























































































































































































































































































































































































































































































































































































































































































































APPLICATION

7.3 Program examples

7.3.2 Initialization examples

SEQ. LoC.  0BJ. ceeoXean doo X 02000 %, .. SOURCE STATEMENT....5....%....8.00% 00 Touo X o 8uu0 X, 8000 XL
242 .PAGE  'MAIN ROUTINE’

243 ’

244 H

245 H Main routine =

248 H

247 H

248 H

249 H Initialization routine =

250 H

251 H

252 H

253 H Assembler declarations =

254 H

255 H

256 ; These are assembler declarations.

257 » Flags and registers used

258 ; in the program must match

259 ; these declarations.

260 H

261 .SECTION PROGRAM ; Section name

262 .ORG  OCOOOH » Start address

263 .DATA 1B ; Data length

264 .INDEX 18 ; Index register length
265 .Dp 0000H ; Direct page

266 DT OOH ; Data bank

287 H

268 H

269 H Initialize registers and flags =

270 ’

211 ’

272 00C000 INITIAL:

273 00C000 78 SEI ; Disable interrupt
274 00C001 C238 CLP myX,D » Set data and index register length 16 bits
275 » Binary operation mode
276 00C003 A27F02 LDX #027FH H

277 00C00B8 9A TXS ; Stack pointer=Highest address of RAM
278 00C007 AS0000 LDA A, 40 H

273 00C00A 5B TAD s Direct page=OH to FFH
280 00CO0B 89C200 LDT #0 ; Data bank=Bank 0

281 00COOE x645E2000 L LDM $0020H, PMR ; Interrupt priority detection time=2¢ cycles
282 3 Single-chip mode

283 H

284 H

285 ; Clear RAM =

286 H

287 H

288 00C012 A27E02 LDX #027EH H

283 00C015 A90000 LDA A,#0 3 Set initial value (OH) in accumulator A
290 00C018 RAM_CLR: ;

231 00C018 %9500 STA A,0,X » Write content of accumulator A to specified
232 00CO1A CA DEX > RAM in 16-bit unit
293 00CO1B CA DEX ’

294 00COIC EO7E00 CPX $07EH H

295 O00COIF DOF7 L BNE RAM_CLR H

296 H

297 H

298 H Change register model =

299 H (if necessary) =

300 H

301 H

302 .DATA 8 ; Data length

303 00C021 F8 SEM ; Data length 8 bits
304 H

305 H

306 H

307 00C022 2000D0 L JSR SUB_T1_1

308 00C025 80FE L E_LOOP: BRA E_LOOP

309
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7.3 Program examples

7.3.3 Timer modes setting examples
(1) Timer A.....ceeeeeeee.. Timer mode

coeekeiiolooo X 0 200 %, .. . SOURCE STATEMENT....5....%....Bu.o koo Tooo koo BuuXou . 000X

SEQ.

3217
328
329
330
331
332
333
334
336
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
367
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
311
318
318
380
381
382
383
384
385
386
387
388
389
330

Loc.  08BJ.

00D000
00D000 E224

00D002 144001
00D005 *645600

00D008 D8
00D009 %6446CFO7

00D0OD F8
00DOOE x647507

00D011 *044001
00D014 58

00D015 60 °

00D016

00D016 F8
00D017 x144001
00DO1A x645604

00D01D D8
00DO1E xB446CF07
00D022 F8

00D023 xB47500
00D026 *044001

00D028 60

L

L

L

-
. b ha e e e e bbb bbb b b Bee bt bbb pme e bt bt b b bk bbb b b b b bt bt Bt b b bt bt bk bbb b bt bt bt bk b bt bt bt b b et bt bbb bt s e e b e e

.PAGE

Timer setting example 1
[Timer A: Timer mode]

.
’
’
’
’
’
.
’
’
’
’
’
’
’
’
’
’

U2 we e wewe we e we we we we

e we we

¥hen there is no pulse output =

Timer ‘Timer A0
Mode :Timer mode
Pulse output ‘Disabled
Gate function :Disabled
Count source f(XIN)Y/2

UB_T1_1:

.DATA 8

SEP m I

CLB $00000001B, TABSR
LDM $000000008, TAOMR

Data length 8 bits, disable interrupt

Stop TAO count

Timer mode, disable pulse output and gate function
Count source=f(XIN)/2

.DATA 18

CLM ; Data length 16 bits
LDM #2000-1,TAO ; Set counter value
.DATA 8

SEM Data length 8 bits

LDM $00000111B,TAOIC Clear TAO interrupt request bit
Enable TAO interrupt (level 7)
Start TAO count

Enable interrupt

SEB $00000001B, TABSR
CLI

% Hereafter, interrupt request occurs after each timer AO overflows.

