture Operation

Note:

When CPU is operating at the high speed (HSCLK), check that the capture flag (CAPFO, CAPF1) is set to "1" after the
P00 or PO1 interrupt request is generated and then read capture data register O or 1 (CAPRO, CAPR1).
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9. 1kHz Timer (1kHzTM)

9.1 Overview

ThisLSl includes a1 kHz timer to measure 1/1000 seconds.

The 1 kHz timer counts the 1 kHz(*) signal created by dividing the T2KHZ output frequency (*) of the low-speed time
base counter (LTBC) and generates a 10 Hz or 1 Hz interrupt (1 kHz timer interrupt).

With the 1 kHz timer, 1/1000 second, which is difficult to generate on a time-base-counter basis, represented by a
decimal number can be obtained easily. The timer can be applied to period measurement for stopwatches.

For the timer base counter, see Chapter 7, “ Time Base Counter”.

(*) ML610Q411/Q412: T2KHZ=2.048kHz, 1kHz: 1.024kHz
ML610Q415: T2KHZ=1.953kHz, 1kHz: 0.977kHz

9.1.1 Features
e 10 Hz/1 Hz interrupt select function

9.1.2 Configuration
Figure 9-1 shows the configuration of the 1 kHz timer.

Interrupt control ——> TI1KINT

1 kHz signal
\ 10 HZ/]\ Tl Hz

Binary/ternary T1KCRL T1KCRH
counter Decimalx1 digit Decimalx2 digits
TNz ———— )b AN P
R R R
Write TIKCRH I T
Write TLIKCRL

[ Taxcon |

N

Data bus A 4
T1KCON : 1 kHz timer control register
T1KCRL : 1 kHz timer count register L
T1KCRH : 1 kHz timer count register H

Figure 9-1 Configuration of 1 kHz Timer
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9.2  Description of Registers

9.2.1 List of Registers

Address Name Symbol (Byte) | Symbol (Word) R/W Size | Initial value
OF080H 1 kHz timer count register L T1KCRL T1KCR R/W 8/16 00H
OF081H 1 kHz timer count register H T1KCRH R/W 8 00H
0F082H 1 kHz timer control register T1KCON — R/W 8 00H
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9.2.2 1 kHz Timer Count Registers (TLIKCRL, TIKCRH)

Address; OFO80H
Access; RIW

Access size: 8/16 hits
Initial value: 00H

7 6 5 4 3 2 1 0
T1KCRL T1KC3 T1KO02 T1KC1 T1KCO — — — —
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0
Address: OFO81H
Access. RIW
Access size: 8 bits
Initial value: O0OH
7 6 5 4 3 2 1 0
T1KCRH T1KC11 T1K010 T1KC9 T1KCS8 T1KC7 T1K06 T1KC5 T1KC4
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

T1KCRL and T1KCRH are specia function registers (SFRs) to read the decimal count values of the 1 kHz timer.
When the write operation to TIKCRL or TIKCRH, the valid bit of TAIKCRL or TIKCRH is"0" respectively.

[Description of Bits]
e T1KC11to T1KCO (T1KCRH: bits7t0 0, TIKCRL: hits 7 to 4)
T1KC11 to T1KCO indicate the count values of the 1 kHz timer.
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9.2.3 1 kHz Timer Control Register (TLIKCON)

Address; 0F082H
Access; RIW
Access size: 8 hits
Initial value: 00H

7 6 5 4 3 2 1 0
T1KCON — — — — — — T1KSEL | T1KRUN
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

T1KCON isaspecia function register (SFR) to control the 1 kHz timer.

[Description of Bits]
e T1KRUN (bit 0)
The TIKRUN hit is used to control start/stop of the count operation of the 1 kHz timer counter.

T1KRUN Description
0 Stops 1 kHz timer operation (initial value).
1 Starts 1 kHz operation.

e TIKSEL (bit1)
The TILSEL bit is used to select the interrupt period of the 1 kHz timer. The 10 Hz or 1 Hz interrupt can be selected.

T1KSEL Description
0 ML610Q411/Q412: 10 Hz interrupt, ML610Q415: 9.5Hz interrupt (initial value)
1 ML610Q411/Q412: 1 Hz interrupt, ML610Q415: 0.95Hz interrupt
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9.3  Description of Operation

By setting the TAIKRUN bit of the 1kHz timer control register (TIKCON) to “1”, the 1kHz timer starts counting of the
1kHz timer counter registers L or H (TIKCRL, T1KCRH).

By dividing the T2KHz signal frequency (2.048kHz) of the low-speed timer base counter (LTBC) by the binary/ternary
counter, the timer generates a 1kHz signal. Based on the 1kHz signal, a 1kHz timer interrupt request signal (T1KINT)
is generated by the decimal counters of TIKCRL and T1KCRH. The period of the 1kHz timer interrupt can be selected
between the 10Hz interrupt or 1Hz interrupt using the TIKSEL bit of TIKCON.

When write operation is performed for TAKCRL or TIKCRH, the value of the binary/ternary counter and the value of
T1KCRL or TIKCRH iscleared to “0".

Data can be read from TIKCRL and T1KCRH. When reading data from TIKCRL or T1KCRH in the 1kHz timer
operation start state, read TIKCRL or T1IKCRH twice and check that the values match to prevent the reading of
undefined data during counting.

Figure 9-2 shows an example of the program for reading TIKCL and T1LCRH.

LEA offset TIKCRL ; EA<T1KCRL address

MARK:
L ERO, [EA] ; First read
L ER2, [EA] ; Second read
CMP ERQ, ER1 ; Comparison of TIKCRL and TICKRH
BNE MARK ; To MARK when not matched.

Figure 9-2 Example of Program for Reading TIKCRL and T1KCRH
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10. Timers

10.1 Overview

This LSl includes 4 channels of 8-hit timers.
For the input clock, see Chapter 6, “ Clock Generation Circuit”.

10.1.1 Features

e The timer interrupt (TMnINT) is generated when the values of timer counter register (TMnC, n=0 to 3) and timer
dataregister (TMnD) coincide.

e A timer configured by combining timer 0 and timer 1 or timer 2 and timer 3 can be used as a 16-bit timer.

o For the timer clock, the low-speed clock (LSCLK), high-speed time base clock (HTBCLK), or external clock can be
selected.

e A 16hit-timer 2 & 3 has clock frequency measurement mode, which can count HTBCLK and generates the timer
interrupt (TM3INT) when the count ends. Using the count data to know the frequency by software can determine
more accurate baud-rate.

10.1.2  Configuration

Figure 10-1 shows the configuration of the timers.

TMnCONQO: Timer control register O TMnCON1: Timer control register 1
TMmD, TMnD: Timer data registers TMmC, TMnC: Timer counter registers
TMnINT
! Match
i Write TMnC
' Comparator
i I
LSCLK—! TMncoNo |Tnek [ [ °
HTBCLK—s o
External clock & 5| TMNCON1 ——>a=" TMnC TMnD
P44/T02POCK i / y
P45/T13P1CK | T 8 T 8 n=0to3
Data bus

(@) In 8-bit Timer Mode (Timers 0 to 3)

: TMMINT
; Write TMnC Match n=0,2m=1,3
Write TMmC Comparator
! N\
| L1 %e
' N 8 ~ 8
! LSCLK SN T 8 8
' HTBCLK —>| TMnCONO | TnCK z v
External clock t— 5| TMRCONL [ =% TMnc [P F R tvmmce TMnD TMmD
P44/T02POCK ! y
P45/T13P1CK ' T s ‘l’
: Read TMnC TMmC latch 8 8
\\ 8
Data bus A 2 A2

(b) 16-bit Timer Mode (Timers 0 to 3)

10-1
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Low-speed Timer Base Counter(LTBC)

| 16KHz

Count _;BKHZ 436¢ycl

: ounter cycle

: 4KHz y

1 at

: 2KHz

; ———>| 32KHz

: 1KHz

: ——>|Decoder DQ

: 512Hz

i 256Hz €

' —

: 128Hz

E 9 64Hz

= —t TM3NT

5 Write TM2C

; Write TM3C

64Hz | |437¢ 8

: LSCLK —> TocK Y v

: TM2CONO

; HTBCLK —> L SR R
External clock o TM2CON1 T ™20 —~% T™M3C
P44/T02POCK | N v
P45/T13P1CK Read TM2C TM3C latch

\; 8
Data bus

(c ) Frequency measurement mode with 16bit timer(Timer2 to 3)

Figure 10-1 Configuration of Timers
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10.2 Description of Registers

10.2.1 List of Registers

Address Name Symbol (Byte) Symbol (Word) R/W Size | Initial value
OFO030H Timer 0 data register TMOD TMODC R/W 8/16 OFFH
OF031H Timer O counter register TMOC R/W 8 00H
0F032H Timer O control register O TMOCONO TMOCON R/W 8/16 00H
OF033H Timer O control register 1 TMOCONL1 R/W 8 00H
0F034H Timer 1 data register TM1D TM1DC R/W 8/16 OFFH
OF035H Timer 1 counter register TM1C R/W 8 00H
OF036H Timer 1 control register O TM1CONO TM1CON R/W 8/16 00H
OF037H Timer 1 control register 1 TM1CON1 R/W 8 00H
OF038H Timer 2 data register TM2D TM2DC R/W 8/16 OFFH
OF039H Timer 2 counter register TM2C R/W 8 00H
OFO03AH Timer 2 control register 0 TM2CONO TM2CON R/W 8/16 00H
OF03BH Timer 2 control register 1 TM2CON1 R/W 8 00H
OF03CH Timer 3 data register TM3D TM3DC R/W 8/16 OFFH
OFO3DH Timer 3 counter register TM3C R/W 8 00H
OFO3EH Timer 3 control register O TM3CONO TM3CON R/W 8/16 00H
OFO3FH Timer 3 control register 1 TM3CONL1 R/W 8 00H

10-3
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10.2.2  Timer 0 Data Register (TMOD)

Address; OFO30H
Access; RIW
Access size: 8 hits
Initial value: OFFH

7 6 5 4 3 2 1 0
TMOD TOD7 TOD6 TOD5 TOD4 TOD3 TOD2 TOD1 TODO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 1 1 1 1 1 1 1 1

TMOD is a specia function register (SFR) to set the value to be compared with the timer O counter register (TMOC)
value.

Note:
Set TMOD when the timer stops(When TOSTAT bit of TMOCON1 register is“0").
When “00H” iswritten in TMOD, TMOD is set to “01H".

10— 4
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10.2.3 Timer 1 Data Register (TM1D)

Address; 0F034H
Access; RIW
Access size: 8 hits
Initial value: OFFH

7 6 5 4 3 2 1 0
TM1D T1D7 T1D6 T1D5 T1D4 T1D3 T1D2 TiD1 T1DO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 1 1 1 1 1 1 1 1

TM1D isaspecial function register (SFR) to set the value to be compared with the value of the timer 1 counter register
(TM1C).

Note:
Set TM1D when the timer stops(When T1STAT bit of TM1CON1 register is“0").
When “00H” iswrittenin TM1D, TM1D is set to “01H".

10-5
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10.2.4  Timer 2 Data Register (TM2D)

Address; OFO38H
Access; RIW
Access size: 8 hits
Initial value: OFFH

7 6 5 4 3 2 1 0
TM2D T2D7 T2D6 T2D5 T2D4 T2D3 T2D2 T2D1 T2DO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 1 1 1 1 1 1 1 1

TM2D is aspecial function register (SFR) to set the value to be compared with the value of the timer 2 counter register
(TM2C).

Note:
Set TM2D when the timer stops(When T2STAT bit of TM2CON1 register is“0").
When “00H” iswrittenin TM2D, TM2D is set to “01H".

10-6
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10.2.5 Timer 3 Data Register (TM3D)

Address; OFO3CH
Access; RIW

Access size: 8 hits
Initial value: OFFH

7 6 5 4 3 2 1 0
TM3D T3D7 T3D6 T3D5 T3D4 T3D3 T3D2 T3D1 T3DO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 1 1 1 1 1 1 1 1

TM3D isaspecia function register (SFR) to set the value to be compared with the value of the timer 3 counter register
(TM3C).

Note:
Set TM3D when the timer stops(When T3STAT bit of TM3CON1 register is“0").
When “00H” iswrittenin TM3D, TM3D is set to “01H".

10-7
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10.2.6  Timer 0 Counter Register (TMOC)

Address; OFO31H
Access; RIW
Access size: 8 hits
Initial value: 00H

7 6 5 4 3 2 1 0
TMOC TOC7 TOC6 TOC5 TOC4 TOC3 TOC2 TOC1 TOCO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

TMOC isaspecia function register (SFR) that functions as an 8-bit binary counter.

When write operation to TMOC is performed, TMOC is set to “00H”. The data that is written is meaningless.

In 16-bit timer mode and 16-bit timer frequency measurement mode, if write operation is performed to either the
low-order TMOC or high-order TM1C, both the low-order and the high-order are set to “0000H".

During timer operation, the contents of TMOC may not be read depending on the conditions of the timer clock and the
system clock.

Table 10-1 shows whether a TMOC read is enabled or disabled during timer operation for each condition of the timer
clock and system clock.

Table 10-1 TMOC Read Enable/Disable during Timer Operation

Timer clock System clock .
TOCK SYSCLK TMOC read enable/disable

LSCLK LSCLK Read enabled

Read enabled. However, to prevent the reading of undefined data

LSCLK HSCLK during incremental counting, read TMOC twice and check that the
results match.
HTBCLK LSCLK Read disabled
HTBCLK HSCLK Read enabled

LSCLK .

External clock HSCLK Read disabled

10-8
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10.2.7  Timer 1 Counter Register (TM1C)

Address; OFO35H
Access; RIW
Access size: 8 hits
Initial value: 00H

7 6 5 4 3 2 1 0
T™M1C T1C7 T1C6 T1C5 T1C4 T1C3 T1C2 T1C1 T1CO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

TM1Cisaspecia function register (SFR) that functions as an 8-bit binary counter.

When write operation to TM1C is performed, TM1C is set to “00H". The data that is written is meaningless.

In 16-bit timer mode and 16-bit timer frequency measurement mode, if write operation is performed to either the
low-order TMOC or high-order TM1C, both the low order and the high order are set to “0000H".

When reading TM1C in 16-bit timer mode, be sure to read TMOC first since the count value of TM1C is stored in the
TM1C latch when TMOC isread.

During timer operation, the contents of TM1C may not be read depending on the conditions of the timer clock and the
system clock.

Table 10-2 shows whether a TM1C read is enabled or disabled during timer operation for each condition of the timer
clock and system clock.

Table 10-2 TM1C Read Enable/Disable during Timer Operation

Tln_ll_elrg:(OCk Sy;:;—.‘gcclz_lzck TM1C read enable/disable
LSCLK LSCLK Read enabled
Read enabled. However, to prevent the reading of undefined
LSCLK HSCLK data during incremental counting, read TM1C twice and check
that the results match.
HTBCLK LSCLK Read disabled
HTBCLK HSCLK Read enabled
External clock LSCLK Read disabled
HSCLK
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10.2.8 Timer 2 Counter Register (TM2C)

Address; OFO39H
Access; RIW
Access size: 8 hits
Initial value: 00H

7 6 5 4 3 2 1 0
T™M2C T2C7 T2C6 T2C5 T2C4 T2C3 T2C2 T2C1 T2CO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

TM2C isaspecia function register (SFR) that functions as an 8-bit binary counter.

When write operation to TM2C is performed, TM2C is set to “00H". The data that is written is meaningless.

In 16-bit timer mode and 16-bit timer frequency measurement mode, if write operation is performed to either the
low-order TM2C or high-order TM3C, both the low order and the high order are set to “0000H".

During timer operation, the contents of TM2C may not be read depending on the conditions of the timer clock and the
system clock.

Table 10-3 shows whether a TM2C read is enabled or disabled during timer operation for each condition of the timer
clock and system clock.

Table 10-3 TM2C Read Enable/Disable during Timer Operation

Timer clock System clock .
T2CK SYSCLK TM2C read enable/disable
LSCLK LSCLK Read enabled
Read enabled. However, to prevent the reading of undefined
LSCLK HSCLK data during incremental counting, read TM2C twice and check
that the results match.
HTBCLK LSCLK Read disabled
HTBCLK HSCLK Read enabled
LSCLK .
External clock HSCLK Read disabled
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10.2.9 Timer 3 Counter Register (TM3C)

Address; OFO3DH
Access; RIW
Access size: 8 hits
Initial value: 00H

7 6 5 4 3 2 1 0
TM3C T3C7 T3C6 T3C5 T3C4 T3C3 T3C2 T3C1 T3CO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

TM3C isaspecia function register (SFR) that functions as an 8-bit binary counter.

When write operation to TM3C is performed, TM3C is set to “00H". The data that is written is meaningless.

In 16-bit timer mode and 16-bit timer frequency measurement mode, if write operation is performed to either the
low-order (TM2C) or high-order (TM3C), both the low order and the high order are set to “0000H".

When reading TM3C in 16-bit timer mode, be sure to read TM2C first since the count value of TM3C is stored in the
TM3C latch when TM2C isread.

During timer operation, the contents of TM3C may not be read depending on the conditions of the timer clock and the
system clock.

Table 10-4 shows whether a TM3C read is enabled or disabled during timer operation for each condition of the timer
clock and system clock.

Table 10-4 TM3C Read Enable/Disable during Timer Operation

Tlnjre3rccil<ock Sy;:;—.‘gcclz_lzck TM3C read enable/disable
LSCLK LSCLK Read enabled
Read enabled. However, to prevent the reading of undefined
LSCLK HSCLK data during incremental counting, read TM3C twice and check
that the results match.
HTBCLK LSCLK Read disabled
HTBCLK HSCLK Read enabled
External clock LSCLK Read disabled
HSCLK
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10.2.10 Timer 0 Control Register 0 (TMOCONO)

Address; 0FO32H
Access; RIW
Access size: 8 hits
Initial value: 00H

7 6 5 4 3 2 1 0
TMOCONO — — — — — TO1M16 TOCS1 TOCSO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

TMOCONO is a specia function (SFR) to control atimer O.
Rewrite TMOCONO while the timer 0 is stopped (TOSTAT of the TMOCONL register is“0").

[Description of Bits]

e TOCSL, TOCSO (bits 1, 0)
The TOCSL1 and TOCSO bits are used for selecting the operation clock of timer 0. LSCLK, HTBCLK, or the external
clock (P44/T02POCK) can be selected by these hits.

TOCS1 TOCSO Description
0 0 LSCLK (initial value)
0 1 HTBCLK
1 0 Prohibited (timer O does not operate)
1 1 External clock (P44/T02POCK)

e TO1IM 16 (bit 2)
The TOIM16 bit is used for selecting the operating mode of timer 0 and timer 1.
In 8-bit timer mode, each of timer 0 and timer 1 operates independently as a 8-hit timer.
In 16-bit timer mode, timer 0 and timer 1 are connected and they operate as a 16-hit timer.
In 16-bit timer mode, timer 1 is incremented by a timer O overflow signal. A timer O interrupt (TMOINT) is not
generated.

TO1M16 Description
0 8-bit timer mode (initial value)
1 16-bit timer mode
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10.2.11 Timer 1 Control Register 0 (TM1CONO)

Address; OFO36H
Access; RIW
Access size: 8 hits
Initial value: 00H

7 6 5 4 3 2 1 0
TM1CONO — — — — — — T1CS1 T1CSO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

TM1CONO is a specia function (SFR) to control atimer 1.
Rewrite TM1CONO while the timer 1 is stopped (T1STAT of the TM1CONL1 register is“0").

[Description of Bits]

e T1CSI, T1CSO (bits 1, 0)
The T1CS1 and T1CSO bits are used for selecting the operation clock of timer 1. LSCLK, HTBCLK, or the external
clock (P45/T13POCK) can be selected by these hits.

In cases where the 16-bit timer mode has been selected by setting TO1IM 16 of TMOCON to “1”, the values of T1CS1
and T1CS0 areinvalid.

T1CS1 T1CSO Description
0 0 LSCLK (initial value)
0 1 HTBCLK
1 0 Prohibited (timer 1 does not operate)
1 1 External clock (P45/T13P1CK)
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10.2.12 Timer 2 Control Register 0 (TM2CONO)
Address: OFO3AH

Access. RIW

Access size: 8 bits
Initial value: 00H(ML610Q415), 0AOH(ML 610Q411/ML610Q412)

7 6 5 4 3 2 1 0
TM2CONO | T2FMA7 | T2FMA6 | T2FMA5 | T2FMA4 | T23MFM | T23M16 T2CS1 T2CSO
R/W R R R R R/W R/W R/W R/W
Initial value * * * * 0 0 0 0

TM2CONO is a specia function (SFR) to control atimer 2.
Rewrite TM2CONO while the timer 2 is stopped (T2STAT of the TM2CONL1 register is“0").

[Description of Bits]

e T2CSl, T2CS0 (bits 1, 0)
The T2CS1 and T2CS0 bits are used for selecting the operation clock of timer 2. LSCLK, HTBCLK, or the external
clock (P44/T02POCK) can be selected by these hits.

T2CS1 T2CS0 Description
0 0 LSCLK (initial value)
0 1 HTBCLK
1 0 Prohibited (timer 2 does not operate)
1 1 External clock (P44/T02POCK)

e T23MFM, T23M 16 (bit 3, 2)
The T23MFM hit and T23M16 hit is used for selecting the operating mode of timer 2 and timer 3..
In 8-bit timer mode, each of timer 0 and timer 1 operates independently as a 8-hit timer.
In 16-bit timer mode, timer 2 and timer 3 are connected and they operate as a 16-bit timer.
In 16-bit timer mode, timer 3 is incremented by a timer 2 overflow signal. A timer 2 interrupt (TM2INT) is not
generated.
In 16-bit timer frequency measurement mode, timer 2 and timer 3 are connected and they operate as a 16-bit clock
counter to measure the frequency. A timer 2 interrupt (TM2INT) is not generated.

T23MFM T23M16
0 0

Description
8-bit timer mode (initial value)
0 1 16-bit timer mode
1 0 Prohibited (timer 2 and timer 3 does not operate)
1 1 16-bit timer frequency measurement mode

o T2FMAT7~T2FM A4 (bit 7~4)
The T2FMATY bit ~T2FMAA4 bit shows the LS| has the frequency measurement mode.
Those bits are read-only and always return the initial value despite of writing any data.

T2FMA7 | T2FMA6 | T2FEMA5 | T2FMA4 Description
0 0 0 0 The frequency measurement mode is Not available.
(ML610Q415)
1 0 1 0 The frequency measurement mode is available.
(ML610Q411/ML610Q412)
Note:

ML610Q415 does not have the frequency measurement mode. The T23MFM bit is read-only and always return “0”
despite of writing any data on the ML610Q415.
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10.2.13 Timer 3 Control Register 0 (TM3CONO)

Address: OFO3EH
Access; RIW
Access size: 8 hits
Initial value: 00H

7 6 5 4 3 2 1 0
TM3CONO — — — — — — T3CS1 T3CSO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

TM3CONO is a specia function (SFR) to control atimer 3.
Rewrite TM3CONO while the timer 3 is stopped (T3STAT of the TM3CONL1 register is“0").

[Description of Bits]

e T3CS1, T3CSO (bits 1, 0)
The T3CS1 and T3CSO bits are used for selecting the operation clock of timer 3. LSCLK, HTBCLK, or the external
clock (P44/T13P1CK) can be selected by these hits.

In cases where the 16-bit timer mode has been selected by setting T23M 16 of TM2CON to “1”, the values of T3CS1
and T3CS0 areinvalid.

T3CS1 T3CSO Description
0 0 LSCLK (initial value)
0 1 HTBCLK
1 0 Prohibited (timer 3 does not operate)
1 1 External clock (P45/T13P1CK)
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10.2.14 Timer O Control Register 1 (TMOCON1)

Address; 0F033
Access; RIW
Access size: 8 hits
Initial value: 00H

7 6 5 4 3 2 1 0
TMOCON1 | TOSTAT — — — — — — TORUN
R/W R R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

TMOCON1 isaspecia function register (SFR) to control atimer O.

[Description of Bits]
e TORUN (bit 0)
The TORUN bit is used for controlling stop/start of timer O.

TORUN Description
0 Stops counting.
1 Starts counting.

e TOSTAT (bit 7)

The TOSTAT bhit isused for indicating “ counting stopped” /” counting in progress’ of timer O.

TOSTAT Description
0 Counting stopped.
1 Counting in progress.
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10.2.15 Timer 1 Control Register 1 (TM1CON1)

Address; OFO37H
Access; RIW
Access size: 8 hits
Initial value: 00H

7 6 5 4 3 2 1 0
TM1CON1 | TA1STAT — — — — — — T1RUN
R/W R R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

TM1CON1 isaspecia function register (SFR) to control atimer 1.

[Description of Bits]

e T1RUN (bit 0)
The T1RUN bit is used for controlling count stop/start of timer 1.
In 16-bit timer mode, be sure to set this bit to “0”. Timer 1 is incremented caused by a timer O overflow signal
regardless of the value of TIRUN.

T1RUN Description
0 Stops counting.
1 Starts counting.

o TISTAT (bit7)
The TASTAT bit isused for indicating “ counting stopped”/” counting in progress’ of timer 1.
In 16-bit timer mode, this bit will read “0”.

T1ISTAT Description
0 Counting stopped.
1 Counting in progress.
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10.2.16 Timer 2 Control Register 1 (TM2CON1)

Address; OFO3BH
Access; RIW
Access size: 8 hits
Initial value: 00H

7 6 5 4 3 2 1 0
TM2CON1 | T2STAT — — — — — — T2RUN
R/W R R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

TM2CON1 isaspecia function register (SFR) to control atimer 2.

[Description of Bits]

e T2RUN (hit 0)
The T2RUN bit is used for controlling stop/start of timer 2.
Setting the T2RUN bit can forcely cancel the counting in the 16-bit timer frequency measurement mode. In that case,
TM3INT does not occur.

T2RUN Description
0 Stops counting.
1 Starts counting.

o T2STAT (bit7)
The T2STAT bit isused for indicating “ counting stopped”/” counting in progress’ of timer 2.

T2STAT Description
0 Counting stopped.
1 Counting in progress.
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10.2.17 Timer 3 Control Register 1 (TM3CON1)

Address; OFO3FH
Access; RIW
Access size: 8 hits
Initial value: 00H

7 6 5 4 3 2 1 0
TM3CON1 | T3STAT — — — — — — T3RUN
R/W R R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

TM3CON1 isaspecia function register (SFR) to control atimer 3.

[Description of Bits]

e T3RUN (bit 0)
The T3RUN bit is used for controlling stop/start of timer 3.
In 16-bit timer mode and 16-bit timer frequency measurement mode, be sure to set this hit to “0”. Timer 3 is
incremented caused by atimer 2 overflow signal regardless of the value of T3RUN.

T3RUN Description
0 Stops counting.
1 Starts counting.

e T3STAT (bit7)
The T3STAT bit isused for indicating “counting stopped”/” counting in progress’ of timer 3.
In 16-bit timer mode and 16-bit timer frequency measurement mode, this bit will return “0”.

T3STAT Description
0 Counting stopped.
1 Counting in progress.
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10.3 Description of Operation

10.3.1 Timer mode operation

The timer counters (TMnC) are set to an operating state (TNSTAT are set to “1") on the first falling edge of the timer
clocks (TnCK) that are selected by the Timer 0 to 3 control register 0 (TMnCONO) when the TNRUN bits of timer O to
3 control register 1 (TMnCON1) are set to “1” and increment the count value on the 2nd falling.

When the count value of TMO to TM3C and the timer 0 to 3 data register (TMnD) coincide, timer O to 3 interrupt
(TMnINT) occurs on the next timer clock falling edge, TMnC are reset to “00H” and incremental counting continues.

When the ThRUN bits are set to “0”, TMnC stop counting after counting once the falling of the timer clock (TnCK).
Confirm that TMnC has been stopped by checking that the TnSTAT bit of the Timer 0-3 control register 1
(TMnCON1) is “0". When the TnRUN bits are set to “1” again, TMn restart incremental counting from the previous
values. Toinitialize TMnC to “00H”, perform write operation in TMnC.

The timer interrupt period (TTMI) is expressed by the following equation.

TMnD + 1
TTMI = n=0to3
TnCK (Hz) ( )

TMnD: Timer 0 to 3 dataregister (TMnD) setting value (01H to OFFH)
TnCK:  Clock frequency selected by the Timer O to 3 control register 0 (TMnNCONO)

After the TnRUN bits are set to “1”, timers are synchronized by the timer clock and counting starts so that an error of a
maximum of 1 clock period occurs until the first timer interrupt. The timer interrupt periods from the second time are
constant.

Figure 10-2 shows the operation timing diagram of Timer O to 3.

A 8 g 8 A e A e A B e

ThRUN L]
TnSTAT § W
Write TMnC " ((
TMNC XX 00 o1 Y o2 )(S) 60 el (62 X
™D} 83 88 B 88
TMnINT " M «
(n=0to 3) — )

Figure 10-2 Operation Timing Diagram of Timer 0 to 3

Note:
Even if “0” is written to the TNRUN bits, counting operation continues up to the falling edge (the timer 0 to 3 status
flag (TNSTA) isin a“1” state) of the next timer clock pulse. Therefore, the timer 0 to 3 interrupt (TMnINT) may
occur.

10-20



ML610Q411/ML610Q412/ML610Q415 User’'s Manual
Chapter 10 Timers

10.3.2  16-bit timer frequency measurement mode operation

The frequency measurement mode in 16-bit timer 2& 3, is used to count the frequency of 500kHz RC oscillation clock
which typically has temperature variation and production tolerance.

Using the frequency measurement mode can make better accuracy for uart baud-rate clock or timer function.

(1) Reading the count data, caluculating and setting it to uart communication baud-rate registers, can make more
accurate baud-rate clock.

(2) Reading the count data, caluculating and setting it to a timer data register, can make more accurate timing in normal
timer mode.

Note:
Thisfunction is not available on ML610Q415 because it does not have low-speed crystal oscillation clock.

Figure 10-3 shows the operation timing in frequency measurement mode.

{TM3C,TM2C}
H

FFFF

(©)

(8)
N1

(7)

0000

3)
T23MFM |

T23M16 |
T2RUN ©)] |
T2STAT | |

e [, [ L [0 L
437C ” H ] ” H

 437/32768S H

TM3INT

Figure 10-3 Operation Timing in frequency measurement mode

(1) High-speed clock (HSCLK, HTBCLK) hasto bein oscillating state by conrolling with FCONnN registers.
And also set HTBDR register (High-speed Time Base counter Devide Register) per necessory.

(2) Reset both T2RUN hit (bitO of TM2CONL1 register) and T3RUN bit (bitO of TM3CONL1 register) to “0” to
stop the timer. And then, check both T2STAT bit (bit7 of TM2CONL1 register) and T3STAT bit (bit7 of
TM3CONL1 register) are “0” for making certain the timer stops.

(3) Set T23MFM bhit (bit3 of TM2CONO register) to “1” (Frequency measurement mode), set T23M 16 bit
(bit2of TM2CONO register) to “1” (16bit mode) and set T2CS1-0 bits(bit1/0 of TM2CONO register) to
“01"(HTBCLK mode).
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(4) Set “FFH” to both TM2D register and TM3D register.
(5) Clear both TM2C register and TM3C register to “00H”.
(6) Set T2RUN bit (bit0 of TM2CONL1 register) to “1” to start counting the timer.

(7) On the condition of (T23MFM bit=="1") & ((TM23M16 bit=="1") & (T2RUN bit=="1"), the count-up starts
at rising edge of 64Hz clock signal.

(8) The count-up stops at the falling edge of the next timer clock (HTBCLK) after 437C signal becomes “1”.
Also, at the same time, T2RUN bit and T2STAT bit become “0” and the interrupt signal TM3INT activates.

(9) After checking T2STAT bit or TM3INT interrupt occurs, read out the data (N1) of TM2C register and
TM3C register.

For example of utilizing N1, to occur 9600Hz timer interrupt.

Assuming the HTBCLK is 600kHz,
N1 = 600000 * 437 / 32768
= 8001 (Decimal)
= 1F41 (Hexadecimal)
= 0001 1111 0100 0001 (Binary)

As (437 / 32768) sec is equivalent to 128 clocks at 9600Hz (more precisely, 9598Hz), a division of the count N1
by 128 equals frequency ratio (N2) between the frequency of HTBCLK and 9600Hz.
Because 128 = 27, that caluculation can be determined by truncating the righthand seven digits of N1(Binary).
N2 = 8001(Decimal) / 128 (Decimal)
=0001 1111 0O (Binary)
=3E (Hexadecimal)
=62 (Decimal)

This indicates that 9600Hz is about 62 times the cycle of HTBCLK.
Therefore, if 3DH(=3EH-1) set to the timer register and the timer start counting, the cycle of TMnINT interrupt
that can occur every 62 counts of HTBCLK is:

tTMnINT = (1/600000) * 62 = 0.10333ms (9677Hz)
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10.3.3  16-bit timer frequency measurement mode application for setting uart baud-rate

For example, when the target baud-rate is 9600bps and the clock is HSCLK (500kHz), the UARTO baud-rate register
(UAOBRTH, UAOBRTL) should be set as follows. See Section 14.3.2. in UART chapter.
UAOBRTH, UAOBRTL = 500000/9600 - 1 = 51 (decimal) = 33(Hexadecimal)

However, actual 500kHz RC oscillation clock has temperature variation and production tolerance, the calculation by
using the fixed value of 500kHz can not make accurate baud-rate. To compensate it, count the frequency in the
frequency measurement mode to set the baud-rate again before operating UART communication.

After finishing the clock count in the frequency measurement mode, assuming HTBCLK is 451kHz, data of TM2C
register and TM3C register will be:
N1 =451000 * 437/ 32768
= 6014 (Decimal)
= 177E (Hexadecimal)
=1011101111110 (Binary)

As (437 / 32768) sec is equivalent to 128 clocks at 9600Hz (more precisely, 9598Hz), adivision of the count
(N1) by 128 equals frequency ratio (N2) between the frequency of HTBCLK and 9600Hz.
For the calculation, the accuracy of baud-rate depends on truncating (1) or rounding (2) the data.

UAOBRTH regiser and UAOBRTL register have to be set as follows. See the previous secntion 10.3.2. and
section 14.3.2. in UART chapter.
UAOBRTH, UAOBRTL = (the frequency ratio of HTBCLK and 9600Hz) - 1 = (N1/128)-1 = N2 -1

(1) Round datain caluculation
N1=1011101111110 (binary)
N2 =101111 (binary) = 47 (decimal) = 2F (hexadecimal)
Set N2-1 (= 2E) to UAOBRTH and UAOBRTL registers.
In this case, the acual baud-rate will be 9595.744681.. [bps], so the accuracy = ((9595.744681/9600) -1)*
100=-0.04..[%)].

(2) Trancate datain calucuation (the accuracy of baud-rate becomes worse)
N1=1011101111110 (binary)
N2 = 101110 (binary) = 46 (decimal) = 2E (hexadecimal)
Set N2-1 (= 2D) to UAOBRTH and UAOBRTL registers.
In this case, the acual baud-rate will be 9804.347826.. [bps], so the accuracy = ((9804.347826/9600) -1)*
100= 2.12..[%)].

Table 11-6 Baud-rate and theoretical accuracy

Baud-rate[bps] Data setting to UAOBRTH register and UAOBRTH register Theoretical accuracy
300 Round off { N1/4 (2bit right-shift) } - (minus) 1. ~+/- 2%

600 Round off { N1/8 (3hbit right-shift) } - (minus) 1.

1200 Round off { N1/16 (4bit right-shift) } - (minus) 1.

2400 Round off {N1/32 (5bit right-shift) } - (minus) 1.

4800 Round off {N1/64 (6bit right-shift) } - (minus) 1.

9600 Round off { N1/128 (7bit right-shift) } - (minus) 1.

19200 Round off {N1/256 (8bit right-shift) } - (minus) 1. +/- 2% ~ 2.5%
38400 Round off { N1/512 (9bit right-shift) } - (minus) 1. + 2.5% ~

57600 Round off {N1/768} - (minus) 1.
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11. PWM

11.1 Overview

This LSl includes one channel of 16-bit PWM (Pulse Width Modulation).
The PWM output (PWMOQ) function is assigned to P43(Port 4) and P34(Port 3) as the tertiary function. For the
functions of port 4 and port3, see Chapter 21, “Port 4” and Chapter 20, “Port 3”.

11.1.1 Features

e The PWM signals with the periods of approximately 4us (@HTBCLK) to 2s (@LSCLK) can be generated and

output outside of the LSI.

e The output logic of the PWM signal can be switched to the positive or negative logic.

o At the coincidence of PWM signal period, duties, and period & duty, a PWM interrupt (PWOINT) occurs.

o For the PWM clock, a low-speed clock (LSCLK), a high-speed time base clock (HTBCLK), and an external clock

are available.

11.1.2  Configuration

Figure 11 - 1 shows the configuration of the PWM circuit.

PONE '
POFLG ONEG j > 9'? P43/PWMO

circuit
Period Duty
match match

Comparator | | Comparator
\ )

16 T 16 T 16

; —
L LSCLKT>1 pwocono | pock R PWOCH/L | —>|PWOPBUF [> PWODBUF |
| HTBCLK—>| [ Coo F—

External clock >
PAAITOZPOCK S ReadPwoct | PwoCH | PWOPHIL | | PWODHIL |
' latch Y y
; 8 8 \84\8 8 48
Data bus A \E 4 E \E
PWOPL: PWMO period register L
PWOPH: PWMO period register H
PWOPBUF: PWMO period buffer
PWODL.: PWMO duty register L
PWODH: PWMO duty register H
PWODBUF: PWMO duty buffer
PWOCL.: PWMO counter register L
PWOCH: PWMO counter register H
PWOCONO: PWMO control register O
PWOCON1: PWMO control register 1

Figure 11-1 Configuration of PWM Circuit

or

Write PWOCH:D i P34/PWMO
| Write PWOCL Output control | PWAINT
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11.1.3 List of Pins

Pin name 1/0 Description
PWMO output pin

Used for the secondary function of the P43 pin.
PWMO output pin

Used for the secondary function of the P34 pin.

P43/PWMO (0]

P34/PWMO (0]

11.2 Description of Registers

11.2.1  List of Registers

Address Name Symbol (Byte) Symbol (Word) R/W Size | Initial value
OFOAOH PWMO period register L PWOPL PWOP R/W 8/16 OFFH
OFOA1H PWMO period register H PWOPH R/W 8 OFFH
OF0A2H PWMO duty register L PWODL PWOD R/W 8/16 00H
OFOA3H PWMO duty register H PWODH R/W 8 00H
OFOA4H PWMO counter register L PWOCL PWOC R/W 8/16 00H
OFOA5H PWMO counter register H PWOCH R/W 8 OOH
OFO0AGH PWMO control register 0 PWOCONO PWOCON R/W 8/16 00H
OFOA7H PWMO control register 1 PWOCON1 R/W 8 40H
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11.2.2 PWMO Period Registers (PWOPL, PWOPH)

Address; OFOAOH
Access; RIW
Access size: 8 hits
Initial value: OFFH

7 6 5 4 3 2 1 0

PWOPL POP7 POP6 POP5 POP4 POP3 POP2 POP1 POPO
RIW RIW RIW RIW RIW RIW RIW RIW RIW

At reset 1 1 1 1 1 1 1 1

Address; OFOA1H
Access; RIW

Access size: 8 hits
Initial value: OFFH

7 6 5 4 3 2 1 0
PWOPH POP15 POP14 POP13 POP12 POP11 POP10 POP9 POP8
R/W R/W R/W R/W R/W R/W R/W R/W R/W
At reset 1 1 1 1 1 1 1 1

PWOPH and PWOPL are special function registers (SFRs) to set the PWMO periods.

Note:
When PWOPH or PWOPL is set to “0000H”, the PWMO period buffer (PWOPBUF) is set to “0001H".
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11.2.3 PWMO Duty Registers (PWODL, PWODH)

PWODL

R/W

At reset

Address: OFOA2H

Access. RIW

Access size: 8 hits
Initial value: 00H

PWODH

R/W

At reset

7 6 5 4 3 2 1 0
POD7 POD6 POD5 POD4 POD3 POD2 POD1 PODO
R/W R/W R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
POD15 POD14 POD13 POD12 POD11 POD10 POD9 POD8
R/W R/W R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0 0 0

Address; OFOA3H

Access: RIW

Access size: 8 bits
Initial value: O0OH

PWODH and PWODL are special function registers (SFRs) to set the duties of PWMO.

Note:

Set PWODH and PWODL to values smaller than those to which PWOPH and PWOPL are set.

11-4



ML610Q411/ML610Q412/ML610Q415 User's Manual
Chapter 11 PWM

11.2.4 PWMO Counter Registers (PWOCH, PWOCL)

7 6 5 4 3 2 1 0
PWOCL POC7 POC6 POC5 POC4 POC3 POC2 POC1 POCO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
At reset 0 0 0 0 0 0 0 0
Address: OFOA4H
Access: RIW
Access size: 8 bits
Initial value: O0OH
7 6 5 4 3 2 1 0
PWODH POC15 POC14 POC13 POC12 POC11 POC10 POC9 POCS8
R/W R/W R/W R/W R/W R/W R/W R/W R/W
At reset 0 0 0 0 0 0 0 0
Address: OFOA5H
Access. RIW

Access size: 8 bits
Initial value: O0OH

PWOCL and PWOCH are specia function registers (SFRs) that function as 16-bit binary counters.

When data is written to either PWOCL or PWOCH, PWOCL and PWOCH is set to “0000H". The data that is written is
meaningless.

When data is read from PWOCL, the value of PWOCH is latched. When reading PWOCH and PWOCL, use aword type
instruction or pre-read PWOCL.

The contents of PWOCH and PWOCL during PWM operation cannot be read depending on the combination of the

PWM clock and system clock. Table 11-1 shows PWOCH and PWOCL read enable/disable for each combination of the
PWM clock and system clock.

Table 11-1 PWOCH and PWOCL Read Enable/Disable during PWMO Operation

PV\QgéECk Sy;(e;nc(lz_l}(zck PWOCH and PWOCL read enable/disable
LSCLK LSCLK Read enabled
Read enabled. However, to prevent the reading of undefined data
LSCLK HSCLK during counting, read consecutively PWOCH or PWOCL twice
until the last data coincides the previous data.
HTBCLK LSCLK Read disabled
HTBCLK HSCLK Read enabled
External clock LSCLK Read disabled
HSCLK
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11.2.5 PWMO Control Register 0 (PWOCONO)

7 6 5 4 3 2 1 0
PWOCONO — — — PONEG POIS1 POISO POCS1 POCSO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
At reset 0 0 0 0 0 0 0 0
Address: OFOAGH
Access: RIW

Access size: 8 bits
Initial value: O0OH

PWOCONO is a special function register (SFR) to control PWM.