RTS

Khen there is pulse output =

Timer :Timer AO
Mode :Timer mode
Pulse output  ‘Enabled
Gate function :Disabled
Count source :f(XIN)/2

UB_T1.2:

.DATA 8

SEM

CLB $00000001B, TABSR
LDM $00000100B, TAOMR

Data length 8 bits

Stop TAO count

Timer mode, enable pulse output, disable gate function
Count source=f(XIN)/2

.DATA 1B

CLM ; Data length 16 bits
LDM $2000-1,TAO ; Set counter value
.DATA 8

SEM Data length 8 bits

LDM 000000008, TAOIC
SEB #00000001B, TABSR

Disable TAO interrupt
Start TAO count

% Hereafter, the phase of output pulse inverts every time timer AO overflows.

RTS
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7.3 Program examples

(2) Timer A...........c.ee......... EVvent counter mode

SEQ. LOC.  OBJ. ceveXoin doio X 2., 0%, . . SOURCE STATEMENT....5....%....BoevoXees TouiiXoo o 8un i X 800 key,
391 1 .PAGE

392 13

393 13

394 13 Timer setting example 2 =

395 13 [Timer A: Event counter mode] =

396 13

397 13

398 13 Timer :Timer Al

399 13 Mode :Event counter mode

400 13 Pulse output  :Disabled

401 13 Count phase ‘Fall

402 13 Up/down switch :Content of up/down flag

403 13

404 00D02A 1 SUB_T2:

405 - 1 .DATA 8

406 00D02A E224 1 SEP m, I ; Data length 8 bits, disable interrupt
407 00DO2C *140D08 L1 CLB $00001000B,P5D 3 Set PS3/TALIN pin to input mode

408 O00DOZF %144002 L1 CLB $00000010B, TABSR 3 Stop TAl count

403 00D032 645701 L1 LDM $00000001B, TAIMR 3 Event counter mode, disable pulse output
410 1 5 Select falling edge count and up/down flag
411 00D035 x144402 L1 CLB #00000010B, UDF ; Set to decrement count

412 1 .DATA 18

413 00D038 D8 1 CLM ; Data length 16 bits

414 00D039 x64486300 L1 LDM $100-1,TAl 3 Set counter value

415 1 .DATA 8

416 00D03D F8 1 SEM ; Data length 8 bits

417 00DO3E x847603 L1 LDM $00000011B,TA1IC 3 Clear TAl interrupt request bit !
418 1 ; Enable TAl interrupt (level 3)

419 00D041 %044002 Ll SEB #00000010B, TABSR 3 Start TAl count

420 00D044 58 1 CLI 3 Enable interrupt

421 13

422 13 X Hereafter, an interrupt request occurs at every 100 count.

423 13

424 00D045 60 1 RTS

425 13

426 13
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7.3 Program examples

(3) Timer A.......cccccuueeeeeee.. TWO phase pulse processing function

SEQ. LOC.  OBJ. ceeoXelldo X 2000 % ., SOURCE STATEMENT....5....% . .Buee ¥ Too oo 8ok 8uu X
421 1 .PAGE

428 13

429 13

430 13 Timer setting example 3 =

431 13 [Timer A: Two phase pulse processing function] =

432 13

433 |

434 13 Timer ‘Timer A2

435 13 Mode ‘Event counter mode -
436 13 (two phase pulse signal processing function)

437 13

438 00D046 1 SUB_T3:

439 1 .DATA 8

440 00D046 F8 1 SEM ; Data length 8 bits

441 00D047 x140D30 L1 CLB $001100008B,P5D 3 Set P54/TA20UT, PS5/TA2IN pin to input mode
442 00D04A x144004 L1 CLB $00000100B, TABSR y Stop TA2 count

443 00D04D xB45811 L1 LDM $00010001B, TA2MR ; Event counter mode

444 00DOS0 xB44420 L1 LDM $001000008B, UDF ; Select two phase pulse signal processing function
445 1 .DATA 18

446 00D053 D8 1 CLM ; Data length 18 bits

447 00D054 x644A0080 L1 LDM $8000H, TA2 3 Set counter value

448 1 .DATA 8

449 00D058 F8 1 SEM ; Data length 8 bits

450 00D059 *847700 L1 LDM $00000000B, TA2IC ; Disable TA2 interrupt

451 00DOSC 044004 L1 SEB $00000100B, TABSR ; Start TA2 count

452 13

453 13 X Hereafter, count is performed with input signals to TA20UT and TA2IN pins.
454 13

455 O0O0DOSF 60 1 RTS

456 13
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7.3 Program examples

(4) Timer A..........cccvsureeeeee.. ONE-shot pulse mode

SEQ.

457
458
459
480
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
471
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
493
500
501
502
503
504
505
508
507
508
509
510
511
512
513
514
515
516
517
518
519
520
621

Loc.  OBJ.

00D060

00D0BO F8
00D0B1 x144008
00D064 x645906

00D087 D8
00D0B8 x644CDO07

00DOBC F8

00DOBD x647800
00D070 x044008
00D073 x644208

00D076 60

00D077

00D077 F8

00D078 x140D80
00DO7B %144008
00DO7E x645316

00D081 D8
00D082 %644CD0O07
00D086 F8

00D087 *647800
00DO8A x044008

00D08D 60

—

[ PPN PN

PAGE

X....2....%..,.SOURCE STATEMENT....5....%....B....%....7..

Timer

[Timer A: One-shot pulse mode]

setting example 4

nn

LN we woe weve wevewe wovwovewes we wo we o

e wowe

.o we

Khen internal trigger is selected =

Timer
Mode
Start

Count

UB.T4_1:
.DATA
SEM
CLB
LDM

DATA
CLM
LDM
.DATA
SEM
LDM
SEB
LDM

3 Generate one-shot pulse

RTS

:Timer A3

:One-shot pulse mode

trigger

:One-shot start flag

(Software trigger)

source f(XIN)/2

8

$00001000B, TABSR
$00000110B, TASMR

16

#2000, TA3
8

$00000000B,TA3IC
#00001000B, TABSR
$00001000B, ONSF

.o e we e we

Data length 8 bits

Stop TA3 count

One-shot pulse mode, software trigger
Count source=f(XIN)/2

Data length 16 bits
Set counter value

Data length 8 bits

Disable TA3 interrupt

Enable TA3 count

Generate TA3 one-shot trigger

When external trigger is selected =

Timer
Mode
Start

Count

UB_T4.2:
.DATA
SEM
CLB
CLB
LDM

.DATA
CLM
LDM
.DATA
SEM
LDM
SEB

‘Timer A3

:One-shot pulse mode

trigger

‘Falling edge of TASIN

(Hardvare trigger)

source f(XIN)/2

8
#10000000B,P5D
#00001000B, TABSR
#00010110B, TA3MR
16

#2000,TA3

8

#00000000B, TASIC
#000010008, TABSR

Data length 8 bits

Set PS7/TA3IN pin to input mode

Stop TA3 count

One-shot pulse mode, external trigger
Count source=f(XIN/2)

Data length 16 bits
Set counter value

Data length 8 bits
Disable TA3 interrupt
Enable TA3 count

% Generate one-shot pulse at falling edge input to TASIN pin

RTS
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7.3 Program examples

(5) Timer A.....cccevvrverenee... PWM mode

SEQ. LOC. 0BJ. ceeeXoii o0 2.0 0%, .. SOURCE STATEMENT....5....%....B...%. . . Too X 0 8u 0% 0.800 0 XL
522 1 .PAGE

523 13

524 13

525 13 Timer setting example 5 =

526 13 [Timer A: PWM mode] =

527 13

528 13

529 13 16-bit PEM =

530 13

631 13 Timer ‘Timer A4

532 13 Mode <P¥M mode

533 13 Start trigger :Count start flag

534 13 (Softvare trigger)

635 13 P¥M mode :16-bit PEM mode

536 13 Count source :f(XIN)/2

537 13

538 0ODOSE 1 SUB_T5_1:

639 1 .DATA 8

540 OODOBE F8 1 SEM ; Data length 8 bits
641 OODOSF x144010 L1 CLB $00010000B, TABSR 3 Stop TA4 count

542 00D092 x645A07 L1 LDM $00000111B, TA4MR 3 16-bit PWM mode, software trigger
543 1 3 Count source=f(XIN)/2
544 1 JDATA 18