[Description of Bits]

e POCS1, POCSO (hits 1, 0)
The POCS1 and POCSO hits are used to select the PWMO operation clocks. LSCLK, HTBCLK, or the external
clock (P44/T02POCK) can be selected.

POCS1 POCSO Description
LSCLK (initial value)
0 0 ML610Q411/Q412: 32.768kHz
ML610Q415: 31.25kHz
0 1 HTBCLK (500kHz)
1 0 Prohibited (the PWM circuit does not operate)
1 1 External clock (P44/T02POCK)

e POISL, POISO (bits 3, 2)
The POIS1 and POISO bits are used to select the point a which the PWMO interrupt occurs. “When the periods
coincide’, “when the duties coincide”, or “when the periods and duties coincide” can be selected.

POIS1 POISO Description
0 0 When the periods coincide. (Initial value)
0 1 When the duties coincide.
1 * When the periods and duties coincide.

o PONEG (bit 4)
The PONEG bhit is used to select the output logic. When the positive logic is selected, the initial value of PWMO
output is“1”, and when the negative logic is selected, the initial value of PWMO output is“0”.

PONEG Description
0 Positive logic (initial value)
1 Negative logic
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11.2.6 PWMO Control Register 1 (PWOCONL1)

7 6 5 4 3 2 1 0
PWOCON1 POSTAT POFLG — — — — — PORUN
R/W R R/W R/W R/W R/W R/W R/W R/W
At reset 0 1 0 0 0 0 0 0
Address: OFOA7H
Access. RIW

Access size: 8 bits
Initial value: 40H

PWOCONL1 is a special function register (SFR) to control PWMO.
[Description of Bits]

e PORUN (bit 0)
The PORUN bit is used to control count stop/start of PWMO.

PORUN Description
0 Stops counting. (Initial value)
1 Starts counting.

e POFLG (hit 6)
The POFLG bit is used to read the output flag of PIWMO.
Thishit isset to “1” when write operation to PWOCH or PWOCL is performed,

POFLG Description
0 PWMO output flag = “0”
1 PWMO output flag = “1” (initial value)

e POSTAT (bit7)
The POSTAT hit indicates “counting stopped or “counting in progress’ of PWMO.

POSTAT Description
0 Counting stopped. (Initial value)
1 Counting in progress.
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11.3 Description of Operation

The PWMO counter registers (PWOCH, PWOCL) are set to an operating state (POSTAT isset to “1”) on the first falling
edge of the PWM clock (POCK) that are selected by the PWMO control register 0 (PWOCONO) when the PORUN bit of
PWMO control register 1 (PWOCONL) isset to “1" and increment the count value on the 2nd falling edge.

When the count value of PWMO counter registers and the value of the PWMO duty buffer (PWODBUF) coincide, the
PWM flag (POFLG) is set to “0” on the next timer clock falling edge of POCK.

When the count value of PWMO counter registers and the value of the PWMO period buffer (PWOPBUF) coincide, the
PWM flag (POFLG) is set to “1” on the next falling edge of POCK and PWMO counter registersis set to “0000H” and
incremental counting continues. At the same time, the value of the PWMO duty register (PWODH, PWODL) is
transferred to the PWMO duty buffer (PWODBUF) and the value of PWMO period register (PWOPH, PWOPL) to the
PWMO period buffer (PWOPBUF).

When the PORUN bit is set to “0”, PWMO counter registers stop counting after counting once the falling of the PWM
clock (POCK). Confirm that PWOCH and PWOCL are stopped by checking that the PNSTAT bit of the PWMO control
register 1 (PWOCONL1) is “0". When the PORUN bit is set to “1" again, PWMO counter registers restarts incremental
counting from the previous value on the falling edge of POCK.

To initialize PWMO counter registers to “0000H”, perform write operation in either of PWOCH or PWOCL. At that
time, POFLG is also set to “1". When data is written in the PWMO duty register (PWODH, PWODL) during count stop
(PORUN isina*“1" state), the dataiis transferred to the PWMO duty buffer (PWODBUF) and when data is written in the
PWMO period register (PWOPH, PWOPL), the data is transferred to the PWMO period buffer (PWOPBUF).

The PWM clock, the point at which an interrupt of PWMO occurs, and the logic of the PWM output are selected by
PWMO control register 0 (PWOCNO).

The period of the PWMO signal (TPWP) and the first half duration (TPWD) of the duty are expressed by the following
equations.

T PWOP + 1
PR POCK (Hz)
T PWOD + 1
PR POCK (Hz)

PWOP: PWMO period registers (PWOPH, PWOPL) setting value (0001H to OFFFFH)
PWOD: PWMO duty registers (PWODH, PWODL) setting value (0000H to OFFFEH)
POCK: Clock frequency selected by the PWMO control register 0 (PWOCONO)
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After the PORUN bit is set to “1”, counting starts in synchronization with the PWM clock. This causes an error of up
to 1 clock pulse to the time the first PWM interrupt isissued. The PWM interrupt period from the second time is
fixed.

Figure 11-2 shows the operation timing of PWMO.

pock [ VIV IV IV IV ?}}Jﬂﬂﬂﬂ?ﬂﬂﬂﬂ

PORUN
% §
POSTAT
Write PWOCH
Write PWOCL % %
PWOCH/L XXXX 0000 ¥ooo1)ooo02)({] 7FFr{8000){ 8001 8002 ){A000XA000Y 0000) 0001
PWODH/L X 8000 X 7 O i R
i )
PWODBUF __ X 8000 0 8000 8000 7777
PWOPH/L X A000 X B8BBB || BBBB \ BBBB e
3 {7
PWOPBUF X A000 )\ A000 ~ " Aooo BBBB
PWOINT P i o« N
)) )
POFLG " «
« N
PWMO* (Positive logic) u N
- {
PWMO* (negative logic) « Y
N
TF’WD ()()
e §

Figure 11-2 (1/2) Operation Timing Diagram of PWMO

Pock [V [V [V [V [V TV TV TV Ty Ty Py [y
PORUN | N

POSTAT

PWOCHI/L X 20002001 2002)(2003 2004 X 2005) 2006 2007 Y 2008
POFLG

Figure 11-2 (2/2) Operation Timing Diagram of PWMO

Note:
Even if “0” is written to the PORUN bit, counting operation continues up to the falling edge (the PWMO status flag
(POSTAT) isina“1” state) of the next PWM clock pulse. Therefore, the PWMO interrupt (PWOINT) may occur.

11-9



ML610Q411/ML610Q412/ML610Q415 User's Manual
Chapter 11 PWM

11.4 Specifying port registers

When you want to make sure the PWM function is working, please check related port registers are specified. See
Chapter 22, “Port 4" and Chapter 21, “Port 3" for detail about the port registers.

11.4.1 Functioning P43 (PWMO0) as the PWM output

Set PA3MD1 bit (bit3 of PAMOD1 register) to “1” and set P4A3MDO bit (bit3 of PAMODO register) to “0", for
specifying the PWM output as the tertiary function of P43.

Reg. name P4AMODL1 register (Address: 0F225H)
Bit 7 6 5 4 3 2 1 0
Bit name P47MD1 | P46MD1 | P45MD1 | P44MD1 | P43MD1 | P42MD1 | P41MD1 | PAOMD1
Data * * * * 1 * * *
Reg. name P4AMODO register (Address: 0F224H)
Bit 7 6 5 4 3 2 1 0
Bit name P47MDO | P46MDO | P45MDO | P44MDO | P43MDO | P42MDO | P41MDO | P4AOMDO
Data * * * * 0 * * *

Set P43CL1 hit (bit3 of PACONL1 register) to “1", set PA3CO0 bit(bit3 of PACONO register) to “0” and set P43DIR
bit(bit3 of PADIR register) to “0”, for specifying the P43 as CMOS output.

Reg. name P4ACONL1 register (Address: 0F223H)
Bit 7 6 5 4 3 2 1 0
Bit name P47C1 P46C1 P45C1 P44C1 P43C1 P42C1 P41C1 P40C1
Data * * * * 1 * * *
Reg. name P4CONO register (Address: 0F222H)
Bit 7 6 5 4 3 2 1 0
Bit name P47CO P46CO P45C0 P44CO0 P43CO0 P42C0 P41C0 P40CO0
Data * * * * 1 * * *
Reg. name P4DIR register (Address: 0F221H)
Bit 7 6 5 4 3 2 1 0
Bit name P47DIR P46DIR P45DIR P44DIR P43DIR P42DIR P41DIR P40DIR
Data * * * * 0 * * *

Data of P43D hit (bit3 of PAD register) does not affect to the PWM output function, so don't care the data for the

function.
Reg. name P4D register (Address: 0F220H)
Bit 7 6 5 4 3 2 1 0
Bit name P47D P46D P45D P44D P43D P42D P41D P40D
Data * * * * *%* * * *

* : Bit not related to the PWM function
**: Don't care the data.
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11.4.2  Functioning P34 (PWMO) as the PWM output

Set P34MD1 hit (bit4 of PBMOD1 register) to “1” and set P34MDO bit (bit4 of PBMODO register) to “0”, for

specifying the PWM output as the tertiary function of P34.

Reg. name P3MODL1 register (Address: OF21DH)
Bit 5 4 3 2 1 0
Bit name P35MD1 | P34MD1 | P33MD1 | P32MD1 | P31MD1 | P30MD1
Data * 1 * * * *
Reg. name P3MODO register (Address: OF21CH)
Bit 5 4 3 2 1 0
Bit name P35MDO | P34MDO | P33MDO | P32MDO | P31MDO | P30MDO
Data * 0 * * * *

Set P34C1 bit (bit4 of PSCONL register) to “1”, set P34CO0 bit(bit4 of PSCONO register) to “0” and set P34DIR

bit(bit4 of P3DIR register) to “0”, for specifying the P34 as CMOS output.

Reg. name P3CONL1 register (Address: OF21BH)
Bit 5 4 3 2 1 0
Bit name P35C1 P34C1 P33C1 P32C1 P31C1 P30C1
Data * 1 * * * *
Reg. name P3CONO register (Address: OF21AH)
Bit 5 4 3 2 1 0
Bit name P35C0 P34CO0 P33C0 P32C0 P31C0 P30C0
Data * 1 * * * *
Reg. name P3DIR register (Address: OF219H)
Bit 5 4 3 2 1 0
Bit name P35DIR P34DIR P33DIR P32DIR P31DIR P30DIR
Data * 0 * * * *

Data of P34D hit (bit4 of P3D register) does not affect to the PWM output function, so don't care the data for the

function.
Reg. name P3D register (Address: 0F218H)
Bit 5 4 3 2 1 0
Bit name P35D P34D P33D P32D P31D P30D
Data * *% * * * *

- : Bit does not exist.

*: Bit not related to the PWM function

**: Don't care the data.
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12. Watchdog Timer

12.1 Overview

This LS| incorporates a watchdog timer (WDT) that operates at a system reset unconditionally (free-run operation) in
order to detect an undefined state of the MCU and return from that state.

If the WDT counter overflows due to the failure of clearing of the WDT counter within the WDT overflow period, the
watchdog timer requests a WDT interrupt (non-maskable interrupt). When the second overflow occurs, the watchdog
timer generates aWDT reset signal and shifts the mode to a system reset mode.

For interrupts see Chapter 5, “Interrupts,” and for WDT interrupt see Chapter 3, “Reset Function”.

12.1.1 Features

Non-maskabl e interrupt

Free running (cannot be stopped)

One of four types of overflow periods selectable by software
ML610Q411/Q412: 125ms, 500ms, 2s, 8s
ML610Q415; 131ms, 524ms, 2.1s, 8.4s

¢ Reset generated by the second overflow

12.1.2  Configuration
Figure 12-1 shows the configuration of the watchdog timer.

WDT counter | |Reset interrupt——> WDT reset
T256HZ ——>p R control WDTINT
Non-maskable interrupt

WDT overflow

’—Gi RESET_S
WDTCON System reset
“SAH" “OA5H" |_ bRo WDP
WDTMOD detection [—>| detection
o) PE o
A A A 1 T
i WDTCON Write

Y Data bus
WDTCON : Watchdog timer control register
WDTMOD : Watchdog timer mode register

Figure 12-1 Configuration of Watchdog Timer
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12.2 Description of Registers

12.2.1 List of Registers

Address Name Symbol (Byte) | Symbol (Word) R/W Size |Initial value
OFOOEH Watchdog timer control register WDTCON — R/W 8 00H
OFOO0FH Watchdog timer mode register WDTMOD — R/W 8 02H
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12.2.2 Watchdog Timer Control Register (WDTCON)

Address: OFOOEH
Access; RIW
Access size: 8 hits
Initial value: 00H

7 6 5 4 3 2 1 0
WDTCON d7 dé d5 d4 d3 d2 di WDP/dO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

WDTCON isaspecia function register (SFR) to clear the WDT counter.
When WDTCON is read, the value of the internal pointer (WDP) is read from bit 0.

[Description of Bits]

e WDP/dO (bit 0)
The value of the internal pointer (WDP) is read from this bit. The WDP isreset to “0” at the system reset or Watch
Dog Timer overflow and isinverted every writing to WDTCON.

e d7-dO (bits 7-0)
This bit is used to write data to clear the WDT counter. Write “5AH” on the condition of WDP is “0” and write
“OA5H” on the condition of WDPis“1".

Note:

Writing to WDTCON becomes enable after the system reset or releasing STOP mode and then the low-speed clock
(LSCLK) oscillation starts. Untill the low-speed clock oscillation start, the WDP will not be inverted even if writing
to the  WDTCON. Therefore, please check the WDP before writing to the WDTCON to determine writing “5AH”
or “0A5H".

Program example
if (WDP==1)
WDTCON = 0xa5; [* WDP:1->0%*/

}
WDTCON = 0x5a; [* WDP:0->1*/
WDTCON = 0xab5; [* WDP:1->0*/
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12.2.3 Watchdog Timer Mode Register (WDTMOD)

Address; OFOOFH
Access; RIW
Access size: 8 hits
Initial value: 02H

7 6 5 4 3 2 1 0
WDTMOD — — — — — — WDT1 WDTO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 1 0

WDTMOD is aspecia function register to set the overflow period of the watchdog timer.

[Description of Bits)

e WDT1-0 (bits 1-0)
These bits are used to select an overflow period of the watchdog timer.
The WDT1 and WDTO bits set a overflow period (TWOQOV) of the WDT counter. One of 125ms, 500ms, 2s, and 8s
can be selected.

WDT1 WDTO Description
ML610Q411/Q412 ML610Q415
0 0 125 ms 131 ms
0 1 500 ms 524 ms
1 0 2 s (initial value) 2.1 s (initial value)
1 1 8s 8.4s
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12.3 Description of Operation

The WDT counter starts counting after the system reset has been released and the low-speed clock oscillation start..
Write "5AH" when the internal pointer (WDP) is "0"and then the WDT counter is cleared by writing "OA5H" when
WDPis"1".

WDP isreset to “0” at the time of system reset or when the WDT counter overflows and is inverted whenever data is
written to WDTCON.

When the WDT counter cannot be cleared within the WDT counter overflow period (Twov), a watchdog timer interrupt
(WDTINT) occurs. If the WDT counter is not cleared even by the software processing performed following the
watchdog timer interrupt and overflow occurs again, WDT reset occurs and the mode shifts to a system reset mode.

For the overflow period (TWOV) of the WDT counter, one of 125ms, 500ms, 2s, and 8s can be selected by the
watchdog mode register (WDTMOD).

Clear the WDT counter within the clear period of the WDT counter shown in Table 12-1.

Table 12-1 Clear Period of WDT Counter

WDT1 WDTO Twov Twel
0 0 125 ms Approx. 121 ms
0 1 500 ms Approx. 496 ms
1 0 2000 ms Approx. 1996 ms
1 1 8000 ms Approx. 7996 ms
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Figure 12-2 shows an example of watchdog timer operation.

Program
Low-speed Occurrence of start
oscillation start abnormality
RESET_S y  @wbpTtmoD WDTMOD
System reset J setting |, setting
® @ ® ® @
. Datax 5A A5 5A  5A A5 SA - AS
WDTCON Write ] ﬂ
WDTP ] |
Internal pointer
Overflow
WDT counter
WDTINT ®Occurrence of ®Occurrence of
WDT interrupt —| WDTINT WDT reset
WDT reset
TWOV TWOV
Overflow period Overflow period

Figure 12-2 Example of Watchdog Timer Operation

@ The WDT counter starts counting after the system reset has been released and the low-speed clock oscillation start.

® The overflow period of the WDT counter (TWOV) is set to WDTMOD.

® “5AH" iswritten to WDTCON. (Internal pointer 0—1)

@ “0A5H" iswritten to WDTCON and the WDT counter is cleared. (Internal pointer 1—0)

® “5AH" iswritten o WDTCON. (Internal pointer 0—1)

® When “5AH" is written to WDTCON after the occurrence of abnormality, it cannot be accepted as the internal
pointer isset to “1”. (Internal pointer 1—-0)

@ Although “0A5H" is written to WDTCON, the WDT counter is not cleared since the internal pointer is“0” and the
writing of “5AH" isnot accepted in ®. (Internal pointer 0—1)

The WDT counter overflows and a watchdog timer interrupt request (WDTINT) is generated. In this case, the
internal pointer is cleared to “0".

® If the WDT counter is not cleared even by the software processing performed following a watchdog timer interrupt
and the WDT counter overflows again, WDT reset occurs and the mode is shifted to a system reset mode.

Note:

¢ In STOP mode, the watchdog timer operation also stops.

¢ In HALT mode, the watchdog timer operation does not stop. When the WDT interrupt occurs, the HALT mode is
released.

e The watchdog timer cannot detect all the abnormal operations. Even if the CPU loses control, the watchdog timer
cannot detect the abnormality in the operation state in which the WDT counter is cleared.
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13. Synchronous Serial Port

13.1 Overview

This LSI includes one channel of the 8/16-bit synchronous serial port (SSIO) and can also be used to control the device
incorporated with the SPI interface by using one GPIO as the chip enable pin.

For the input clock, see Chapter 6, “ Clock Generation Circuit”.

When the synchronous serial port is used, the tertiary functions of port 4 must be set. For the tertiary functions of port 4,
see Chapter 21, “Port 4”.

13.1.1 Features

o Master or dave selectable
o MSB first or LSB first selectable
e 8-hit length or 16-bit length selectable fro the data length

13.1.2 Configuration

Figure 13-1 shows the configuration of the synchronous serial port.

SIOOINT
P41/SCKO
P45/SCKO
P40;SINO Shift register P42/SOUTO
P44/SINO >0  8bits/16 bits > P46/SOUTO
T32KHZ —> Transmit register| | Receive register
to | SIOOTRH, L SIOORCH, L
T128Hz —>| Comrol —
TBC 1/4 HSCLK X circuit 1\ \L
to SSIIC%ON(I:C())I;‘O %| LSB/MSB control |
1/64 HSCLK > SI00MOD1 jt
P41/SCKO —>
PA5/SCKO —> | SIO0BUFH, SIO0BUFL |
j\ A
Data bus h 4 4

SIOOBUFL.: Serial port transmit/receive buffer L
SIOOBUFH: Seria port transmit/receive buffer H
SIO0CON: Serial port control register
SIOOMODO:  Serial port mode register O
SIOOMOD1:  Serial port mode register 1

Figure 13-1 Configuration of Synchronous Serial Port
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13.1.3 List of Pins
Pin name 1/0 Description
P40/SINO | Receive data input.
P44/SINO Used for the tertiary function of the P40 and P44 pins.
P41/SCKO 10 Synchronous clock input/output.
P45/SCKO Used for the tertiary function of the P41 and P45 pins.
P42/SOUTO o Transmit data output.
P46/SOUTO Used for the tertiary function of the P42 and P46 pins.
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13.2 Description of Registers

13.2.1 List of Registers

Address Name Symbol (Byte) | Symbol (Word) R/W Size Initial value
OE280H Serial port O transmit/receive SIOO0BUFL RIW 8/16 00H
buffer L
Serial port O transmit/receive SIO0BUF
OF281H P SIO0BUFH R/W 8 OOH
buffer H
0F282H Serial port O control register SIO0CON — R/W 8 O00H
0F284H Serial port 0 mode register 0 SIO0OMODO SIOOMOD R/W 8/16 00H
0F285H Serial port 0 mode register 1 SIOOMOD1 R/W 8 00H
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13.2.2  Serial Port Transmit/Receive Buffers (SIOOBUFL, SIOOBUFH)

Address; 0F280H
Access; RIW

Access size: 8 hitg/16 bits
Initial value: 00H

7 6 5 4 3 2 1 0
SIOOBUFL SOB7 SOB6 S0B5 SO0B4 SO0B3 S0B2 SOB1 S0BO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0
Address: 0F281H
Access. RIW
Access size: 8 bits
Initial value: O0OH
7 6 5 4 3 2 1 0
SIOOBUFH S0B15 S0B14 S0B13 S0B12 S0B11 S0B10 S0B9 SOB8
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

SIOOBUFL and SIOOBUFH are special function registers (SFRs) to write transmit data and to read receive data of the
synchronous serial port.
When data is written in SIOOBUFL and SIOOBUFH, the data is written in the transmit registers (SIOOTRL and
SIO0TRH) and when data is read from SIOOBUFL and SIOOBUFH, the contents of the receive registers (SIOORCL
and SIOORCH) are read.
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13.2.3  Serial Port Control Register (SIOOCON)

Address; 0F282H
Access; RIW
Access size: 8 hits
Initial value: 00H

7 6 5 4 3 2 1 0
SIO0CON — — — — — — — SOEN
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

SIOO0CON is aspecial function register (SFR) to control the synchronous seria port.

[Description of Bits]

e SOEN (bit 0)
The SOEN bit is used to specify start of synchronous serial communication. Writing a“1” to this bit starts 8-/16-bit
data communication. This bit is set to “0” automatically when 8-/16-bit data communication is terminated.
The SOEN bit isset to “0” at a system reset.

SOEN Description
0 Stops communication. (Initial value)
1 Starts communication
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13.2.4  Serial Port Mode Register 0 (SIOOMODO)

Address; 0F284H
Access; RIW
Access size: 8 hits
Initial value: 00H

7 6 5 4 3 2 1 0
SIOOMODO — — — — SOLG SOMD1 SOMDO SODIR
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

SIOOMODO is a specia function register (SFR) to set mode of the synchronous serial port.

[Description of Bits]
e SODIR (bit 0)
The SODIR is used to select LSB first or MSB first.

SODIR Description
0 LSB first (initial value)
1 MSB first

¢ SOMD1, SOMDO (bits 2, 1)
The SOMD1 and SOMDO bits are used to select transmit, receive, or transmit/receive mode of the synchronous serial
port.

SOMD1 SOMDO Description
0 0 Stops transmission/reception (initial value)
0 1 Receive mode
1 0 Transmit mode
1 1 Transmit/receive mode

e SOLG (hit3)
The SOLG hit is used to specify the bit length of the transmit/receive buffer, 8-bit or 16-bit length.
The SOLG bitisset to “0” at a system reset.

SOLG Description
0 8-bit length (initial value)
1 16-bit length

Note:

¢ Do not change any of the SIOOM ODO register settings during transmission/reception.

* When the synchronous serial port is used, the tertiary functions of GPIO must be set. For the tertiary functions of Port
4, see Chapter 21, “Port 4”.
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13.2.5 Serial Port Mode Register 1 (SIOOMOD1)

Address; 0F285H
Access; RIW
Access size: 8 hits
Initial value: 00H

7 6 5 4 3 2 1 0
SIOOMOD1 — — — SOCKT — SO0CK2 SO0CK1 SOCKO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

SIOOMODL1 isaspecia function register (SFR) to set mode of the synchronous serial port.

[Description of Bits]

e SOCK2to SOCKO (bits 2 to 0)
The SOCK2 to SOCKO bits are used to select the transfer clock of the synchronous serial port. When the internal
clock is selected, thisLSI is set to master mode and when the external clock is selected, it is set to lave mode.

SOCK2 SOCK1 SOCKO Description
0 0 0 32 KHz (initial value) (*1)
0 0 1 16 KHz (*2)
0 1 0 1/4 HSCLK
0 1 1 1/8 HSCLK
1 0 0 1/16 HSCLK
1 0 1 1/32 HSCLK
1 1 0 External clock 0 (P41/SCKO)
1 1 1 External clock 1 (P45/SCKO)

(*1) ML610Q411/Q412: 32.768kHz, ML610Q415: 31.25kHz
(*2) ML610Q411/Q412: (32.768 * 1/2) kHz, ML610Q415: (31.25* 1/2) kHz

e SOCKT (hit 4)
The SOCKT bit is used to select atansfer clock output phase.

SOCKT Description
0 Clock type 0: Clock is output with a “H” level being the default. (Initial value)
1 Clock type 1: Clock is output with a “L” level being the default.
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13.3 Description of Operation

13.3.1 Transmit Operation

When “1” is written to the SOMD1 bit and “0” is written to the SOMDO bit of the serial mode register (SIOOMODO),
thisLSl is set to atransmit mode.

When transmit data is written to the serial port transmit /receive buffer (SIOOBUFL and H) and the SOEN hit of the
seria port control register (SIOOCON) is set to “1”, transmission starts. When transmission of 8/16-bit data terminates,
a synchronous serial port interrupt (SIOOINT) occurs and the SOEN bit is set to “0”.

Transmit data is output from the tertiary function pins (P42/SOUTO or P46/SOUTO) of GPIO.

When an internal clock is selected in the serial port mode register (SIOOMOD1), the LSl is set to a master mode and
when an external clock (P41/SCKO or P45/SCKO) is selected, the LS| is set to a slave mode.

The serial port mode register (SIO0OMODO) enables selection of MSB first/L SB first.

The transmit data output pin (P42/SOUTO or P46/SOUTO0) and transfer clock input/output pin (P41/SCKO or
P45/SCK0) must be set to the tertiary functions.

Figures 13-2 and 13-3 show the transmit operation waveforms of the synchronous serial ports for clock type 0 and
clock type 1, respectively (8-bit length, LSB first, clock types 0 and 1).

SOEN |

sCK0 HpEnlnEnEnEnlnl
SIO0TRL X Jo) Transmit data

SOUTO io)(1)(2)(3)(4)(5:><6><7
SIOO0INT |

Figure 13-2 Transmit Operation Waveforms of Synchronous Serial Port
for Clock Type 0 (8-bit Length, LSB first)

SOEN |

SCKO [_|_I_\_I_\_I_\_I_\_I_\_I_\_I_E
SIO0TRL X 0 Transmit data

SOuUTO &0X1X2X3X4X5X6X7V
SIO0INT L1

Figure 13-3 Transmit Operation Waveforms of Synchronous Serial Port
for Clock Type 1 (8-bit Length, LSB first)
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13.3.2 Receive Operation

When “0" is written to the SOMD1 bit and “1” is written to the SOMDO bit of the serial mode register (SIO0OMODO),
thisLSl is set to areceive mode.

When the SOEN bit of the serial port control register (SIOOCON) is set to “1”, reception starts. When reception of
8/16-bit data terminates, a synchronous serial port interrupt (SIOOINT) occurs and the SOEN bit is set to “0”.

Receive datais input from the tertiary function pins (P40/SINO or P44/SINO) of GPIO.

When an internal clock is selected in the serial port mode register (SIOOMD1), the LSl is set to a master mode and
when an external clock (P41/SCKO or P45/SCKO) is selected, the LS| is set to a slave mode.

The serial port mode register (SIOOMODO) enables selection of MSB first or LSB first.

The receive data input pin (P40/SINO or P44/SINO) and transfer clock input/output pin (P41/SCKO or P45/SCK0) must
be set to the tertiary function.

Figures 13-4 and 13-5 show the receive operation waveforms of the synchronous serial ports for clock type 0 and clock
type 1, respectively (8-bit length, MSB first, clock types 0 and 1).

SOEN | |

SCKO [ O
SINO 7 )Xo X5 X2 X 3 X 2 X 1 Xoo
Shift register )(7)(6)(5)(4)(3)(2)(1(/0
SIOORCL Receive data
SIOOINT [

Figure 13-4 Receive Operation Waveforms of Synchronous Serial Port
for Clock Type 0 (8-bit Length, MSB first)

SOEN | |
SCKO __J_W__F_1_J__L_J_T__F_I_J__L_I_T__F_t
SINO 7 X6 X5 X4 X3 X2 X1 XPpo
st register D 0 S S S T T
SIOORCL \X Receive data
SIOOINT |4

Figure 13-5 Receive Operation Waveforms of Synchronous Serial Port
for Clock Type 1 (8-bit Length, MSB first)

Note:
When the SOUTO pin is set to the tertiary function output in receive mode, a “H” level is output from the SOUTO
output pin.
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13.3.3 Transmit/Receive Operation

When “1” is written to the SOMD1 bit and “1” is written to the SOMDO bit of the serial mode register (SIO0OMODO),
thisLSl is set to atransmit/receive mode.

When the SOEN bit of the serial port control register (SIOOCON) is set to “1”, transmission/reception starts. When
transmission/reception of 8/16-bit data terminates, a synchronous serial port interrupt (SIOOINT) occurs and the SOEN
bitissetto“0".

Receive datais input from the tertiary function pins (P40/SINO or P44/SINO) of GPIO, and transmit data is output from
the tertiary function pins (P42/SOUTO or P46/SOUTO) of GPIO

When an internal clock is selected in the serial port mode register (SIOOMD1), the LSl is set to a master mode and
when an external clock (P41/SCKO or P45/SCKO) is selected, the LS| is set ot a slave mode.

The serial port mode register (SIOOMODO) enables selection of MSB first or LSB first.

The receive data input pin (P40/SINO or P44/SINOQ), the transmit data output pin (P42/SOUTO or P46/SOUTOQ), and
transfer clock input/output pin (P41/SCKO or P45/SCK0) must be set to the tertiary function.

Figure 13-6 shows the transmit/receive operation waveforms of the synchronous serial port (16-bit length, LSB first,
clock types 0).

SOEN ] |

secko [ LT LT LT L
SIOOTRH,L X" Transmit data
S0UTO YR GF D &5 GIETD &5 €78 GG
SINO 0 X 1 X 2 X 3 X 12 X 13 X 14 X015
Shift register X o X 1 X 2 X 3 X122 X13X 14(/ 15
SIOORCH, L o Receive data
SIO0INT L

Figure 13-6 Transmit/Receive Operation Waveforms of Synchronous Serial Port
(16-bit Length, LSB first, Clock Type 0)
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13.4 Specifying port registers

When you want to make sure the SSIO function is working, please check related port registers are specified. See
Chapter 21, “Port 4” for detail about the port registers.

13.4.1 Functioning P42 (SOUTO0), P41 (SCKO0) and P40 (SINO) as the SSIO/ “Master mode”

Set PA2MD1-P40MD1 bits(bit2-bit0 of PAMOD1 register) to “1” and set P42MDO0-P40M DO(bit2-bit0 of PAMODO

register) to “0”, for specifying the SSIO as the secondary function of P42, P41 and P40.

Reg. name P4AMODL1 register (Address: 0F225H)
Bit 7 6 5 4 3 2 1 0
Bit name P47MD1 | P46MD1 | P45MD1 | P44MD1 | P43MD1 | P42MD1 | P41MD1 | PAOMD1
Data * * * * * 1 1 1
Reg. name P4AMODO register (Address: 0F224H)
Bit 7 6 5 4 3 2 1 0
Bit name P47MDO | P46MDO | P45MDO | P44MDO | P43MDO | P42MDO | P41MDO | P4AOMDO
Data * * * * * 0 0 0

Set P42C1-P41IMC1 bits(bit2-bitl of PACON1 register) to “1”, set P42C0-P41C0 bits(bit2-bit1 of PACONO register)

to“1", and set P42DIR-P41DIR hits(bit2-bit1 of PADIR register) to “0”, for specifying the P42-P41 as CMOS output.
Set PAODIR bit(bit0 of PADIR register) to “1” for specifying the P40 as an input pin.
Data setting to PA0C1 bit and PA0CO hit depend on the application circuit connected to P40.

Reg. name P4CONL1 register (Address: 0F223H)
Bit 7 6 5 4 3 2 1 0
Bit name P47C1 P46C1 P45C1 P44C1 P43C1 P42C1 P41C1 P40C1
Data * * * * * 1 1 $
Reg. name PACONO register (Address: 0F222H)
Bit 7 6 5 4 3 2 1 0
Bit name P47C0 P46C0O P45C0 P44C0 P43C0 P42C0 P41C0 P40C0
Data * * * * * 1 1 $
Reg. name PADIR register (Address: OF221H)
Bit 7 6 5 4 3 2 1 0
Bit name P47DIR P46DIR P45DIR P44DIR P43DIR P42DIR P41DIR P40DIR
Data * * * * * 0 0 1
Data of P42D-P40D hits (bit2-0 of P4D register) do not affect to the SSIO function, so don’t care the data for the
function.
Reg. name P4D register (Address: 0F220H)
Bit 7 6 5 4 3 2 1 0
Bit name P47D P46D P45D P44D P43D P42D P41D P40D
Data * * * * * - ok ok

* : Bit not related to the SSIO function

** . Don’t care the data
$ : Arbitrarily
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13.4.2 Functioning P42 (SOUTO0), P41 (SCKO0) and P40 (SINO) as the SSIO/ "Slave mode”

Set PA2MD1-P40MD1 hits(bit2-bit0 of PAMOD1 register) to “1” and set P42MDO-P40MDO(bit2-hit0 of PAMODO
register) to “0”, for specifying the SSIO as the secondary function of P42, PA1 and P40. They are the same setting as

those in the case of master mode.

Reg. name P4AMODL1 register (Address: 0F225H)
Bit 7 6 5 4 3 2 1 0
Bit name P47MD1 | P46MD1 | P45MD1 | P44MD1 | P43MD1 | P42MD1 | P41MD1 | PAOMD1
Data * * * * * 1 1 1
Reg. name P4MODO register (Address: 0F224H)
Bit 7 6 5 4 3 2 1 0
Bit name P47MDO | P46MDO | P45MDO | P44MDO | P43MDO | P42MDO | P41MDO | PAOMDO
Data * * * * * 0 0 0

Set P42C1 bit(bit2 of PACONL register) to “1", set P42CO bit(bit2 of PACONO register) to “1”, and set P42DIR

bit(bit2 of PADIR register) to “0”, for specifying the P42 as CMOS outpuit.
Set P41DIR-P40DIR bits(bit1-0 of PADIR register) to “1” for specifying the P41 and P40 as input pins.

Data setting to P41C1 bit, PA0C1 bit, P41CO bit and P40CO bit, depend on the application circuit connected to P41

and P40.
Reg. name P4ACONL1 register (Address: 0F223H)
Bit 7 6 5 4 3 2 1 0
Bit name P47C1 P46C1 P45C1 P44C1 P43C1 P42C1 P41C1 P40C1
Data * * * * * 1 $ $
Reg. name P4CONO register (Address: 0F222H)
Bit 7 6 5 4 3 2 1 0
Bit name P47C0 P46CO P45C0 P44C0 P43C0 P42C0 P41C0 P40C0
Data * * * * * 1 $ $
Reg. name PADIR register (Address: OF221H)
Bit 7 6 5 4 3 2 1 0
Bit name P47DIR P46DIR P45DIR P44DIR P43DIR P42DIR P41DIR P40DIR
Data * * * * * 0 1 1
Data of P42D-P40D bits (bit2-0 of P4D register) do not affect to the SSIO function, so don't care the data for the
function.
Reg. name P4D register (Address: 0F220H)
Bit 7 6 5 4 3 2 1 0
Bit name P47D P46D P45D P44D P43D P42D P41D P40D
Data * * * * * - ok ok

* : Bit not related to the SSIO(using P42, P41, and P40) function
**: Don't care the data

$ : Arbitrarily
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13.4.3 Functioning P46 (SOUTOQ), P45 (SCKO0) and P44 (SINO) as the SSIO/ "Master mode”

Set PA6MD1-P44MD1 bits(bit6-bit4 of PAMODL1 register) to “1” and set P46M DO0-P44MDO(bit6-bit4 of PAMODO
register) to “0”, for specifying the SSIO as the secondary function of P46, P45 and P44.

Reg. name P4AMODL1 register (Address: 0F225H)
Bit 7 6 5 4 3 2 1 0
Bit name P47MD1 | P46MD1 | P45MD1 | P44MD1 | P43MD1 | P42MD1 | P41MD1 | P40MD1
Data * 1 1 1 * * *
Reg. name P4AMODO register (Address: 0F224H)
Bit 7 6 5 4 3 2 1 0
Bit name P47MDO | P46MDO | P45MDO | P44MDO | P43MDO | P42MDO | P41MDO | P40MDO
Data * 0 0 0 * * * *

Set P46C1-P45MC1 bits(bit6-bit5 of PACONL register) to “1”, set P46C0-P45CO0 bits(bit6-bit5 of PACONO register)
to“1", and set P46DIR-P45DIR bits(bit6-bit5 of PADIR register) to “0”, for specifying the P46-P45 as CMOS output.

Set P44DIR hit(bit4 of PADIR register) to “1” for specifying the P44 as an input pin.

Data setting to P44C1 bit and P44C0 bit depend on the application circuit connected to P44.

Reg. name P4ACONL1 register (Address: 0F223H)
Bit 7 6 5 4 3 2 1 0
Bit name P47C1 P46C1 P45C1 P44C1 P43C1 P42C1 P41C1 P40C1
Data * 1 1 $ * * * *
Reg. name P4CONO register (Address: 0F222H)
Bit 7 6 5 4 3 2 1 0
Bit name P47CO P46CO P45C0 P44CO P43CO0 P42C0 P41C0 P40CO0
Data * 1 1 $ * * * *
Reg. name PADIR register (Address: 0F221H)
Bit 7 6 5 4 3 2 1 0
Bit name P47DIR P46DIR P45DIR P44DIR P43DIR P42DIR P41DIR P40DIR
Data * 0 0 1 * * * *

Data of P46D-P44D bits (bit6-4 of P4D register) do not affect to the SSIO function, so don't care the data for the
function.

Reg. name PAD register (Address: 0F220H)
Bit 7 6 5 4 3 2 1 0
Bit name P47D P46D P45D P44D P43D P42D P41D P40D
Data * - Hok - * * * *

- : Bit not related to the SSIO(using P46, P45, and P44) function
**: Don't care the data
$ : Arbitrarily
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13.4.4 Functioning P46 (SOUTO0), P45 (SCKO0) and P44 (SINO) as the SSIO/ "Slave mode”

Set PA6MD1-P44MD1 bits(bit6-bit4 of PAMODL1 register) to “1" and set P46M DO0-P44MDO(bit6-bit4 of PAMODO

register) to “0”, for specifying the SSIO as the secondary function of P46, P45 and P44. They are the same setting as
those in the case of master mode.

Reg. name P4AMODL1 register (Address: 0F225H)
Bit 7 6 5 4 3 2 1 0
Bit name P47MD1 | P46MD1 | P45MD1 | P44MD1 | P43MD1 | P42MD1 | P41MD1 | P40MD1
Data * 1 1 1 * * *
Reg. name P4MODO register (Address: 0F224H)
Bit 7 6 5 4 3 2 1 0
Bit name P47MDO | P46MDO | P45MDO | P44MDO | P43MDO | P42MDO | P41MDO | P40MDO
Data * 0 0 0 * * * *

Set P46C1 hit(bit6 of PACONL1 register) to “1", set P46CO bit(bit6é of PACONO register) to “1”, and set P46DIR
bit(bit6 of PADIR register) to “0”, for specifying the P46 as CMOS outpuit.
Set PA5DIR-P44DIR bits(bit5-4 of PADIR register) to “1” for specifying the P45 and P44 asinput pins.

Data setting to P45C1 bit, P44C1 bit, PA5CO bit and P44C0 bit, depend on the application circuit connected to P45
and P44.

Reg. name P4CONL1 register (Address: 0F223H)
Bit 7 6 5 4 3 2 1 0
Bit name P47C1 P46C1 P45C1 P44C1 P43C1 P42C1 P41C1 P40C1
Data * 1 $ $ * * * *
Reg. name PACONO register (Address: 0F222H)
Bit 7 6 5 4 3 2 1 0
Bit name P47C0 P46C0O P45C0 P44C0 P43C0 P42C0 P41C0 P40C0
Data * 1 $ $ * * * *
Reg. name PADIR register (Address: OF221H)
Bit 7 6 5 4 3 2 1 0
Bit name P47DIR P46DIR P45DIR P44DIR P43DIR P42DIR P41DIR P40DIR
Data * 0 1 1 * * * *

Data of P46D-P44D hits (bit6-4 of PAD register) do not affect to the SSIO function, so don’t care the data for the

function.
Reg. name P4D register (Address: 0F220H)
Bit 7 6 5 4 3 2 1 0
Bit name P47D P46D P45D P44D P43D P42D P41D P40D
Data * *% *% *% * * * *

- : Bit not related to the SSIO(using P46, P45, and P44) function
**: Don't care the data

$ : Arbitrarily
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14. UART

14.1 Overview

This LSl includes 1 channel of UART (Universal Asynchronous Receiver Transmitter) which is an asynchrnous seria
interface.

For the input clock, see Chapter 6, “Clock Generation Circuit”.

The use of UART requires setting of the secondary functions of Port 4. For setting of the secondary functions of Port
4, see Chapter 21, “Port 4”.

14.1.1 Features

5-bit/6-bit/7-bit/8-bit data length selectable

Odd parity, even parity, or no parity selectable

1 stop bit or 2 stop bits selectable

Provided with parity error flag, overrun error flag, framing error flag, and transmit buffer status flag.
Positive logic or negative logic selectable as communication logic

LSB first or MSB first slectable as a communication direction

Built-in baud rate generator

14.1.2  Configuration
Figure 14-1 shows the configuration of the UART.

PO2IRXDO N
P42/RXD0 —— Shift Register > P43/TXDO
g —>> 9
LSCLK —>
S UAOINT
LSCLKx2 I?;and R?te CU/lt\R'lll'
HSCLK > enerator > ontroller —\\/

UAOCON
UAOBRTH, L UAOMODO, 1 UAOBUF UAOSTAT

N
Data bus :L :I: Y l’

UAOBUF: UARTO transmit/receive buffer
UAOBRTH, L: UARTO baud rate registers H, L
UAOCON: UARTO control register
UAOMODO, 1: UARTO mode registers 0, 1
UAOSTAT: UARTO status register

Figure 14-1 Configuration of UART
14.1.3 List of Pins

Pin name 1/0 Description
PO2/RXDO : Sggj-rf?)rdtar:: Isr:e?:l:)tnr()jl;ry function of the P02 pin.
PA42/RXDO ! B?gj-rf?)rd taht: Isr:e?:l:)tnr()jlgry function of the P42 pin.