545 00D0S5 D8 1 CLM ; Data length 1B bits
546 00D096 *B44EDOO7 L1 LDM $2000, TA4 3 Set counter value (output “H” pulse width)
547 1 .DATA 8

548 00DO9A F8 1 SEM ; Data length 8 bits
549 00DO9B x647900 L1 LDM $00000000B, TA4IC ; Disable TA4 interrupt
550 O0ODOSE x044010 L1 SEB $00010000B, TABSR ; Start PWM output

651 13

552 13 % Generate pulse

553 13 \

554 00DOAl 60 1 RTS

655 13

556 13

557 13

558 13 8-bit P¥M =

559 13

560 13 Timer ‘Timer A4

661 13 Mode *P¥M mode

562 13 Start trigger :Count start flag

563 1; (Software trigger)

564 13 PAM mode :8-bit PWM mode

565 13 Count source :f(XIN)/2

566 13

567 00DOA2 1 SUB_T5_2:

568 1 .DATA 8

569 00D0A2 F8 1 SEM ; Data length 8 bits
570 00DOA3 x144010 L1 CLB $00010000B, TABSR 3 Stop TA4 count

571 00DOAB xB45A27 L1 LDM $00100111B, TA4MR s 8-bit P¥M mode, software trigger
572 1 3 Count source=f(XIN)/2
573 00DOAS *B44EC7 L1 LDM #200-1,TA4L 3 Set prescaler value
574 O00DOAC *B44F0A L1 LDM #10,TA4H 3 Set counter value (output “H” pulse vidth)
575 O00DOAF x847300 L1 LDM $00000000B, TA4IC ; Disable TA4 interrupt
676 00DOB2 x044010 L1 SEB $00010000B, TABSR 3 Start PEM output

677 13

578 13 % Generate pulse

579 13

580 00DOBS B0 1 RIS

581 13

582 13
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7.3 Program examples

(6) Timer B.........ccceuneunnneo.. Pulse period measurement mode

SEQ. LOC. OBJ. ceeskoiidoo X, 2000 ... SOURCE STATEMENT....5... K.eeBueuikees Do enn 8unuuXen o 80 kel
583 1 PAGE

584 13

585 |

586 13 Timer setting example 6 =

587 13 [Timer B: Pulse period measurement mode] =

588 13

589 13 Timer ‘Timer Bl

690 13 Mode ‘Pulse period measurement mode

691 13 (betveen falling edge and falling edge)

592 13 Count source <f(XIN)/64

593 13

694 00DOBB 1 SUB_T6:

595 1 .DATA 8

536 O00DOBS F8 1 SEM 5 Data length 8 bits

597 00DOB7 x141040 L1 CLB $01000000B,PED 3 Set PB6/TBLIN pin to input mode
598 00DOBA *144040 11 CLB $01000000B, TABSR ;> Stop TBI count

599 00DOBD *645C82 L1 LDM #10000010B, TB IMR + Pulse period measurement mode
600 1 5 Count source=f(XIN)/64

601 00DOCO xB647B00 L1 LDM #00000000B,TB11C ; Clear TBl interrupt request bit
602 1 s Disable TBl interrupt

603 00DOC3 *044040 L1 SEB #01000000B, TABSR ; Start TB1 count

604 00DOC6 1 L1_T6%

805 00DOCB *347BOSFC L1 BBC #00001000B,TB1IC,L1_T6 ; TBI interrupt request bit= “1” ?
608 1 .DATA 186

607 00DOCA D8 1 CLM ; Data length 16 bits

608 00DOCB *A552 L1 LDA A,TB1 5 Read out measurement result in accumulator A
609 1 .DATA 8

610 00DOCD F8 1 SEM ;> Data length 8 bits

611 13

612 13 Note: TB1 overflow period is assumed to be sufficiently longer
613 13 than measured pulse period.

614 1;

615 OODOCE 60 1 RIS

616 13

230
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7.3 Program examples

(7) Timer B.....ccccevurnenene.. Pulse width measurement mode

SEQ.

617
618
619
620
621
622
623
624
625
626
627
628
629
630
631
632
633
634
635
636
637
638
639
640
641
642
643
644
645
646
647
648
649
650
651
652
653
654
655
656

LOC.  OBJ.