ART i
PA43/TXDO © Ssed f(c))rd?i:: g:(t:‘;l:ltdzg/ function of the P43 pin.
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14.2 Description of Registers

14.2.1 List of Registers

Address Name Symbol (Byte) | Symbol (Word)| R/W Size | Initial value
0F290H UARTO transmit/receive buffer UAOBUF — R/W 8 O00H
0F291H UARTO control register UAOCON — R/W 8 O00H
0F292H UARTO mode register 0 UAOMODO UAOMOD R/W 8/16 00H
0F293H UARTO mode register 1 UAOMOD1 R/W 8 O00H
0F294H UARTO baud rate register L UAOBRTL UAOBRT R/W 8/16 00H
0F295H UARTO baud rate register H UAOBRTH R/W 8 00H
0F296H UARTO status register UAOSTAT — R/W 8 00H
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14.2.2  UARTO Transmit/Receive Buffer (UAOBUF)

Address: 0F290H
Access. RIW
Access size: 8 bits
Initial value: 00OH

7 6 5 4 3 2 1 0
UAOBUF uoB7 UoB6 uoB5 uUoB4 UOB3 uoB2 UoB1 UoBO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

UAOBUF isaspecia function register (SFR) to store the transmit/receive data of the UART.
In transmit mode, write transmission data to UAOBUF. To tranmit data continuously, write the next data to UAOBUF
after making sure that the UOFUL flag of the UARTO status register (UAOSTAT) is“0”. Any value written to UAOBUF

can be read.

In receive mode, since data received at termination of reception is stored in UAOBUF, read the contents of UABUF
using the UARTO interrupt at termination of reception. At continuous reception, BAOBUF is updated whenever
reception terminates. Any write to BAOBUF is disabled in receive mode.
The bits not required when 5-bit, 6-bit, 7-bit, or 8-bit data length is slected become invalid in transmit mode and are set

to “0” in receive mode.

Note:

For operation in transmit mode, be sure to set the transmit mode (UAOMODO and UAOMOD1) before setting transmit

datain UAOBUF.
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14.2.3 UARTO Control Register (UAOCON)

Address: 0F291H
Access. RIW
Access size: 8 bits
Initial value: 00OH

7 6 5 4 3 2 1 0
UAOCON — — — — — — — UOEN
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

UAOCON isaspecia function register (SFR) to start/stop communication of the UART.

[Description of Bits]

e UOEN (bit 0)
The UOEN hit is used to specify the UART communication operation start. When UOEN is set to “1”, UART
communication starts. In transmit mode, this bit is automatically set to “0" at termination of transmission. In
receive mode, receive operation is continued. To terminate reception, set the bit to “0” by software.

UOEN Description
0 Stops communication. (Initial value)
1 Starts communication.
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14.2.4 UARTO Mode Register 0 (UAOMODO)

Address: 0F292H
Access. RIW

Access size: 8/16 bits
Initial value: 00OH

7 6 5 4 3 2 1 0
UAOMODO — — — UORSEL — UOCK1 UOCKO uolo
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

UAOMODO isaspecid function register (SFR) to set the transfer mode of the UART.

[Description of Bitg]
e UOIO (bit 0)
The UOIO bit is used to select transmit or receive mode.

uolo Description
0 Transmit mode (initial value)
1 Receive mode

e UOCK1, UOCKO (bits 2, 1)
The UOCK 1 and UOCKO hits are used to select the clock to be input to the baud rate generator of the UARTO.

UOCK1 UOCKO Description
0 0 LSCLK (initial value)
0 1 LSCLKx2
1 * HSCLK

o UORSEL (hit 4)
The UORSEL hit is used to select the receive datainput pin for the UARTO.

UORSEL Description
0 Selects the P02 pin. (Initial value)
1 Selects the P42 pin.
Notes:

- Always set the UAOMODO register while communication is stopped, and do not rewrite it during communication.

- When specifying LSCLKx2 for the clock, enable the operation of the 2xlow-speed clock by setting bit 2 (ENMLT)
of the frequency control register 1 (FCON1) to “1”.

- When selecting the P42 pin as the receive data input pin, it is necessary to configure settings for the Port 4 secondary
functions. For the details of the Port 4 secondary function settings, see Chapter 21, “Port 4”.
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14.2.5 UARTO Mode Register 1 (UAOMODL1)

Address: 0F293H
Access. RIW

Access size: 8/16 bits
Initial value: 00OH

7 6 5 4 3 2 1 0
UAOMOD1 — UODIR UONEG UOSTP UOPT1 UOPTO UOLG1 UOLGO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

UAOMOD1 isaspecid function register (SFR) to set the transfer mode of the UART.

[Description of Bits]
e UOLG1, UOLGO (bits 1, 0)
The UOLG1 and UOL GO hits are used to specify the data length in the communication of the UART.

UOLG1 UOLGO Description
0 0 8-bit length (initial value)
0 1 7-bit length
1 0 6-bit length
1 1 5-bit length

e UOPT1, UOPTO (bits 3, 2)
The UOPT1 and UOPTO bits are used to select “even parity”, odd parith”, or “no parity” in the communication of the
UART.

UOPT1 UOPTO Description
0 0 Even parity (initial value)
0 1 Odd parity
1 * No parity bit

e UOSTP (bit 4)
The UOSTP bit is used to select the stop bit length in the communication of the UART.

UOSTP Description
0 1 stop bit (initial value)
1 2 stop bits

e UONEG (bit 5)
The UONEG bit is used to select positive logic or negative logic in the communication of the UART.

UONEG Description
0 Positive logic (initial value)
1 Negative logic
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« UODIR (bit 6)

The UODIR bit is used to select LSB first or MSB first in the communication of the UART.

UODIR Description
0 LSB first (initial value)
1 MSB first
Note:

Always set the UAOMODL register while communication is stopped, and do not rewrite it during communication.
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14.2.6 UARTO Baud Rate Registers L, H (UAOBRTL, UAOBRTH)

Address; 0F294H
Access. RIW

Access size: 8/16 bits
Initial vaue: OFFH

7 6 5 4 3 2 1 0
UAOBRTL UOBR7 UOBR6 UOBR5 UOBR4 UOBR3 UOBR2 UOBR1 UOBRO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 1 1 1 1 1 1 1 1

Address: 0F295H
Access. RIW
Access size: 8 hits
Initial value: OFH

7 6 5 4 3 2 1 0
UAOBRTH — — — — UOBR11 UOBR10 UOBR9 UOBRS8
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 1 1 1 1

UAOBRTL and UAOBRTH are specia function registers (SFRs) to set the count value of the baud rate generator which
generates baud rate clocks.
For the relationship between the count value of the baud rate generator and baud rate, see Section 14.3.2, “Baud Rate”.

Note:
Always set the UAOBRTL and UAOBRTH registers while communication is stopped, and do not rewrite them during
communication.
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14.2.7 UARTO Status Register (UAOSTAT)

Address: 0F296H
Access. RIW
Access size: 8 bits
Initial value: 00OH

7 6 5 4 3 2 1 0
UAOSTAT — — — — UOFUL UOPER UOOER UOFER
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

UAOSTAT isaspecia function register (SFR) to indicate the state of transmit or receive operation of the UART.
When any datais written to UAOSTAT, all the flags are initialized to “0".

[Description of Bits]
o UOFER (bit 0)
The UOFER bit is used to indicate occurrence of aframing error of the UART.
When an error occurs in the start or stop bit, the UOFER bit isset to “1”. This hit is updated each time reception is
compl eted.
The UOFER bit isfixed to “0” in transmit mode.

UOFER Description
0 No framing error (initial value)
1 Framing error

e UOOER (hit 1)
The UOOER bit is used to indicate occurrence of an overrun error of the UART.
If the received data in the transmit/receive buffer (UAOBUF) is received again before it is read, this bit is set to “1”.
Even if reception is stopped by the UOEN bit and then reception is restarted, this bit is set to “1” unless the previous
receive data is not read. Therefore, make sure that data is always read from the transmit/receive buffer even if the
datais not required.
The UOOER hit isfixed to “0” in transmit mode.

UOOER Description
0 No overrun error (initial value)
1 Overrun error

e UOPER (hit 2)
The UOPER bhit is used to indicate occurrence of a parity error of the UART.
When the parity of the received data and the parity bit attached to the data do not coincide, this bit is set to “1”.
UOPER is updated whenever datais received.
The UOPER bit isfixed to “0” in transmit mode.

UOPER Description
0 No parity error (initial value)
1 Parity error
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o UOFUL (bit 3)
The UOFUL bit is used to indicate the state of the transmit/receive buffer of the UART.
When transmit data is written in UAOBUF in transmit mode, this bit is set to “1” and when transmit data is
transferred to the shift register, thisbit isset to “0”.  To transmit data consecutively, write the next transmit data to
UAOBUF after checking that the UOFUL flag has been set to “0”.
The UOFUL bit isfixed to “0” in receive mode.

UOFUL Description
0 There is no data in the transmit/receive buffer. (Initial value)
1 There is data in the transmit/receive buffer.
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14.3 Description of Operation

14.3.1 Transfer Data Format

In the transfer data format, one frame contains a start bit, a data bit, a parity bit, and a stop bit. In thisformat, 5to 8
bits can be selected as data bit. For the parity bit, “with parity bit”, “without parity bit”, “even parity”, or “odd parity”
can be selected.  For the stop bit, “1 stop bit” or “2 stop hits’ are available and for the transfer direction, “LSB first” or
“MSB first” are available for selection. For serial input/output logic, positive logic or negative logic can be selected.
All these options are set with the UARTO mode register (UAOMODY).

Figure 14-2 and Figure 14-3 show the positive logicc input/output format and negative logic input/output format,
respectively.

3 1 frame N
[\
Start Parity | Stop | Stop
bit 1 2 3 4 \ 5 \ 6 \ ! \ 8 bit bit | bit
I
Data bit g
« 1 frame e Data hit length.......... 8 to 5 bits variable
Max. .......... 12 bits e Parity bit................... With or without parity bit selectable
Min. ........... 7 bits Odd or even parity selectable
e Stop bit..........cooee 1 or 2 stop bits selectable
Figure 14-2 Positive Logic Input/Output Format
1 frame
| N
I~ 7
]
Start Parity| Stop | Stop
bit | 1 \ 2 13 |45 \ 6 1 7 8 hit | bit | obit
L
¢ 1 frame » Data bit length........... 8 to 5 bits variable
Max. ......... 12 bits e Parity bit................... With or without parity bit selectable
Min. ......... 7 bits Odd or even parity selectable
e Stopbit.........coeei 1 or 2 stop bits selectable

Figure 14-3 Negative Logic Input/Output Format
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14.3.2 Baud Rate

Baud rates are generated by the baud generator.

The baud rate generator generates a baud rate by counting the clock selected by the baud rate clock selection hits
(UOCK1, UOCKO) of the UARTO mode register 0 (UAOMODQ). The count value of the baud rate generator can be set
by writing it in the UARTO baud rate register H or L (UAOBRTH, UAOBRTL). The maximum count is 4096.

The setting values of UAOBRTH and UAOBRTL are expressed by the following equation.

Clock frequency (Hz)

UAOBRTH, L = Baud rate (bps)

-1
Table 14-2 lists the count values for typical baud rates.

Table 14-2 Count Values for Typical Baud Rates

Baud rate gengrator Count value of the baud rate generator
Baud rate — ractlgck selection
clock UOCK1 | UOCKO | Count value Period of 1 bit UAOBRTH UAOBRTL
1200 bps 32.768 kHz 0 0 27 Approx. 824 us OOH 1AH
2400 bps 65.536 kHz 0 1 27 Approx. 412 us OOH 1AH
4800 bps 500kHz 1 * 104 Approx. 208 us 00H 067H
9600 bps 500kHz 1 * 52 Approx. 104 us 00H 033H
19200 bps 500kHz 1 * 26 Approx. 52 us OOH 01BH
38400 bps 500kHz 1 B 13 Approx. 26 us OOH 00CH
57600 bps 500kHz 1 B 9 Approx. 18 us OOH 008H
Note:

- When UAOBRTH or UAOBRTL is set to a value equal to less than “0007H”, the value set is read from UAOBRTH or
UAOBRTL but the value of the baud rate clock counter is the same as the value when UAOBRTH or UAOBRTL is set
to “0008H".

- When specifying 65.536 kHz (L SCLKx2) for the clock, enable the operation of the 2xlow-speed clock by setting bit 2
(ENMLT) of the frequency control register 1 (FCON1) to“1".

- Compensating tolerant of RC oscillation 500kHz with Timer can support errors of +/- 2% or less at 9600bps. See
Section 10.3.2., “Freguency measurement mode”.
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14.3.3  Transmit Data Direction

Figure 14-4 shows the relationship between the transmit/receive buffer and the transmit/receive data.

o Data length: 8 bits

LSB reception — —> LSB reception
MSB reception <—| UOB7 | UOB6 | UOB5 | UoOB4 | UOB3 | UOB2 | UuoBl1 | UOBO < MSB reception

o Data length: 7 bits

LSB reception —>1" ;106 | uoss | UoB4 | UOB3 | UOB2 | UoB1 | uomo | -SE reception
MSB reception <— <— MSB reception

UOBY7 is “0” at completion of reception.

¢ Data length: 6 bits

LSB reception —>[* ) pe UoB3 | UOB2 oo |~ -SB reception
MSB reception <— UoB4 UoB1 <— MSB reception

UOB7 and UOB6 are “0” at completion of reception.

¢ Data length: 5 bits

LSB reception — —> LSB reception
MSB reception <— UOB4 | UOB3 | UOB2 | UOB1 | UOBO <— MSB reception

U0B7, UOB6, and UOBS5 are “0” at completion of reception.

Figure 14-4 Relationship between Transmit/Receive Buffer and Transmit/Receive Data

Note:
When the TXDO pin is set to serve the secondary function output in receive mode, “H” level is output from the TXDO
pin.
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14.3.4  Transmit Operation

Transmission is started by setting the UOIO bit of the UARTO mode register 0 (UAOMODO) to “0” to select transmit
mode and setting the UOEN bit of the UARTO control register (UAOCON) to “1”.
Figure 14-5 shows the operation timing for transmission.

When the UOEN bit is set to “1” (@), the baud rate generator generates an internal transfer clock of the baud rate set
and starts transmission.

The start bit is output to the TXDO pin by the falling edge of the internal transfer clock (@). Subsequently, transmit
data, a parity bit, and a stop bit are outpui.

When the start bit is output (@), a UARTO interrupt is requested.  In the UARTO interrupt routine, the next data to be
transmitted is written to the transmit/receive buffer (UAOBUF).

When the next data to be transmitted is written to the transmit/receive buffer (UAOOBUF), the transmit buffer status
flag (UOFUL) issetto “1” (®) and aUARTO interrupt is requested on the falling edge of the internal transfer clock (@)
after transmission of the stop bit. If the UARTO interrupt routine is terminated without writing the next data to the
transmit/receive buffer, the UOFUL bit is not set to “1” (®) and transmission continues up to the transmission of the
stop bit, then the UOEN bit isreset to “0” and a UARTO interrupt is requested.

The valid period for the next transmit data to be written to the transmit/receive buffer is from the generation of an
interrupt to the termination of stop bit transmission. (®)
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Figure 14-5 Operation Timing in Transmission
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14.3.5 Receive Operation

Reception is started by selecting a receive data input pin using the UORSEL hbit of the UARTO mode register 0
(UAOMODO0), then setting the U0OIO bit of UAOMODO to “0” to select receive mode, and then setting the UOEN hit of
the UARTO control register (UAOCON) to “1”.

Figure 14-6 shows the operation timing for reception.

When receive operation starts, the LS| checks the data sent to the input pin RXDO and waits for the arrival of a start bit.

When detecting a start bit (@), the LSl generates the internal transfer clock of the baud rate set with the start bit detect
point as areference and performs receive operation.

The shift register shifts in the data input to RXD on the rising edge of the internal transfer clock. The data and parity
bit are shifted into the shift register and 5- to 8- hit receive data is transferred to the transmit/receive buffer (UAOBUF)
concurrently with the fall of the internal transfer clock of ®.

The LSl requests a UARTO interrupt on the rising edge of the internal transfer clock subsequent to the internal transfer
clock by which the receive data was fetched (@) and checks for a stop bit error and a parity bit error. When an error is
detected, the LS| sets the corresponding bit of the UARTO status register (UAOSTAT) to“1”.

Parity error : SOPER="1"
Overrun error : SOOER = 1"
Framing error : SOFER ="“1"

As shown in Figure 14-6, the rise of the internal transfer clock is set so that it may fall into the middle of the bit interval
of the receive data.

Reception continues until the UOEN bit is reset to “0” by the program. When the UOEN bit is reset to “0” during
reception, the data received may be destroyed. When the UOEN bit is reset to “0” during the “UOEN reset enable
period” in Figure 14.6, the data received is protected.
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14.4 Specifying port registers

When you want to make sure the UART function is working, please check related port registers are specified. See
Chapter 21, “Port 4" and Chapter 18, “Port 0" for detail about the port registers.

14.4.1 Functioning P43(TXDO0) and P42(RXD0) as the UART.

Set P43MD1-P42MD1 bits(bit3-bit2 of PAMODL1 register) to “0” and set P43MDO-P42MDO(bit3-bit2 of PAMODO
register) to “1”, for specifying the UART as the secondary function of P43 and P42.

Reg. name P4MODL1 register (Address: 0F225H)
Bit 7 6 5 4 3 2 1 0
Bit name P47MD1 | P46MD1 | P45MD1 | P44MD1 | P43MD1 | P42MD1 | P41MD1 | PAOMD1
Data * * * * 0 0 * *
Reg. name P4AMODO register (Address: 0F224H)
Bit 7 6 5 4 3 2 1 0
Bit name P47MDO | P46MDO | P45MDO | P44MDO | P43MDO | P42MDO | P41MDO | PAOMDO
Data * * * * 1 1 * *

Set P43CL1 bit(bit3 of PACONL register) to “1”, set P43CO bit(bit3 of PACONO register) to “1”, and set P43DIR
bit(bit3 of PADIR register) to “0", for specifying the P43 as CMOS output.

Set P4A2DIR bit(bit2 of PADIR register) to “1” for specifying the P42 as an input pin.

Data setting to P42C1 bit and P42CO0 bit, depend on the application circuit connected to P42.

Reg. name P4CONL1 register (Address: 0F223H)
Bit 7 6 5 4 3 2 1 0
Bit name P47C1 P46C1 P45C1 P44C1 P43C1 P42C1 P41C1 P40C1
Data * * * * 1 $ * *
Reg. name P4CONO register (Address: 0F222H)
Bit 7 6 5 4 3 2 1 0
Bit name P47CO0 P46C0O P45C0 P44C0 P43C0 P42C0 P41C0 P40C0
Data * * * * 1 $ * *
Reg. name PADIR register (Address: 0F221H)
Bit 7 6 5 4 3 2 1 0
Bit name P47DIR P46DIR P45DIR P44DIR P43DIR P42DIR P41DIR P40DIR
Data * * * * 0 1 * *

Data of P43D-P42D bits (bit3-2 of PAD register) do not affect to the UART function, so don’t care the data for the
function.

Reg. name P4D register (Address: 0F220H)
Bit 7 6 5 4 3 2 1 0
Bit name P47D P46D P45D P44D P43D P42D P41D P40D
Data * * * * ok ok * *

* : Bit not related to the UART(using P43 and P42) function
**: Don't care the data
$ : Arbitrarily
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Note:
The receive pin (RXD) is selected by UORSEL bit(bit4 of UAOMODO register). Reseting the bit to “0” (initial
value) selects P02 pin and setting the bit to “1” selects P43 pin.

14.4.2  Functioning P43(TXDO0) and PO2(RXDO0) as the UART.

Set P4A3MDL1 bit(bit3 of PAMOD1 register) to “0” and set PA3MDO(bit3 of PAMODO register) to “1”, for specifying
the UART as the secondary function of P43.

Reg. name P4MODL1 register (Address: 0F225H)
Bit 7 6 5 4 3 2 1 0
Bit name P47MD1 | P46MD1 | P45MD1 | P44MD1 | P43MD1 | P42MD1 | P41MD1 | PAOMD1
Data * * * * 0 $ * *
Reg. name P4MODO register (Address: 0F224H)
Bit 7 6 5 4 3 2 1 0
Bit name P47MDO | P46MDO | P45MDO | P44MDO | P43MDO | P42MDO | P41MDO | PAOMDO
Data * * * * 1 $ * *

Set P43C1 hit(bit3 of PACONL1 register) to “1”, set P43CO0 bit(bit3 of PACONO register) to “1”, and set P4A3DIR
bit(bit3 of PADIR register) to “0”, for specifying the P43 as CMOS output.

Reg. name P4CONL1 register (Address: 0F223H)
Bit 7 6 5 4 3 2 1 0
Bit name P47C1 P46C1 P45C1 P44C1 P43C1 P42C1 P41C1 P40C1
Data * * * * 1 * * *
Reg. name P4CONO register (Address: 0F222H)
Bit 7 6 5 4 3 2 1 0
Bit name P47C0 P46CO0O P45C0 P44C0 P43C0 P42C0 P41C0 P40C0
Data * * * * 1 * * *
Reg. name PADIR register (Address: 0F221H)
Bit 7 6 5 4 3 2 1 0
Bit name P47DIR P46DIR P45DIR P44DIR P43DIR P42DIR P41DIR P40DIR
Data * * * * 0 * * *

Data of P43D bit (bit3 of P4D register) do not affect to the UART function, so don't care the data for the function.

Reg. name P4D register (Address: 0F220H)
Bit 7 6 5 4 3 2 1 0
Bit name P47D P46D P45D P44D P43D P42D P41D P40D
Data * * * * ok * * *
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P02 is an input-only port, so there is no need to specify data direction (i.e. input or output).
Data setting to PO2C1 hit and PO2CO bit, depend on the application circuit connected to PO2.

Reg. name POCONL register (Address: 0F207H)
Bit 5 4 3 2 1 0
Bit name - - PO3C1 P0O2C1 PO1C1 POOC1
Data - - * $ * *
Reg. name POCONO register (Address: 0F206H)
Bit 5 4 3 2 1 0
Bit name - - P0O3CO P02CO P01CO POOCO
Data - - * $ * *

Data of P0O2D bit (bit2 of POD register) do not affect to the UART function, so don't care the data for the function.

Reg. name POD register (Address: 0F204H)
Bit 5 4 3 2 1 0
Bit name - - P0O3D P0O2D PO1D POOD
Data - - * *% * *

* ! Bit not related to the UART(using P43 and P02) function
**: Don't care the data
$ : Arbitrarily

Note:
The receive pin (RXDO) is selected by UORSEL bit(bit4 of UAOMODO register). Setting the bit to “0” (initial
value) selects P02 pin and setting the bit to “1” selects P43 pin.

Even if P42 is specified as RXD0 by P42MD1 bit, P42MDO bit, P42C1 bit, P42CO0 bit and P42IDR bit, setting
“0” to UORSEL bit has priority to select P02 pin as the RXDO.

P0O2(Port 0) is an input-only port, does not have registers that can select data direction(input or output) or
mode(primary or secondary function).
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15. I°C Bus Interface

15.1 Overview

This LSI includes 1 channel of I°C bus interface (master).
The secondary functions of Port 4 are assigned to the 1°C bus interface data input/output pin and the 1°C bus interface
clock input/output pin.  For Port4, see Chapter 21, “Port 4”.

15.1.1 Features

o Master function
e Communication speeds supported include standard mode (50kbps@500kHz HSCLK).
o 7-bit address format (10-bit address can be supported)

Note:
This LSI does not support arbitration function (multi-master) and clock synchronization (handshake).

15.1.2  Configuration

Figure 15-1 shows the configuration of the I°C bus interface.

1]
| I2CORD, I2COSTAT
scL |« Pal/scL
N —
HSCLK N Clock - Shift Register Controller P40/SDA
Generator
1 T {
12C 1 5 12coINT
Controller
| 12comoD | [12cosA | | 12coTD | | 12c0CON |
N N
Data bus 4 4
I2CORD - I°C bus 0 receive register
I2COSA : 1°C bus 0 slave address register
12CO0TD - 1°C bus 0 transmit data register
I2COCON : I°C bus 0 control register
I2COMOD : I°C bus 0 mode register

I2COSTAT  : I°C bus O status register

Figure 15-1 Configuration of I°C Bus Interface

15.1.3  List of Pins

Pin name 1/0 Description
I°C bus interface data input/output pin.

PAO/SDA Vo Used for the secondary function of the P40 pin.
2 . . .

P41/SCL 1o I°C bus interface clock input/output pin.

Used for the secondary function of the P41 pin.
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15.2 Description of Registers

15.2.1 List of Registers

Address Name Symbol (Byte) | Symbol (Word)| R/W Size | Initial value
OF2A0H | I°C bus 0 receive register I2CORD — R 8 00H
OF2A1H I°C bus 0 slave address register I2COSA — R/W 8 00H
0F2A2H I°C bus 0 transmit data register 12COTD — R/W 8 00H
0F2A3H I°C bus 0 control register I2COCON — R/W 8 00H
0F2A4H I°C bus 0 mode register I2COMOD — R/W 8 00H
OF2A5H I°C bus 0 status register I2COSTAT — R 8 00H
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15.2.2  I°C Bus 0 Receive Register (I2CORD)

Address: OF2A0H
Access: R

Access size: 8 bits
Initial value: 0OH

7 6 5 4 3 2 1 0

I2CORD I20R7 I20R6 I20R5 I20R4 120R3 120R2 [20R1 120R0
R R R R R R R R R
Initial value 0 0 0 0 0 0 0 0

I2CORD is a read-only special function register (SFR) to store receive data.
I2CORD is updataed after completion of each reception.

[Description of Bits]

e |20R7-120R0 (bits 7-0)
The 120R7 to 120R0 bits are used to store receive data. The signal input to the SDA pin is received at transmission
of a slave address and at data transmission/reception in sync with the rising edge of the signal on the SCL pin.
Since data that has been output to the SDA and SCL pins is received not only at data reception but also at slave
address data transmission and data transmission, it is possible to check whether transmit data has certainly been
transmitted.
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15.2.3  1°C Bus 0 Slave Address Register (I12C0SA)

Address: OF2A1H
Access: RIW

Access size: 8 bits
Initial value: 0OH

7 6 5 4 3 2 1 0
I2COSA 120A6 I20A5 120A4 120A3 120A2 120A1 120A0 I20RW
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

I2COSA is a special function register (SFR) to set the address and the transmit/receive mode of the slave device.

[Description of Bits]
e [20RW (bit 0)
The 120RW bit is used to select the data transmit mode (write) or data receive mode (read).

I20RW Description
0 Data transmit mode (initial value)
1 Data receive mode

o [20A6-120A0 (bits 7-1)
The 120A6 to 120A0 bits are used to set the address of the communication destination.
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15.2.4  I1°C Bus 0 Transmit Data Register (12C0TD)
Address: 0F2A2H
Access: R/IW
Access size: 8 bits
Initial value: 0OH
7 6 5 4 3 2 1 0
12COTD 120T7 120T6 120T5 120T4 120T3 120T2 120T1 120TO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

I12COTD is a special function register (SFR) to set transmit data.

[Description of Bits]
e 120T7-0 (bits 7-0)
The 120T7 to 0 bits are used to set transmit data.
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15.2.5 1°C Bus 0 Control Register (I2COCON)
Address: OF2A3H
Access: RIW
Access size: 8 bits
Initial value: 0OH
7 6 5 4 3 2 1 0
12COCON 120ACT — — — — I20RS 120SP 120ST
R/W R/W R/W R/W R/W R/W W W R/W
Initial value 0 0 0 0 0 0 0 0

I2COCON is a special function register (SFR) to control transmit and receive operations.

[Description of Bits]

e [20ST (bit 0)
The 120ST bit is used to control the communication operation of the I°C bus interface. When the 120ST bit is set to
“1”, communication starts. When “1” is overwritten to the 120ST bit in a control register setting wait state after
transmission/reception of acknowledgment, communication starts again. When the 120ST bit is set to “0”,
communication is stopped forcibly.
The 120ST bit can be set to “1” only when the 12C bus interface is in an operation enable state (I20EN = “1”).
When the 120SP bit is set to “1”, the 120ST bit is set to “0”.

120ST Description
0 Stops communication (initial value)
1 Starts communication

e 120SP (bit 1)

The 120SP bit is a write-only bit used to request a stop condition.

shifts to the stop condition and communication stops.

When the 120SP bit is set to “1”, the 1°C bus

When the 120SP bit is read, “0” is always read.

I20SP Description
0 No stop condition request (initial value)
1 Stop condition request

e 120RS (bit 2)

The 120RS bit is a write-only bit used to request a repeated start.

When this bit is set to “1” during data

communication, the 1°C bus shifts to the repeated start condition and communication restarts from the slave address.

I20RS can be set to “1” only while communication is active (I120ST =“1").

When the 120RS bit is read, “0” is

always read.
I20RS Description
0 No repeated start request (initial value)
1 Repeated start request

o [20ACT (bit 7)
The 120ACT bit is used to set the acknowledge signal to be output at completion of reception.

I20ACT Description
0 Acknowledgment data “0” (initial value)
1 Acknowledgment data “1”
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15.2.6  I°C Bus 0 Mode Register (I2COMOD)
Address: 0F2A4H
Access: RIW
Access size: 8 bits
Initial value: 0OH
7 6 5 4 3 2 1 0
12COMOD — — — 120SYN 120DW1 120DWO 120MD 120EN
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

I2COMOD is a special function register (SFR) to set operating mode.

[Description of Bits]

e [20EN (bit 0)
The 120EN bit is used to enable the operation of the 1°C bus interface. Only when the 120EN bit is set to “1”, the
120ST bit can be set and the 120BB flag starts operation. When the 120EN bit is set to “0”, all the SFRs related to the
I°C bus 0 are initialized.

I20EN Description
0 Stops 1’C operation. (Initial value)
1 Enables I°C operation.

e |20MD (bit1)
The 120MD bit is used to set the communication speed of the I1°C bus interface. Please set the bit to “1” when using
the 12C bus interface function.

120MD Description
0 (Initial value)
1 Standard mode / 50kbps@500kHz HSCLK

e 120DW1, 120DWO (bits 3, 2)
The 120DW1 and 120DWO bits are used to set the communication speed reduction rate of the 1°C bus interface.
Please set both bits to “0”. This function is not requried to use on ML610Q411/Q412/Q415.

120DW1 120DWO
0 0

Description
No communication speed reduction (initial value)
0 1 10% communication speed reduction(Do not set this value)
1 0 20% communication speed reduction(Do not set this value)
1 1 30% communication speed reduction(Do not set this value)

e [20SYN (bit 4)
The 120SYN bit is used to select whether or not to use the clock synchronization function (handshake function).
Note: This LSI does not support the clock synchronization function or multi-master. Please always set the bit to “0”.

1I20SYN Description
0 Clock synchronization is not used. (Initial value)
1 Do not use
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15.2.7 1°C Bus O Status Register (I2COSTAT)

Address: OF2A5H
Access: RIW

Access size: 8 bits
Initial value: 0OH

7 6 5 4 3 2 1 0

I2COSTAT — — — — — I20ER I20ACR 120BB
R R R R R R R R R
Initial value: 0 0 0 0 0 0 0 0

I2COSTAT is a read-only special function register (SFR) to indicate the state of the 1°C bus interface.

[Description of Bits]

e 120BB (bit 0)

The 120BB bit is used to indicate the state of use of the 1°C bus interface. When the start condition is generated on
the 1°C bus, this bit is set to “1” and when the stop condition is generated, the bit is set to “0”.  In multi-master mode,
this bit is set to “1” even if another master device is using the 1°C bus. The 120BB bit is set to “0” when the I120EN
bit of I2COMOD is “0”.

120BB Description
0 I°C bus-free state (Initial value)
1 I°C bus-busy state

1I20ACR (bit 1)

The 120ACR bit is used to store the acknowledgment signal received. Acknowledgment signals are received each
time the slave address is received and data transmission or reception is completed. The I120ACR bit is set to “0”
when the 120EN bit of I2COMOD is “0”.

I20ACR Description
0 Receives acknowledgment “0”. (Initial value)
1 Receives acknowledgment “1”.
I20ER (bit 2)

The 120ER bit is a flag to indicate a transmit error. When the value of the bit transmitted and the value of the SDA
pin do not coincide, this bit is set to “1”. The SDA remains the output until the subsequent byte data communication
terminates even if I20ER is set to “1”.

The 120ER bit is set to “0” when a write operation to I2COCON is performed. The I20ER bit is set to “0” when the
I20EN bit of 12COMOD is set to “0”.

I20ER Description
0 No transmit error (initial value)
1 Transmit error
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15.3 Description of Operation

15.3.1 Communication Operating Mode

Communication is started when communication mode is selected by using the I°C bus 0 mode register (I2COMOD), the
I%C function is enabled by using the 120EN bit, a slave address and a data communication direction are set in the 1°C
bus 0 slave address register, and “1” is written to the 120ST bit of the 12C bus 0 control register (I2COCON).

15.3.1.1 Start Condition

When “1” is written to the 120ST bit of the 1°C bus 0 control register ((I2COCON) while communication is stopped (the
120ST bit is “0”), communication is started and the start condition waveform is output to the SDA and SCL pins.
After execution of the start condition, the LSI shifts to slave address transmit mode.

15.3.1.2 Repeated Start Condition

When “1” is written to the 120RS and 120ST bits of the I°C bus 0 control register ((I2COCON) during communication
(the 120ST bit is “1”), the repeated start condition waveform is output to the SDA and SCL pins. If the communication
is still wished on the bus, it can generate a repeated START condition, address another slave and reverse the
transmit/receive without first generating a STOP condition (see Figure 15-4 Operation Timing at Data
Transmit/Receive Mode (Write/Read) Switching).

After execution of the repeated start condition, the LSI shifts to slave address transmit mode.

15.3.1.3 Slave Address Transmit Mode

In slave address transmit mode, the values (slave address and data communication direction) of the 1°C bus 0 slave
address register (I2COSA) are transmitted in MSB first, and finally, the acknowledgment signal is received in the
I20ACR bit of the I°C bus 0 status register (I2CSTAT). 120ACR bit becomes "0" after acknowledgement "0" is received
and 1I20ACR bit becomes "1" after acknowledgement "1" is received.

At completion of acknowledgment reception, the LSI shifts to the 1°C bus 0 control register (I2COCON) setting wait
state (control register setting wait state).

The value of 12COSA output from the SDA pin is stored in 12CORD when the LSI shifts to the I°C bus 0 control register
(12COCON) setting wait state (control register setting wait state).

15.3.1.4 Data Transmit Mode

In data transmit mode, the value of 12COTD is transmitted in MSB first, and finally, the acknowledgment signal is
received in the I20ACR bit of the I°C bus O status register (I2CSTAT). I20ACR bit becomes "0" after
acknowledgement "0" is received and 120ACR bit becomes "1" after acknowledgement "1" is received.

At completion of acknowledgment reception, the LSI shifts to the 1°C bus 0 control register (I2COCON) setting wait
state (control register setting wait state).

The value of 12COTD output from the SDA pin is stored in I2CORD.

15.3.1.5 Data Receive Mode

In data receive mode, the value input in the SDA pin is received synchronously with the rising edge of the serial clock
output to the SCL pin, and finally, the value of the I20ACT bit of the 12C bus 0 control register (I2COCON) is output as
a acknowledgement. For example, as shown on Figure 15-3 and Figure 15-4, after I20ACT bit is set to "0" (I2CON =
"01H"), acknowledgement "0" ("A" acknowledgement transfer on the Figures) is output And after I20ACT bit is set to
"1" (I2CON ="81H"), acknowledgement "1" ("A" non-acknowledgement transfer on the Figures) is output.

At completion of acknowledgment transmission, the LSI shifts to the I°C bus 0 control register (I2COCON) setting wait
state (control register setting wait state).

The data received is stored in I2CORD after the acknowledgment signal is output. The acknowledgment signal output
is received in the 120ACR bit of the I1°C bus 0 status register (I2CSTAT).

15.3.1.6 Control Register Setting Wait State

When the LSI shifts to the control register setting wait state, an 1°C bus interface interrupt (I2COINT) is generated.

In the control register setting wait state, the transmit flag (I20ER) of the 1°C bus 0 status register (I2COSTAT) and
acknowledgment receive data (I20ACR) are confirmed and at data reception, the contents of 12CORD are read in the
CPU and the next operation mode is selected.
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When “1” is written to the 120ST bit in the control register setting wait state, the LSI shifts to the data transmit or
receive mode. When “1” is written to the 120SP bit, the LSI shifts to the stop condition. When “1” is written to the
I20RS bit and I2ST bit, the operation shifts to the repeated start condition.

15.3.1.7 Stop Condition

In the stop condition, the stop condition waveform is output to the SDA and SCL pins. After the stop condition
waveform is output, an 1°C bus interface interrupt (I2COINT) is generated.
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15.3.2 Communication Operation Timing

Figures 15-2 to 15-4 show the operation timing and control method for each communication mode.

g a ¢ B B koMW

Transmission Reception Start Stop Repeated Start  Reception of ~ Transmission of ~ Transmission of
condition condition condition  acknowledgment acknowledgment non-acknowledgment
Register 120CSA="Xxxxxxx0B" 12COTD="xxH" 12COTD ="xxH” [12COTD="xxH"
setting 12COCON="01H" I2COCON="01H" [2COCON="01H" 12COCON="01H" 12COCON="02H"
SDA SAAAAAAAR‘A DD"-WA DD-"WA DD-"WA :
6151413[21110(W 716110 716110 716110 |
Value of I2C0SA Value of Value of Value of
12COTD © 12CO0TD @ . 12C0TD ® i
I2COINT N M M M ﬂ
120ST

12CORD Value of I2COSA Y Value of 1I2COTD @ Y Value of I2COTD @ ¥ Value of I2COTD ®

Figure 15-2 Operation Timing in Data Transmit (Write)

Register 12COSA="Xxxxxxx1B"

setting  12COCON="01H" I2COCON="01H" 12COCON="01H" 12COCON="81H" [2COCON="02H"

SDA SAAAAAAARHDD"'WA DD"-WA DD'"BJA’H
6151413]12]1]0lWL | [7Z16] 10 7161.._10 7161 | |
Value of I2C0SA i Receive data ® Receive data @ | | Receive data®!
I2COINT M N M M A
120ST
12CORD Value of I2COSA Receive data ® Receive data @ Receive data ®

Figure 15-3 Operation Timing in Data Receive (Read)

Register 12COSA="xxxxxxx0B” [2COTD="xxH" [2COSA="XXXXXXx1B"

setting 12COCON="01H" I2COCON="01H" 12COCON="05H" I2COCON="81H" 12COCON="02H"

o 2 o T 0 2] T B T
615! _lolw 716l 1o rlelsl _lolw 716l . | L

Value of I2COSA Value of Value of I2COSA | | Receive data ®
12COTD ® i i i
I2COINT ﬂ M ﬂ ﬂ ﬂ
120ST
12CORD Value of I2COSA Value of 12COTD @ Value of I2COSA Receive data ®

Figure 15-4 Operation Timing at Data Transmit/Receive (Write/Read) Switching
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Figure 15-5 shows the operation timing and control method when an acknowledgment error occurs.

Register 12COSA="xx0000x0B” Acknowledgment error

setting I2COCON="01H" 12COCON="02H"

SDA SAAAAAAARAHj
6l5/4l3[21]lolwl""| []

Value of I2CO0SA

I2COINT M

120ST
12CORD Value of I2C0SA
I20ACR

Figure 15-5 Operation Suspend Timing at Occurrence of Acknowledgment Error

When the values of the transmitted bit and the SDA pin do not coincide, the 120ER bit of the 12C bus 0 status register
(I2COSTAT) is set to “1” and SDA pin remains the output until termination of the subsequent byte data communication.
I20ERR bit is initialized to “0” by writing 1°C Bus 0 Control Register (I2COCOCON).

Figure 15-6 shows the operation timing and control method when transmission fails.

Register 12COSA="Xxxxxxx0B"
setting 12COCON="01H" 12COCON="00H"

Transmission failure

N%
SDA s[A[A]A]A ‘ A’
6[(5(4 !

I2COINT N
120ST
12CORD Undefined data
I20ER

Figure 15-6 Operation Timing When Transmission Fails
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15.3.3  Operation Waveforms

Figure 15-7 shows the operation waveforms of the SDA and SCL signals and the 120BB flag. Table 15-1 shows the
relationship between communication speeds and HSCLK clock counts.

Start condition Repeated condition Stop condition

I W s G B W S

[
2088 [ i o 1 ] — — :

A S P 5

sicr—— > e et <> <> ; E
thip:ista tLow tHD:DAT tHicH tsu:sta tsu:pat tsu:sto tsur

Figure 15-7 Operation Waveforms of SDA and SCL Signals and 120BB Flag

Table 15-1 Relationship between Communication Speeds and HSCLK Clock Counts

Communication speed Spee_d
reduction tcyc | thoista | tlow | thooat | thice | tsusta | tsupat | tsuissto | tBUF
(1I20DW1, 0)
Standard mode .
50 kbps No reduction 10¢ 4¢ 66 20 4¢ 66 4¢ 4¢ 6

¢: Period of high-speed clock (HSCLK)

Note
- The HSCLK clock count is set so that the communication speed may be set to 50kbps when HSCLK is 500kHz.
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15.4 Specifying port registers

When you want to make sure the 12C bus interface function is working, please check related port registers are
specified. See Chapter 21, “Port 4” for detail about the port registers.

15.4.1 Functioning P41(SCL) and P40(SDA) as the 12C

Set P41MD1-P40MD1 bits(bit1-bit0 of PAMODLI register) to “0” and set P4A1MDO0-P40MDO(bit1-bit0 of P4AMODO
register) to “1”, for specifying the 12C as the secondary function of P41 and P40.