00DOCF

O0DOCF F8

00DODO *141080
00DOD3 x144080
00DOD6 *645D8A

00DOD3 *647C00

00DODC *044080
00DODF

00DODF *240E80FC
00DOE3

00DOE3 *340E80FC
0ODOE7 *147C08
OODOEA

OODOEA *347CO8FC
OODOEE x147C08

00DOF1 D8
00DOF2 *A554

00DOF4 F8

00DOF5 60

FETTE FPNN PR I

.PAGE

«e2....%, ... SOURCE STATEMENT..,.5....%....B....%....T....%...

Timer setting example 7

[Timer B: Pulse width measurement mode]

U2 wewe wewowe vovewevewe wowe wo

L1.T7:

L2_T7:

L3_T7:

UB_T7:

Timer
Mode

% This program is a TB2IN input signal “H” level measurement example.

:Timer B2

‘Pulse with measurement mode
Count source :f(XIN)/64

The TB2 overflow period is assumed to be sufficiently longer than
measured pulse width.

.DATA
SEM
CLB
CLB
LDM

LDM
SEB
BBS

BBC
CLB

BBC
CLB
.DATA
CLM
LDA
.DATA
SEM

RTS

8

#10000000B,P6D
#10000000B, TABSR
$10001010B, TB2MR
$00000000B,TB2IC
#10000000B, TABSR
#100000008B,P6,L1_17

#100000008, P8, L2_T7
#00001000B, TB2IC

#000010008, TB2IC,L3_17
$00001000B, TB21C
16

A,TB2
8

’

.o

Data length 8 bits

Set PB7/TB2IN pin to input mode
Stop TB2 count

Pulse width measurement mode
Count source=f(XIN)/64

Clear TB2 interrupt request bit
Disable TB2 interrupt

Enable TB2 count

3 TB2IN= “L.” ?

TB2IN= “4” ?
Clear interrupt request bit

; Interrupt request bit= “1” ?

Clear interrupt request bit

Data length 16 bits
Read measurement result

Data length 8 bits
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7.3 Program examples

7.3.4 Serial 1/0 modes setting examples
(1) 8-bit UART ...................1 byte receive

SEQ. LOC.  OBJ. ceesXeio lo X0, .2,.. %, .. . SOURCE STATEMENT....5....%. 0 BuueoXoee Touo X 8uui % 08000 %, 0

673 1 PAGE

674 13

675 13

876 13 Serial 1/0 setting example 1 =

677 13 [8-bit UART (1 byte receive)] =

678 13

679 13 Channel <UART1

680 13 Mode :8-bit UART

681 13 Stop bit length :1 bit

682 13 Parity *None

683 1; Clock :Internal (9800bps)

684 13 Sleep function :Disabled

685 13

686 13 8-bit UART (1 byte receive) programming model

687 13 M37702

688 13 #ommme +

689 13 | |

690 13 DATA ========== >1 RxD1 |

691 13 |

692 13 L I RTS1 |

693 13 | 1

694 13 #mmmmme- +

695 13 9600bps

696 13

697 00D800 1 SUB_SI:

698 1 .DATA 8

699 00D800 F8 1 SEM » Data length 8 bits

700 00D801 *141440 L1 CLB $01000000B, P8D 3 Set P86/RXD1 pin to input mode

701 00D804 x643805 L1 LDM $00000101B,S1MR 3 8-bit UART, internal clock, 1 stop bit
702 1 ;> No parity, disable sleep mode

703 00D807 *643C04 L1 LDM $00000100B,S1CL 3 BRG count source=f(XIN)/2

704 1 3 Select RTS function

705 00D80A x643919 L1 LDM $25,S1BRG 5 Set value in BRG (at 9615bps: 8MHz)
706 00D8OD xB43D04 L1 LDM $000001008B,S1CH 3 Enable receive

707 13

708 13 ¥ Receive starts when RTS output becomes “.” level to enable receive
708 13 and a start bit is detected.