Reg. name P4AMODL1 register (Address: 0F225H)
Bit 7 6 5 4 3 2 1 0
Bit name P47MD1 | P46MD1 | P45MD1 | P44MD1 | P43MD1 | P42MD1 | P41MD1 | PAOMD1
Data * * * * * * 0 0
Reg. name P4AMODO register (Address: 0F224H)
Bit 7 6 5 4 3 2 1 0
Bit name P47MDO | P46MDO | P45MDO | P44MDO | P43MDO | P42MDO | P41MDO | PAOMDO
Data * * * * * * 1 1

Set P41C1-P40C1 bit(bit1-0 of PACONL register) to “1”, set P41C0-P40CO0 bit(bit1-0 of P4ACONO register) to “0”, and
set PA1DIR-P40DIR bit(bit1-0 of P4DIR register) to “0”, for specifying the P41 and P40 as Nch open-drain output. The
open-drain/open-collector outputs are required on the 12C bus line to avoid collision between H level and L level.

Reg. name P4CONL1 register (Address: 0F223H)
Bit 7 6 5 4 3 2 1 0
Bit name P47C1 P46C1 P45C1 P44C1 P43C1 P42C1 P41C1 P40C1
Data * * * * * * 1 1
Reg. name P4CONO register (Address: 0F222H)
Bit 7 6 5 4 3 2 1 0
Bit name P47CO0 P46CO P45C0 P44C0 P43C0 P42C0 P41C0 P40CO0
Data * * * * * * 0 0
Reg. name PADIR register (Address: 0F221H)
Bit 7 6 5 4 3 2 1 0
Bit name P47DIR P46DIR P45DIR P44DIR P43DIR P42DIR P41DIR P40DIR
Data * * * * * * 0 0

Data of P41D-P40D bits (bit1-0 of P4D register) do not affect to the 12C function, so don’t care the data for the
function.

Reg. name P4D register (Address: 0F220H)
Bit 7 6 5 4 3 2 1 0
Bit name P47D P46D P45D P44D P43D P42D P41D P40D
Data * * * * * * ok ok

* 1 Bit not related to the 12C function
**: Don't care the data
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16. NMI Pin

16.1 Overview

This LSl includes an input port (NMI) which generates a non-maskable interrupt.
For interrupts see Chapter 5, “Interrupts’.

16.1.1 Features

o Non-maskable interrupt pin.
o Allows selection of an input with a pull-up resistor or a high-impedance input.
o Appliesanoisefilter to NMI interrupt (NMINT).

16.1.2 Configuration

Figure 16-1 shows the configuration of the NMI pin.

NMI L

VDD

Pull-up
Controller

Data bus

L wacon Je

Noise 1

——> NMINT

Vss Filter
NMID: NMI data register
NMICON: NMI control register
Figure 16-1 Configuration of NMI Pin
16.1.3 List of Pins
Pin name Input/output Description
NMI 1/0 Non-maskable interrupt input port
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16.2 Description of Registers

16.2.1 List of Registers

Address Name Symbol (Byte) Symbol (Word) | R/W | Size Initial value

OF200H NMI data register NMID — R g | Dependson
pin state

0F201H NMI control register NMICON — R/W 8 00H
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16.2.2 NMI Data Register (NMID)

Address; 0F200H

Access. R

Access size: 8 hits

Initial value: Depends on the pin state

7 6 5 4 3 2 1 0

NMID — — — — — — — NMI
R R R R R R R R R
Initial value 0 0 0 0 0 0 0 X

NMID isaread-only specia function register (SFR) for reading the NMI pin level.

[Description of Bits]
o NMI (bit 0)
The NMI bit is used to read the level of the NMI pin.

NMI Description
0 “0” level
1 “1” level
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16.2.3  NMI Control Register (NMICON)

Address; 0F201H
Access; RIW
Access size: 8 hits
Initial value: 00H

7 6 5 4 3 2 1 0
NMICON — — — — — — — NMIC
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

NMICON isaspecial function register (SFR) to select the input mode of the NMI pin.

[Description of Bits]
o NMIC (bit 0)
The NMIC bit is used to select the input mode with or without a pull-up resistor.

NMIC Description
0 Input mode with a pull-up resistor (initial value)
1 High-impedance input mode
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16.3 Description of Operation

The non-maskable NMI interrupt (NMIINT) is assigned to the NMI pin.

The NMI pin allows selection of an input mode with a pull-up resistor or a high-impedance input mode by using the
NMI control register (NMICON). At asystem reset, the input mode with a pull-up resistor is selected.

The level of the NMI pin can be read by reading the NMI data register (MMID).

16.3.1 Interrupt Request

When a level change occurs at the NMI pin after the duration longer than the minimum NMI interrupt pulse width, a
non-maskable interrupt which does not depend on the master interrupt enable flag (MIE) is generated.
Figure 16-2 shows the NMI interrupt generation timing.

ST [ 2 e PN e 2 e T O 20
n ] §
NMI pin « ﬂ |_| |
> <« > i< > <
Tam | Tam | Tmi
NMINT;F g \1, ﬁ“)
Interrupt request ——( —S |
QNMI S S

Figure 16-2 NMI Interrupt Generation Timing
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17. PortO

17.1 Overview

This LSI includes Port 0 (POO to PO3) which isa4-bit input port.

17.1.1 Features

o All bits support a maskable interrupt function.
o Allows selection of interrupt disabled mode, falling-edge interrupt mode, rising-edge interrupt mode, or both-edge

interrupt mode for each bit.

o Allows selection of with/without interrupt sampling for each bit.(Sampling frequency: T16KHZ)
o Allows selection of high-impedance input mode, input mode with a pull-down resistor, or input mode with a pull-up

resistor for each bit.

e The P00 and P01 pins can be used as the trigger input pins of the capture circuit and the PO2 pin can be used as the
RXDO input pin of UARTO.

17.1.2  Configuration

Figure 17-1 shows the configuration of Port O.

VDD

Data bus
Voo Pull-up POCONO
Pull-down |<— POCON1 >
— Controller
4 Vss
EXICONO
EXICON1 [«<—>
lﬁ EXICON2
VSS
¢>| Interrupt L& o pooINT to PO3INT
Controller
A Sampling clock
5 T16KHZ
N CAPO, CAP1
1
\ RXDO
POD : Port O data register
POCONO : Port O control register 0
POCON1 : Port O control register 1
EXICONO : External interrupt control register O
EXICON1 : External interrupt control register 1
EXICON2 : External interrupt control register 2
Figure 17-1 Configuration of Port O
17.1.3  List of Pins
Pin name 1/0 Description

POO/EXIO/CAPO

Input port, External O interrupt, Capture O trigger signal input

PO1/EXI1/CAP1

Input port, External 1 interrupt, Capture 1 trigger signal input

PO2/EXI2/RXD0O

Input port, External 2 interrupt, UARTO data input (RXDO)

PO3/EXI3

Input port, External 3 interrupt
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17.2 Description of Registers

17.2.1 List of Registers

Address Name Symbol (Byte) [ Symbol (Word) | R/W | Size | Initial value
Depends
0F204H Port O data register POD — R 8 on pin
status
0F206H Port O control register 0 POCONO POCON R/W | 8/16 00H
0F207H Port O control register 1 POCON1 R/W 8 00H
0F020H External interrupt control register O EXICONO — R/W 8 00H
0F021H External interrupt control register 1 EXICON1 — R/W 8 00H
0F022H External interrupt control register 2 EXICON2 — R/W 8 00H
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17.2.2  Port 0 Data Register (POD)

Address; 0F204H

Access. R

Access size: 8 hits

Initial value: Depends on pin status

7 6 5 4 3 2 1 0

POD — — — — PO3D P02D P0O1D POOD
R R R R R R R R R
Initial value 0 0 0 0 X X X X

POD is a specia function register (SFR) to only read the pin level of Port 0.

[Description of Bits)
e P03D-P0O0D (bits 3-0)
The PO3D to POOD bits are used to read the pin level of Port O.

POOD Description
0 POO pin input: “L” level
1 P00 pin input: “H” level

P01D Description
0 PO1 pin input: “L” level
1 P01 pin input: “H” level

P02D Description
0 P02 pin input: “L” level
1 P02 pin input: “H” level

P0O3D Description
0 P03 pin input: “L” level
1 P03 pin input: "H” level
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17.2.3

Address; 0F206H
Access; RIW

Access size: 8/16 hits
Initial value: 00H

Port 0 Control Registers 0, 1 (POCONO, POCON1)

7 6 5 4 3 2 1 0
POCONO — — — — P0O3CO P02CO P0O1CO POOCO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0
Address: 0F207H
Access. RIW
Access size: 8 bits
Initial value: O0OH
7 6 5 4 3 2 1 0
POCON1 — — — — P0O3C1 P02C1 P0O1C1 POOC1
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

POCONO and POCONL1 are specia function registers (SFRs) to select the input mode of Port O.

[Description of Bits)

e P03C0-P0O0OCO, PO3C1-P00C1 (bits 3-0)
The PO3CO0 to POOCO bits and the PO3C1 to POOCL1 bits are used to select high-impedance input mode, input mode

with a pull-down resistor, or input mode with a pull-up resistor.

The POnCO bit and the POnC1 bit determine the

input mode of POn (Example: When P02CO0 = 0" and PO2C1 = “1", P02 isin input mode with a pull-up resistor).

P03C1-P00C1 P03C0-P0O0CO Description
0 0 High-impedance input mode (initial value)
0 1 Input mode with a pull-down resistor
1 0 Input mode with a pull-up resistor
1 1 High-impedance input mode
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17.2.4  External Interrupt Control Registers 0, 1 (EXICONO, EXICON1)

Address; OFO20H
Access; RIW
Access size: 8 hits
Initial value: 00H

7 6 5 4 3 2 1 0
EXICONO — — — — PO3EO PO2EO PO1EO POOEO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0
Address: 0F021H
Access. RIW
Access size: 8 bits
Initial value: 00H
7 6 5 4 3 2 1 0
EXICON1 — — — — PO3E1 PO2E1 PO1E1 POOE1
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

EXICONO and EXICONL1 are specia function registers (SFRs) to select an interrupt edge of Port 0.

[Description of Bits]

e PO3EO0-POOEO, PO3E1-POOE1 (bits 3-0)
The PO3EO to POOEO bits and the PO3EL to POOEL bits are used to select interrupt disabled mode, falling-edge
interrupt mode, rising-edge interrupt mode, or both-edge interrupt mode. The POnEO bit and the POnEl bit
determine the interrupt mode of POn (Example: When PO2EO = “0” and PO2E1 = “1”, PO2 isin rising-edge interrupt
mode).

PO3E1-POOE1 PO3EO-POOEO Description
0 0 Interrupt disabled mode (initial value)
0 1 Falling-edge interrupt mode
1 0 Rising-edge interrupt mode
1 1 Both-edge interrupt mode
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17.2.5 External Interrupt Control Register 2 (EXICON2)

Address; 0F022H
Access; RIW
Access size: 8 hits
Initial value: 00H

7 6 5 4 3 2 1 0
EXICON2 — — — — PO3SM P0O2SM PO1SM POOSM
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

EXICONZ2 isaspecia function register (SFR) to select detection of signal edge for interrupts with or without sampling.

[Description of Bits]

e PO3SM-POOSM (bits 3-0)
The PO3SM to POOSM bits are used to select detection of signal edge for Port O interrupts with or without sampling.
The sampling clock is TI6KHZ of the low-speed time base counter (LTBC).

POOSM Description
0 Detects the input signal edge for a POO interrupt without sampling (initial
value).
1 Detects the input signal edge for a P00 interrupt with sampling.
PO1SM Description
0 Detects the input signal edge for a PO1 interrupt without sampling (initial
value).
1 Detects the input signal edge for a P01 interrupt with sampling.
P02SM Description
0 Detects the input signal edge for a P02 interrupt without sampling (initial
value).
1 Detects the input signal edge for a P02 interrupt with sampling.
PO3SM Description
0 Detects the input signal edge for a P03 interrupt without sampling (initial
value).
1 Detects the input signal edge for a PO3 interrupt with sampling.

Note:
In STOP mode, since the 16 kHz sampling clock stops, no sampling is performed regardless of the values set in POOSM
to PO3SM.
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17.3 Description of Operation

For each pin of Port O, the setting of the Port O control registers 0 and 1 (POCONO and POCON1) allows selection of
high-impedance input mode, input mode with a pull-down resistor, or input mode with a pull-up resistor.
High-impedance input mode is selected at system reset.

The pin level of Port O can be read by reading the Port 0 data register (POD)

17.3.1 External Interrupt/Capture Function

The Port 0 pins (P00, P01, P02, PO3) can be used for POO to PO3 interrupts (POOINT to PO3INT). The P00 to P03
interrupts are maskable and interrupt enable or disable can be selected. For details of interrupts, see Chapter 5,
“Interrupts’.

The P00 and P01 pins can be used as the trigger input for the capture circuit and the P02 pin can be used as the RXDO
input pin of UARTO.

For the capture function and the UART function, see Chapter 8, “ Capture,” and Chapter 14, “UART,” respectively.

17.3.2 Interrupt Request

When an interrupt edge selected with the external interrupt control register 0, 1, or 2 (EXICONO, EXICON1, or
EXICONZ2) occurs at a Port 0 pin, a maskable P00 (P01, P02, or PO3) interrupt (POOINT, POLINT, PO2INT, or PO3INT).
Figure 17-2 shows the P00 to PO3 interrupt generation timing in rising-edge interrupt mode, in falling-edge interrupt
mode, and in both-edge interrupt mode without sampling and the POO to PO3 interrupt generation timing in rising-edge
interrupt mode with sampling.

ST S O 0 e e o B e M

POn pin .
R
PONINT T
()()
Interrupt request — (
QPONn S

(8) When Falling-Edge Interrupt Mode without Sampling is Selected

SYSCLK M
POn pin «

PONINT 0

(
)

Interrupt request |
QPOI’] ()()

(b) When Rising-Edge Interrupt Mode without Sampling is Selected
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SYSCLK
POn pin
PONINT

Interrupt request
QPON

(c) When Both-Edge Interrupt Mode without Sampling is Selected

T16KHZ
SYSCLK
POn pin

PONINT

Interrupt request
QPON

(d) When Rising-Edge Interrupt Mode with Sampling is Selected

Figure 17-2 P00 to P03 Interrupt Generation Timing

EEREpRpRaRaE Ny

)

| (

; i

v | |

n=0,1,2,3
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18. Portl

18.1 Overview

This LSl incorporates a 2-bit input port, Port 1 (P10, P11).

Port 1 can have an external clock input pin as a secondary function.

For the external clock input, see Chapter 6, “ Clock Generation Circuit”.
18.1.1 Features

o Allows selection of high-impedance input mode, input mode with a pull-down resistor, or input mode with a pull-up
resistor for each bit.

¢ Allowsto have an external clock input pin as a secondary function.

18.1.2  Configuration
Figure 18-1 shows the configuration of Port 1.

Voo Data bus
Voo — _Pullup P1CONO
Pull-down |[<— P1CON1 [€
1 Controller
2 Vss 2
P10, P11 C p—v—\% P1D
T . 2 FCONO
. hJ . (OSCM1, OSCMO)
2 igh-spee
Vss \ oscillation —]\% OSCLK
circuit
T A STOP mode
ENOSC (oscillation enable)
P1D : Port 1 data register
P1CONO : Port 1 control register 0
P1CON1 : Port 1 control register 1

Figure 18-1 Configuration of Port 1

18.1.3 List of Pins

Pin name I/O Primary function Secondary function
P10/0SCO | Input port ;E]h-speed crystal/ceramic oscillation pin, external clock input
P11 I Input port -
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18.2 Description of Registers

18.2.1 List of Registers

Address Name Symbol (Byte) | Symbol (Word) | R/W Size |Initial value
Depends
OF208H Port 1 data register P1D — R 8 on pin
status
0F20AH Port 1 control register 0 P1CONO P1CON R/W 8/16 00H
0F20BH Port 1 control register 1 P1CON1 R/W 8 00H
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18.2.2 Port 1 Data Register (P1D)

Address; 0F208H

Access. R

Access size: 8 hits

Initial value: Depends on pin status

7 6 5 4 3 2 1 0

P1D — — — — — — P11D P10D
R R R R R R R R R
Initial value 0 0 0 0 0 0 X X

P1D isaspecia function register (SFR) dedicated to read the input level of the Port 1 pin.

[Description of Bits]
e P11D, P10D (bits 1, 0)
The P11D and P10D bits are used to read the input level of the Port 1 pin.

P11D Description
0 Input level of the P11 pin: "L”
1 Input level of the P11 pin: "H”
P10D(*) Description
0 Input level of the P10 pin: "L”
1 Input level of the P10 pin: "H”

(*) Inthe external clock input mode (when OSCMO bit of FCONO register is set to “1"), reading the P10D bit returns

“0".
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18.2.3  Port 1 Control Registers 0, 1 (P1LCONO, P1CON1)

Address: 0F20AH
Access: R/W

Access size: 8/16 bits
Initial value: O0OH

7 6 5 4 3 2 1 0
P1CONO — — — — — — P11CO P10CO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0
Address: 0F20BH
Access: RIW
Access size: 8 bits
Initial value: OOH
7 6 5 4 3 2 1 0
P1CON1 — — — — — — P11C1 P10C1
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

P1CONO and P1CONZ1 are special function registers (SFRs) to select the input mode of Port 1.

[Description of Bits]

e P11C0, P10CO0, P11C1, POOC1 (bits 1-0)
The P11CO0, P10CO, P11C1 and POOC1 bits are used to select high-impedance input mode, input mode with a
pull-down resistor, or input mode with a pull-up resistor.

P11C1 P11CO Description
0 0 P11 pin: high-impedance input mode (initial value)
0 1 P11 pin: input mode with a pull-down resistor
1 0 P11 pin: input mode with a pull-up resistor
1 1 P11 pin: high-impedance input mode
P10C1 P10CO Description
0 0 P10 pin: high-impedance input mode (initial value)

P10 pin: input mode with a pull-down resistor
P10 pin: input mode with a pull-up resistor
P10 pin: high-impedance input mode

o =)
Flo|-

Note:
When using P10 as the external clock input pin, be sure to set the P10 pin to high-impedance input mode.
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18.3 Description of Operation

18.3.1 Input Port Function

For each pin of Port 1, one of high-impedance input mode, input mode with a pull-down resistor, and input mode with
a pull-up resistor can be selected by setting the Port 1 control registers 0 and 1 (PLCONO and PICON1). At system
reset, high-impedance input mode is selected as theinitia state.

The input level of the Port 1 pin can be read by reading the Port 1 data register (P1D).

18.3.2  Secondary Function

An external clock input pin is assigned to Port 1 as a secondary function. Supply the clock to P10 pin and select the
external clock input mode by setting the OSCMO bit of frequency control register 0 (FCONO) to “1”.

Note:

No port mode register is provided for switching between the primary function and the secondary function of Port 1.
When using the Port 1 pins as the external clock input, pin mode is switched according to the values set in the OSCMO0
bit of the FCONO register.

See Chapter 6, “Clock Generation Circuit,” for the details of the FCONO register and the external clock input.
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19. Port2

19.1 Overview

This LSl includes 3-bit Port 2 (P20 to P22) dedicated to output.

Port 2 can output low-speed clock (L SCLK), high-speed output clock (OUTCLK), and melody as a secondary function.
For clock output and buzzer 0 (BZ0) output, see Chapter 6, “Clock Generation Circuit” and Chapter 23, “Buzzer”,
respectively.

19.1.1 Features

o Allowsdirect LED drive.

o Allows selection of high-impedance output mode, P-channel open drain output mode, N-channel open drain output
mode, or CMOS output mode for each bit.

e Allows output of low-speed clock (LSCLK), high-speed clock (OUTCLK), or buzzer 0 (BZ0) as a secondary
function.

19.1.2 Configuration
Figure 19-1 shows the configuration of Port 2.

Data bus
v P2MOD
DD SN
P2CONO >
Vob P2CON1
3 %II— Port2 P2D  |¢«—>
P20 to P22 [+— Output
EI— Controller j LSCLK
§ OUTCLK
Vss MDO
VSS
P2D : Port 2 data register
P2CONO : Port 2 control register 0
P2CON1 : Port 2 control register 1
P2MOD : Port 2 mode register
Figure 19-1 Configuration of Port 2
19.1.3 List of Pins
Pin name I/O Primary function Secondary function
P20/LEDO/LSCLK ©) Output port, Direct LED drive Low-speed clock output (LSCLK)
P21/LED1/OUTCLK ©) Output port, Direct LED drive High-speed clock output (OUTCLK)
P22/LED2 ©) Output port, Direct LED drive Buzzer 0 output (MDO)
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19.2 Description of Registers

19.2.1 List of Registers

Address Name Symbol (Byte) | Symbol (Word) | R/W Size |Initial value
Depends
OF210H Port 2 data register P2D — R/W 8 on pin
status
0F212H Port 2 control register 0 P2CONO P2CON R/W 8/16 00H
0F213H Port 2 control register 1 P2CON1 R/W 8 00H
0F214H Port 2 mode register P2MOD — R/W 8 00H
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19.2.2  Port 2 Data Register (P2D)

Address; 0F210H
Access; RIW
Access size: 8 hits
Initial value: 00H

7 6 5 4 3 2 1 0
P2D — — — — — P22D P21D P20D
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

P2D is a special function register (SFR) to set the output value of Port 2.  The value of this register is output to Port 4.
The value written to P4D isreadable.

[Description of Bits]
e P22D-P20D (bits 2-0)
The P22D to P20D bits are used to set the output value of the Port 2 pin.

P22D Description
0 Output level of the P22 pin: "L”
1 Output level of the P22 pin: "H”

P21D Description
0 Output level of the P21 pin: "L”
1 Output level of the P21 pin: "H”

P20D Description
0 Output level of the P20 pin: "L”
1 Output level of the P20 pin: "H”
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19.2.3

Address; 0F212H
Access; RIW

Access size: 8/16 hits
Initial value: 00H

Port 2 control registers 0, 1 (P2CONO, P2CON1)

7 6 5 4 3 2 1 0
P2CONO — — — — — P22C0 P21CO P20CO0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0
Address: OF213H
Access. RIW
Access size: 8 bits
Initial value: 00H
7 6 5 4 3 2 1 0
P2CON1 — — — — — pP22C1 P21C1 P20C1
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

P2CONO and P2CONL1 are specia function registers (SFRs) to select the output state of the output pin Port 2.

[Description of Bits]
e P22C0-P20C0, P22C1-P20C1 (bits 3-0)

The P22C0 to P20C0 and P22C1 to P20C1 bits are used to select high-impedance output mode, P-channel open
drain output mode, N-channel open drain output mode, or CMOS output mode.
To directly drive LEDs, select N-channel open drain output mode.

P22C1 P22C0 Description
0 0 P22 pin: In high-impedance output mode (initial value)
0 1 P22 pin: In P-channel open drain output mode
1 0 P22 pin: In N-channel open drain output mode
1 1 P22 pin: In CMOS output mode
P21C1 P21CO Description
0 0 P21 pin: In high-impedance output mode (initial value)
0 1 P21 pin: In P-channel open drain output mode
1 0 P21 pin: In N-channel open drain output mode
1 1 P21 pin: In CMOS output mode
P20C1 P20CO Description
0 0 P20 pin: In high-impedance output mode (initial value)
0 1 P20 pin: In P-channel open drain output mode
1 0 P20 pin: In N-channel open drain output mode
1 1 P20 pin: In CMOS output mode
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19.2.4  Port 2 Mode Register (P2MOD)

Address; 0F214H
Access; RIW
Access size: 8 hits
Initial value: 00H

7 6 5 4 3 2 1 0
P2MOD — — — — — P22MD P21MD P20MD
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

P2MOD is aspecia function register (SFR) to select the primary function or the secondary function of Port 2

[Description of Bits]
e P22MD (bit 2)
The P22MD bit is used to select the primary function or the secondary function of the P22 pin.

P22MD Description
0 General-purpose output port function (initial value)
1 Buzzer 0 (BZ0) output function

e P21IMD (bit 1)
The P21MD bit is used to select the primary function or the secondary function of the P21 pin.

P21MD Description
0 General-purpose output port function (initial value)
1 High-speed output clock (OUTCLK) output function

e P20MD (bit 0)
The P20MD bit is used to select the primary function or the secondary function of the P20 pin.

P20MD Description
0 General-purpose output port function (initial value)
1 Low-speed clock (LSCLK) output function

Note:

The output characteristics of port2(P20, P21 and P22) corresponds to VOL1 and VOH1 when each bit
(P20MD, P21MD, P22MD) is “1”, and corresponds to VOL2 and VOH2 when the bit is “0”, which are shown
in Appendix C, "Electrical Characteristics".
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19.3 Description of Operation

19.3.1 Output Port Function

For each pin of Port 2, any one of high-impedance output mode, P-channel open drain output mode, N-channel open
drain output mode, and CMOS output mode can be selected by setting the Port 2 control registers 0 and 1 (P2CONO
and P2CON1). At asystem reset, high-impedance output mode is selected asthe initial state.

Depending of the value set in the Port 2 data register (P2D), a“L” level or “H” level signal is output to each pin of Port
2.

19.3.2  Secondary Function

Low-speed clock (LSCLK) output, High-speed output clock (OUTCLK) output, or buzzer 0 (MDO) output is assigned
to Port 2 as a secondary function. The secondary function can be used by setting the P22MD to P20MD bits of the
Port 2 mode register (P2MOD) to “1”.

For clock output and buzzer 0 (BZ0) output, see Chapter 6, “Clock Generation Circuit” and Chapter 23, “Buzzer”,
respectively.

19-6



Chapter 20

Port 3




ML610Q411/ML610Q412/ML610Q415 User’s Manua
Chapter 20 Port 3

20. Port3

20.1 Overview

This LSI includes Port 3 (P30 to P35), which is a 6-hit input/output port.

This port can aso be used as the RC-ADC (channel 0) oscillation pins (INO, CSO, RS0, RTO, RCT0O, RCM) and the
PWM output pin in secondary and tertiary modes.

For RC-ADC and PWM, see Chapter 24, “RC Oscillation Type A/D converter”, and Chapter 11, “PWM”.

20.1.1 Features

o Allows selection of high-impedance output, P-channel open drain output, N-channel open drain output, or CMOS
output in output mode for each bit.

o Allows selection of high-impedance input, input with a pull-down resistor, or input with a pull-up resistor in input
mode for each hit.

e The RC-ADC (channel 0) oscillation pins (INO, CS0, RSO, RTO, RCT0, RCM) and the PWM output pin (PWMO)
can be used as the secondary functions.

20.1.2  Configuration
Figure 20-1 shows the configuration of Port 3.

VDD
—— Pull-up Data bus
Pull-down
— Controller
<§ T P3DIR
Voo Vss P3MODO, 1j<—>
Vob l P3CONO, 1
6 %II— Port3 <] P3D |e—> Outputs for RC-ADC

P30 to P35 Output 6  (CS0, RSO, RTO, RCTO, RCM)

EI_ Controller * Output for PWM

6 (PWMO)
Vss 1
Jlﬁy +> Input for RC-ADC
Vss (INO)

P3D : Port 3 data register
P3DIR : Port 3 direction register
P3CONO : Port 3 control register 0
P3CON1 : Port 3 control register 1
P3MODO : Port 3 mode register 0
P3MOD1 : Port 3 mode register 1

Figure 20-1 Configuration of Port 3
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20.1.3 List of Pins
Pin name /0 | Primary function Secondary function Tertiary function
Oscillation waveform input pin for —
P30/INO /O | Input/output port RC-ADC
Reference capacitor connection —
P31/CSO /0 | Input/output por pin for RC-ADC
Resistor/capacitor sensor
P34/RCTO/PWMO /O | Input/output port | connection pin for measurement PWMO output pin
for RC-ADC
Reference resistor connection pin —
P32/RSO /0 | Input/output port for RC-ADC
Resistor sensor connection pin —
P33/RTO I/O | Input/output port for measurement for RC-ADC
RC oscillation monitor pin for
P35/RCM /0 | Input/output port RC-ADC —
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20.2 Description of Registers

20.2.1 List of Registers

Address Name Symbol (Byte) | Symbol (Word) | R/W Size [Initial value
0F218H Port 3 data register P3D — R/W 8 00H
0F219H Port 3 direction register P3DIR — R/W 8 00H
0F21AH Port 3 control register 0 P3CONO P3CON R/W 8/16 00H
OF21BH Port 3 control register 1 P3CON1 R/W 8 00H
0F21CH Port 3 mode register 0 P3MODO P3MOD R/W 8/16 00H
0F21DH Port 3 mode register 1 P3MOD1 R/W 8 00H

20-3



ML610Q411/ML610Q412/ML610Q415 User’s Manua
Chapter 20 Port 3

20.2.2 Port 3 data register (P3D)

Address; 0F218H
Access; RIW
Access size: 8 hits
Initial value: 00H

7 6 5 4 3 2 1 0
P3D — — P35D P34D P33D P32D P31D P30D
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

P3D is a special function register (SFR) to set the value to be output to the Port 3 pin or to read the input level of the
Port 3. In output mode, the value of this register is output to the Port 3 pin. The value written to P3D is readable.
In input mode, the input level of the Port 3 pin is read when P3D isread. Output mode or input mode is selected by
using the port mode register (P3DIR) described later.

[Description of Bits]

e P35D-P30D (bits 5-0)
The P35D to P30D bhits are used to set the output value of the Port 3 pin in output mode and to read the pin level of
the Port 3 pin in input mode.

P35D Description

0 Output or input level of the P35 pin: "L”

1 Output or input level of the P35 pin: "H”
P34D Description

0 Output or input level of the P34 pin: "L”

1 Output or input level of the P34 pin: "H”
P33D Description

0 Output or input level of the P33 pin: "L”

1 Output or input level of the P33 pin: "H”
P32D Description

0 Output or input level of the P32 pin: "L”

1 Output or input level of the P32 pin: "H”
P31D Description

0 Output or input level of the P31 pin: "L”

1 Output or input level of the P31 pin: "H”
P30D Description

0 Output or input level of the P30 pin: "L”

1 Output or input level of the P30 pin: "H”
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20.2.3 Port 3 Direction Register (P3DIR)

Address; 0F219H
Access; RIW
Access size: 8 hits
Initial value: 00H

7 6 5 4 3 2 1 0
P3DIR — — P35DIR P34DIR P33DIR P32DIR P31DIR P30DIR
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

P3DIR isaspecia function register (SFR) to select the input/output mode of Port 3.

[Description of Bits]
¢ P35DIR-P30DIR (bits 5-0)
The P35DIR to P30DIR pins are used to set the input/output direction of the Port 3 pin.

P35DIR Description
0 P35 pin: Output (initial value)
1 P35 pin: Input

P34DIR Description
0 P34 pin: Output (initial value)
1 P34 pin: Input

P33DIR Description
0 P33 pin: Output (initial value)
1 P33 pin: Input

P32DIR Description
0 P32 pin: Output (initial value)
1 P32 pin: Input

P31DIR Description
0 P31 pin: Output (initial value)
1 P31 pin: Input

P30DIR Description
0 P30 pin: Output (initial value)
1 P30 pin: Input
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20.2.4  Port 3 control registers 0, 1 (P3CONO, P3CON1)

Address; OF21AH
Access; RIW

Access size: 8/16 hits
Initial value: 00H

7 6 5 4 3 2 1 0
P3CONO — — P35C0 P34C0 P33CO0 P32C0 P31CO P30CO0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0
Address; OF21BH
Access. RIW
Access size: 8 bits
Initial value: 00H
7 6 5 4 3 2 1 0
P3CON1 — — P35C1 P34C1 P33C1 P32C1 P31C1 P30C1
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

P3CONO and P3CON1 are specia function registers (SFRs) to select input/output state of the Port 3 pin. The
input/output state is different between input mode and output mode. Input or output is selected by using the P3DIR
register.

[Description of Bits)

e P35C1-P30C1, P35C0-P30CO (bits 5-0)
The P35C1 to P30C1 pins and the P35C0 to P30CO pins are used to select high-impedance output, P-channel open
drain output, N-channel open drain output, or CMOS output in output mode and to select high-impedance input,
input with a pull-down resistor, or input with a pull-up resistor in input mode.

When output mode is selected When input mode is selected
(P35DIR bit = “0") (P35DIR bit = “1")
P35C1 P35C0 Description
0 0 Sjﬁep)m: High-impedance output (initial P35 pin: High-impedance input
0 1 P35 pin: P-channel open drain output P35 pin: Input with a pull-down resistor
1 0 P35 pin: N-channel open drain output P35 pin: Input with a pull-up resistor
1 1 P35 pin: CMOS output P35 pin: High-impedance input
When output mode is selected When input mode is selected
(P34DIR bit = “0") (P34DIR bit = “17)
P34C1 P34C0 Description
0 0 Sjﬁep)m: High-impedance output (initial P34 pin: High-impedance input
0 1 P34 pin: P-channel open drain output P34 pin: Input with a pull-down resistor
1 0 P34 pin: N-channel open drain output P34 pin: Input with a pull-up resistor
1 1 P34 pin: CMOS output P34 pin: High-impedance input
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When output mode is selected
(P33DIR bit = “0”)

When input mode is selected

(P33DIR bit = *1”)

P33C1 P33C0 Description
0 0 Sjiep)m: High-impedance output (initial P33 pin: High-impedance input
0 1 P33 pin: P-channel open drain output P33 pin: Input with a pull-down resistor
1 0 P33 pin: N-channel open drain output P33 pin: Input with a pull-up resistor
1 1 P33 pin: CMOS output P33 pin: High-impedance input
When output mode is selected When input mode is selected
(P32DIR bit = “0") (P32DIR bit = “17)
P32C1 P32C0 Description
0 0 Sjﬁep)m: High-impedance output (initial P32 pin: High-impedance input
0 1 P32 pin: P-channel open drain output P32 pin: Input with a pull-down resistor
1 0 P32 pin: N-channel open drain output P32 pin: Input with a pull-up resistor
1 1 P32 pin: CMOS output P32 pin: High-impedance input
When output mode is selected When input mode is selected
(P31DIR bit = “0") (P31DIR bit = “17)
P31C1 P31CO Description
0 0 Sjiep)m: High-impedance output (initial P31 pin: High-impedance input
0 1 P31 pin: P-channel open drain output P31 pin: Input with a pull-down resistor
1 0 P31 pin: N-channel open drain output P31 pin: Input with a pull-up resistor
1 1 P31 pin: CMOS output P31 pin: High-impedance input
When output mode is selected When input mode is selected
(P30DIR bit = “0") (P30DIR bit = “17)
P30C1 P30CO Description
0 0 Sjgep)m: High-impedance output (initial P30 pin: High-impedance input
0 1 P30 pin: P-channel open drain output P30 pin: Input with a pull-down resistor
1 0 P30 pin: N-channel open drain output P30 pin: Input with a pull-up resistor
1 1 P30 pin: CMOS output P30 pin: High-impedance input
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20.2.5 Port 3 mode registers 0, 1 (P3MODO, P3MOD1)

Address; 0F21CH
Access; RIW

Access size: 8/16 hits
Initial value: 00H

7 6 5 4 3 2 1 0
P3MODO — — P35MDO P34MDO P33MDO P32MDO P31MDO P30MDO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0
Address: OF21DH
Access. RIW
Access size: 8 bits
Initial value: 00H
7 6 5 4 3 2 1 0
P3MOD1 — — P35MD1 P34MD1 P33MD1 P32MD1 P31MD1 P30MD1
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

P3MODO0 and P3MOD1 are specia function registers (SFRs) to select the primary, secondary, or tertiary function of
Port 3.

[Description of Bits]
e P35MD1, P35M DO (bit 5)
The P35MD1 and P35M DO hits are used to select the primary or secondary function of the P35 pin.

P35MD1 P35MDO Description
0 0 General-purpose input/output mode (initial value)
0 1 RC oscillation monitor pin for RC-ADC
1 0 Prohibited
1 1 Prohibited

e P34MD1, P34MDO (bit 4)
The P34MD1 and P34M DO bits are used to select the primary, secondary, or tertiary function of the P34 pin.

P34MD1 P34MDO Description
0 0 General-purpose input/output mode (initial value)
0 1 Resistor/capacitor sensor connection pin for measurement for RC-ADC
(channel 0)
1 0 PWMO output pin
1 1 Prohibited

e P33MD1, P33MDO (bit 3)
The P33MD1 and P33M DO bits are used to select the primary or secondary function of the P33 pin.

P33MD1 P33MDO Description
0 0 General-purpose input/output mode (initial value)
0 1 Resistor/capacitor sensor connection pin for measurement for RC-ADC
(channel 0)
1 0 Prohibited
1 1 Prohibited
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e P32MD1, P32M DO (bit 2)

The P32MD1 and P32M DO hits are used to select the primary or secondary function of the P32 pin.

P32MD1 P32MDO Description
0 0 General-purpose input/output mode (initial value)
0 1 Reference resistor connection pin for RC-ADC (channel 0)
1 0 Prohibited
1 1 Prohibited

e P31IMD1, P31IMDO (bit 1)

The P31MD1 and P31MDO hits are used to select the primary or secondary function of the P31 pin.

P31MD1 P31MDO Description
0 0 General-purpose input/output mode (initial value)
0 1 Reference capacitor connection pin for RC-ADC (channel 0)
1 0 Prohibited
1 1 Prohibited

e P30MDZ1, P30M DO (bit 0)

The P30MD1 and P30MDO hits are used to select the primary or secondary function of the P30 pin.

P30MD1 P30MDO Description
0 0 General-purpose input/output mode (initial value)
0 1 RC oscillation waveform input pin for RC-ADC (channel 0)
1 0 Prohibited
1 1 Prohibited
Note:

If any bit combination out of the above is set to “Prohibited” and the corresponding bit of the port 3 is sepecified to
output mode (selected in port3 control register), status of corresponding pin is fixed, regardless the contents of Port3

register (P3D)

High-impedance output mode: High-impedance
P-channel open drain output mode: High-impedance
N-channel open drain output mode: Fixed to “L”
CMOS output mode: High-impedance: Fixed to “L”

When using RC-ADC as the secondary function, specify each pin be “High-impedance input” even the RC oscillation

monitor pin. Pull-up or Pull-down input makes drawing the current.
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20.3 Description of Operation

20.3.1 Input/Output Port Functions

For each pin of Port 3, either output or input is selected by setting the Port 3 direction register (P3DIR).

In output mode, high-impedance output mode, P-channel open drain output mode, N-channel open drain output mode,
or CMOS output mode can be selected by setting the Port 3 control registers 0 and 1 (P3CONO and P3CON1).

In input mode, high-impedance input mode, input mode with a pull-down resistor, or input mode with a pull-up resistor
can be selected by setting the Port 3 control registers 0 and 1 (P3CONO and P3CON1).

At a system reset, high-impedance output mode is selected astheinitia state.

In output mode, “L” or “H” level is output to each pin of Port 3 depending on the value set by the Port 3 data register
(P3D).

In input mode, the input level of each pin of Port 3 can be read from the Port 3 data register (P3D).

20.3.2 Secondary and Tertiary Functions

Secondary and tertiary functions are assigned to Port 3 as the RC-ADC (channel 0) oscillation pins (INO, CS0, RSO,
RTO, RCTO, RCM) and the PWM output pin (PWMO0). These pins can be used in a secondary or tertiary function
mode by setting the P35MDO to P30MDO bits and the P35M D1 to P30MD1 bits of the Port 3 mode registers (P3MODO,
P3MOD1). For RC-ADC and PWM, see Chapter 24, “RC Oscillation Type A/D converter”, and Chapter 11, “PWM”.

Note:

All the port 3 pins except P35/RCM are configured as pins dedicated to the RC-ADC function during A/D conversion.
Therefore, if there is any unused pin, that pin cannot be used as its primary function during A/D conversion. For the
RC-ADC, see Chapter 24, “RC Oscillation Type A/D Converter”.
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21. Port4

21.1 Overview

This LSl includes Port 4 (P40 to P47) which is an 8-bit input/output port.

This port can have the 12C bus, RC-ADC, synchronous serial port, and PWM output functions as secondary and

tertiary functions.
See the following chapters for reference:

12C bus: Chapter 15 “12C Bus Interface”
UART: Chapter 14 “UART”
RC-ADC: Chapter 24 “RC Oscillation Type A/D Converter”
Synchronous serial port:  Chapter 13 “Synchronous Serial Port”
PWM: Chapter 11 “PWM”
21.1.1 Features

o Allows selection of high-impedance output, P-channel open drain output, N-channel open drain output, or CMOS

output for each bit in output mode.

o Allows selection of high-impedance input, input with a pull-down resistor, or input with a pull-up resistor for each

bit in input mode.

e The P44 and P45 pins can be used as external clock input pins for the timer and PWM.
e The I2C bhus interface pins (SDA, SCL), UART pins (RXDO, TXD0), RC-ADC (channel 1) oscillation pins (IN1,
CS1, RS1, RT1), synchronous serial port pins (SINO, SCK0, SOUTO0), and PWM output pin (PWMO) can be used as

the secondary functions.

21.1.2  Configuration

Figure 21-1 shows the configuration of Port 4.

VDD
—— Pull-up Data bus
Pull-down
—— Controller
P4DIR
o]
Voo b PAMODO, 1/<—>
Vbp l P4CONO, 1
8 F— Port4 | P4D  |¢—>
P40to P47 C Output 9
— Controller N
L 8
Vss 8
Vss @ ‘
P4D . Port 4 data register
P4DIR . Port 4 direction register
P4CONO . Port 4 control register O
P4CON1 . Port 4 control register 1
P4MODO . Port 4 mode register O
PAMOD1 . Port 4 mode register 1

Figure 21-1 Configuration of Port 4

Outputs for I°C (SDA, SCL)

Output for UART (TXDO)

Outputs for RC-ADC (CS1, RS1, RT1)
Outputs for SIO (SCKO, SOUT)
Output for PWM (PWMO)

Inputs for 1°C (SDA, SCL)
Input for UART (RXDO)
Input for RC-ADC (INO)
Inputs for SIO (SINO, SCKO0)
Inputs for timer PWM
(TO2POCK, T13P1CK)
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21.1.3

List of Pins

Pin name

I/O

Primary function

Secondary function

Tertiary function

I°C bus 0 data input/output

RC-ADC

P40/SDA/SINO I/O | Input/output port pin SSIOO0 data input pin
2 -

P41/SCL/SCKO I/O | Input/output port |p|$1: bus 0 clock input/output SSIOO0 clock input/output pin
P42/RXD0O/SOUTO | 1/0 | Input/output port UARTO data input pin SSIO0 data output pin
P43/TXD0/PWMO I/O | Input/output port UARTO data output pin PWMO output pin

Input/output port,
P44/ TO2POCK Timer O/Timer 2/ RC oscillation waveform input . .
/INL/SINO/ YO | pwMo external pin for RC-ADC SSIO0 data input pin
clock
P45/ T13P1CK Input/output port, Reference capacitor
/CS1/SCKO/ 1/0 | Timer 1/Timer 3 connection pin for RC-ADC SSIOO0 clock input/output pin
external clock
Reference resistor connection .
P46/RS1/SOUTO I/O | Input/output port pin for RC-ADC SSIO0 data output pin
Resistor sensor connection
P47/RT1 I/O | Input/output port pin for measurement for —
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21.2 Description of Registers

21.2.1 List of Registers

Address Name Symbol (Byte) | Symbol (Word) | R/W Size |[Initial value
0F220H Port 4 data register PAD — R/W 8 O0H
0F221H Port 4 direction register P4DIR — R/W 8 00H
0F222H Port 4 control register 0 PACONO PACON R/W 8/16 00H
0F223H Port 4 control register 1 P4ACON1 R/W 8 00H
0F224H Port 4 mode register 0 PAMODO PAMOD R/W 8/16 O0H
0F225H Port 4 mode register 1 P4AMOD1 R/W 8 00H
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21.2.2 Port 4 Data Register (P4D)

Address; 0F220H
Access; RIW
Access size: 8 hits
Initial value: 00H

7 6 5 4 3 2 1 0
P4D P47D P46D P45D P44D P43D P42D P41D P40D
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

PAD is a special function register (SFR) to set the value to be output to the Port 4 pin or to read the input level of the
Port 4. In output mode, the value of this register is output to the Port 4 pin. The value written to P4D is readable.
In input mode, the input level of the Port 4 pin is read when PAD isread. Output mode or input mode is selected by
using the port mode register (P4DIR) described later.

[Description of Bits]

e P47D-P40D (bits 7-0)
The P47D to P40D bits are used to set the output value of the Port 4 pin in output mode and to read the pin level of
the Port 4 pinin input mode.

P47D Description

0 Output or input level of the P47 pin: "L”

1 Output or input level of the P47 pin: "H”
P46D Description

0 Output or input level of the P46 pin: "L”

1 Output or input level of the P46 pin: "H”
P45D Description

0 Output or input level of the P45 pin: "L”

1 Output or input level of the P45 pin: "H”
P44D Description

0 Output or input level of the P44 pin: "L”

1 Output or input level of the P44 pin: "H”
P43D Description

0 Output or input level of the P43 pin: "L”

1 Output or input level of the P43 pin: "H”
P42D Description

0 Output or input level of the P42 pin: "L”

1 Output or input level of the P42 pin: "H”
P41D Description

0 Output or input level of the P41 pin: "L”

1 Output or input level of the P41 pin: "H”
P40D Description

0 Output or input level of the P40 pin: "L”

1 Output or input level of the P40 pin: "H”
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21.2.3 Port 4 Direction Register (P4DIR)

Address; 0F221H
Access; RIW
Access size: 8 hits
Initial value: 00H

7 6 5 4 3 2 1 0
P4DIR P47DIR P46DIR P45DIR P44DIR P43DIR P42DIR P41DIR P40DIR
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

PADIR is a specia function register (SFR) to select the input/output mode of Port 4.

[Description of Bits]
e P47DIR-P40DIR (bits 7-0)
The PA7DIR to P40DIR pins are used to set the input/output direction of the Port 4 pin.

P47DIR Description
0 P47 pin: Output (initial value)
1 P47 pin: Input

P46DIR Description
0 P46 pin: Output (initial value)
1 P46 pin: Input

P45DIR Description
0 P45 pin: Output (initial value)
1 P45 pin: Input

P44DIR Description
0 P44 pin: Output (initial value)
1 P44 pin: Input

P43DIR Description
0 P43 pin: Output (initial value)
1 P43 pin: Input

P42DIR Description
0 P42 pin: Output (initial value)
1 P42 pin: Input

P41DIR Description
0 P41 pin: Output (initial value)
1 P41 pin: Input

P40DIR Description
0 P40 pin: Output (initial value)
1 P40 pin: Input
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21.2.4  Port 4 Control Registers 0, 1 (P4CONO, P4ACON1)

Address; 0F222H
Access; RIW

Access size: 8/16 hits
Initial value: 00H

7 6 5 4 3 2 1 0
P4CONO P47CO P46CO P45C0 P44CoO P43CO0 P42C0O P41CO P40CO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0
Address: 0F223H
Access. RIW
Access size: 8 bits
Initial value: 00H
7 6 5 4 3 2 1 0
P4CON1 P47C1 P46C1 P45C1 P44C1 P43C1 P42C1 P41C1 P40C1
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

PACONO and PACON1 are specia function registers (SFRs) to select input/output state of the Port 4 pin. The
input/output state is different between input mode and output mode. Input or output is selected by using the PADIR
register.

[Description of Bits)

e P47C1-P40C1, P47C0-P40CO (bits 7-0)
The P47C1 to P40C1 pins and the P47C0 to P40CO pins are used to select high-impedance output, P-channel open
drain output, N-channel open drain output, or CMOS output in output mode and to select high-impedance input,
input with a pull-down resistor, or input with a pull-up resistor in input mode.

Setting of P47 pin When output moc_:ie is selected When input mod_e is selected
(P47DIR bit = “0") (P47DIR bit = “17)
P47C1 P47C0 Description
0 0 High-impedance output (initial value) High-impedance input
0 1 P-channel open drain output Input with a pull-down resistor
1 0 N-channel open drain output Input with a pull-up resistor
1 1 CMOS output High-impedance input
. . When output mode is selected When input mode is selected
Setting of P46 pin (P4F(;DIR bit = “0") (PfGDIR bit = *17)
P46C1 P46C0O Description
0 0 High-impedance output (initial value) High-impedance input
0 1 P-channel open drain output Input with a pull-down resistor
1 0 N-channel open drain output Input with a pull-up resistor
1 1 CMOS output High-impedance input
. . When output mode is selected When input mode is selected
Setting of P45 pin (P4F5)DIR bit = “0") (PfSDIR bit = *17)
P45C1 P45C0 Description
0 0 High-impedance output (initial value) High-impedance input
0 1 P-channel open drain output Input with a pull-down resistor
1 0 N-channel open drain output Input with a pull-up resistor
1 1 CMOS output High-impedance input
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Setting of P44 pin

When output mode is selected
(P44DIR bit = “0”)

When input mode is selected
(P44DIR bit = “1”)

P44C1 P44C0 Description
0 0 High-impedance output (initial value) High-impedance input
0 1 P-channel open drain output Input with a pull-down resistor
1 0 N-channel open drain output Input with a pull-up resistor
1 1 CMOS output High-impedance input

Setting of P43 pin

When output mode is selected
(P43DIR bit = “0”)

When input mode is selected
(P43DIR bit = “1”)

P43C1 P43C0 Description
0 0 High-impedance output (initial value) High-impedance input
0 1 P-channel open drain output Input with a pull-down resistor
1 0 N-channel open drain output Input with a pull-up resistor
1 1 CMOS output High-impedance input

Setting of P42 pin

When output mode is selected
(P42DIR bit = “0”)

When input mode is selected
(P42DIR bit = “1”)

P42C1 P42C0 Description
0 0 High-impedance output (initial value) High-impedance input
0 1 P-channel open drain output Input with a pull-down resistor
1 0 N-channel open drain output Input with a pull-up resistor
1 1 CMOS output High-impedance input

Setting of P41 pin

When output mode is selected
(P41DIR bit = “0”)

When input mode is selected
(P41DIR bit = “1”)

P41C1 P41C0O Description
0 0 High-impedance output (initial value) High-impedance input
0 1 P-channel open drain output Input with a pull-down resistor
1 0 N-channel open drain output Input with a pull-up resistor
1 1 CMOS output High-impedance input

Setting of P40 pin

When output mode is selected
(P40DIR bit = “0”)

When input mode is selected
(P40DIR bit = “1”)

P40C1 P40CO Description
0 0 High-impedance output (initial value) High-impedance input
0 1 P-channel open drain output Input with a pull-down resistor
1 0 N-channel open drain output Input with a pull-up resistor
1 1 CMOS output High-impedance input
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21.2.5 Port4 Mode Registers 0, 1 (P4MODO, PAMOD1)

Address; 0F224H
Access; RIW

Access size: 8/16 hits
Initial value: 00H

7 6 5 4 3 2 1 0
P4AMODO P47MDO P46MDO P45MDO P44MDO P43MDO P42MDO P41MDO P40MDO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0
Address: 0F225H
Access. RIW
Access size: 8 bits
Initial value: 00H
7 6 5 4 3 2 1 0
P4AMOD1 P47MD1 P47MD1 P45MD1 P44MD1 P43MD1 P42MD1 P41MD1 P40MD1
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

PAMODO and PAMOD1 are specia function registers (SFRs) to select the primary, secondary, or tertiary function of
Port 4.

[Description of Bits]
e P4A7TMD1, PA7TMDO (bit 7)
The PA7TMD1 and PA7MDO bits are used to select the primary or secondary function of the P47 pin.

P47MD1 P47MDO Description
0 0 General-purpose input/output mode (initial value)
0 1 Resistor sensor connection pin for measurement for RC-ADC
(channel 1)
1 0 Prohibited
1 1 Prohibited

e P46MD1, P46M DO (bit 6)
The PA6MD1 and P46M DO bits are used to select the primary, secondary, or tertiary function of the P46 pin.

P46MD1 P46MDO Description
0 0 General-purpose input/output mode (initial value)
0 1 Reference resistor connection pin for RC-ADC (channel 1)
1 0 SI100 data output pin
1 1 Prohibited

e P45MD1, P45M DO (bit 5)
The PA5MD1 and PA5M DO bits are used to select the primary, secondary, or tertiary function of the P45 pin.

P45MD1 P45MDO Description
0 0 General-purpose input/output mode (initial value)
0 1 Reference capacitor connection pin for RC-ADC (channel 1)
1 0 SI100 clock input/output pin
1 1 Prohibited
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e P44MD1, P44MDO (bit 4)

The P44MD1 and P44M DO bits are used to select the primary, secondary, or tertiary function of the P44 pin.

P44MD1 P44MDO Description
0 0 General-purpose input/output mode (initial value)
0 1 RC oscillation waveform input pin for RC-AD (channel 1)
1 0 SI00 data input pin
1 1 Prohibited

e P43MD1, P43M DO (bit 3)

The PA3MD1 and PA43MDO hits are used to select the primary, secondary, or tertiary function of the P43 pin.

P43MD1 P43MDO Description
0 0 General-purpose input/output mode (initial value)
0 1 UARTO data output pin
1 0 PWMO output pin
1 1 Prohibited

e P42M D1, P42M DO (bit 2)

The P42MD1 and P42M DO hits are used to select the primary, secondary, or tertiary function of the P42 pin.

P42MD1 P42MDO Description
0 0 General-purpose input/output mode (initial value)
0 1 UARTO input pin
1 0 SI00 data output pin
1 1 Prohibited

e P41MD1, P41IMDO (bit 1)

The PAIMD1 and PA1MDO hits are used to select the primary, secondary, or tertiary function of the P41 pin.

P41MD1 P41MDO Description
0 0 General-purpose input/output mode (initial value)
0 1 I°C bus 0 clock input/output pin
1 0 SI100 clock input/output pin
1 1 Prohibited

e P40M D1, P4OM DO (bit 0)

The PAOMD1 and PAOMDO hits are used to select the primary, secondary, or tertiary function of the P40 pin.

P40MD1 P40MDO Description
0 0 General-purpose input/output mode (initial value)
0 1 I°C bus 0 data input/output pin
1 0 SIO0 data input pin
1 1 Prohibited

Note:

If any bit combination out of the above is set to “Prohibited” and the corresponding bit of the port 4 is specified to
output mode (selected in port4 control register), status of corresponding pin is fixed, regardless the contents of Port4

register (P4D)

High-impedance output mode: High-impedance
P-channel open drain output mode: High-impedance
N-channel open drain output mode: Fixed to “L”
CMOS output mode: High-impedance: Fixed to “L”
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When using RC-ADC as the secondary function, specify each pin be “High-impedance input” even the RC oscillation
monitor pin. Pull-up or Pull-down input makes drawing the current.
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21.3 Description of Operation

21.3.1 Input/Output Port Functions

For each pin of Port 4, either output or input is selected by setting the Port 4 direction register (P4DIR).

In output mode, high-impedance output mode, P-channel open drain output mode, N-channel open drain output mode,
or CMOS output mode can be selected by setting the Port 4 control registers 0 and 1 (PACONO and PACON1).

In input mode, high-impedance input mode, input mode with a pull-down resistor, or input mode with a pull-up resistor
can be selected by setting the Port 4 control registers 0 and 1 (PACONO and PACONL1).

At a system reset, high-impedance output mode is selected astheinitia state.

In output mode, “L” or “H” level is output to each pin of Port 4 depending on the value set by the Port 4 data register
(P4D).

In input mode, the input level of each pin of Port 4 can be read from the Port 4 data register (P4D).

21.3.2 Secondary and Tertiary Functions

Secondary and tertiary functions are assigned to Port 4 as the 12C bus 0 pins (SDA, SCL), UART 0 pins (RXDO,
TXDO0), RC-ADC (channel 1) oscillation pins (IN1, CS1, RS1, RT1), synchronous serial port O pins (SINO, SCKO,
SOUT), and the PWM output pin (PWMO0). These pins can be used in a secondary or tertiary function mode by
setting the P4A7TMDO to PAOMDO bits and the P47MD1 to PAOMDL1 bits of the Port 4 mode registers (P4MODO,
PAMOD1).

See the following chapters for reference:

12C bus: Chapter 15 “12C Bus Interface”

UART: Chapter 14 “UART”

RC-ADC: Chapter 24 “RC Oscillation Type A/D Converter”
Synchronous serial port:  Chapter 13 “ Synchronous Serial Port”

PWM: Chapter 11 “PWM”"

Note:

The P44 to P47 pins of port 4 are configured as pins dedicated to the RC-ADC function during A/D conversion.
Therefore, if there is any unused pin, that pin cannot be used during A/D conversion. For the RC-ADC, see Chapter
24, “RC Oscillation Type A/D Converter”.
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22. Port A

22.1 Overview

ML610Q411/ML610Q415 include Port A (PAO to PA7) which is an 8-hit input/output port.
Thisfunction is not included in the ML610Q412.
22.1.1 Features

o Allows selection of high-impedance output, P-channel open drain output, N-channel open drain output, or CMOS
output for each bit in output mode.

o Allows selection of high-impedance input, input with a pull-down resistor, or input with a pull-up resistor for each
bit in input mode.

22.1.2 Configuration
Figure 22-1 shows the configuration of Port A.

VDD
—— Pull-up Data bus
Pull-down
—— Controller
Vpp Vss T PADIR |,
PACONO, 1
VDD
8 —— PortA
PAO to PA7 C Output  [< PAD |«
— Controller
8
Vss E
VSS
PAD : Port A data register
PADIR : Port A direction register
PACONO : Port A control register 0
PACON1 : Port A control register 1

Figure 22-1 Configuration of Port A

22.1.3 List of Pins

Pin name I/10 Description
PAO I/O | Input/output port
PAl I/O | Input/output port
PA2 I/O | Input/output port
PA3 I/O | Input/output port
PA4 I/O | Input/output port
PAS5 I/O | Input/output port
PAG6 I/O | Input/output port
PA7 I/O | Input/output port
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22.2 Description of Registers

22.2.1 List of Registers

Address Name Symbol (Byte) | Symbol (Word) | R/W Size |Initial value
0F250H Port A data register PAD — R/W 8 O0H
0F251H Port A direction register PADIR — R/W 8 00H
0F252H Port A control register 0 PACONO PACON R/W 8/16 00H
0F253H Port A control register 1 PACON1 R/W 8 00H
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22.2.2 Port A Data Register (PAD)

Address; 0F250H
Access; RIW
Access size: 8 hits
Initial value: 00H

7 6 5 4 3 2 1 0
PAD PA7D PA6D PA5D PA4D PA3D PA2D PA1D PAOD
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

PAD is a special function register (SFR) to set the value to be output to the Port A pin or to read the input level of the
Port A. In output mode, the value of this register is output to the Port 4 pin.  The value written to PAD is readable.
In input mode, the input level of the Port A pinisread when PAD isread. Output mode or input mode is selected by
using the port mode register (PADIR) described later.

[Description of Bits]

e PA7D-PAOQD (bits 7-0)
The PA7D to PAOD bits are used to set the output value of the Port A pin in output mode and to read the pin level of
the Port A pin in input mode.

PA7D Description

0 Output or input level of the PA7 pin: "L”

1 Output or input level of the PA7 pin: "H”
PA6D Description

0 Output or input level of the PA6 pin: "L”

1 Output or input level of the PA6 pin: "H”
PA5D Description

0 Output or input level of the PA5 pin: "L”

1 Output or input level of the PA5 pin: "H”
PA4D Description

0 Output or input level of the PA4 pin: "L”

1 Output or input level of the PA4 pin: "H”
PA3D Description

0 Output or input level of the PA3 pin: "L”

1 Output or input level of the PA3 pin: "H”
PA2D Description

0 Output or input level of the PA2 pin: "L”

1 Output or input level of the PA2 pin: "H”
PA1D Description

0 Output or input level of the PA1 pin: "L”

1 Output or input level of the PA1 pin: "H”
PAOD Description

0 Output or input level of the PAO pin: "L”

1 Output or input level of the PAO pin: "H”
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22.2.3 Port A Direction Register (PADIR)

Address; OF251H
Access; RIW
Access size: 8 hits
Initial value: 00H

7 6 5 4 3 2 1 0
PADIR PA7DIR PAG6DIR PA5DIR PA4DIR PA3DIR PA2DIR PA1DIR PAODIR
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

PADIR isaspecia function register (SFR) to select the input/output mode of Port A.

[Description of Bits]
e PA7DIR-PAODIR (bits 7-0)
The PA7DIR to PAODIR pins are used to set the input/output direction of the Port A pin.

PA7DIR Description
0 PA7 pin: Output (initial value)
1 PA7 pin: Input

PA6DIR Description
0 PA6 pin: Output (initial value)
1 PAG pin: Input

PA5SDIR Description
0 PAS5 pin: Output (initial value)
1 PAS pin: Input

PA4DIR Description
0 PA4 pin: Output (initial value)
1 PA4 pin: Input

PA3DIR Description
0 PAS3 pin: Output (initial value)
1 PAS3 pin: Input

PA2DIR Description
0 PA2 pin: Output (initial value)
1 PA2 pin: Input

PA1DIR Description
0 PA1 pin: Output (initial value)
1 PAL1 pin: Input

PAODIR Description
0 PAO pin: Output (initial value)
1 PAO pin: Input
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22.2.4 Port A Control Registers 0, 1 (PACONO, PACONL1)

Address; 0F252H
Access; RIW

Access size: 8/16 hits
Initial value: 00H

7 6 5 4 3 2 1 0
PACONO PA7CO PA6CO PA5CO PA4CO PA3CO PA2CO PA1CO PAOCO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0
Address: OF253H
Access. RIW
Access size: 8 bits
Initial value: 00H
7 6 5 4 3 2 1 0
PACON1 PA7C1 PA6C1 PA5C1 PA4C1 PA3C1 PA2C1 PA1C1 PAOC1
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

PACONO and PACON1 are specia function registers (SFRs) to select input/output state of the Port A pin. The
input/output state is different between input mode and output mode. Input or output is selected by using the PADIR
register.

[Description of Bits]

e PA7C1-PAOC1, PA7CO-PAOCO (bits 7-0)
The PA7C1 to PAOC1 pins and the PA7C0 to PAOCO pins are used to select high-impedance output, P-channel open
drain output, N-channel open drain output, or CMOS output in output mode and to select high-impedance input,
input with a pull-down resistor, or input with a pull-up resistor in input mode.

Setting of PA7 pin When output mode is selected When input mod_e is selected
(PA7DIR bit = “0") (PA7DIR bit = "1
PA7C1 PA7CO Description
0 0 High-impedance output (initial value) High-impedance input
0 1 P-channel open drain output Input with a pull-down resistor
1 0 N-channel open drain output Input with a pull-up resistor
1 1 CMOS output High-impedance input
. . When output mode is selected When input mode is selected
Setting of PAG pin (PAFE)SDIR bit = “0”) (PAF\)6DIR bit = *17)
PA6C1 PA6CO Description
0 0 High-impedance output (initial value) High-impedance input
0 1 P-channel open drain output Input with a pull-down resistor
1 0 N-channel open drain output Input with a pull-up resistor
1 1 CMOS output High-impedance input
. . When output mode is selected When input mode is selected
Setting of PAS pin (PAFEJSDIR bit = “0”) (PAF\)SDIR bit = *17)
PA5C1 PA5CO Description
0 0 High-impedance output (initial value) High-impedance input
0 1 P-channel open drain output Input with a pull-down resistor
1 0 N-channel open drain output Input with a pull-up resistor
1 1 CMOS output High-impedance input
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Setting of PA4 pin

When output mode is selected
(PA4DIR bit = “0")

When input mode is selected
(PA4DIR bit = 1)

PA4C1 PA4CO Description
0 0 High-impedance output (initial value) High-impedance input
0 1 P-channel open drain output Input with a pull-down resistor
1 0 N-channel open drain output Input with a pull-up resistor
1 1 CMOS output High-impedance input

Setting of PA3 pin

When output mode is selected
(PA3DIR bit = “0")

When input mode is selected
(PA3DIR bit = "1

PA3C1 PA3CO Description
0 0 High-impedance output (initial value) High-impedance input
0 1 P-channel open drain output Input with a pull-down resistor
1 0 N-channel open drain output Input with a pull-up resistor
1 1 CMOS output High-impedance input

Setting of PA2 pin

When output mode is selected
(PA2DIR bit = “0")

When input mode is selected
(PA2DIR bit = 1)

PA2C1 PA2CO Description
0 0 High-impedance output (initial value) High-impedance input
0 1 P-channel open drain output Input with a pull-down resistor
1 0 N-channel open drain output Input with a pull-up resistor
1 1 CMOS output High-impedance input

Setting of PA1 pin

When output mode is selected
(PA1DIR bit = “0")

When input mode is selected
(PA1DIR bit = "1

PA1C1 PA1CO Description
0 0 High-impedance output (initial value) High-impedance input
0 1 P-channel open drain output Input with a pull-down resistor
1 0 N-channel open drain output Input with a pull-up resistor
1 1 CMOS output High-impedance input

Setting of PAO pin

When output mode is selected
(PAODIR bit = “0")

When input mode is selected
(PAODIR bit = "1

PAOC1 PAOCO Description
0 0 High-impedance output (initial value) High-impedance input
0 1 P-channel open drain output Input with a pull-down resistor
1 0 N-channel open drain output Input with a pull-up resistor
1 1 CMOS output High-impedance input
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22.3 Description of Operation

22.3.1 Input/Output Port Functions

For each pin of Port A, either output or input is selected by setting the Port A direction register (PADIR).

In output mode, high-impedance output mode, P-channel open drain output mode, N-channel open drain output mode,
or CMOS output mode can be selected by setting the Port A control registers 0 and 1 (PACONO and PACON1).

In input mode, high-impedance input mode, input mode with a pull-down resistor, or input mode with a pull-up resistor
can be selected by setting the Port A control registers 0 and 1 (PACONO and PACONL1).

At system reset, high-impedance output mode is selected as the initial state.

In output mode, “L” or “H” level is output to each pin of Port A depending on the value set by the Port A data register
(PAD).

In input mode, the input level of each pin of Port A can be read from the Port A dataregister (PAD).
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23. Buzzer

23.1 Overview

This LSl includes one channel of the buzzer driver.
To use the buzzer driver, the secondary function of port 2 should be set. For the secondary function of port 2, see
Chapter 19, "Port 2".  For the clock to be used in this buzzer driver, see Chapter 6, "Clock Generation Circuit".

23.1.1 Features

¢ |n buzzer output mode, 4 output modes, 8 frequencies, and 15 duties can be set.

23.1.2  Configuration

Figure 23-1 shows the configuration of the Buzzer driver.

T8HZ, T1HZ
LSCLKx2 I I
Buzzer output
Buzzer Frequency Duty generation Mode selection
generation circuit > S circuit L >0 P22/MDO
T N
[
Control circuit Frequency selection Duty selection Output mode selection
MDOCON MDOTMP MDOLEN MDOTON
1 A N
Data bus
MDOCON : Buzzer 0 control register
MDOTMP : Buzzer 0 tempo code register
MDOTON : Buzzer 0 scale code register
MDOLEN : Buzzer 0 tone length code register

Figure 23-1 Configuration of Buzzer Driver

23.1.3 List of Pins

Pin name 1/0 Description

Buzzer 0 signal output pin
Used as the secondary of the P22 pin.

P22/MDO O]
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23.2 Description of Registers

23.2.1 List of Registers

Address Name Symbol (Byte) | Symbol (Word) R/W Size |Initial value
0F2COH Buzzer 0 control register MDOCON — R/W 8 00H
OF2C1H Buzzer 0 tempo code register MDOTMP — R/W 8 00H
0F2C2H Buzzer 0 scale code register MDOTON — R/W 8 00H
0F2C3H Buzzer 0 tone length code register MDOLEN — R/W 8 O0H
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23.2.2  Buzzer 0 Control Register (MDOCON)

Address; OF2COH
Access; RIW
Access size: 8 hits
Initial value: 00H

7 6 5 4 3 2 1 0
MDOCON — — — — — — — MORUN
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

MDOCON is aspecia function register (SFR) to control the buzzer.
[Description of Bits]

¢ MORUN (bit 0)
The MORUN bit is used to control start/stop of the BuzzerQ output.

MORUN Description
0 Stops Buzzer0 output. (Initial value)
1 Starts BuzzerO output.

Note:

The 2xlow-speed clock (LSCLKx2) is used for the buzzer output.

Enable the 2xlow-speed clock by setting bit 2 (ENMLT) of frequency control register 1 (FCONL1) to “1” and then start
buzzer output by setting MORUN to “1”.
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23.2.3 Buzzer 0 Tempo Code Register (MDOTMP)

Address; OF2C1H
Access; RIW
Access size: 8 hits
Initial value: 00H

7 6 5 4 3 2 1 0
MDOTMP — — — — — — MOTM1 MOTMO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

MDOTMP is aspecial function register (SFR) to select the output mode of a buzzer sound waveform.

[Description of Bits]
e MOTM1, MOTMO (bits 1-0)

MOTM1 MOTMO Description
0 0 Intermittent 1 output (initial value)
0 1 Intermittent 2 output
1 0 Single sound output
1 1 Continuous sound output
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23.2.4  Buzzer 0 Scale Code Register (MDOTON)

Address; OF2C2H
Access; RIW
Access size: 8 hits
Initial value: 00H

7 6 5 4 3 2 1 0
MDOTON — — — — — MOTN2 MOTN1 MOTNO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

MDOTON is aspecial function register (SFR) to select a buzzer output frequency.

[Description of Bits]
e MOTN2, MOTN1, MOTNO (bits 2-0)

Description
MOTN2 MOTN1 MOTNO ML610Q411 ML610Q415 ()
ML610Q412

0 0 0 4.096kHz (Initial) 3.906kHz (Initial)
0 0 1 2.048kHz 1.953kHz

0 1 0 1.365kHz 1.302kHz

0 1 1 1.023kHz 977Hz

1 0 0 819Hz 781Hz

1 0 1 683Hz 651Hz

1 1 0 585Hz 558Hz

1 1 1 512Hz 488Hz

() Because LSCLK is generated by RC oscillation on ML610Q415, the frequency varies depending on
characteristics of RC oscillation.
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23.2.5 Buzzer 0 Tone Length Code Register (MDOLEN)

Address; OF2C3H
Access; RIW
Access size: 8 hits
Initial value: 00H

7 6 5 4 3 2 1 0
MDOLEN — — — — MOLN3 MOLN2 MOLN1 MOLNO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

MDOLEN isaspecial function register (SFR) to select a buzzer output duty.

[Description of Bits]
e MOLN3, MOLN2, MOLN1, MOLNO (bits 3-0)

MOLN3 MOLN2 MOLN1 MOLNO Description
1/16 DUTY (initial value)
1/16 DUTY

2/16 DUTY

3/16 DUTY

4/16 DUTY

5/16 DUTY

6/16 DUTY

7/16 DUTY

8/16 DUTY

9/16 DUTY

10/16 DUTY

11/16 DUTY

12/16 DUTY

13/16 DUTY

14/16 DUTY

15/16 DUTY

o
o
o
o

Rlr|Rr|r|RlR|r|r|lolo|lo]lo|lo]o|o

Rlr|r|r|lo|lo|o|o|r|r|r]|r|olo]o
R|r|o|lo|r|r|o|lo|r|r|ololr]|+]|o
R|lo|r|o|r|o|r|o|r|o|r|o|+]|o]+
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23.3 Description of Operation

23.3.1 Operations of Buzzer Output

A buzzer sound is output in the following procedure.

(1) Select abuzzer output mode using the buzzer 0 tempo code register (MDOTMP).
(2) Select aduty of the High level width of the buzzer output waveform using the buzzer O tone length code register
(MDOLEN).

(3) Set the buzzer output frequency in the buzzer 0 scale code register (MDOTON).

(4) Setbit2 (ENMLT) of the frequency control register 1(FCON1) to “1” to enable the 2xlow-speed clock.

(5) When the MORUN hit of the buzzer O control register (MDOCON) is set to “1”, the waveform equivaent to the
buzzer sound outputs.

Figure 23-4 shows the output waveform of each buzzer output mode.

MDOCON.MORUN

e [ Y O I I
Buzzer output waveform I . . . . . .
MDO*

(1/4) Output waveform of intermittent sound 1

MDOCON.MORUN

o2 [ O A
| L
EEEN

(23) Output waveform of intermittent sound 2

T1HZ

.

Buzzer output waveform
MDO*

|
|

MDOCON.MORUN

3

T8HZ

ipSxipipininipSxipinl
—

Buzzer output waveform
MDO*

h

(3/4) Output waveform of single sound

MDOCON.MORUN —_—]—
Buzzer output waveform _ _
MDO*

(4/4) Output waveform of continuous sound

Figure 23-4 Output Waveform of Each Buzzer Output Mode
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23.4 Specifying port registers

When you want to make sure the Buzzer function is working, please check related port registers are specified. See
Chapter 19, “Port 2” for detail about the port registers.

23.4.1 Functioning P22 (MDO) as the Buzzer output
Set P22MD bit (bit0 of P2MOD register) to “1” for specifying the buzzer output as the secondary function of P22.

Reg. name P2MOD register (Address: 0F214H)
Bit 7 6 5 4 3 2 1 0
Bit name - - - - - P22MD P21MD P20MD
Data - - - - - 1 * *

Set P22C1 bit (bit of P2CON1 register) to “1” and set P22CO0 bit(bit of P2CONO register) to “1", for specifying
the P22 as CMOS output.

Reg. name P2CONL1 register (Address: OF213H)
Bit 7 6 5 4 3 2 1 0
Bit name - - - - - P22C1 P21C1 P20C1
Data - - - - - 1 * *
Reg. name P2CONO register (Address: OF212H)
Bit 7 6 5 4 3 2 1 0
Bit name - - - - - P22CO0 P21CO P20CO
Data - - - - - 1 * *

Data of P22D bit (bit of P2D register) does not affect to the buzzer function, so don’t care the data for the function.

Reg. name P2D register (Address: 0F210H)
Bit 7 6 5 4 3 2 1 0
Bit name - - - - - P22D P21D P20D
Data - - - - - *k * *

- : Bit does not exist.
* : Bit not related to the buzzer function
** . Don’t care the data.

Note:

- Port2 is an output-only port, does not have an register to select the data direction(input or output).

- The output characteristics of port22 corresponds to VOL1 and VOH1 when P22MD bit is “1”
(melody/buzzer is selected as the 2" function), and corresponds to VOL2 and VOH2 when the P22MD bit is
“0”, which are shown in Appendix C, "Electrical Characteristics".
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24. RC Oscillation Type A/D Converter

24.1 Overview

This LSI has a built-in 2-channel RC oscillation type A/D converter (RC-ADC).

The RC-ADC converts resistance values or capacitance values to digital values by counting the oscillator clock whose
frequency changes according to the resistor or capacitor connected to the RC oscillator circuits. By using a thermistor
or humidity sensor as a resistor, a thermometer or hygrometer can be formed.

In addition, a different sensor for each of the two channels of RC-ADC’s RC oscillator circuit can be used to broaden
RC-ADC applications; for example, the conveter can be used for expansion of measurement range or measurement at
two points.

For input clock, see Chapter 6, “Clock Generation Circuit.”

24.1.1 Features

e 2-channel system by time division

24.1.2 Configuration

The RC-ADC consists of two RC oscillator circuits to form two channels, Counter A (RADCAOQ-2) and Counter B
(RADCBO0-2) as 24-bit binary counters, and an RC-ADC control circuit (RADCON, RADMOD). Figure 24-1 shows
the configuration of the RC-ADC.

N
Clock A2
LSCLK —> BSCLK 24-bit OVFA
LSCLKx2 —>| control o> . ——>| Interrupt
HSCLK —>|  circuit binary counter control RADINT
T T Counter A (RADCA0-2) ‘%
N N
P35/RCM RCCLK | , J
P34/RCTO0 <— hi
P33RTO <—| SR D _24-bit
P32/RS0 <— oscillation binary counter  |QVvFB
P31/CS0 <—(RCOSCO0)|<«<—e /) Counter B (RADCBO-2)
P30/IN0 —> q
PA7/RT1 <— RC-ADC
P46/RS1 < RC, control circuit
oscillation
P45/CS1 <— (RADCON)
P44/IN1 —>|(RCOSC1) (RADMOD)
A
Data bus Y
RADMOD: RC-ADC mode register
RADCON: RC-ADC control register
RADCA0-2: RC-ADC Counter A registers 0—2
RADCBO0-2: RC-ADC Counter B registers 0—2

Figure 24-1 Configuration of RC-ADC
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24.1.3 List of Pins

Pin name 1/0 Description

Channel 0 oscillation input pin.

Used for the secondary function of the P30 pin.

Channel 0 reference capacitor connection pin.

Used for the secondary function of the P31 pin.

Pin for connection with a resistive/capacitive sensor for measurement on
P34/RCTO (0] Channel 0.

Used for the secondary function of the P34 pin.

Channel 0 reference resistor connection pin.

P30/INO |

P31/CSO (0]

P32/R : .
32/RS0 © Used for the secondary function of the P32 pin.

P33/RTO o Pin for connection with a resistive sensor for measurement on Channel 0.
Used for the secondary function of the P33 pin.
RC oscillation monitor pin.

P35/RCM © Used for the secondary function of the P35 pin.
Channel 1 oscillation input pin.

PA44/IN1 ! Used for the secondary function of the P44 pin.
Channel 1 reference capacitor connection pin.

P4s/CS1 © Used for the secondary function of the P45 pin.
Channel 1 reference resistor connection pin.

PA46/RS1 © Used for the secondary function of the P46 pin.

PA7/RT1 o Pin for connection with a resistive sensor for measurement on Channel 1.

Used for the secondary function of the P47 pin.
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24.2 Description of Registers

24.2.1 List of Registers

Address Name Symbol (Byte) | Symbol (Word) [ R/W Size |[Initial value
OF300H | RC-ADC Counter A register 0 RADCAO — R/W 8 00H
OF301H | RC-ADC Counter A register 1 RADCA1 — R/W 8 00H
0F302H | RC-ADC Counter A register 2 RADCA2 — R/W 8 00H
0F304H | RC-ADC Counter B register 0 RADCBO — R/W 8 00H
OF305H | RC-ADC Counter B register 1 RADCB1 — R/W 8 00H
OF306H | RC-ADC Counter B register 2 RADCB2 — R/W 8 00H
OF308H | RC-ADC mode register RADMOD — R/W 8 O0H
OF309H | RC-ADC control register RADCON — R/W 8 OOH
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24.2.2 RC-ADC Counter A Registers (RADCA0-2)

Address: OF300H
Access: RIW

Access size: 8 bits
Initial value: 0OH

7 6 5 4 3 2 1 0
RADCAO RAA7 RAAG6 RAA5 RAA4 RAA3 RAA2 RAAL1 RAAO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0
Address: OF301H
Access: R/W
Access size: 8 bits
Initial value: 0OH
7 6 5 4 3 2 1 0
RADCA1 RAA15 RAA14 RAA13 RAA12 RAA11l RAA10 RAA9 RAA8
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0
Address: 0F302H
Access: RIW
Access size: 8 bits
Initial value: 0OH
7 6 5 4 3 2 1 0
RADCA2 RAA23 RAA22 RAA21 RAA20 RAA19 RAA18 RAA17 RAA16
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

RADCAO0-2, which serve as a 24-bit binary counter (Counter A), are special function registers (SFRs) used to perform
read/write operations to Counter A itself.

Note:

After writing data into the RC-ADC counter A register, be sure to read it to check that the data has been written
correctly.

When A/D conversion starts after data is written, the value that has been written is read during A/D conversion
(RARUN =1).

When A/D conversion terminates (RARUN = 0), the count value is read.
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24.2.3 RC-ADC Counter B Registers (RADCB0-2)

Address:0F304H
Access: RIW
Access size: 8 bits
Initial value: 0OH

7 6 5 4 3 2 1 0
RADCBO RAB7 RAB6 RAB5 RAB4 RAB3 RAB2 RAB1 RABO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0
Address:0F305H
Access: R/W
Access size: 8 bits
Initial value: 0OH
7 6 5 4 3 2 1 0
RADCB1 RAB15 RAB14 RAB13 RAB12 RAB11 RAB10 RAB9 RABS8
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0
Address:0F306H
Access: RIW
Access size: 8 bits
Initial value: 0OH
7 6 5 4 3 2 1 0
RADCB2 RAB23 RAB22 RAB21 RAB20 RAB19 RAB18 RAB17 RAB16
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

RADCBO0-2, which serve as a 24-bit binary counter (Counter B), are special function registers (SFRs) used to perform
read/write operations to Counter B itself.

Note:

After writing data into the RC-ADC counter B register, be sure to read it to check that the data has been written
correctly.

When A/D conversion starts after data is written, the value that has been written is read during A/D conversion
(RARUN =1).

When A/D conversion terminates (RARUN = 0), the count value is read.
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24.2.4 RC-ADC Mode Register (RADMOD)

Address: OF308H
Access: RIW

Access size: 8 bits
Initial value: 0OH

7 6 5 4 3 2 1 0
RADMOD RACK2 RACK1 RACKO RADI OoM3 om2 OoM1 OMO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

RADMOD is a special function register (SFR) used to select an A/D conversion mode of the RC-ADC.

[Description of Bits]
o OM3-0 (bits 3-0)
The OM3-0 bits are used to select an oscillation mode for the RC oscillator circuits.

OM3 OM2 OoM1 OMO Description
0 0 0 0 INO pin external clock input mode (initial value)
0 0 0 1 RS0-CS0 oscillation mode
0 0 1 0 RTO—-CSO0 oscillation mode
0 0 1 1 RTo..—CSO0 oscillation mode
0 1 0 0 RSO0-CTO oscillation mode
0 1 0 1 RS1-CS1 oscillation mode
0 1 1 0 RT1-CS1 oscillation mode
0 1 1 1 IN1 pin external clock input mode
1 * * * Setting prohibited
e RADI (bit 4)

The RADI bit is used to choose whether to generate the RC-ADC interrupt request signal (RADINT) by an overflow
at Counter A or Counter B.

RADI Description
0 Generates an interrupt request by Counter A overflow (initial value).
1 Generates an interrupt request by Counter B overflow.

o RACK2-0 (bits 7-5)
The RACK2-0 bits are used to select the base clock of Conter A (BSCLK).

RACK?2 RACK1 RACKO Description
0 0 0 LSCLK (initial value)
0 0 1 LSCLKx2
0 1 0 HSCLK
0 1 1 1/2HSCLK
1 0 0 1/4HSCLK
1 0 1 1/8HSCLK
1 1 * Setting prohibited (no clock is supplied)

Note:

When specifying LSCLKx2 for the base clock, enable the operation of the 2xlow-speed clock by setting bit 2
(ENMLT) of the frequency control register 1 (FCONL1) to “1”.
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24.25 RC-ADC Control Register (RADCON)

Address: OF309H
Access: RIW

Access size: 8 bits
Initial value: 0OH

7 6 5 4 3 2 1 0
RADCON — — — — — — — RARUN
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

RADCON is a special function register (SFR) used to control A/D conversion operation of the RC-ADC.

[Description of Bits]

o RARUN (bit 0)
The RARUN bit is used to start or stop A/D conversion of the RC-ADC. When RARUN is set to “1”, A/D
conversion starts and when set to “0”, A/D conversion stops. If Counter A or Counter B overflows with RARUN
set to “1”, the bit is automatically reset to “0”.
RARUN is set to “0” at system reset.

RARUN Description
0 Stops A/D conversion (initial value).
1 Starts A/D conversion.
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24.3 Description of Operation

Counter A (RADCAO0-2) is a 24-bit binary counter for counting the base clock (BSCLK), which is used as the standard
of time. Counter A can count up to OFFFFFFH.

Counter B (RADCBO0-2) is a 24-bit binary counter for counting the oscillator clock (RCCLK) of the RC oscillator
circuits.  Counter B can count up to OFFFFFFH.

Counters A and B are provided with overflow flags (OVFA and OVFB, respectively). Each overflow output results in
generation of an RC-ADC interrupt request signal (RADINT). Use the RADI bit of the RC-AC mode register
(RADMOD) to select whether to generate an overflow interrupt by an overflow on Counter A or Counter B: setting
RADI to “0” specifies Counter A overflow and setting it to “1” specifies Counter B overflow.

The RARUN bhit of the RC-AD control register (RADCON) is used to start or stop RC-ADC conversion operation.
When RARUN is set to “0”, the oscillator circuits stop, so that counting will not be performed. When RARUN is set
to “1”, RC oscillation starts, when the RC oscillator clock (RCCLK) and the base clock (BSCLK) start counting
through Counter B and Counter A.

The RC oscillation section has a total of eight types of oscillation modes based on the two oscillator circuits of
RCOSCO0 and RCOSC1, and mode selection is made by the RC-ADC mode register (RADMOD).

P30-34, P44-47, and P35 must be configured as their secondary function input or output when using 1) the RC
oscillator circuit RCOSCO, 2) the RC oscillator circuit RCOSC1, and 3) the RC monitor pin (RCM) that outputs RC
oscillation waveforms, respectively. For the configuration of the RC oscillator circuits, see Section 24.1.2,
“Configuration”; for the secondary functions of Port 3, see Chapter 20, “Port 3”; for the secondary functions of Port 4,
see Chapter 21, “Port 4”.

24.3.1 RC Oscillator Circuits

RC-ADC performs A/D conversion by converting the oscillation frequency ratio between a reference resistor (or
capacitor) and a resistive sensor (or capacitive sensor) such as a thermistor to digital data.

By making RC oscillation occur both on the reference side and on the sensor side with the reference capacitor the error
factor that the RS oscillator circuit itself is eliminated, thereby making it possible to perform the A/D conversion of the
characteristics of the sensor itself.

Also, by calculating the ratio between the oscillation frequency on the reference side and that on the sensor side and
then calculating the correlation between the calculated ratio and temperatures that the sensor characteristics have in
advance, a temperature can be obtained based on that calculated ratio.

Table 24-1 lists the eight types of oscillation modes, one of which is selected by the RC-ADC mode register
(RADMOD) OM3-0 bits.

Table 24-1 Oscillation Modes from Which Selection Is Made by OM3-0 Bits

Mode RADMOD RCOSCO output pin | RCOSC1 output pin Mode
No. [OM3[{OM2[{OM1|OMO|RSO0|RTO |CRTO[CSO| RS1 [ RT1 [ CS1
0 0 0 0 0 Z Z Z Z Z yA Z INO external clock input mode
1 0 0 0 1 (10| z Z |01 Z V4 Z | RSO-CSO oscillation RCQSCO
oscillation mode
2 0 0 1 Z |10 z |01 z Z Z | RTO-CSO oscillation
3 0 0 1 1 z Z |10 ] 01 z z Z |RTo.1—CSO oscillation
4 0 1 0 /0| z [(01] z z z Z | RSO—-CTO oscillation
5 0 1 0 1 z z z z 1/0 z 0/1 | RS1-CS1 oscillation .RC(.)SC1
oscillation mode
6 0 1 0 Z V4 Y4 Y4 Z 1/0 | 0/1 | RT1-CS1 oscillation
7 0 1 1 1 Z Z Z Z Z yA Z IN1 external clock input mode
8 1 * * * z Z Z Z Z z Z (Setting prohibited)
Note)  * . Indicates “arbitrary.”
Z : Indicates high-impedance output.
1/0, 0/1 : Indicates active output.

: The oscillator clock is not supplied even by setting the RARUN bit to “1” or by

(Setting prohibited) starting A/D conversion.
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In Table 24-1, mode No.0 and mode No.7 are modes where external clocks to be input to the INO or IN1 pin are used
for measurement with the RC oscillator circuit stopped.

As shown in Table 24-1, the two oscillator circuits, RCOSC0 and RCOSC1, are so specified that they cannot operate
concurrenty in order to prevent interference in oscillation from occurring when they oscillate concurrently.

The relationship between an oscillation frequency frccik and an RC constant is expressed by the following equation:

1

f = trecik = krcok®ReC
RCCLK

where trceLk IS the period of the oscillator clock, krcepk the proportional constant, and R+C the product of capacitances
CS, CT, (CS+CVR) and (CT+CVR) and resistances RS and RT. CS, CT, (CS+CVR), (CT+CVR), RS, and RT
concern oscillation. The value of krceok slightly changes depending on the value of the supply voltage VDD, RI, R,
or C.

Table 24-2 lists the typical krccpk values.

Table 24-2 Typical Values of the Proportional Constant kgccox 0f RC Oscillator Circuits

Vob (V) RIn (kQ) CSn, CTn (pF) CVRn(pF) RSN, RTn (kQ) krcewk (Typ.)
3 10 TBD TBD TBD TBD
TBD TBD TBD TBD
15 10 TBD TBD TBD TBD
TBD TBD TBD TBD

Note) n=0,1

Notes:

e Out of the Port 3 and Port 4 pins, pins that are to be used for the RC-ADC function must be configured as secondary
function input or output using the mode register (P3MODO, P3MOD1, PAMODO0, PAMOD1) of the corresponding
port.

o All the Port 3 pins except P35/RCM (see Section 24.1.3, “List of Pins”) are configured as pins dedicated to the
RC-ADC function during A/D conversion. Therefore, during A/D conversion, all the Port 3 pins except P35 cannot
be used as their primary functions in oscillation mode No. 0, 1, 2, 3 or 4, which is selected by the RADMOD register.
In the same way, the P44 to P47 pins of Port 4 cannot be used as their primary functions in oscillation mode No. 5, 6
or.
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Figures 24-2 to 24-5 show the oscillator circuit configurations, the modes of oscillation for each configuration, and the

OM3-0 bit setti

RTO

ngs.

— AN

RS0 $—AN—
CS0¢—— F——

RIO

L AA—]

RCTO
RTO
RSO
Cso
INO

OM3 | OM2 | OM1 | OMO Mode of oscillation
0 0 0 1 Oscillates with the reference
resistor RS0 and CSO
Oscillates with the sensor RTO
0 0 ! 0 and CSO

Figure 24-2 When RCOSCO Is Used for Measurement with One Resistive Sensor

Note:

The unused pin RCTO shown in the figure above is configured as a pin dedicated to the RC-ADC function during A/D
conversion; therefore, during A/D conversion, RCTO cannot be used as a port (P34).

RTo.1

RTO — AN \o—

RS0 ¢—M—
CS0¢——1

RIO

__{VQ@__

L AA—

RCTO
RTO
RSO
Cso
INO

OM3 |[OM2 | OM1 | OMO Mode of oscillation
0 0 0 1 Oscillates with the reference
resistor RS0 and CS0O
Oscillates with the sensor RTO
0 0 1 0 and CSO
0 0 1 1 Oscillates with the reference
resistor RTo.1 and CS0O

Figure 24-3 When RCOSCO Is Used for Measurement with One Resistive Sensor
(Two points are adjusted with two reference resistors)

CTO

RS0 $—AA—
CSo¢— F——

RIO

L_Jw$r__

RCTO
RTO
RSO
CSO0
INO

OM3 | OM2 | OM1 | OMO Mode of oscillation
0 0 0 1 Oscillates with the reference
resistor RS0 and CSO
Oscillates with the sensor RSO
0 1 0 0 and CTO

Figure 24-4 When RCOSCO Is Used for Measurement with One Capacitive Sensor

Note:

The unused pin RTO shown in the figure above is configured as a pin dedicated to the RC-ADC function during A/D
conversion; therefore, during A/D conversion, RTO cannot be used as a port (P33).
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RT1 —\W\o— RT1 om3 | om2 | om1 | oMo Mode of oscillation
RS1 0——5)&— RS1 0 1 0 1 Oscillates with the reference
resistor RS1 and CS1
cs1¢—F——cs1 : :
0 1 1 0 Oscillates with the sensor RT1
RI1 —VVVv— IN1 and CS1

Figure 24-5 When RCOSCL1 Is Used for Measurement with One Resistive Sensor

24.3.2 Counter A/Counter B Reference Modes

There are the following two modes of RC-ADC conversion operation:

Counter A reference mode (RADMOD RADI = “0")

In this mode, a gate time is determined by Counter A and the base clock (BSCLK), which is used as the time
reference, then the RC oscillator clock (RCCLK) is counted by Counter B within the gate time to make the content of
Counter B an A/D conversion value.

The A/D conversion value is proportional to RC oscillation frequency.

Counter B reference mode (RADMOD RADI =*1")

In this mode, a gate time is determined by Counter B and the RC oscillator clock (RCCLK), and the base clock
(BSCLK), which is used as the time reference, is counted by Counter A within the gate time to make the content of
Counter A an A/D conversion value.

The /D conversion value is inversely proportional to RC oscillation frequency.

(1) Operation in Counter A reference mode

Figure 24-6 shows the operation timing in Counter A reference mode.
Following is an example of operation procedure in Counter A reference mode:

® Preset to Counter A (RADCA2-0) the value obtained by subtracting the count value “nAQ” from the maximum
value + 1 (1000000H). The product of the count value “nA0” and the BSCLK clock period indicates the gate
time.

@ Preset “000000H” to Counter B (RADCB2-0).

® Set the OM3-OMO bits of RADMOD to desired oscillation mode (see Table 16-1).

@ Set the RADI bit of RADMOD to “0” to specify generating of an interrupt request signal by Counter A overflow.

® Set the RARUN bit of RADCON to “1” to start A/D conversion.
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Counter A starts counting of the base clock (BSCLK) when RARUN is set to “1” and the RCON signal (signal
synchronized with the fall of the base clock) is set to “1”. When Counter A overflows, the RARUN bit is
automatically reset to “0” (®) and counting is terminated. At the same time, an RC-ADC interrupt request (RADIN)
occurs (@).

When the RCON signal is set to “1”, the RC oscillator circuit starts operation and Counter B starts counting of the RC
oscillator clock (RCCLK). When the RARUN bit is reset to “0” due to overflow of Counter A, RC oscillation stops
and Counter B stops counting.

The final count value “nB0” of Counter B is the RCCLK count value during the gate time “nAO-tgsc k” and is
expressed by the following expression:

nBO =~  nAOe —lesok o< freok
trecLk

where tgsc k indicates the BSCLK period and trce k the RCCLK period. That is, “nB0” is a value proportional to the
RC oscillation frequency frceLk.

®

|
RARUN | ( ®

tescLk
BSCLK
(
RCON | .
o L)
i | ! » Overflow
Counter A (1000000H — nAQ)| (+1) (+2) (+3) 280FFFFFCH OFFFFFDH | OFFFFFEH | OFFFFFFH 000000H
i [}
} [}
] ]
| ]
' Gate time !
r NAO-tescLk i
] ]
| trecLk !
] [}
CR oscillator circuit i i
Input waveform MWM
INO/IN1 ! :
' i
RCCLK A O S S B A A R
®) : i
L :
Counter B 000000H 000001H | 000002H 82 nBO-2 |nBO-1 nBO
i Lo
] ] ]
| | ]
b NBO-trccLk a0
RADINT S
@)
nAO: Reference count value (Interrupt request)

nBO0: Measurement count value

Figure 24-6 Operation Timing in Counter A Reference Mode
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(2) Operation in Counter B reference mode

Figure 24-7 shows the operation timing in Counter B reference mode.
Following is an example of operation procedure in Counter B reference mode:

@ Preset to Counter B (RADCB2-0) the value obtained by subtracting the count value “nB1” from the maximum
value + 1 (1000000H). The product of the count value “nB1” and the RCCLKclock period indicates the gate
time.

@ Preset “000000H” to Counter A (RADCA2-0).

® Set the OM3-0OMO bits of RADMOD to desired oscillation mode (see Table 16-1).

@ Set the RADI bit of RADMOD to “1” to specify generating of an interrupt request signal by Counter B overflow.

® Set the RARUN bit of RADCON to “1” to start A/D conversion.

When the RARUN bit is set to “1” and the RCON signal (signal synchronized with the fall of the base clock) is set
t0”1”, the RC oscillator circuit starts operation and Counter B starts counting of the RC oscillator clock (RCCLK).
When Counter B overflows, the RARUN bit is automatically reset (®) and conversion operation terminates. At the
same time, an RC-ADC interrupt request (RADINT) occurs. (@)

When the RCON signal is set to “1”, Counter A starts counting of the base clock (BSCLK). When the RARUN bit is
reset due to overflow of Counter B, Counter A stops counting.

The final count “nA1” of Counter A is the CLK count value during the gate time “nB1-trcc k” and is expressed by the
following expression:

DAL = nBle —RCGK L
tescLk frecik

That is, “nAl1” is a value inversely proportional to the RC oscillation frequency frccik.
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®

l
RARUN J

tescLk

BSCLK

RCON

Counter A 000000H 000001H DOCOO2H | 000C03H 88 nAl-3|nAl1-2|nAl1-1| nAl

<0
//

i R
1 I
\ (]
] (]
: '
K nAl-tescik 2
1 t 1
' o : RCCLK :
RC oscillator circuit ! :
Input waveform MW
INO/IN1 ! /
TS T e A A e AN e A e A
® : oo
l ‘ H Overflow
Counter B (1000000H — nB1) (+1) (+2) KROFFFFFDH OFFFFFEH\OFFFFFFH 000000H
: :
L NB1-trccik !
' Gate time !
RADINT ) \;
@
nAl: Measurement count value (Interrupt request)

nB1: Reference countvalue

Figure 24-7 Operation Timing in Counter B Reference Mode
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24.3.3 Example of Use of RC Oscillation Type A/D Converter

This section describes the method of performing A/D conversion for sensor values in Counter A and B reference modes
by taking temperature measurement by a thermistor as an example.
Figure 24-8 shows the configuration of 1-thermistor RC oscillator circuit using RCOSCO.

Thermistor RT0 —\\\S— RTO
Reference resistor RSO "—ﬁﬁﬂ— RSO
cso$—F— cso

RI0 —WA— INno

Figure 24-8 Configuration of 1-Thermistor RC Oscillator Circuit Using RCOSCO0

Figure 24-9 shows the temperature characteristics of the thermistor resistance RTO.

o

=

o o

3 iz

% RTO = f(T) F

g

< E

S =

B [a) nTO = K*RTO

E = Kef(T)

2

}—

Temperature T RTO
Figure 24-9 Temperature Characteristics Figure 24-10 A/D Conversion Characteristics
of Thermistor (Ideal characteristics when nTO is proportional to RTO)

RTO is expressed as a function of temperature T by the following equation:

RTO = f(T)
Figure 24-10 shows the ideal characteristics of A/D conversion with the assumption that RTO is an analog quantity. In
the ideal characteristics, the A/D conversion value nTO will purely depend on RTO only. Assuming that nTO is
proportional to RTO, let proportional constant be K, then nTO has the following relationship with temperature T:

nT0 = KRTO = KT ... Expression A

Therefore, temperature T can be expressed as a digital value by performing the conversion processing that accords with
the characteristics shown in Figure 24-9 for nTO by software.
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To convert from an RTO value to a digital value, the ratio is used between a) the oscillation frequency by the thermistor
connected to the RTO pin and the capacitor connected to the CSO pin and b) the oscillation frequency by the reference
resistor (which ideally should have no temperature characteristics) connected to the RSO pin and the capacitor
connected to the CSO pin.  This is for making the conditions other than resistance equal to eliminate the error factor in
oscillation characteristics.

As shown in Figures 24-9 and 24-11, the RTO value depends on temperature T and the RSO value is assumed to be
constant regardless of temperature T. It is ideal if the characteristics of the oscillation frequency fOSC to temperature
T using these resistances will be like the solid lines in Figures 24-12 and 24-13; however, in reality, it would appear that
they will be like the dotted lines due to error factors such as IC temperature characteristics.

Since the condition of freck (RTO) and that of frec k (RSO) are the same except for the resistances, the error ratios are
almost the same; therefore, errors can almost be eliminated by using the ratio between frccik (RTO) and freek (RSO0).
The ratio between freok (RTO) and freek (RSO) is equivalent to the above-mentioned A/D conversion value nTO that
should ideally depend only on RTO.

frcux Includ d fi h
ncludes errors due to factors other
(RTO) than RTO
o \
i |
lhd
Q
[&]
c
IS
@
%]
o
(O]
e Ideal
(3]
2 freLk(RS0) = L
8:’ ROLK - krccLk-CS0-RTO
Temperature T Temperature T

Figure 24-11 Temperature Characteristics of  Figure 24-12 Oscillation Characteristics

Reference Resistor of Thermistor
freLk
(RS0) Includes errors due to factors

other than RTO

1
krceLk-CS0-RSO

freck(RSO0) =

Temperature T

Figure 24-13 Oscillation Characteristics of Reference Resistor
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Figure 24-14 shows, as an example of method, a timing diagram of one cycle of conversion from analog value RTO to a
digital value, that is, A/D conversion.

Basically, one A/D conversion cycle must consist of two steps, as shown in Figure 24-14. The reason for requiring
two steps is that the reference resistor and the thermistor must first be oscillated separately and then the ratio between
the oscillation frequencies of them is used, as described above.

In the example below, operation for these two steps is performed using the following combination:

o First step = RC oscillation with RSO in Counter A reference mode
e Second step = RC oscillation with RTO in Counter B reference mode

Besides this, there would be several possible A/D conversion methods.

In the above method, the operation time (gate time) for the second step fluctuates depending on the value of thermistor
RTO. To avoid the fluctuation of the operation time, using a method that uses the following combination is
recommended:

o First step = RC oscillation with RS0 in Counter B reference mode
e Second step = RC oscillation with RTO in Counter A reference mode
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AJD conversion procedure is explained below by taking Figure 24-14 as an example.

<First Step>

<Second Step>

Base clock

;

I
I
|
I
|
|
i
32.768 kHz I
BSCLK !
|
® !
|
RADMOD o1H | 1o
(bits 4-0) i
S © | ® ®
RADCON ‘
(bit 0) 00H O1H (ERAD=1) 00H 01H (ERAD=1) OOH
|
. NAO-tasck=nB0 trecik(RSO) | ! . nEso-tRccLK(RTO):nAl-tE,SﬁLK
|
D i I~ i
CR oscillating 0.366 sec |
state R R
Stop ‘ Oscillates with RSO ‘ Stop ‘ Oscillates with RS0 ‘ Stop
(CROS CO) :
(Counter A reference mode) i (Counter B reference mode)
® |
/\Overflow
000000H ‘ ‘
- I ts by BSCLK]
CNTA2-0 OFFFB50H (Increments by BSCLK) > 00000H (Increments by ) nA1l
|
® | Overflow
l =
(Increments by (Increments by
CNTB2-0 000000H RCCLK (RS0)) nBO | RCCLK RT0)) 000000H
1000000H - nBO
@
(@) (d)

RC-ADC intermupt request

1]

INT generated ﬂ INT generated

RADINT

HLT

: )

(b)

.

—)

(e)

Note) nAO=4BOH, tsyscLk=1/32768 Hz; @ to ©: Software prodessing; (a) to (f): Hardware processing

Figure 24-14 Timing Diagram for 1 Cycle of A/D Conversion (Example)
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<First Step>

@ Set the base clock to 32.768 kHz. (Write “00H” in FCONO.)
@ Preset “1000000H — nA0” in Counter A.
® Preset “000000H” in Counter B.
@ Write “01H” in RADMOD to select Counter A reference mode and the oscillation mode that uses reference
resistance RSO.
® Write “01H” in RADCON to start A/D conversion operation.
® Write “1” in the HLT bit of SBYCON (see Chapter 4, “MCU”) to set the device to HALT mode.
Note:

In this example, nAO is set to 4BOH because the gate time “nA0-tgsc k™ in oscillation mode with reference resistor RSO
is set to 0.3666 second(in the case of ML610Q411/Q412). The value of nAOQ is related to how much the margin of the
quantizatoin error of the A/D conversion is: the greater the nAO value is, the smaller the margin of error becomes.

To reduce noise contamination to the RC oscillator circuit caused by CPU operation, it is recommended to constantly
put the device into HALT mode during operation of RC oscillation.

From this point of time, the RC oscillator circuit (RCOSCO0) continues oscillation for about 0.366 second with the
reference resistance RS0. Then, when Counter A overflows, the RADINT signal is set to “1” and an RC-ADC
interrupt request is generated (section (a)). Also, the generation of interrupt request releases HALT mode (section (b))
and at the same time, A/D conversion operation stops (section (c), RARUN bit = “0”). At this time, Counter A is set
to “000000H".

The content of Counter B at this time is expressed by the following expression:

tescLk .
nBO = nAQ0 ———=—— ... Expression B
trecLk(RSO) P

That completes the operations in First Step .
<Second Step>

@ Calculate “1000000H — nB0” from the content of Counter B “nB0” and set the obtained value in Counter B.
At this point, Counter A needs to be cleared; however, no processing is required since the counter is already set
to “000000H".

Write “12H” in RADMOD to select Counter B reference mode and the oscillation mode that uses thermistor
RTO.

® Write “01H” in RADCON to start A/D conversion operation.

® Write “1” in the HLT bit of SBYCON (see Chapter 4, “MCU”) to set the device to HALT mode.

The RC oscillator circuit (RCOSCO0) oscillates with thermistor RTO from this point until Counter B overflows. This
period is equal to the product of “nB0” obtained in the First Step and the oscillation period trcc k (RTO) using RTO.
When Counter B overflows, the RADINT signal is set to “1” and an RC-ADC interrupt request is generated (section
(d)). Also, the generation of interrupt request releases HALT mode (section (e)) and at the same time, A/D conversion
operation stops (section (f), RARUN bit = “0”).

This completes the operations in Second Step .

The content of Counter A at this time becomes the A/D converison value nAl, which is expressed by the following
expression:

trecik (RTO)

nAl = nBO-
tescLk

...... Expression C

From expressions B and C, nAl is expressed by the following expression:

t RTO .
nAl = Ao ek (RTO) Expression D
trecik  (RSO) P
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where trcek (RSO0) is the oscillator clock period by reference resistor RS0 and trec k (RTO) the oscillator clock period
by thermistor RTO.

Since the oscillation period is expressed by “trccik = Krecrk*R*C”, trecik (RSO) and trecik (RTO) are expressed by the
following expressions:

tRCCLK (RSO) kRCCLK‘(CSO‘l'CVR)‘RSO
...... Expression E

kRCCLK' (CSO+CVR) *RTO

trecLk (RTO)
When expression E is substituted for expression D, nA1 will be:

RTO

nAl = nAO- RSO

Since “nA0” (“4BOH” in this example) and RSO are constants whose values are fixed, “nAl” is a digital value
proportional to RTO. This very “nAl1” corresponds to “nT0” in expression A.

That concludes the description of the A/D conversion method using a thermistor. “nAl” that has been obtained must
further be converted to a value such as a temperature indication value for thermometer by program according to the
temperature-to-resistance characteristics of the themistor.

24.3.4  Monitoring RC Oscillation

The RC oscillator clock (RCCLK) can be output using the secondary function of the P35 pin of Port 3. See Chapter
20, “Port 3,” for the details of the secondary function of P35.

Monitoring RC oscillation is useful for checking the characteristics of the RC oscillator circuit. That is, the
relationship between a sensor, such as a thermistor, and the oscillation frequency can be measured. For instance, the
coefficient for conversion from the above-described nAl value to a temperature indication value can be obtained by
checking the relationship between the ambient temperature of a themistor-incorporated RC oscillator, the oscillation
frequency with thermistor RTO, and the oscillation frequency with reference resistor RSO.

Note:

e P35 (RCM) is a monitor pin for oscillation clock. The channel 0(P34-P30) and channel 1(P47-P44) share the monitor
pin.

e Please use P35 (RCM) for the evaluation purpose and disable the output while operating in an actual application to
minimize the noise.
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24.4 Specifying port registers

When you want to make sure the RC-ADC function is working, please check related port registers are specified. See

Chapter 20, “Port 3” and Chapter 21, “Port 4” for detail about the port registers.

24.4.1
RC-ADC(ChO)

Set P35MD1-P30MD1 bits(bit5-bit0 of P3MODL register) to “0” and set P35MDO0-P30MDO(bit5-bit0 of P3MODO

Functioning P35(RCM), P34(RCTO0), P33(RT0), P32(RS0), P31(CS0) and P30(INO) as the

register) to “1”, for specifying the RC-ADC as the secondary function of P35, P34, P33, P32, P31 and P30.

Reg. name P3MODL1 register (Address: 0F21DH)
Bit 7 6 5 4 3 2 1 0
Bit name P37MD1 | P36MD1 | P35MD1 | P34MD1 | P33MD1 | P32MD1 | P31MD1 | P30MD1
Data - - 0 0 0 0 0 0
Reg. name P3MODO register (Address: 0F21CH)
Bit 7 6 5 4 3 2 1 0
Bit name P37MDO | P36MDO | P35MDO | P34MDO | P33MDO | P32MDO | P31MDO | P30MDO
Data - - 1 1 1 1 1 1

Set P34C1-P30C1 bit(bit4-0 of P3CONL1 register) to “0”, set P34C0-P30C0 bit(bit4-0 of P3CONO register) to “0”, and
set P34DIR-P30DIR bit(bit4-0 of P3DIR register) to “1”, for specifying the P34-P30 as high-impedance inputs.

The P34C1-P30C1 bit and P34C0-P30CO bit can be set to all “1” instead of all “0” to select the high-impedance inputs.
Set P35C1 bit(bit 5 of P3CONL1 register) to “1”, set P35C0 bit(bit5 of P3CONO register) to “1”, and set P35DIR bit(bit5
of P3DIR register) to “0”, for specifying the P35 as CMOS outputs.

Reg. name P3CONL1 register (Address: OF21BH)
Bit 7 6 5 4 3 2 1 0
Bit name P37C1 P36C1 P35C1 P34C1 P33C1 P32C1 P31C1 P30C1
Data - - 1 0 0 0 0 0
Reg. name P3CONO register (Address: OF21AH)
Bit 7 6 5 4 3 2 1 0
Bit name P37C0 P36CO0 P35C0 P34C0 P33CO0 P32C0 P31C0 P30CO0
Data - - 1 0 0 0 0 0
Reg. name P3DIR register (Address: 0F219H)
Bit 7 6 5 4 3 2 1 0
Bit name P37DIR P36DIR P35DIR P34DIR P33DIR P32DIR P31DIR P30DIR
Data - - 0 1 1 1 1 1

Data of P35D-P30D bits (bit5-0 of P3D register) do not affect to the RC-ADC function, so don’t care the data for the
function.

Reg. name P3D register (Address: 0F218H)
Bit 7 6 5 4 3 2 1 0
Bit name P37D P36D P35D P34D P33D P32D P31D P30D
Data - - *% *% *% *% *% **%

- : Bit does not exist.

* : Bit not related to the RC-ADC channel 0(using P35,P34,P33,P32,P31 and P30) function
**: Don't care the data
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24.4.2

Set P47TMD1-P44MD1 bits(bit7-bit4 of PAMODL register) to “0” and set P47MDO0-P44MDO(bit7-bit4 of P4AMODO

Functioning P47(RT1), P46(RS1), P45(CS1) and P44(IN1) as the RC-ADC(Ch1)

register) to “1”, for specifying the RC-ADC as the secondary function of P47, P46, P45 and P44.

Reg. name P4AMODL1 register (Address: 0F225H)
Bit 7 6 5 4 3 2 1 0
Bit name P47MD1 | P46MD1 | P45MD1 | P44MD1 | P43MD1 | P42MD1 | P41MD1 | PAOMD1
Data 0 0 0 0 * * * *
Reg. name PAMODO register (Address: 0F224H)
Bit 7 6 5 4 3 2 1 0
Bit name P47MDO | P46MDO | P45MDO | P44MDO | P43MDO | P42MDO | P41MDO | PAOMDO
Data 1 1 1 1 * * * *

Set P47C1-P44C1 bit(bit7-4 of PACONL1 register) to “0”, set P47C0-P44C0 bit(bit7-4 of PACONO register) to “0”, and
set PA7TDIR-P44DIR bit(bit7-4 of PADIR register) to “1”, for specifying the P47-P44 as high-impedance inputs.
The P47C1-P44C1 bit and P47C0-P44C0 bit can be set to all “1” instead of all “0” to select the high-impedance inputs.

Reg. name P4CONL1 register (Address: 0F223H)
Bit 7 6 5 4 3 2 1 0
Bit name P47C1 P46C1 P45C1 P44C1 P43C1 P42C1 P41C1 P40C1
Data 0 0 0 0 * * * *
Reg. name P4CONO register (Address: 0F222H)
Bit 7 6 5 4 3 2 1 0
Bit name P47CO P46CO P45C0 P44C0 P43C0 P42C0 P41C0 P40CO
Data 0 0 0 0 * * * *
Reg. name PADIR register (Address: 0F221H)
Bit 7 6 5 4 3 2 1 0
Bit name P47DIR P46DIR P45DIR P44DIR P43DIR P42DIR P41DIR P40DIR
Data 1 1 1 1 * * * *

Data of P47D-P44D bits (bit7-4 of P4D register) do not affect to the RC-ADC function, so don’t care the data for the
function.

Reg. name P4D register (Address: 0F220H)
Bit 7 6 5 4 3 2 1 0
Bit name P47D P46D P45D P44D P43D P42D P41D P40D
Data - - * - * * * *

* . Bit not related to the RC-ADC channel 1(using P47,P46,P45 and P44) function
**: Don't care the data

Note:

Status of output pins P31-P34 and P45-P47 changes according to the RC oscillation mode specified by OMO0-OM3 bit
of RADMOD register.
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25. Successive Approximation Type A/D Converter

25.1 Overview
This LS| has abuilt-in 2-channel successive approximation type A/D converter (SA-ADC).

25.1.1 Features

e Built-in sample/hold 12-hit successive approximation type A-D converter, which enables channel selection from 2
channels

25.1.2 Configuration
Figure 25-1 shows the configuration of SA-ADC.

12bit
Q/VDD Successive
REF . .
AVes Approximation
Type A/D ﬁ
converter circuit SADRNL,
SADRNH
AINO ——>| Analog
AINL Selector
HSCLK _____ 5| SADCONO,SADCONI,
(500KHz) SADMODO SADINT
N~ 8
Data Bus $
SADROL: SA-ADC result register OL
SADROH: SA-ADC result register OH
SADRIL: SA-ADC result register 1L
SADRI1H: SA-ADC result register 1H

SADCONO: SA-ADC control register 0
SADCON1: SA-ADC control register 1
SADMODO: SA-ADC mode register 0

Figure 25-1 Configuration of SA-ADC
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25.1.3 List of Pins
Pin name 1/O Description
AV o Positive power supply pin for the successive approximation type A/D
D converter
Reference power supply pin for the successive approximation type
VREF -
A/D converter
Negative power supply pin for the successive approximation type
AVss —
A/D converter
AINO I Successive approximation type A/D converter input pin 0
AIN1 I Successive approximation type A/D converter input pin 1
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25.2 Description of Registers

25.2.1 List of Registers

Address Name Symbol (Byte) Symbol (Word) R/W Size | Initial value
0F2DOH SA-ADC result register OL SADROL SADRO R 8/16 O00H
OF2D1H SA-ADC result register OH SADROH R 8 00H
0F2D2H SA-ADC result register 1L SADR1L SADRL R 8/16 O0H
0F2D3H SA-ADC result register 1H SADR1H R 8 O00H
OF2FOH SA-ADC control register 0 SADCONO SADCON R/W 8/16 02H
OF2F1H SA-ADC control register 1 SADCON1 R/W 8 00H
OF2F2H SA-ADC mode register 0 SADMODO — R/W 8 O0H
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25.2.2 SA-ADC Result Register OL (SADROL)

Address; O0F2D0OH
Access. R

Access size: 8/16 hits
Initial value: 00H

7 6 5 4 3 2 1 0

SADROL SARO03 SARO02 SARO1 SARO00 — — — —
R/W R R R R R R R R
Initial value 0 0 0 0 0 0 0 0

SADROL isaspecial function register (SFR) used to store SA-ADC conversion results on channel 0.
SADROL isupdated after A/D conversion.

[Description of Bits]
e SARO03-SARO0O (bits 7-4)
The SAR03-SARO0O0 hits are used to store the values of bit 3 to bit 0 of A/D conversion results (12 bits) on channel 0.

25.2.3 SA-ADC Result Register OH (SADROH)

Address: OF2D1H
Access. R

Access size: 8 hits
Initial value: 00H

7 6 5 4 3 2 1 0

SADROH SAROB SAROA SARO09 SARO08 SARO7 SARO6 SARO5 SAR04
R/W R R R R R R R R
Initial value 0 0 0 0 0 0 0 0

SADROH isaspecia function register (SFR) used to store SA-ADC conversion results on channel 0.
SADROH isupdated after A/D conversion.

[Description of Bits]

¢ SAROB-SARO04 (bits 7-0)
The SAROB3-SAR04 bits are used to store the values of bit 11 to bit 4 of A/D conversion results (12 bits) on
channel 0.
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25.2.4 SA-ADC Result Register 1L (SADR1L)

Address; 0F2D2H
Access. R

Access size: 8/16 hits
Initial value: 00H

7 6 5 4 3 2 1 0

SADR1L SAR13 SAR12 SAR11 SAR10 — — — —
R/W R R R R R R R R
Initial value 0 0 0 0 0 0 0 0

SADRIL isaspecial function register (SFR) used to store SA-ADC conversion results on channel 1.
SADRIL isupdated after A/D conversion.

[Description of Bits]
o SAR13-SAR10 (bits 7-4)
The SAR13-SARI10 bits are used to store the values of bit 3 to bit 0 of A/D conversion results (12 bits) on channel 1.

25.2.5 SA-ADC Result Register 1H (SADR1H)

Address: OF2D3H
Access. R

Access size: 8 hits
Initial value: 00H

7 6 5 4 3 2 1 0

SADR1H SAR1B SAR1A SAR19 SAR18 SAR17 SAR16 SAR15 SAR14
R/W R R R R R R R R
Initial value 0 0 0 0 0 0 0 0

SADRI1H isaspecia function register (SFR) used to store SA-ADC conversion results on channel 1.
SADRI1H isupdated after A/D conversion.

[Description of Bits]

¢ SARI1B-SAR14 (bits 7-0)
The SAR1B-SAR14 bits are used to store the values of bit 11 to bit 4 of A/D conversion results (12 bits) on channel
1
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25.2.6 SA-ADC Control Register 0 (SADCONO)

Address; OF2FOH
Access; RIW

Access size: 8/16 hits
Initial value: 02H

7 6 5 4 3 2 1 0
SADCONO — — — — — — — SALP
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

SADCONO isaspecia function register (SFR) used to control the operation of the SA-ADC.

[Description of Bits]

e SALP (bit0)
SALP Description
0 Single A/D conversion only (Initial value)
1 Consecutive A/D conversion

This bit is used to select whether A/D conversion is performed once only for each channel or consecutively. When this
bit is set to “0”, A/D conversion is performed once only for each channel and when it is set to “1”, A/D conversion is
performed consecutively according to the settings of the SA-ADC mode register (SADMODO).

Notes:
Set the SALP bit when the SARUN hit of the SADCON1 register is“0” (A/D conversion inactive).
Use the SADMODO register to select achannel. See Section 25.3.2, A/D Conversion Channel Settings, for the details.
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25.2.7 SA-ADC Control Register 1 (SADCON1)

Address; OF2F1H
Access; RIW
Access size: 8 hits
Initial value: 00H

7 6 5 4 3 2 1 0
SADCON1 — — — — — — — SARUN
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

SADCONL1 isaspecia function register (SFR) used to control the operation of the SA-ADC.

[Description of Bits]
e SARUN (bit 0)

SARUN Description
0 Stops conversion. (Initial value)
1 Starts conversion.

The SARUN bit is used to start or stop SA-ADC conversion.  Setting this bit to “1” starts A/D conversion and setting
itto“0" stops A/D conversion.

When SALP of SADCONO is“0" and then A/D conversion on the channel with the largest channel number among the
selected ones is terminated, the SARUN bit is automatically set to “0".

Notes:

Do not start A/D conversion in the state in which bits 1 (SACH1) and 0 (SACHO) of SA-ADC mode register 0 are “0”
and “0" respectively. When A/D conversion is started in this state, A/D conversion is not done while the A/D converter
is activated. Therefore, the SA-ADC result register is not updated, the A/D conversion termination interrupt is not
generated, A/D conversion is not terminated automatically, and SARUN remains “1”.
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25.2.8 SA-ADC Mode Register 0 (SADMODO)

Address: OF2F2H
Access. RIW

Access size: 8 bits

Initial value: O0OH

7 6 5 4 3 2 1 0
SADMODO — — — — — — SACH1 SACHO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

SADMODO is a specia function register (SFR) used to choose A/D conversion channel(s).

[Description of Bits]

e SACHO (bit 0)

SACHO Description
0 Stops conversion on channel 0. (Initial value)
1 Performs conversion on channel 0.

e SACH1 (bit 1)

SACH1 Description
0 Stops conversion on channel 1. (Initial value)
1 Performs conversion on channel 1.

The SACH1 and SACHO hits are used to select channel(s) on which A/D conversion is performed.
and channel O are set to “1”, A/D conversion is performed on channel O first, and then channel 1.

If both channel 1

Do not start A/D conversion both channel 1 and channel 0 set to 0. If conversion is started, the A/D conversion circuit
is activated (ON), however, A/D conversion is not done. Therefore, the SA-ADC result register is not updated, A/D
conversion termination interrupt does not occur, A/D conversion does not terminate automatically, and consequently,
bit 0 (SARUN) of the SA-ADC control register (SADCONL1) remains“1”.
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25.3 Description of Operation

25.3.1 Settings of A/D Conversion Channels

According to the setting of SA-ADC mode register 0 (SADMODO0), A/D conversion is performed as shown below and
AJD conversion results are stored in the SA-ADC result register.

SA-ADC

mode register 0 SA-ADC result register Analog input
SACHO/1 0/1

SACHO 0 SADRO

SACH1 1 SADR1 AIN1 input

SACHO 1 SADRO AINO input

SACH1 0 SADR1

SACHO 1 SADRO AINO input

SACH1 1 SADR1 AIN1 input

The values of the result register for the sections with a slash mark remain unchanged.

Do not start A/D conversion when bits 1 (SACH1) and 0 (SACHO0) of SA-ADC mode register 0 (SADMODO) are 0
and 0. If A/D conversion is started, the A/D conversion circuit is set to ON. However, as A/D conversion is not
performed, the SA-ADC result register is not updated, an A/D conversion termination interrupt is not generated, A/D
conversion does not terminate automatically, and bit 0 (SARUN) of the SA-ADC control register (SADCON1) remains
“1”,

Direct input A/D conversion input voltage
AVpp 12-bit | e Vrer
Vrer successive
AVss approximation Vaon
ANy type AID | variation range
Vo converter
---------- AVss

Figure 25-2 A/D conversion pins and conversion range
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25.3.2  Operation of the Successive Approximation A/D Converter

1. Before starting SA-ADC, start oscillation of the high-speed clock (HSCLK) and wait until the oscillator settles.

2. Set the SA-ADC mode register 0 (SADMODO).

3. When bit 0 (SARUN) of SA-ADC control register 1 (SADCONL1) is set to “1”, the SA-ADC circuit becomes active
and performs A/D conversion from the lower channel number that is selected in the SA-ADC mode register
(SADMODO).

4. A/D conversion results are stored in the applicable SA-ADC result registers (SADRnL, SADRnH) and when A/D
conversion of the largest channel number that is selected terminates, an SA-ADC conversion termination interrupt
(ADSINT) is generated.

5. Finaly, using bit 0 (SALP) of the SADCONO register, it is possible to select whether A/D conversion is terminated
(SARUN hit is “0") or A/D conversion is automatically restarted at termination of A/D conversion of the last
channel.

Even if a channel is switched during A/D conversion, the channel that is selected at the start of A/D conversion is
maintained until an A/D conversion termination interrupt occurs.
Figure 25-3 shows the SA-ADC operation timing when channel 0 and channel 1 are selected.

HSCLK Tmmmmm
SARUN

(« ((
n n

A/D operation signal

Conversion time Conversion time
46 us@500kHz 46 us@500kHz
A/D conversion «
on channel 0 & «
. - 1)
A/D conversion «
2
on channel 1 «
2 .
SADINT « « i)

7 »

Figure 25-3 SA-ADC Operation Timing

Note:
A/D conversion time in 500kHzRC oscillation mode is 46 ps.

25-10



Chapter 26

L CD Drivers




ML610Q411/ML610Q412/ML610Q415 User’s Manual

Chapter 26 LCD Drivers

26. LCD Dirivers

26.1 Overview

This LSl includes LCD drivers that display the contents that are set in the display register.
The LCD drivers handle the LCD display functions with three blocks.

1. Display registers
2. Display control
3. Drivers

Display registers

DSPRFE

DSPRFD —p

DSPRO02
DSPRO1
DSPROO

Drivers

COM driver

SEG driver

Bias

Bias multiplying clock
Duty

Contrast

Frame frequency

Display control

LCD
Panel

Figure 26-1 Configuration of LCD Display Function

The display registers are used to store the contents to be displayed as hit patterns.

The bit patterns depends on the specification of the LCD panel to be used (display pattern and assignment of the COM

pin and SEG pin).

The display control circuit generates LCD drive waveforms according to the characteristics of the LCD.
A bias, a bias voltage multiplying clock, a duty, a frame frequency, and a contrast suitable for the LCD panel can be

selected.

26.1.1 Features

The LCD drivers are applicable to various types of LCD panels. The features include:

1/1 to 1/4 duty

Frame frequency selectable (4 types)

1/3bias (bias generation circuit build-in)

ML610Q411/Q415: 144 dots max. (36seg x 4com)
ML610Q412: 176 dots max. (44seg x 4com)

Bias voltage multiplying clock selectable (8 types)
Contrast adjustment (1/3 bias:32 steps, 1/4 bias: 20 steps)
“ALL LCDson” mode and “ALL LCDs off” mode.
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26.1.2

Configuration of the LCD Drivers

Figure 26-2 shows the configuration of the LCD drivers and the bias generation circuit.

COMO - -- COM4 SEGO --- SEG35™
Vpp | Bi@s generation circuit ! | Common S Segment
— |—|: : i drivers i drivers
; Regulated E
! — power supply | ﬂ
i circuit .
Cc Vis ; :
N |
Vi 1
SR :
a H L1 1
p—2 |————<-e>| Voltage : Display control circuit
! multiplier i —>
i ma—
Cr nC2 ; DSPMODO T
r‘ = '| BIASCON DSPCON DSPRO0 —
= !| DSPCNT DSPR23"
4 Vss : l : A i

(*1) ML610Q412 has SEGO to SEG43.
(*2) ML610Q412 has DSPROO to DSPR2B.

BIASCON
DSPCNT
DSPMODO
DSPCON

DSPRO0 to DSPR23
DSPROO0 to DSPR2B

Figure 26-2 Configuration of LCD Drivers and Bias Generation Circuit

: Biascircuit control register
: Display contrast register

: Display mode register O

: Display control register

: Display registers (ML610Q411/ML610Q415)
: Display registers (ML610Q412)

Data bus
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26.1.3 Configuration of the Bias Generation Circuit

The bias generation circuit generates LCD drive voltages (V1 to V3 by multiplying the voltage (V1) generated by the
voltage regulator with the capacitors (Cy,).

When the BSON bit of the bias circuit control register (BIASCON) is set to “1”, the bias generation circuit starts
operation.

Display contrast adjustment is possible in 32 steps by using the display contrast register (DSPCNT).

Figure 26-3 shows the configurations of the bias generation circuit with 1/3 bias.

NN
T
Regulated Display contrast adjustment
%
| Powersupply |2 (LCN4 to LCNO)
circuit
Selection of bias circuit On
Cc +V <—eo—
17} uV“ (BSON)
¢ i E L2
oCay_HVu . 4 5| Voltage
3 multiplier
S To LCD drivers
Vi toV
Ci | ic2 ( L1 L3)
| bl
|_1 ~C1
b
ﬁVss |

1/4 Bias

Figure 26-3 Configuration of Bias Generation Circuit
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26.1.4 List of Pins

Pin name /0 Description

Vi, — Power supply pin for LCD bias (internally generated)
Vi — Power supply pin for LCD bias (internally generated)
Vi3 — Power supply pin for LCD bias (internally generated)
Cl — Capacitor connection pin for LCD bias generation
C2 — Capacitor connection pin for LCD bias generation

COMO ®) LCD common pin

COM1 @) LCD common pin

COom2 ®) LCD common pin

COM3 ®) LCD common pin

SEGO ©) LCD segment pin

SEG1 @) LCD segment pin

SEG2 o LCD segment pin

SEG3 @) LCD segment pin

SEG4 o LCD segment pin

SEG5 o LCD segment pin

SEG6 O LCD segment pin

SEG7 o LCD segment pin

SEG8 0] LCD segment pin

SEG9 o LCD segment pin

SEG10 O LCD segment pin

SEG11 o LCD segment pin

SEG12 O LCD segment pin

SEG13 o LCD segment pin

SEG14 O LCD segment pin

SEG15 o LCD segment pin

SEG16 O LCD segment pin

SEG17 o LCD segment pin

SEG18 @] LCD segment pin

SEG19 o LCD segment pin

SEG20 @) LCD segment pin

SEG21 o LCD segment pin

SEG22 @] LCD segment pin

SEG23 o LCD segment pin

SEG24 @] LCD segment pin

SEG25 o LCD segment pin

SEG26 O LCD segment pin

SEG27 o LCD segment pin

SEG28 O LCD segment pin

SEG29 o LCD segment pin

SEG30 @] LCD segment pin

SEG31 ®) LCD segment pin

SEG32 O LCD segment pin

SEG33 ®) LCD segment pin

SEG34 0] LCD segment pin

SEG35 ®) LCD segment pin
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Pin name 1/0 Description
SEG36 @] LCD segment pin
SEG37 o LCD segment pin
SEG38 @] LCD segment pin
SEG39 o LCD segment pin
SEG40 @] LCD segment pin
SEGA41 o LCD segment pin
SEGA42 @] LCD segment pin
SEG43 o LCD segment pin
SEG44 O LCD segment pin
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26.2 Description of Registers

26.2.1 List of Registers

Address Name Symbol (Byte) ?\X/n;:) do)l R/W | Size | Initial value
OFOFOH Bias circuit control register BIASCON — R/W 8 08H
OFOF1H Display contrast register DSPCNT — R/W 8 00H
OFOF2H Display mode register 0 DSPMODO — R/W | 8/16 00H
OFOF4H Display control register DSPCON — R/W 8 00H

OF100H to | Display register 00 to Display register 23 DSPROO0 to L RIW 8 00H
OF123H (ML610Q411/ML610Q415) DSPR23

OF100H to | Display register 00 to Display register 2B DSPROO0 to o RIW 8 00H
OF12BH (ML610Q412) DSPR2B
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26.2.2  Bias Circuit Control Register 0 (BIASCON)

Address; OFOFOH
Access; RIW
Access size: 8 hits
Initial value: 08H

7 6 5 4 3 2 1 0
BIASCON — — — — BSN2 BSN1 BSNO BSON
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 1 0 0 0

BIASCON is aspecial function register (SFR) to control the bias generation circuit.

[Description of Bits]
e BSON (bit 0)
The BSON bit is used to control the operation of the bias generation circuit.
When BSON is set to “1”, the bias generation circuit generates the LCD drive voltages (VL1 to VL3).

BSON Description
0 Bias circuit Off (initial value)
1 Bias circuit On

e BSN2-BSNO (bits 3-1)
The BSN2 to BSNO bits are used to select a clock for multiplying the bias voltage in the bias generation circuit.
LSCLK to 1/128L SCLK can be selected.

BSN2 BSN1 BSNO Description
0 0 0 1/1 LSCLK (32 kHz)
0 0 1 1/2 LSCLK (16 kHz)
0 1 0 1/4 LSCLK (8 kHz)
0 1 1 1/8 LSCLK (4 kHz)
1 0 0 1/16 LSCLK (2 kHz) (initial value)
1 0 1 1/32 LSCLK (1 kHz)
1 1 0 1/64 LSCLK (512 Hz)
1 1 1 1/128 LSCLK (256 Hz)
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26.2.3 Display Control Register (DSPCNT)

Address; OFOF1H
Access; RIW
Access size: 8 hits
Initial value: 00H

7 6 5 4 3 2 1 0
DSPCNT — — — LCN4 LCN3 LCN2 LCN1 LCNO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

DSPCNT isaspecia function register (SFR) to adjust the contrast of display (32 steps).
For the setting value of DSPCNT and the LCD drive voltages (Vi1, V12, Vi3), See Appendix C, “Electrical
Characteristics’.

[Description of Bits]
e LCN4-LCNO (bits 4-0)
The LCN4 to LCNO bits are used to adjust the contrast of display (32 steps).

LCN4 | LCN3 [ LCN2 | LCN1 | LCNO Contrast V| voltage (typ.) V
Low 0.94 (initial value)
A 0.96
0.98
1.00
1.02
1.04
1.06
1.08
1.10
1.12
1.14
1.16
1.18
1.20
1.22
1.24
1.26
1.28
1.30
1.32
1.34
1.36
1.38
1.40
1.42
1.44
1.46
1.48
1.50
1.52
\ 4 1.54
High 1.56

PlrlklklRRlRRRIRIR~ R IR |~ |o]lolo|o]o|lo|o|o|o|o|o]o|o|o]o]o
RlrlRlkFFRF|olo]lolo|o]olo|olr || r k|~ F]|F|lolo|lo]lo]lo|o]o]o
Plrlr|r|lolo|olo|r|r|r|r|o|o|o|o|~|—|—|—|o]lolo]lo|r]|r]|r]|r|o]lo|o]|o
Rl lolol|r|ololr|r|lolo|r]|r|o|lolr|r|o|lolr||o]olr|~|lo]lol—|~]|o]o
Rlolr|ol~|olr|o|r|lolr|o|r|ol+|olr|lol~|olr|o|r|olr|o|r|ol~|o]r]o
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26.2.4 Display Mode Register 0 (DSPMODO)

Address; OFOF2H
Access; RIW

Access size: 8/16 hits
Initial value: 00H

7 6 5 4 3 2 1 0
DSPMODO — FRM1 FRMO — — — DUTY1 DUTYO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0
DSPMODO is a special function register (SFR) to control the display mode of the LCD drivers.
[Description of Bits]
e DUTY1-DUTYO (bits 1-0)
The DUTY1to DUTYO hits are used to specify the duty in 4steps (1/1 to 1/4).
DUTY1 DUTYO Description
0 0 1/1 duty (initial value)
0 1 1/2 duty
1 0 1/3 duty
1 1 1/4 duty

e FRM1-FRMO (bits 6-5)

The FRM1 to FRMO bits are used to select a frame frequency of the LCD drivers.
ML 610Q411/ML 610Q412(L SCL K=32.768kH?z)
FRM1 FRMO Description
0 0 Reference frequency: 64 Hz (initial value)
0 1 Reference frequency: 73 Hz
1 0 Reference frequency: 85 Hz
1 1 Reference frequency: 102 Hz
Table 26-1-1 ML610Q411/Q412 Frame Frequency for Each Duty
Frame frequency [Hz]
Duty Reference Reference Reference Reference
frequency 64Hz frequency 73Hz frequency 85Hz frequency 102Hz
1/1 duty 64.00 73.14 85.33 102.40
1/2 duty 64.00 73.14 85.33 102.40
1/3 duty 64.25 73.31 85.33 103.04
1/4 duty 64.00 73.14 85.33 102.40
ML 610Q415(L SCL K=31.25kH2)
FRM1 FRMO Description
0 0 Reference frequency: 61 Hz (initial value)
0 1 Reference frequency: 70 Hz
1 0 Reference frequency: 81 Hz
1 1 Reference frequency: 97 Hz
Table 26-1-2 ML610Q415 Frame Frequency for Each Duty
Frame frequency [Hz]
Duty Reference Reference Reference Reference
frequency 61Hz frequency 70Hz frequency 81Hz frequency 97Hz
1/1 duty 61.04 69.75 81.37 97.66
1/2 duty 61.04 69.75 81.37 97.66
1/3 duty 61.27 69.91 81.37 98.61
1/4 duty 61.04 69.75 81.37 97.66
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26.25 Display Control Register (DSPCON)
Address; OFOF4H

Access: RIW

Access size: 8 bits

Initial value: 00H

7 6 5 4 3 2 1 0
DSPCON — — — — — — LMD1 LMDO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

DSPCON isaspecia function register (SFR) to control the LCD drivers.

[Description of Bits]

e LMD1-LMDO (bits 1, 0)
The LMD21 and LMDO bits are used to select an LCD display mode.
LCD stop mode, all LCDs off mode, LCD display mode, and all LCDs on mode can be selected.
In LCD stop mode, Vg level is output to al the common drivers and segment drivers. The charge and discharge
current to and from the display panel can be stopped.
In all LCDs off mode, off waveform is output to all the segment drivers irrespective of the contents of the display
registers.
In LCD display mode, the contents of the display registers are output to each segment driver.
In al LCDs on mode, on waveform is output to all the segment drivers irrespective of the contents of the display
registers.

LMD1 LMDO Description
0 0 LCD stop mode (initial value)
0 1 All LCDs off mode
1 0 LCD display mode
1 1 All LCDs on mode

26-10



ML6100Q411/ML610Q412/ML 610Q415 User’s Manual
Chapter 26 LCD Drivers

26.2.6  Display Registers (DSPR00 to DSPR23 or DSPR00 to DSPR2B)

Address: OF100H to OF123H (ML610Q411/ML610Q415)
: OF100H to OF12BH (ML 610Q412)

Access; RIW

Access size: 8 bits

Initial value: Undefined

7 6 5 4 3 2 1 0

DSPRxx — — — — c3 c2 cl c0
R/W R/W R/W R/W R/W R/W R/W R/W R/W

Initial value 0 0 0 0 0 0 0 0

DSPRxx (xx = 00 to 2B) are specia function registers (SFRs) to store display data.
Set datain DSPRxx before setting LCD display mode.
Table 26-4 list display registers.
[Description of Bits]
e ¢3-c0 (bits 4-0)
The c3 to c0 bits are used to set display data.

c3to cO Description
0 off waveform
1 on waveform
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Table 26-4 Display Registers

Symbol Address Segment bit7 | bité | bit5 | bit4 | bit3 | bit2 | bitl | bit0 R/W
DSPRO00O OF100H SEGO - - - - c3 c2 cl c0 R/IW
DSPRO1 O0F101H SEG1 - - - - c3 c2 cl c0 R/W
DSPR02 0F102H SEG2 - - - - c3 c2 cl c0 R/W
DSPRO03 O0F103H SEG3 - - - - c3 c2 cl c0 R/W
DSPRO04 0F104H SEG4 - - - - c3 c2 cl c0 R/W
DSPRO05 O0F105H SEG5 - - - - c3 c2 cl c0 R/W
DSPR06 O0F106H SEG6 - - - - c3 c2 cl c0 R/W
DSPRO7 O0F107H SEG7 - - - - c3 c2 cl c0 R/W
DSPRO08 O0F108H SEG8 - - - - c3 c2 cl c0 R/W
DSPR09 O0F109H SEG9 - - - - c3 c2 cl c0 R/W
DSPROA OF10AH SEG10 - - - - c3 c2 cl c0 R/IW
DSPROB OF10BH SEG11 - - - - c3 c2 cl c0 R/W
DSPROC OF10CH SEG12 - - - - c3 c2 cl c0 R/W
DSPROD OF10DH SEG13 - - - - c3 c2 cl c0 R/W
DSPROE OF10EH SEG14 - - - - c3 c2 cl c0 R/W
DSPROF OF10FH SEG15 - - - - c3 c2 cl c0 R/W
DSPR10 OF110H SEG16 - - - - c3 c2 cl c0 R/IW
DSPR11 OF111H SEG17 - - - - c3 c2 cl c0 R/IW
DSPR12 OF112H SEG18 - - - - c3 c2 cl c0 R/IW
DSPR13 OF113H SEG19 - - - - c3 c2 cl c0 R/IW
DSPR14 OF114H SEG20 - - - - c3 c2 cl c0 R/IW
DSPR15 OF115H SEG21 - - - - c3 c2 cl c0 R/IW
DSPR16 OF116H SEG22 - - - - c3 c2 cl c0 R/IW
DSPR17 OF117H SEG23 - - - - c3 c2 cl c0 R/IW
DSPR18 OF118H SEG24 - - - - c3 c2 cl c0 R/IW
DSPR19 OF119H SEG25 - - - - c3 c2 cl c0 R/IW
DSPRI1A OF11AH SEG26 - - - - c3 c2 cl c0 R/IW
DSPR1B OF11BH SEG27 - - - - c3 c2 cl c0 R/W
DSPR1C OF11CH SEG28 - - - - c3 c2 cl c0 R/W
DSPR1D OF11DH SEG29 - - - - c3 c2 cl c0 R/W
DSPRI1E OF11EH SEG30 - - - - c3 c2 cl c0 R/W
DSPR1F OF11FH SEG31 - - - - c3 c2 cl c0 R/W
DSPR20 0F120H SEG32 - - - - c3 c2 cl c0 R/IW
DSPR21 OF121H SEG33 - - - - c3 c2 cl c0 R/IW
DSPR22 O0F122H SEG34 - - - - c3 c2 cl c0 R/IW
DSPR23 0F123H SEG35 - - - - c3 c2 cl c0 R/IW

DSPR24 *1 O0F124H SEG36 - - - - c3 c2 cl c0 R/IW
DSPR25 *1 OF125H SEG37 - - - - c3 c2 cl c0 R/W
DSPR26 *1 OF126H SEG38 - - - - c3 c2 cl c0 R/IW
DSPR27 *1 O0F127H SEG39 - - - - c3 c2 cl c0 R/W
DSPR28 *1 O0F128H SEG40 - - - - c3 c2 cl c0 R/IW
DSPR29 *1 0F129H SEG41 - - - - c3 c2 cl c0 R/W
DSPR2A *1 OF12AH SEGA42 - - - - c3 c2 cl c0 R/IW
DSPR2B *1 O0F12BH SEG43 - - - - c3 c2 cl c0 R/IW

*1 ML610Q412 has DSPR24 to DSPR2B.
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26.3 Description of Operation

26.3.1 Operation of LCD Drivers and Bias Generation Circuit

Figure 26-4 shows the operation of the LCD drivers and the bias generation circuit.

Reset
RESET_N _’

BIASCON.BSON

LCD bias voltage ——

Vi to Vis Generation of LCD bias voltage

<>
LMD1, LMDO BIAS activation time (Tgas)

Common output ———
COMO to COM4 Vss Common output waveform

Segment output ——
SEGO to SEG35 Vss

(ML610Q411/Q415)
SEGO to SEG43 g /(!; /]\ g

(ML610Q412)

Segment output waveform

Figure 26-6 Operation of LCD Drivers and Bias Generation Circuit

@ System reset causes the bias generation circuit and the LCD drivers to stop operation and Vss level to be output to
each of the common and segment pins.
@ By using the bias circuit control register (BIASCON), select 1/3 bias or 1/4 bias and lock of bias voltage multiplying,
and set the bias generation circuit to on (BSON =“1").
® Set aframe frequency and aduty by using the display mode register 0 (DSPMODO).
® @ Setdisplay datain the display registers (ML610Q411/Q415: DSPR00 to DSPR23, ML610Q412: DSPROO to
DSPR2B).After elapse of the bias activation time (Tgas) or longer, set the mode to display mode by using the LMD1
and LMDO bits of the display control register (DSPCON). (Display waveform is output to each segment pin.)
For the bias activation time (Tgas), Seethe “Electrical Characteristics” Section in Appendix C.

26—-13



ML6100Q411/ML610Q412/ML 610Q415 User’s Manual
Chapter 26 LCD Drivers

26.3.2 Display Registers Segment Map

Figure 26-5 shows the display registers segment map.

Lo <t

™ ™ — o

O O O O

L L L NN}

L 1 - 1
DSPR23[3]} DSPR22[3)} ~ ----- | DSPRO1[3] | DSPROO[3] | <— CcOM3
DSPR23[2] DSPR22[2) ~  —ee-- | DSPRO1[2] | DSPROO[2] | <— COM?2
DSPR23[1] DSPR22[1} ~  ----- | DSPRO1[1] | DSPROO[1] | <— COM1
DSPR23[0]; DSPR22[0}, ~ ----- | DSPRO1[0] | DSPROO[0] | <— COMO

ML610Q411/ML610Q415

g g — o

O O O o

L L L 1N}

A i
DSPR2B[3] DSPR2A[3} ~ ----- | DSPRO1[3] | DSPROO[3] | <— cOM3
DSPR2B[2] DSPR2A[2} ~  —-e-- DSPRO1[2] : DSPROO[2] | «— COM2
DSPR2B[1} DSPR2A[1} ~  ~----- DSPRO1[1] | DSPROO[1] | <— COM1
DSPR2B[0} DSPR2A[O} ~  -==-- { DSPRO1[0] | DSPROO[0] | <— COMO

ML610Q412

Figure 26-5 Configurations of Display register segment map
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26.3.3 Common Output Waveforms

Figure 26-6 shows the common output waveforms for 1/4 duty and 1/3 bias.

Frame Frequency

64Hz/73Hz/85Hz/102Hz (ML610Q411/ML610Q412)
61Hz/70Hz/81Hz/97Hz (ML610Q415)

1

2

3

0 1 2

0
COMO
coMm1
COM2
COM3
Figure 26-6

Common Output Waveforms for 1/4 Duty and 1/3 Bias
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26.3.4  Segment Output Waveform
Figure 26-7 shows the segment output waveforms for 1/4 duty and 1/3 bias.

Frame Frequency
64Hz/73Hz/85Hz/102HZz(ML610Q411,ML610Q412)
61Hz/70Hz/81Hz/97Hz (ML610Q415)

0 1 2 3 0 1 2 3
Data 0 0 0 0 0 0 0 0
VL3
Vio
SEGn
VLl
Vss
Data 1 0 0 0 1 0 0 0
VL3
V
SEGn 2
Vi
VSS
Data 0 1 0 0 0 1 0 0
VL3
Vio
SEGn
VLl
Vss
Data 1 1 0 0 1 1 0 0
Vis
V
SEGn 2
Vi
VSS
Data 0 1 0 1 0 1 0 1
VL3
Vio
SEGn
VLl
Vss
Data 1 0 1 1 1 0 1 1
Vis
V
SEGn 2
Vi
VSS
Data 0 11 1 0 1 1 1
VL3
Vio
SEGn
VLl
Vss
Data 1 1 1 1 1 1 1 1
Vis
V
SEGn 2
Vi
VSS

Figure 26-7 Segment Output Waveforms for 1/4 Duty and 1/3 Bias
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27. Battery Level Detector

27.1 Overview

This LSl includes a Battery Level Detector (BLD).
16 levels of threshold voltages can be selected by setting Battery Level Detector control register O (BLDCONO).

27.1.1 Features

e Threshold voltages: One out of the 16 levels can be selected
e Accuracy: +2% (Typ.)

27.1.2 Configuration

BLD consists of the comparator and threshold voltage select circuits.
Figure 27-1 shows the configuration of the Battery L evel Detector.

Comparator
Voo ———> BLDF
Threshold voltage ENBL
select circuit

BLDCONO BLDCON1
/

A

Data bus

BLDCONO : Battery Level Detector control register O
BLDCON1 : Battery Level Detector control register 1

Figure 27-1 Configuration of Battery Level Detector
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27.2 Description of Registers

27.2.1 List of Registers

1

Address Name Symbol (Byte) | Symbol (Word) | R/W Size | Initial value

OFODOH (E)Sattery Level Detector control register BLDCONO rRW | 8/16 00H
Batt L | Detect trol ist BLDCON

OFOD1H attery Level Detector control register BLDCON1 RIW 8 00H
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27.2.2 Battery Level Detector Control Register 0 (BLDCONO)

Address; OFODOH
Access; RIW
Access size: 8 hits
Initial value: 00H

7 6 5 4 3 2 1 0
BLDCONO — — — — LD3 LD2 LD1 LDO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

BLDCONO isaspecial function register (SFR) to control the Battery Level Detector

[Description of Bits]

e LD3,LD2,LD1, LDO (bits 3-0)
The LD3, LD2, LD1, and LDO bits are used to select a threshold voltage (VCMP) of the Battery Level Detector. 16
levels of threshold voltages can be selected.

LD3

-
O
N
—
O
=

LDO Description
1.35 V £2% (initial value)
1.40 V £2%

1.45V £2%

1.50 V £2%

1.60 V £2%

1.70 V £2%

1.80 V £2%

1.90 V £2%

2.00 V £2%

2.10 V £2%

2.20 V 2%

2.30 V £2%

2.40 V £2%

2.50 V £2%

2.70 V £2%

2.90 V £2%

[Ey [N [N [N U [EN) 5N N P (=1 (=) [=1 [=]1 (=) (=1 [=}

[l Ll Ll Ll (=] [ (o} (o} | Uk Il | ol [l (o) (o] (o) o)
Ll Ll (=) [od |l | ol o) (e | U} | (o] (o} |} | _] (e} o]
RP|O|IFRP|IO|IFR|O|FR|O|FR|O|FR|O|FrR|O|r|O

27-3



ML610Q411/ML610Q412/ML610Q415 User's Manua
Chapter 27 Battery Level Detector

27.2.3 Battery Level Detector Control Register 1 (BLDCON1)

Address; OFOD1H
Access; RIW
Access size: 8 hits
Initial value: 00H

7 6 5 4 3 2 1 0
BLDCON1 — — — — — — BLDF ENBL
R/W R/W R/W R/W R/W R/W R/W R R/W
Initial value 0 0 0 0 0 0 0 0

BLDCONL1 isaspecial function register (SFR) to control the Battery Level Detector.

[Description of Bits]
e ENBL (hit0)
The ENBL bit is used to control activation (ON) or deactivation (OFF) of the Battery Level Detector.
The Battery Level Detector is activated (ON) and deactivated (OFF) by setting the ENBL bit to “1” and “0”,
respectively.

ENBL Description
0 Deactivates the Battery Level Detector (OFF) (initial value)
1 Activates the Battery Level Detector (ON).

e BLDF (bit1)

The BLDF bit is the judgment result flag of the Battery Level Detector.

The BLDF bit is set to “1” or “0” when the power supply voltage (VDD) is lower than or higher than the threshold
voltage selected by LD3 to LDO bits of BLDCONO register, respectively.

BLDF Description
0 Higher than the threshold voltage (initial value)
1 Lower than the threshold voltage
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27.3 Description of Operation

27.3.1 Threshold Voltage

The threshold voltage (VCMP) is selected by setting the bits of BLDCONO.
Table 27-1 shows the threshold voltages and the accuracy.

Table 27-1 Threshold Voltages and Accuracy

BLDCONO Threshold voltage Accuracy Temperature

LD3 LD2 LD1 LDO Ve Ta =25°C deviation

0 0 0 0 135V

0 0 0 1 140V

0 0 1 0 145V

0 0 1 1 150V

0 1 0 0 1.60V

0 1 0 1 1.70V

0 1 1 0 1.80V

9 1 1 1 1.90V +2.0% 10.1%/°C

1 0 0 0 2.00V

1 0 0 1 210V

1 0 1 0 220V

1 0 1 1 230V

1 1 0 0 2.40V

1 1 0 1 250V

1 1 1 0 270V

1 1 1 1 290V
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27.3.2  Operation of Battery Level Detector

Activation (ON) and deactivation (OFF) of the Battery Level Detector are controlled by setting the ENBL hit of the
Battery Level Detector control register (BLDCONL1), and the result of the comparison of the power supply voltage
(VDD) to the threshold voltage is output to the BLDF bit of BLDCONL1.

When ENBL, the enable control bit of the Battery Level Detector, is set to “1”, the detector is activated (ON). When
ENBL isset to “0", the detector is deactivated (OFF) and has no supply current.

BLDF indicates the result of comparison. When BLDF bit is set to “1”, it indicates the power supply voltage is lower
than the threshold voltage. When BLDF bit is set to “0”, it indicates the power supply voltage (VDD) is higher than the
threshold voltage. The Battery Level Detector requires a settling time. Read BLDF bit 1ms or more after ENBL bit is
setto“1”.

Figure 27-2 shows an example of the operation timing diagram.

Operation Set ENBL Read BLDF Set ENBL
0l @) el @
ENBL |
Threshold voltage ~ Vss it Vewe
Vewp
BLDF 1"or"0

Wait for settling time of BLD
(Min. 1 ms)

Figure 27-2 Example of Operation Timing Diagram

The operations in Figure 27-2 are described below.

@ The Battery Level Detector is activated (ON) by setting the ENBL bit to “1”.
@ Wait the settling time (min. 1 ms) of the Battery Level Detector.

® Read BLDF hit.

@ Set ENBL bitto“0".

Note:
Select the threshold voltage (VCMP) when the ENBL bitis“0".
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28. Power Supply Circuit

28.1 Overview

This LSI includes a regulated power supply for the internal logic (VRL) and a regulated power supply for low-speed
oscillation (VRX).

The VRL outputs the operating voltage, Vppy, of the internal logic, program memory, RAM, etc.

The VRX outputs the operating voltage, Vppx, for low-speed oscillation.

For the circuit configuration of the power supplies (AVDD, AVSS) for the analog circuits, see Chapter 25, “Successive
Approximation Type A/D converter”.

For the circuit configuration of the power supplies for LCD (VL1 to VL4), see Chapter 26, “LCD Driver”.

28.1.1 Features

o VRL outputs the operating voltage, Vpp,, of the internal logic, program memory, RAM, etc.
e VRX outputs the operating voltage, Vppx, for low-speed oscillation(ML610Q411/ML610Q412 only).

28.1.2 Configuration

Vpp = 1.1t0 3.6V
—|= 4-YoD I l,
Low-voltage circuit g P 500kHz RC
for low-speed Low voltagg cireut oscillation
P for logic e
oscillation VRL circuit
VRX
cl VoL
—I =
Cx | Voox Port [ 4
¢ | . i General-purpose ports
—— | 5 GPIO —0
XTO C——— Low-speed Lodic circu
; oscillation ogic circuis
XT1 Di circuit
H VSS
T

ML610Q411/ML610Q412 power circuit

Vpp =1.110 3.6V
' - Voo
. I Lr \L
Low-voltage circuit 500|<A||I'|ZARC
for logic oscillation
VRL circuit
Cl Voou
o——| | &5 —\X
]
Port | General-purpose ports
GPIO |—1O
Logic circuis
Il VSS

ML610Q415 power circuit

Figure 28-1 Configuration of Power Supply Circuit
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28.1.3 List of Pins

Pin name 1/0 Description
VppL — Positive power supply pin for the internal logic circuits
Vppx — Positive power supply pin for low-speed oscillation (ML610Q411/Q412 only)
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28.2 Description of Operation

ML6100Q411/ML6100Q412

VppL and Vppx become approx. 1.2 V at a system reset.

Vppx becomes approx. 0.6 V (Typ.) after 4096 low-speed oscillation clock (XTCLK) pulses are counted after the
system reset is released. As a result of release of STOP mode (generation of external interrupt), Vppx becomes
approx. 1.2 V(Typ.) and then approx. 0.6 V (Typ.) after 4096 low-speed oscillation clock (XTCLK) pulses are counted.

ML6100415

VoL and Vppx become approx. 1.2 V at a system reset.
The low-speed oscillation circuit does not work. Connect Vppyx pin and XTO pin to Vss.

System reset _|
RESET_S
Power supply for logic
Approx. 1.2V
VDDL ---------- P—p— ———————————————————————————————————————————————————————————————————————————————————
Power supply for ; ——
low-speed oscillation ________APProx. 1.2V Approx. 0.6V . Approx.1.2V | Approx. 0.6V
VDD><
RESET_VRX « 5
Low-speed oscillation Low-speed oscillation
4096-pulse count /r /I\ 4096-pulse count

STOP Generation of
mode  external interrupt

ML6100411/ML6100Q412

System reset _|
RESET_S
Power supply for logic
Vopr ... ApprOX. 12V

ML6100Q415

Figure 28-2 Operation Waveforms of Power Supply Circuit
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29. On-Chip Debug Function

29.1 Overview
This LSI has an on-chip debug function allowing Flash memory rewriting.

The on-chip debug emulator (UEASE) is connected to this LS| to perform the on-chip debug function.

29.2 Method of Connecting to On-Chip Debug Emulator

Figure 29-1 shows connection to the on-chip debug emulator (UEASE).
For on-chip debug emulator, see “UEASE User's Manual”.

User application circuit

UEASE L |nteffa€§i§°““e‘3t°r ML610Q411/Q412/Q415
Vep Vep
VoL VooL
Vop Vo
Vss Vss
TEST TEST
RESET_N
—‘7 JRESET_N
Rgset _signal is switched System
with a jumper, etc. reset circuit

Figure 29-1 Connection to On-chip Debug Emulator (UEASE)

Note:
— Please do not apply L SIs used for debugging to mass production.
— When using the on-chip debug function or the flash rewrite function after mounting of the board, design the board

so that the 5 pins (Vee, Vb, Vss, RESET_N, and TEST_N) required for connection to the on-chip debug emulator can
be connected.

— “3.0V to 3.6V” hasto be supplied to VDD while debugging and writing flash.

— When the system reset circuit is included in the user application circuit, enable switching of the connection in the
user application circuit, as shown above. When the system reset circuit is not included in the user application circuit,
the RESET_N pin can be connected directy to the RESET_N pin of thisLSI.

For details, see “UEASE User’s Manua” and “uEASE Target Connection Manual”.
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29.3 Flash Memory Rewrite Function

Flash memory erase/write can be performed with the the memory mounted on board by using the commands from the
on-chip debug emulator (UEASE). For more details on the on-chip debug emulator, see “UEASE User’s Manual”.
Table 29-2 shows the Flash memory rewrite functions.

Table 29-2 Flash Memory Rewrite Functions

Function Outline
Chip erase Erase of 8 Kwords (overall area)
1-word write Write of 1 word (2 bytes)
Random read Read of input address

Table 29-3 shows the conditions and specifications of Flash memory rewrite.

Table 29-3 Specifications of Flash Memory Rewrite

Parameter Specifications

Rewrite count 80
Operating temperature 0°C to 40°C

Vpp 8 V (Typ.) (Supplied from uEASE)
Operating voltage Vb 3.0Vto 3.6V

VoL 2.7V (Typ.) (Supplied from UEASE)
Chip-erase time 77 ms (Typ.), 100 ms (Max.)
Block-erase time 77 ms (Typ.), 100 ms (Max.)
1-word (16 bits) write 41 us (Typ.), 64 pus (Max.)
Overall-word (32K x 16 bits) write Approx. 0.34s (Typ.), Approx. 0.53s (Max.)

Note:
When performing Flash memory rewrite (erase, write), a voltage within the range from 3.0V to 3.6 V needs to be
applied to the power supply voltage Vpp.

29-2



Appendixes




ML610Q411/ML610Q412/ML610Q415 User’s Manual

Appendix A Registers

Appendix A Registers

Symbol Symbol . Initial
Address Name (é yie) (\>/Vor d) R/W Size value
OFO00H Data segment register DSR — R/W 8 O00H
OF001H Reset status register RSTAT — R/W 8 Undefined
OF002H Frequency control register O FCONO FCON R/W 8/16 33H
OFO003H Frequency control register 1 FCON1 R/W 8 03H
OFO008H Stop code acceptor STPACP — W 8 Undefined
OFO009H Standby control register SBYCON — W 8 00H
OFO0AH Low-speed time base counter divide register LTBR — R/W 8 O00H
OFO0BH High-speed time base counter divide register HTBDR — R/W 8 00H
OFOOCH :g}’lftfne:ndt tr'gs?::sf counter frequency LTBADJL RW | 816 | 00H

- LTBADJ
OFOODH Loyv—speed tlmg base counter frequency LTBADJH RIW 8 00H
adjustment register H

OFOOEH | Watchdog timer control register WDTCON — R/W 8 O00H
OFOOFH | Watchdog timer mode register WDTMOD — R/W 8 02H
OF011H Inperrupt permit register 1 IE1 — R/W 8 00H
OF012H Inperrupt permit register 2 IE2 — R/W 8 00H
0F013H Inperrupt permit register 3 IE3 — R/W 8 O0H
0F014H Inperrupt permit register 4 IE4 — R/W 8 00H
0F015H Inperrupt permit register 5 IE5 — R/W 8 O0H
OF016H Inperrupt permit register 6 IE6 — R/W 8 00H
OF017H Inperrupt permit register 7 IE7 — R/W 8 00H
OF018H Inperrupt request register 0 IRQO — R/W 8 00H
O0F019H Inperrupt request register 1 IRQ1 — R/W 8 O0H
OF01AH Inperrupt request register 2 IRQ2 — R/W 8 00H
0F01BH Inperrupt request register 3 IRQ3 — R/W 8 O0H
OF01CH Inperrupt request register 4 IRQ4 — R/W 8 00H
OF01DH | Inperrupt request register 5 IRQ5 — R/W 8 O0H
OFO01EH Inperrupt request register 6 IRQ6 — R/W 8 00H
OFO1FH Inperrupt request register 7 IRQ7 — R/W 8 00H
OF020H External interrupt control register O EXICONO — R/W 8 00H
0F021H External interrupt control register 1 EXICON1 — R/W 8 O0H
0F022H External interrupt control register 2 EXICON2 — R/W 8 00H
0F028H Block control register O BLKCONO — R/W 8 O00H
OF029H Block control register 1 BLKCON1 — R/W 8 O0OH
0F02AH Block control register 2 BLKCON2 — R/W 8 00H
0F02BH Block control register 3 BLKCON3 — R/W 8 O00H
OF02CH Block control register 4 BLKCON4 — R/W 8 O00H
OF030H Timer 0 data register TMOD TMODC R/W 8/16 OFFH
OF031H Timer O counter register TMOC R/W 8 00H
0F032H Timer 0 control register 0 TMOCONO TMOCON R/W 8/16 O00H
OF033H Timer O control register 1 TMOCON1 R/W 8 00H
0F034H Timer 1 data register TM1D TM1DC R/W 8/16 OFFH
OF035H Timer 1 counter register TM1C R/W 8 00H
OF036H Timer 1 control register 0 TM1CONO TM1CON R/W 8/16 O00H
OF037H Timer 1 control register 1 TM1CON1 R/W 8 00H
OF038H Timer 2 data register TM2D TM2DC R/W 8/16 OFFH
OF039H Timer 2 counter register TM2C R/W 8 00H
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Appendix B Package Dimensions

(Unit: mm)
TQFP120-P-1414-0.40-K |
i
AARRAARRAARRRARRRRAAARARARR
°E O O
I
22 S
= O 1.000. 20
CELERLLH LERLLERLERLFRELERLLY g 5
INDEX MARK ® gl
MIRROR FINISH ~| 8 PQ
1. 20TYP. 0.18+0. 05 - \
©0.07W S— 0~8°
- T —
0.145+0.05 S | 0.50
—%m é 0.600. 10
Package material Epoxy resin
Lead frame material 42 alloy
Lead finish Sn-2Bi (Bi 2% typ.)
. Pin treatment Plating (=5pum)
LAPIS Semiconductor Co.,Ltd. Package weight (g) 055 TYP.
Rev. No./Last Revised 2/Oct. 21, 2009

Notes for Mounting the Surface Mount Type Package

The surface mount type packages are very susceptible to heat in reflow mounting and humidity absorbed in storage.
Therefore, before you perform reflow mounting, contact our responsible sales person for the product name, package
name, pin number, package code and desired mounting conditions (reflow method, temperature and times).
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Symbol Symbol . Initial
Address Name (é yie) (\>/Vor d) R/W Size value
OFO03AH | Timer control register 0 TM2CONO TM2CON R/W 8/16 O00H
OF03BH | Timer 2 control register 1 TM2CON1 R/W 8 00H
OFO3CH | Timer 3 data register TM3D TM3DC R/W 8/16 OFFH
OF03DH | Timer 3 counter register TM3C R/W 8 00H
OFO3EH | Timer 3 control register 0 TM3CONO TM3CON R/W 8/16 O00H
OFO3FH Timer 3 control register 1 TM3CON1 R/W 8 00H
OFO080H 1kHz timer count register L T1KCRL T1KCR R/W 8/16 O00H
OF081H 1kHz timer count register H T1KCRH R/W 8 00H
0F082H 1kHz timer control register T1KCON — R/W 8 O0H
OF090H Capture control register CAPCON — R/W 8 00H
OF091H Capture status register CAPSTAT — R/W 8 O00H
0F092H Capture data register 0 CAPRO — R 8 00H
OF093H Capture data register 1 CAPR1 — R 8 O00H
OFOAOH PWMO period register L PWOPL PWOP R/W 8/16 OFFH
OFOA1H PWMOO period register H PWOPH R/W 8 OFFH
OFOA2H | PWMO duty register L PWODL PWOD R/W 8/16 00H
OFOA3H | PWMO duty register H PWODH R/W 8 O0H
OFO0A4H PWMO dounter register L PWOCL PWOC R/W 8/16 00H
OFOA5H PWMO dounter register H PWOCH R/W 8 O00H
OFOAGH PWMO control register O PWOCONO PWOCON R/W 8/16 00H
OFOATH PWMO control register 1 PWOCON1 R/W 8 40H
OFODOH Battery Level Detector control register O BLDCONO BLDCON R/W 8/16 00H
OFOD1H Battery Level Detector control register 1 BLDCON1 R/W 8 O00H
OFOFOH Bias circuit control register BIASCON — R/W 8 08H
OFOF1H Display contrast register DSPCNT — R/W 8 O00H
OFOF2H Display mode register 0 DSPMODO | DSPMOD | R/W 8 00H
OFOF4H Display control register DSPCON — R/W 8 O0OH
OF100H Display register 00 DSPRO00 — R/W 8 00H
OF101H Display register 01 DSPRO1 — R/W 8 O0H
OF102H Display register 02 DSPR02 — R/W 8 00H
OF103H Display register 03 DSPRO03 — R/W 8 00H
OF104H Display register 04 DSPRO0O4 — R/W 8 O0OH
OF105H Display register 05 DSPRO05 — R/W 8 00H
OF106H Display register 06 DSPRO06 — R/W 8 O00H
OF107H Display register 07 DSPRO7 — R/W 8 O0OH
OF108H Display register 08 DSPRO08 — R/W 8 00H
OF109H Display register 09 DSPR09 — R/W 8 O00H
OF10AH Display register OA DSPROA — R/W 8 00H
OF10BH Display register 0B DSPROB — R/W 8 00H
OF10CH Display register 0C DSPROC — R/W 8 O00H
OF10DH Display register 0D DSPROD — R/W 8 00H
OF10EH Display register OE DSPROE — R/W 8 00H
OF10FH Display register OF DSPROF — R/W 8 O0OH
OF110H Display register 10 DSPR10 — R/W 8 00H
OF111H Display register 11 DSPR11 — R/W 8 00H
OF112H Display register 12 DSPR12 — R/W 8 00H
OF113H Display register 13 DSPR13 — R/W 8 00H
OF114H Display register 14 DSPR14 — R/W 8 00H
OF115H Display register 15 DSPR15 — R/W 8 00H
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Symbol Symbol . Initial
Address Name (é yie) (\>/Vor d) R/W Size value
OF116H Display register 16 DSPR16 — R/W 8 00H
OF117H Display register 17 DSPR17 — R/W 8 00H
OF118H Display register 18 DSPR18 — R/W 8 00H
OF119H Display register 19 DSPR19 — R/W 8 O0H
OF11AH Display register 1A DSPR1A — R/W 8 00H
OF11BH Display register 1B DSPR1B — R/W 8 00H
OF11CH Display register 1C DSPR1C — R/W 8 O0OH
OF11DH Display register 1D DSPR1D — R/W 8 00H
OF11EH Display register 1E DSPRI1E — R/W 8 O00H
OF11FH Display register 1F DSPR1F — R/W 8 00H
OF120H Display register 20 DSPR20 — R/W 8 00H
OF121H Display register 21 DSPR21 — R/W 8 00H
0F122H Display register 22 DSPR22 — R/W 8 00H
OF123H Display register 23 DSPR23 — R/W 8 00H
0F124H Display register 24 DSPR24 — R/W 8 00H
OF125H Display register 25 DSPR25 — R/W 8 00H
OF126H Display register 26 DSPR26 — R/W 8 O0H
OF127H Display register 27 DSPR27 — R/W 8 00H
OF128H Display register 28 DSPR28 — R/W 8 00H
OF129H Display register 29 DSPR29 — R/W 8 O0H
OF12AH Display register 2A DSPR2A — R/W 8 00H
OF12BH Display register 2B DSPR2B — R/W 8 00H
0F200H NMI data register NMID — R 8 Undefined
0F201H NMI control register NMICON — R/W 8 00H
0F204H Port 0 data register POD — R 8 Undefined
0F206H Port 0 control register 0 POCONO POCON R/W 8/16 00H
0F207H Port 0 control register 1 POCON1 R/W 8 O00H
0F208H Port 1 data register P1D — R 8 Undefined
OF20AH Port 1 control register 0 P1CONO P1CON R/W 8/16 O00H
0F20BH Port 1 control register 1 P1CON1 R/W 8 00H
O0F210H Port 2 data register P2D — R/W 8 O0H
0F212H Port 2 control register 0 P2CONO P2CON R/W 8/16 00H
0F213H Port 2 control register 1 P2CON1 R/W 8 00H
0F214H Port 2 mode register P2MODO — R/W 8 00H
0F218H Port 3 data register P3D — R/W 8 O00H
0F219H Port 3 direction register P3DIR — R/W 8 00H
OF21AH Port 3 control register 0 P3CONO P3CON R/W 8/16 O00H
0F21BH Port 3 control register 1 P3CON1 R/W 8 00H
OF21CH Port 3 mode register 0 P3MODO P3MOD R/W 8/16 O00H
OF21DH Port 3 mode register 1 P3MOD1 R/W 8 00H
0F220H Port 4 data register P4D — R/W 8 O00H
0F221H Port 4 direction register PADIR — R/W 8 00H
0F222H Port 4 control register 0 PACONO PACON R/W 8/16 O0H
0F223H Port 4 control register 1 PACON1 R/W 8 00H
0F224H Port 4 mode register 0 PAMODO PAMOD R/W 8/16 O0H
0F225H Port 4 mode register 1 PAMOD1 R/W 8 00H
0F250H Port A data register PAD — R/W 8 O00H
OF251H Port A direction register PADIR — R/W 8 00H
0F252H Port A control register 0 PACONO PACON R/W 8/16 00H
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Symbol Symbol . Initial
Address Name (é yie) (\>/Vor d) R/W Size value
0F253H Port A control register 1 PACON1 R/W 8 O00H
0F280H Serial port 0 transmit/receive buffer L SIO0BUFL SIOOBUE R/W 8/16 00H
0F281H Serial port 0 transmit/receive buffer H SIO0OBUFH R/W 8 O00H
0F282H Serial port O control register SIO0CON — R/W 8 00H
0F284H Serial port 0 mode register O SIOOMODO SIOOMOD R/W 8/16 00H
0F285H Serial port 0 mode register 1 SIOOMOD1 R/W 8 00H
0F290H UARTO transmit/receive buffer UAOBUF — R/W 8 O0H
0F291H UARTO control register UAOCON — R/W 8 00H
0F292H UARTO mode register 0 UAOMODO UAOMOD R/W 8/16 O00H
0F293H UARTO mode register 1 UAOMOD1 R/W 8 00H
0F294H UARTO baud rate register L UAOBRTL UAOBRT R/W 8/16 O00H
OF295H UARTO baud rate register H UAOBRTH R/W 8 00H
0F296H UARTO status register UAOSTAT — R/W 8 O00H
OF2A0H I2C bus 0 receive data register I2CORD — R 8 00H
OF2A1H I2C bus 0 slave address register I2COSA — R/W 8 O00H
O0F2A2H I2C bus 0 transmit data register 12COTD — R/W 8 00H
OF2A3H I2C bus 0 control register 12COCON — R/W 8 O00H
0F2A4H I2C bus 0 mode register 12COMOD — R/W 8 00H
OF2A5H I2C bus 0 status register I2COSTAT — R 8 O00H
OF2COH Buzzer 0 control register MDOCON — R/W 8 00H
OF2C1H | Buzzer O tempo code register MDOTMP — R/W 8 O0H
0F2C2H Buzzer 0 tone scale code register MDOTON MDOTL R/W 8/16 00H
OF2C3H | Buzzer O tone length code register MDOLEN R/W 8 O0H
OF2DOH | SA-ADC result register OL SADROL SADRO R 8/16 00H
OF2D1H SA-ADC result register OH SADROH R 8 O0OH
OF2D2H | SA-ADC result register 1L SADRI1L SADRL R 8/16 00H
OF2D3H SA-ADC result register 1H SADR1H R 8 O0OH
OF2FOH SA-ADC control register 0 SADCONO SADCON R/W 8/16 00H
OF2F1H SA-ADC control register 1 SADCON1 R/W 8 00H
OF2F2H | SA-ADC mode register 0 SADMODO — R/W 8 00H
OF300H RC-ADC counter A register 0 RADCAO — R/W 8 O00H
OF301H RC-ADC counterA register 1 RADCA1 — R/W 8 00H
0F302H RC-ADC counterA register 2 RADCA2 — R/W 8 O0H
0F304H RC-ADC counterB register O RADCBO — R/W 8 00H
OF305H RC-ADC counterB register 1 RADCB1 — R/W 8 O0H
OF306H RC-ADC counterB register 2 RADCB2 — R/W 8 00H
OF308H RC-ADC mode register RADMOD — R/W 8 O00H
OF309H RC-ADC control register RADCON — R/W 8 00H
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Appendix C Electrical Characteristics

ABSOLUTE MAXIMUM RATINGS
(Vss = AVSS = OV)

Parameter Symbol Condition Rating Unit
Power supply voltage 1 Vob Ta=25°C -0.3to +4.6 \%
Power supply voltage 2 AVpp Ta=25°C -0.3to +4.6 \%
Power supply voltage 3 Vpp Ta=25°C -0.3t0 +9.5 \%
Power supply voltage 4 VoL Ta=25°C -0.3to +3.6 \%
Power supply voltage 5 Vbbx Ta=25°C -0.3t0 +3.6 \%
Power supply voltage 6 Vii Ta=25°C -0.3to +1.75 \%
Power supply voltage 7 Vi Ta=25°C -0.3t0 +3.5 \%
Power supply voltage 8 Vis Ta=25°C -0.3to +5.25 \%
Input voltage VIN Ta=25°C -0.3to Vpp+0.3 \%
Output voltage Vout Ta=25°C -0.3to Vpp+0.3 \Y
Output current 1 lout1 Port3-A, Ta = 25°C -12to +11 mA
Output current 2 louT2 Port2, Ta = 25°C -12 to +20 mA
Power dissipation PD Ta=25°C 1.25 W
Storage temperature Tste — -55to +150 °C

RECOMMENDED OPERATING CONDITIONS
(Vss = AVSS = OV)

Parameter Symbol Condition Range Unit
ML610Q411, ML610Q412, 2010 470
. ML610Q415
Operating temperature Top °C
ML610Q411P, ML610Q411PA, 4010 485
ML610Q411PC, ML610Q412P
) Vbb — 1.1t0 3.6
Operating voltage \%
AVpp — 2.21t0 3.6
ML610Q411, Vpp = 1.1 to 3.6V 4638E :2 ?gklk
) ML610Q412 - -
Operating frequency (CPU) fop Vpp = 1.3 10 3.6V 30k to 625k Hz
ML610Q415 Vpp =1.11t0 3.6V 46.9k to 78.1k
Vpp = 1.3 t0 3.6V 23K to 625k
Low-speed crystal oscillation furt ML610Q411/ML610Q412 32.768Kk Hz
frequency
Low-speed crystal oscillation CoL — 0to 12 F
external capacitor CoL — 0to 12 P
Capacitor externally connected to Cilo — 1.0+£30% E
VpoL pin Cu — 0.1+30% "
Capacitor externally connected to Cx ML610Q411/ML610Q412 0.1+30% uF
VDDX pin
Capamtors.externally connected Cisa o 1.0430% uF
to Vg, 2,3 pins
Capacitors externally connected
X — 1.0+30% F
across C1 and C2 pins Cr2 0+30% H
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OPERATING CONDITIONS OF FLASH ROM
(Vss = AVSS = OV)

Parameter Symbol Condition Range Unit
Operating temperature Top At write/erase 0to +40 °C
Voo At write/erase " 2.75103.6
Operating voltage Vool At write/erase 2.5102.75 Y
Vpp At write/erase " 7.7t08.3
Write cycles Cep — 80 cycles
Data retention YR — 10 years

" Those voltages must be supplied to Vpp, pin and Vppe pin when programming and eraseing Flash ROM.
Vpp pin has an internal pulldown resister.

DC CHARACTERISTICS (1/5)
(Vop =1.1t0 3.6V, AVpp = 2.2 t0 3.6V, Vss = AVss = 0V, Ta = -20 to +70°C, Ta = —40 to +85°C for P version, unless
otherwise specified) (1/5)

. Ratin . Measurin
Parameter Symbol Condition - 9 Unit . g
Min. Typ. Max. circuit
Typ. Typ.
_ Ta=25°C 500 kH
500kHz RC oscillation f Vop = 1.3 ~10% +10% z
frequenc RC to 3.6V
quency 3 e s00 | VP | ki
-25% +25%
Low-speed crystal
oscillation start time*? Tt T T 03 2 s
§OOkHz RC oscillation start Toc . o 50 500 "
time 1
Low-speed oscillation stop
ok T — 2 2 m
detect time™ SToP 0 3 0 S
Reset pulse width Prst — 200 — —
Reset noise elimination P o L o 0.3 us
pulse width NRST '
Power-(_)n re_set activation oo . L o 10 ms
power rise time

1 When low-speed crystal oscillation stops for a duration more than the low-speed oscillation stop detect time, the
system is reset to shift to system reset mode. ML610Q411PC and ML610Q415 does not have this characteristic.
21 Use 32.768KHz Crystal Oscillator C-001R (Epson Toyocom) with capacitance Cg /Cp.  OpF.

*3: Recommended operating temperature (Ta = —40 to +85°C for P version, Ta = —20 to +70°C for non-P version)

RESET
RESET_N VIL1 N VIL1 g
Prst
>
RESET_N pin reset
VDD

T
< TPOR |

Power on reset
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DC CHARACTERISTICS (2/5)
(Voo = 1.1t0 3.6V, AVpp = 2.2 to 3.6V, Vss = AVss = 0V, Ta = -20 to +70°C, Ta = —40 to +85°C for P version, unless
otherwise specified) (2/5)

Parameter Symbol Condition - Rating Unit Mez_isur.lng
Min. Typ. Max. circuit
CN4-0 = O0H 0.89 0.94 0.99
CN4-0 = 01H 0.91 0.96 1.01
CN4-0 = 02H 0.93 0.98 1.03
CN4-0 = 03H 0.95 1.00 1.05
CN4-0 = 04H 0.97 1.02 1.07
CN4-0 = O5H 0.99 1.04 1.09
CN4-0 = 06H 1.01 1.06 1.11
CN4-0 = 07H 1.03 1.08 1.13
CN4-0 = 08H 1.05 1.10 1.15
CN4-0 = 09H 1.07 1.12 1.17
CN4-0 = 0AH 1.09 1.14 1.19
CN4-0 = OBH 1.11 1.16 1.21
CN4-0 = OCH 1.13 1.18 1.23
CN4-0 = ODH 1.15 1.20 1.25
CN4-0 = OEH 1.17 1.22 1.27
Vi1 voltage Vi VD.D =3.0v, CN4-0 = OFH 1.19 1.24 1.29 Y
Tj=25°C CN4-0 = 10H 1.21 1.26 1.31

CN4—0=11H 1.23 1.28 1.33
CN4—0 = 12H 1.25 1.30 1.35
CN4—-0 = 13H 1.27 1.32 1.37
CN4-0 = 14H 1.29 1.34 1.39 1
CN4-0 = 15H 1.31 1.36 1.41
CN4-0 = 16H 1.33 1.38 1.43
CN4-0=17H 1.35 1.40 1.45
CN4-0 = 18H 1.37 1.42 1.47
CN4-0 = 19H 1.39 1.44 1.49
CN4-0 = 1AH 1.41 1.46 151
CN4-0 = 1BH 1.43 1.48 1.53
CN4-0=1CH 1.45 1.50 1.55
CN4-0 = 1DH 1.47 1.52 1.57
CN4-0 = 1EH 1.49 1.54 1.59
CN4-0 = 1FH 1.51 1.56 1.61

Vi1 temperature

deviation. AVi1 Vpp = 3.0V — -1.5 — mvV/°C
Vi1 Voltage N AVi1 Vpp = 1.3 t0 3.6V — 5 20 mV/V
dependency*
Typ. Typ.
Vi2 voltage Vi2 Voo = 3.0V, Tj = 25°C ~-10% Viix2 +4% Vv
1MQ load (Vi3—Vss) Typ. Typ.
V|3 voltage Vis ~10% Vi3 +4%
LCD bi I
CD bias voltage S . . _ 600 ms

generation time
*L:V/L1 can not exceed Vpp level. The maximum Vi becomes Vpp level when the Vi, calculated by the temperature
deviation and voltage dependency is going to exceed the Vpp level.
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DC CHARACTERISTICS (3/5)
(Voo = 1.1t0 3.6V, AVpp = 2.2 to 3.6V, Vss = AVss = 0V, Ta = -20 to +70°C, Ta = —40 to +85°C for P version, unless
otherwise specified) (3/5)

Parameter Symbol Condition - Rating Unit Megsur.lng
Min. | Typ. | Max. circuit
LD3-0 = OH 1.35 1
LD3-0 = 1H 1.4
LD3-0 = 2H 1.45
LD3-0 = 3H 15
LD3-0 = 4H 1.6
LD3-0 = 5H 1.7
LD3-0 = 6H 1.8
BLD threshold LD3-0=7H Typ. 1.9 Typ.
voltage Veo | Vop=1.35103.6V o —en _;’;) > é’;) Vv
LD3-0 = 9H 2.1
LD3-0 = OAH 2.2
LD3-0 = OBH 2.3
LD3-0 = OCH 2.4
LD3-0 = ODH 2.5
LD3-0 = OEH 2.7
LD3-0 = OFH 2.9
BLD threshold
voltage AVaLo Voo = 1.35 to 3.6V — o | = |®
temperature C
deviation
CPU: In STOP state. Ta= 25°C — 0.15 0.5
Supply current 1 | IDD1 Low-speed/high-speed 7 o o 25 pA
RC500kHz oscillation: stopped. )
CPU: In HALT state (LTBC and
WDT are Operating. Low speed | Ta= 25°C _ 0.5 1.
oscillation stop detector is
S_”ﬁ?'y eurent 1 1pp2.1 SFopped).*3*4p o WA
High-speed 500kHz oscillation: R
Stopped. - - 3.5
LCD and BIAS circuits: Stopped.
CPU: In HALT state (LTBC and
oscllaton stop detector s |- | =€ | — | 85 | 12
g_uzegly current IDD2-2 SFopped).*3*4p o WA
High-speed oscillation:
Oscillating. *f — — 16
LCD and BIAS circuits: Stopped.
CPU: In HALT state (LTBC and
WDT are Operating. Low
speed oscillatFi)on ] , Ta=25°C T L 1.9
Supply current stop detector is Stopped).*
3_122) ’ IDD3-1 HigF;\-speed 500kHzp(F))sci)IIation: KA
Stopped. o o7 o o 1
LCD and BIAS circuits:
Operating. **
CPU: In HALT state (LTBC and
gszegly current | \opa-o WDT are Operating. (LOV\_/ speed |Ta=25°C |— |75 | 18 |pA
oscillation stop detector is
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Stopped).*®

High-speed 500kHz oscillation:
Oscillating. *7 — — 23.5
LCD and BIAS circuits:
Operating. **

CPU: In 32.768kHz operating Ta= 25°C _ 55 7
state **3

Supply current IDD4 High-speed 500kHz oscillation:
4%° Stopped. *7 _ _ 12
LCD and BIAS circuits:
Operating. **

CPU: In RC 500kHz operating
state. Ta= 25°C —

Supply current 5 | IDD5 1| 14 BIAS circuits: HA

Operating. ** *! — | — [ 100
CPU: In RC 500kHz operating
state.*?

LCD and BIAS circuits:
Operating. **

A/D: In operating state. «7
Vpp = AVpp = 3.0V

1 When the CPU operating rate is 100% (No HALT state).
2. All SEGs: off waveform, No LCD panel load, 1/3 bias, 1/3 duty, Frame frequency: Approx. 64 Hz, Bias voltage
multiplying clock: 1/128 LSCLK (256Hz)

: Use 32.768KHz Crystal Oscillator C-001R (Epson Toyocom) with capacitance Cg /Cp.  OpF.

x4 Significant bits of BLKCONO~BLKCON4 registers are all “1".

*5 1 ML610Q411 and ML610Q412

6 ML610Q415

*7 : Recommended operating temperature (Ta = —40 to +85°C for P version, Ta = -20 to +70°C for non-P version)

pA

Ta= 25°C — 0.4 0.

Supply current 6 | IDD6 mA

*3

DC CHARACTERISTICS (4/5)
(Vop = 1.11t0 3.6V, AVpp = 2.2 t0 3.6V, Vss = AVss = 0V, Ta = -20 to +70°C, Ta = —40 to +85°C for P version, unless
otherwise specified) (4/5)

Ratin M i
Parameter Symbol Condition - g Unit er?\sur.lng
Min. Typ. Max. circuit
IOH1 = —0.5mA, Vpp = 1.8 to 3.6V \g"; — — % 2
Output voltage 1 v '
(P20-P22/2" VOH1 IOH1 = -0.1mA, Vpp = 1.3 to 3.6V _;DB — —
function is v :
selected) IOH1=-003mA, Voo =1.1t03.6V | "2 | — | —
(P30-P36) '
(P40-P47) IOL1 = +0.5mA, Vpp = 1.8 to 3.6V — — 0.5
(PBO—PB7)*1 VOL1 IOL1 = +0.1mA, Vpp = 1.3 t0 3.6V — — 0.5
IOL1 = +0.03mA, Vpp = 1.1 to 3.6V — — 0.3
_ _ Vbb
IOH2 = -0.5mA, Vpp = 1.8 to 3.6V 05 — —
Output voltage 2 Voo
| n =-0.1mA, Vpp=1.31t0 3. —_— —
(P20-P22/2™ VOH2 | IOH2=-0.1mA, Vop=13103.6V |
function is Not V. '
selected) IOH2 = -0.03mA, Vpp = 1.1 to 3.6V -(;)Ds — —
VOL2 IOL2 = +5mA, Vpp = 1.8 to 3.6V — — 0.5
Output voltage 3 IOL3 = +3mA, Vpp = 2.0 to 3.6V
(P40—P41) VoLs (when I°C mode is selected) o o 0.4

C-5
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VOH4 |IOH4 = —0.2mA, VL1=1.2V _\(/)“2 — —
Vi
VOM4 IOM4 = +0.2mA, VL1=1.2V — — | +o0
Output voltage 4 v :
(COM0-3) VOM4S IOM4S = -0.2mA, VL1=1.2V 0L22 — —
(SEG0-35)" . v
(SEG0-43) VOMLA4 IOML4 = +0.2mA, VL1=1.2V — — +0L12
VOML4S IOML4S = —0.2mA, VL1=1.2V _\ng2 — —
VOL4 IOL4 = +0.2mA, VL1=1.2V — — 0.2
Output leakage
(P20-P22) IOOH |VOH = Vpp (in high-impedance state)] — — 1
(P30-P35) nA 3
(P40-P47) “ IOOL |VOL = Vss (in high-impedance state)| -1 — —
(PAO-PAT)
lIH1 VIH1 = Vpp 0 — 1
Input current 1 Voo =1.3t03.6V| —600 | —300 | -10
(RESET_N) L1 VIL1 = Vss L= '
Vop=1.11t03.6V| —600 | 300 [ -2
Vpp=1.3103.6V| 10 300 | 600
Input current 1 IIH1 VIH1 = Vpp VDD YV 200 1 600
(TEST) D= 2709
L1 VILL = Ve -1 — —
VIH2=Vpp |[Vop=1.3t03.6V| 0.2 30 200
Input current 2 11H2 (when _ pA 4
(M) oulled-down) | Yoo = 111036V 0.01 | 30 200
(P00-P03) VIL2=Vss |Vop=1.3t03.6V| —200 | -30 | -0.2
(P10-P11) -2 (when Voo =1.1t03.6V| —200 30 | -0.01
(P30-P35) pulled-up) pp = 2.4 10 SOV — - -
(P40-P47)

[IH2Z  |VIH2 = Vpp (in high-impedance state)] — — 1

(PAO-PA7)

IIL2Z  [VIL2 = Vss (in high-impedance state)| -1 — —

*1: ML610Q411 and ML610Q415
*2: ML610Q412

DC CHARACTERISTICS (5/5))
(Voo =1.1t0 3.6V, AVpp = 2.2 t0 3.6V, Vss = AVss = 0V, Ta = -20 to +70°C, Ta = —-40 to +85°C for P version, unless
otherwise specified) (5/5)

Ratin i
Parameter Symbol Condition - 4 Unit Megsur.lng
Min. Typ. Max. circuit
Input voltage 1 0.7
(RESET N) Vpp = 1.3 t0 3.6V oo | T Voo \ 5
(TEST) VIHL 07
(NI\/II) Vpp = 1.1to 3.6V ><V.DD — Vb
(PO0-P03) 03
(P10-P11) Vpp = 1.3 t0 3.6V 0 — v
(P31-P35) XVDD
(P40-P43) VILL 0.2
(P45-P47) Vpp = 1.1t0 3.6V 0 — XVIDD
(PAO-PA7)*
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Hysteresis width

RESET_N
ETEST ﬁ) ) Voo = 2.0 10 3.6V 0.05 | 0.18 0.4

(NMI)
(POO-P03)
(P10-P11)

(P31-P35) . . .

(P45-P47)
(PAO-PA7)*

XVDD XVDD XVDD

AVT

XVDD XVDD XVDD

0.7
VIH2 — — Y,
Input voltage 2 xVpp op

P30, P44 :
( ) VIL2 — 0 _ | o3

xVbp

Input pin
capacitance
(NMI)
(PO0-P03)
(P10-P11)
(P30-P35)
(P40-P47)
(PAO-PA7)™

f = 10kHz
CIN Vims = 50mV — — 5 pF _
Ta =25°C

*1: ML610Q411 and ML610Q415
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HYSTERESIS WIDTH

Input signal - Lf— Voo
B /{\ Vss

Internal signal ————— — Voo
Vss
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MEASURING CIRCUITS
MEASURING CIRCUIT 1

XTO
32.768kHz crystal [J
XT1
Cc2 ]
P10/0SCO Ci
c1 —1T
Voo AVooVrerVooL  Voox Vi1 Viz Vis Vss AVss
¢
? Cv: 1pF
A - Cro: 1pF
T T L o &
I Py PN * ° Py Py Cx: 0.1MF
C,,Cp,Ce,Cy: 1uF
ML610Q411 and ML610Q412 Coo.Coa: 10F
32.768kHz crystal:
C-001R (Epson Toyocom)
XTO
— XT1
Cc2 ]
P10/0SCO Ci
c1 —1T
77
Voo AVooVrerVooL  Voox Vi1 Viz Vis Vss AVss
¢ ¢
iyt 1
A _
i s s I O s s
ML610Q415
MEASURING CIRCUIT 2
(*2)
VIH o—> ]
—— O
s -
ORI = ] Vv 8
= 5
= O
ViL | Voo VooL Voox Vi Vi Vis AVpD/rerVssAVss °

(*1) Input logic circuit to determine the specified measuring conditions.
(*2) Measured at the specified output pins.

C-9
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MEASURING CIRCUIT 3

VIH o—> ]
RS1

VIL o—> —

Input pins
Output pins
&

Voo VooL Vobx AVppVRer VssAVss

MEASURING CIRCUIT 4

TTTTTT
| |

*1: Input logic circuit to determine the specified measuring conditions.
*2: Measured at the specified output pins.

(*3)

o——

Eja

Input pins
Output pins

ppox Vi V2 Viz AVppVRer VssAVss

TTTIIT
I T T 111

MEASURING CIRCUIT 5

*3: Measured at the specified output pins.

VIH o—> —
(*1)

VIL o—> _—

Input pins
Output pins
Waveform monitoring

po. Voox Vi1 Vi3 AVppVRrer VssAVss

lLLLlL
I O O

*1: Input logic circuit to determine the specified measuring conditions.

C-10
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AC CHARACTERISTICS (External Interrupt)
(Vop = 1.1t0 3.6V, AVpp = 2.2 t0 3.6V, Vss = AVss = 0V, Ta = -20 to +70°C, Ta = —40 to +85°C for P version, unless
otherwise specified)

Rating
Min. | Typ. | Max.

Parameter Symbol Condition Unit

Interrupt: Enabled (MIE = 1),
External interrupt disable period TnuL CPU: NOP operation 76.8 — 106.8 us
System clock: 32.768kHz

P0O0-PO03 / i AN / ZK
I

(Rising-edge interrupt) tauL

PO0-P03 N\ / \
N N

(Falling-edge interrupt) tuL

il
NMI, POO-P03 /
N

(Both-edge interrupt) tnuL

AC CHARACTERISTICS (Serial Port)
(Vop = 1.31t0 3.6V, AVpp = 2.2 to 3.6V, Vss = AVss = 0V, Ta = -20 to +70°C, Ta = —40 to +85°C for P version, unless
otherwise specified)

. Rati .
Parameter Symbol Condition - aung Unit
Min. Typ. Max.
Transmit baud rate trerT — — BRT* — s
. BRT* . BRT*
R baud rat f — BRT*
eceive baud rate RBRT 3% +3% s

*1: Baud rate period (including the error of the clock frequency selected) set with the serial port baud rate register
(SIOBRTL,H) and the serial port mode register 0 (SIOMODO).

trerT

TXDO* >§ >§

trBRT

w00 % %

*: Indicates the secondary function of the port.
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AC CHARACTERISTICS (Synchronous Serial Port)
(Vop = 1.3t0 3.6V, AVpp = 2.2 t0 3.6V, Vss = AVss = 0V, Ta = -20to +70°C, Ta = —40 to +85°C for P version, unless
otherwise specified)

Parameter Symbol Condition - Rating Unit
Min. Typ. Max.
SCLK input cycle i When high-speed oscillation 10 . . S
(slave mode) scve is not active K
SCLK output cycle 1
(master mode) Iscve B T SCLK* T S
SCLK input pulse width When high-speed oscillation
tsw ; . 4 — — us

(slave mode) is not active
SCLK output pulse width . scLk*t | scLk*t | scLk+
(master mode) W o x0.4 x0.5 x0.6 S
SOUT output delay time oo o o . 500 ns
(slave mode)
SOUT output delay time
(master mode) s o o o 500 ns
SIN input
setup time tss — 500 — — ns
(slave mode)
SIN input
setup time tss — 300 — — ns
(master mode)
SIN input
hold tirrile fsH — 80 — — ns

*1: Clock period selected with SOCK3-0 of the serial port 0 mode register (SIOOMOD1)

tscyc

tsw tsw

SCLKO* “ / \
X

SOuUTO*

N LE

itss tsh
<>

*: Indicates the secondary function of the port.
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AC CHARACTERISTICS (I°C Bus Interface: Standard Mode)

(Vop = 1.810 3.6V, AVpp = 2.2 to 3.6V, Vss = AVss = 0V, Ta = -20 to +70°C, Ta = —40 to +85°C for P version, unless
otherwise specified)

- Rati .
Parameter Symbol Condition - ang Unit
Min. Typ. Max.

SCL clock frequency fscL — — 50 — kHz
SCL hold time N o 40 o o S

(start/restart condition) HD:STA ) a
SCL "L” level time tLow — 4.7 — — us
SCL "H” level time thicH — 4.0 — — us

SCL setup time
. tsu: — 4.7 — —
(restart condition) SUSTA HS
SDA hold time tHD:DAT — 0 — — us
SDA setup time tsu:DAT — 0.25 — — us
SDA setup time

- tsu: — 4.0 — — S

(stop condition) SUSTO a
Bus-free time tBur — 4.7 — — us

Start Restart Stop
condition condition condition
< A S —
P40/SDA >< ] A - 3 a A
T | - \ /A r
P41/SCL 17 = j i + : :
5 : Po® ts <10 BUF
tHp:sTA tlow  tHicH tsussta tHD:sTA tsupaT  thDDAT oo
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AC CHARACTERISTICS (RC Oscillation A/D Converter)
(Vop =1.31t0 3.6V, AVpp = 2.2 t0 3.6V, Vss = AVss = 0V, Ta = -20 to +70°C, Ta = —-40 to +85°C for P version, unless
otherwise specified)

Parameter Symbol Condition - Rating Unit
Min. Typ. Max.
RSO, RS1,
Resistors for oscillation RTO, CSO0, CTO, CS1 > 740pF 1 — — kQ
RTO-1,RT1
_ fosc1 Resistor for oscillation = 1kQ 209.4 330.6 435.1 | kHz
Oscillation frequency - —
VDD = 1.5V foscz Resistor for oscillation = 10kQ2 41.29 55.27 64.16 | kHz
' foscs Resistor for oscillation = 100k 4.71 5.97 7.06 kHz
RS to RT oscillation frequency Kfl RTO, RTO-1, RT1 = 1kHz 5.567 5.982 6.225 | —
ratio * Kf2 RTO, RTO-1, RT1 = 10kHz 0.99 1 1.01 | —
VDD = 1.5V Kf3 RTO, RTO-1, RT1 = 100kHz 0.104 | 0.108 | 0.118 | —
_ fosc1 Resistor for oscillation = 1kQ 407.3 486.7 594.6 | kHz
Oscillation frequency - —
VDD = 3.0V foscz Resistor for oscillation = 10kQ2 49.76 59.28 72.76 | kHz
' foscs Resistor for oscillation = 100kQ2 5.04 5.993 7.04 kHz
RS to RT oscillation frequency Kfl RTO, RTO-1, RT1 = 1kHz 8.006 8.210 8.416 | —
ratio Kf2 RTO, RTO-1, RT1 = 10kHz 0.99 1 1.01 | —
VDD = 3.0V Kf3 RTO, RTO-1, RT1 = 100kHz 0.100 | 0.108 | 0.115 [ —
*1: Kfx is the ratio of the oscillation frequency by the sensor resistor to the oscillation frequency by the reference resistor on the same
conditions.
Kfx = foscx(RTO—CSO0 oscillation) foscx(RT0-1-CS0 oscillation) foscx(RT1-CS1 oscillation)
- foscx(RS0-CSO oscillation) , foscx(RSO0-CSO0 oscillation) , foscx(RS1-CS1 oscillation)
x=1,2,3)
CVRO CVR1
RTO, RTO-1, RT1: 1kQ /10k/100kQ
RSO0, RS1: 10kQ
0 =hn = CS0, CTO, CS1: 560pF
TU CVRO, CVR1: 820pF
INO CSO RCTO RSO RTO IN1 CS1RS1RT1
VIH o——> —
® RCM Frequency measurement (foscx)
w2
(GON =
a2
=
VIL o—> Voo Voo Voox AVoo VrerVss AVss

[
*1: Input logic circuit to » l
determine the specified E— —
TTF !

measuring conditions. CT

Note:

- Please have the shortest layout for the common node (wiring patterns which are connected to the external capacitors,
resistors and INO/IN1 pin), including CVRO/CVRL1. Especially, do not have long wire between INO/IN1 and RSO0/RS1. The
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coupling capacitance on the wires may occur incorrect A/D conversion. Also, please do not have signals which may be a
source of noise around the node.

- When RTO/RT1 (Thermistor and etc.) requires long wiring due to the restricted placement, please have VSS(GND)
trace next to the signal.

- Please make wiring to components (capacitor, resisteor and etc.) necessory for objective measurement. Wiring to
reserved components may affect to the A/D conversion operation by noise the components itself may have

Electrical Characteristics of Successive Approximation Type A/D Converter
(Vop = 1.810 3.6V, AVpp = 2.2 t0 3.6V, Vss = AVss = 0V, Ta = -20 to +70°C, Ta = —40 to +85°C for P version, unless
otherwise specified)

. Rati .
Parameter Symbol Condition - ang Unit
Min. Typ. Max.
Resolution n — — — 12 bit
. . 2.7V < Vger < 3.6V -4 — +4
Integral non-linearity error IDL e
2.2V <Vger < 2.7V -6 — +6
. < <3. — I +
Differential non-linearity error DNL 2.7V < Ver < 3.6V 3 3 LSB
2.2V <Vger < 2.7V -5 — +5
Zero-scale error Vore — -6 — +6
Full-scale error FSE — -6 — +6
Reference voltage VRer — 2.2 — AVpp \%
Conversion time tcony — — 23+ — | ¢/CH

¢: Period of high-speed clock (HSCLK)
*1: 2¢ / CH is required as an interval time for each conversion in the case of consecutive A/D conversion.

AVpp
Reference VRer Vbb | i
voltage VoL !
104F | *[l lluT"
® 0.1pF |
— RI<5KQ Voo i I'0
1WF v _ AINO, HHF
VVV l AIN1 Vss
Analog input AVss
0.1HFT
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Appendix D Application Circuit Example

LCD
3.0V
UEASE I
IIF
7o Voo SEGO~35(ML610Q411)  COMO-3
uvbD_o [O}—0] c, SEG0~43(ML610Q412)
VT |O— 7 NMI
RESET_N|O—0 POO/CAPO
O RESET_N
oh POL/CAPL
7;; P02
TEST|O TEST
Vep |O Voo P30/INO
v, v
VDDL Ore %, Tc VDDL ML6 1OQ411 P31/CS0O
%;}7—- 7 7J: P32/RS0
Cx Voo or P33/RTO
P34/RCTO
ey, ML610Q412  rssrem
C P44/IN1
= ve cs1 CVR1
Ca P45/CS1 —]
l_ Vi
RS1
P46/RS1
P47/RT1 RT1
c2
c N AVop
12
CoL —I__ C1 AV c
|—I— XTO AVes A
X
Cov LIX P42 (Output) —— {I}
S | l XT1 EN VDD
N — P22 P20 P21 P43 P41 P40 AINO uT ML8511
el Z | MDO  /LEDO /LED1 (Output) /SCL /SDA onp | UV sensor
Buzzer
WP SCL SDA Vce
LED I°C EEPROM
A0 Al A2 Vss
Cv 1uF
Cu :0.1uF CuLo AuF
C1 1uF Cx :0.1uF
Ca, Cp, C¢, Cy :1uF C12,C3a4 :1uF
CGL 0~ lZpF CDL 0~ 12pF
Cav 1uF RSO, RS1 110 KQ
€S0, CS1 - 560 pF CVRO, CVR1 - 820 pF
RTO, RT1 : Thermistor (L03AT/Semitec)

Figure D-1 Application Circuit Example

D-1
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Appendix E Check List

This Check List has notes to prevent commonly-made programming mistakes and frequently overlooked or
misunderstood hardware features of the MCU. Check each note listed up chapter by chapter while coding the program or
evaluating it using the MCU.

Chapter 1 Overview
[ ]Please confirm how to handle the unused pins(Refer to Section 1.3.4 in the user’s manual).

Chapter 2 CPU and Memory

e Program Memory size

[ 115,360 Byte (0:0000H to 0:3BFFH)

e Data RAM size

[ 11024 Byte (0:EO00H to 0:37FFH)

e Unused area

[ ] Please fill test area 0:3COOH to 0:3DFFH with BRK instruction code “OFFH” (Refer to a startup file
“S61041XSW.asm” for programming in the source code).

[ ] For fail safe in your system, please fill unused program memory area (your program code does not use) with BRK
instruction code “OFFH". We will fill the area with the code “OFFH” at LAPIS semiconductor’s factory programming.

e Initializing RAM

[ ]The hardware reset does not initialize RAM. Please initialize RAM by the software.

Chapter 3 Reset

e Reset activation pulse width

[ ]Minimum 200us (Refer to Appendix C-2 in the user’s manual)

e Power-on reset occurrence power rising time

[ ] Maximum 10ms (Refer to Appendix C-2 in the user’s manual)

e Reset status flag

[ 1 No flag is provided that indicates the occurrence of reset by the RESET_N pin (Refer to section 3.2.2. in the user’s
manual).

e BRK instruction reset

[ ]In system reset by the BRK instruction, no special function register (SFR) is initialized either. Therefore initialize the
SFRs by your software.

Chapter 4 Standby control / MCU control

e STOP mode

[ ] Please note the STPACP is not enabled when both interrupt enable flags and the interrupt request flags are “1” &
MIE flag is “0” (Refer to Section 4.2.2~4.2.3. in the user’s manual).

[ ] Place two NOP instructions next to the instruction that sets the STP bit to “1”(Refer to Section 4.3.3. in the user’s
manual).

e HALT mode

[ ] Place two NOP instructions next to the instruction that sets the HLT bit to “1”(Refer to Section 4.3.2. in the user’s
manual).

¢ BLKCON registers

[ ] BLKCON registers enable or disable corresponsive each peripheral (Refer to Section 4.2.4 ~ 4.2.8. in the user’s
manual).

[ ] Wh)en certain bits of block control registers are set to “1”, corresponding peripherals are reset (all registers are reset)
and operating clocks for the peripherals stop.

[ ] DXTSP bit (bit 4) of BLKCON4 register disables the operation of 32kHz crystal oscillation stop detector in only HALT
mode.

[ 1ML610Q415 does not have the 32kHz crystal oscillation stop detector.
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Chapter 5 Interrupt

e Unused interrupt vector table

[ ]Please define all unused interrupt vector tables for fail safe.
e Non-maskable interrupt

[ ] The watchdog timer interrupt (WDTINT) and the NMI interrupt (NMINT) are non-maskable interrupts that do not
depend on MIE flag(Refer to Section 5.2.9. and 5.3).

Chapter 6 Clock generation circuit

e Initial System clock

[ 1At power up or system reset, both built-in 500kHz RC oscillation and 32.768kHz crystal oscillation are oscillating, and
1/8 of the 500kHz RC oscillation clock(62.5kHz) is selected as a system clock for CPU. ML610Q415 does not have the
32.768kHz crystal oscillation function.

e Switching high-speed clock operation mode to low-speed clock operation mode
[ 1 When switching the high-speed clock to the low-speed clock after the power up, confirm the low-speed clock is
oscillating for sure by checking Q128H bit is “1".

e Switching high-speed clock operation mode to another high-speed clock operation mode
[ ] When switching the high-speed clock mode, the clock must be first switched back to low clock before switching to
other high-speed clock (Refer to Section 6.2.2.).

e Port 2" Function
[ ] Specify the 2" function for the port 2 when driving a clock to the pin(Refer to Section 6.4 in the user’s manual).

Chapter 7 TBC (Time Base Counter)

e HTBCLK

[ 1HTBLK goes through the HTBDR register. Set proper valute to the register(Refer to Section 7.2.3. in the user’s
manual).

e How to read LTBC

[ ]Read consecutively LTBC(Low-speed Time Base Counter) twice until the last data coincides the previous data to
prevent reading of uncertain data while counting up the clock (Refer to Section 7.3.1 in the user’s manual).

Chapter 10 Timer

e How to read the timer counter registers

[ ]Check notes for reading the timer counter registers while counting up(Refer to Section 10.2.6. ~ 10.2.9. in the user’s
manual).

Chapter 11 PWM

e Used Pin

[ ]P34(PWMO) pin or P43(PWMO) pin is used.

e How to read the PWM counter registers

[ ]Check notes for reading the PWM counter registers while the PWM is operating(Refer to Section 11.2.4. in the user’s
manual).

e Port 2" Function

[ ] Specify the 2" Function for the port(Refer to Section 11.4 in the user’s manual).

Chapter 12 WDT

e Overflow period

Clear WDT during the selected overflow period:

[ ]1125ms, [ 1500ms, [ 12s, [ ]8s

e WDP

[ ]Check the WDP before writing to the WDTCON and determine writing “5AH” or “OA5H” (Refer to Section 12.2.2. in
the user’s manual).
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Chapter 13 SSIO

e Used pin

[ ]P40(SINO), P41(SCKO0) and P42(SOUTO) are used, or P44(SINO), P45(SCKO0) and P46(SOUTO) are used.
e Port 2" Function

[ ] Specify the 2" Function for the port (Refer to Section 13.4. in the user’'s manual)

Chapter 14 UART

e Used pin

[ ]PO2(RXDO0) and P43(TXDO0) are used, or [ ]P42(RXDO0) and P43(TXDO0) are used.
[ ] Select the PO2 or P42 for RXDO by specifying UORSEL bit of UAOMODO register.

e Port 2" Function

[ ] Specify the 2" Function for the port (Refer to Section 14.4. in the user’s manual)

Chapter 15 12C

e Used pin

[ ]1P40(SDA) pin and P41(SCL) pin used.

e Port 2" Function

[ ] Specify the 2" Function for the port (Refer to Section 15.4. in the user’'s manual)

Chapter 16 NMI
e Handling the pin
[ ]Don't leave Hi-impedance NMI pin in floating state.

Chapter 17~ Chapter 22 Port

e Handling the pin

[ ]Don’t leave Hi-impedance Input ports in floating state.

e Port 2™ Function

[ ] Specify properly PnCONO/1 and PnMODO/1 registers for each port.
e Port A

[ 1ML610Q412 does Not have port A.

Chapter 23 Buzzer

e Enabling the LSCLK x 2

[ ]Set ENMLT bit of FCONL1 register to “1” to enable the low-speed double clock (LSCLK x 2) before stating the buzzer
output.

e Port 2" Function

[ ] Specify the 2" Function for the port (Refer to Section 23.4. in the user’s manual)

Chapter 24 RC oscillation type A/D converter

e Counter register

[ ]Reading the counter register A or B during the A/D conversion, returns the data written before starting the A/D
conversion.

e Oscillation monitor pin

[ 1P35/RCM pin is a monitor pin for oscillation clock. The channel 0(P34-P30) and channel 1(P47-P44) share the
monitor pin.

[ ]Please use P35/RCM for the evaluation purpose and disable the output while operating in an actual application to
minimize the noise.

e Port 2" Function

[ ] Specify the 2" Function for the port (Refer to Section 24.4. in the user’'s manual).

[ TAll the Port 3 pins except P35/RCM are configured as pins dedicated to the RC-ADC function during A/D
conversion(Refer to Section 24.3.1. in the user’s manual).
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Chapter 25 Successive Approximation type A/D converter
e Operating conditions
[ ]Please confirm the operating voltage and the clock frequency.
Vpp=1.3V~3.6V (HSCLK=375KHz~625KHz), AVpp=2.2V~3.6V
e Others
[ ]Use the A/D converter when the HSCLK is oscillating.
[ 1Do not set SARUN bit of SADCONL register to “1” on the condition both SACHO bit and SACH1 bit of SADMODO
register are “0” (Refer to Section 25.2.7 ~ Section 25.2.8).

Chapter 26 LCD driver

e Bias

[ ]11/3 bias

e Duty

[ 111~ 1/4 duty

e COM/SEG

[ 1ML610Q411/ML610Q415: 4COM x 36SEG

[ 1ML610Q412: 4COM x 44SEG

e External capacitor

[ ]Ca=luF(connected to VL1 pin), [ ] Cb=1uF(connected to VL2 pin),
[ ]Cc=1uF(connected to VL3 pin),

[ ]Ci12=1uF(connected between C1 and C2 pin)

Chapter 27 BLD (Battery Low Detector)
e Changing the threshold
[ ]Please select the threshold voltage when the BLD circuit is OFF.

Chapter 28 Power circuit

e External capacitor

[ ]1CLO=1uF (connected to VDDL pin), [ ]1Cx=0.1uF (connected to VDDX pin)/ ML610Q415 does not require
this.

Chapter 29 On-chip debug

[ 1Supply 3.0V ~ 3.6V to VDD pin when programming (erasing and writing) the Flash ROM with LAPIS semiconductor
development tool UEASE.

[ ]Please do not apply LSIs being used for debugging to mass production.

[ ]Please validate the ROM code on your production board without LAPIS semiconductor development tool UEASE.

Appendix A SFR (Specific Function Registers)
e Initial data
[ ]Please confirm there are some SFRs have undefined initial value at reset (Refer to Appendix A in the user’s manual).

Appendix C Electrical Characteristics

e Operating voltage vs Operating frequency

[ ]Please confirm the operating conditions.
[ ]+1.1Vto +3.6V (OkHz to 36kHz: Low-speed crystal oscillation clock operation)
[ ]+1.3Vto +3.6V (30kHz to 625kHz: Built-in RC oscillation clock operation)
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