710 13

711 00D810 1 L1.S1:

712 00D810 *343D08FC L1 BBC #00001000B,S1CH,L1_S1  ; Receive complete (receive completion flag= “1” )?
713 00D814 x343D8003 L1 BBC #10000000B,S1CH,L2_S1 5 Check error (error sum flag)

714 00D818 20BAD8 L1 JSR SUB_ERRO 5 Jump to UART receive error processing routine
715 00D81B 1 L2_S1:

716 00D81B xAS3E L1 LDA A,SIRB . s Read receive buffer

717 00D81D *143D04 L1 CLB #00000100B,S1CH ; Disable receive

718 00D820 60 1 RTS

719 13
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7.3 Program examples

(2) 8-bit UART ................... 1 byte transmit

SEQ.

720
721
722
723
T24
25
26
721
728
729
730
731
32
733
734
735
736
31
788
738
740
T41
742
743
744
745
746
47
748
749
750
751
752
753
754
755
758
757
758
759

LOC.  OBJ.

00D821

00D821 F8
00D822 141401
00D825 643005

000828 *643400

00D82B *B843119
00D82E *B643501
00D831 *AS82
00D833 *8532
00D835 x143501
00D838 60

ceeoXooi looo X002, . X, .. SOURCE STATEMENT....5....%....B...

.PAGE

Serial I/0 setting example 2
[8-bit UART (1 byte transmit)]

mn

R/ o wowe we ve ve we e wewe e vewe Bo Ve we Wo we we we wo wo we wo

8

Channel <UARTO

Mode :8-bit UART

Stop bit length :1 bit

Parity None

Clock :Internal (9600bps)

Sleep function :Disabled

8-bit UART (1 byte transmit) programming model
M37702

$omnccas. +

1 1

1 TRDO I=====m==n= > DATA
| 1

I CISO Ig=====- +

1 1 1

| | -+- GND
Fomm———— +

9600bps

DATA 8

SEM Data length 8 bits

CLB $00000001B,P8D
LDM #00000101B,SOMR

LDM #00000000B, SOCL
LDM #25,S0BRG

LDM #00000001B, SOCH
LDA A,T_DATA

Enable transmit

STA A,S0TB
CLB $00000001B,SOCH Disable transmit
RIS

Ko To X B XS X

Set P80/CTSO pin to input mode

8-bit UART, internal clock, 1 stop bit
No parity, disable sleep mode

BRG count source=f(XIN)/2

Select CTS function

Set value in BRG (at 9615bps; 8MHz)

Read transmit data (T_DATA)
Transmit data —> transmission buffer
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7.3 Program examples

(3) 8-bit UART ................... n-byte transmit

Data length, index register length 8 bits
Set P80/CTSO pin to input mode

8-bit UART, internal clock, 1 stop bit
No parity, disable sleep mode

BRG count source=f(XIN)/2

Set value in BRG (at 9615bps; 8MHz)

Transmit data —> transmission buffer

3 Transmission buffer empty flag= “1” 2

Compare with transfer data count (DAT_CNT)
Continue data transmit?

SEQ. LOC.  OBJ. veeoXoiiloii X0 2,0 %, .. SOURCE STATEMENT....5....%.
760 1 PAGE

761 13

762 13

763 13 Serial I/0 setting example 3 =
764 13 [8-bit UART (n-byte transmit)] =
765 13

766 13 Channel :UARTO

67 13 Mode :8-bit UART

768 13 Stop bit length :1 bit

769 | Parity ‘None

7170 13 Clock Internal (9600bps)

! 13 Sleep function :Disabled

772 13

773 1; 8-bit UART (n-byte transmit) programming model
774 13 M37702

775 1; +

776 13 1 1

m 13 I TxDO 1-=====- > DATA

778 13 | |

778 13 o o

780 13 I CTSO 1<==m==mm RTS

781 13 1 1

782 13 oo +

783 13 8600bps

84 13

785 13

786 13 Prepare transmit =

787 13

788 1;

789 00D839 1 SUB_S3:

790 1 .DATA 8

791 1 .INDEX 8

792 00D833 E230 1 SEP mX i

793 00D83B x141401 L1 CLB £00000001B,P8D H

794 0O0DB3E *643005 L1 LDM $00000101B, SOMR

795 1 H

796 00D841 x643400 L1 LDM #00000000B,SOCL

797 1 ; Select RIS function
798 00D844 x643119 L1 LDM #25,S0BRG H

799 00D847 xB643501 L1 LDM #00000001B,SO0CH ; Enable transmit
800 13

801 13

802 13 Operate transmit =

803 13

804 13

805 00D84A A200 1 LDX $0 H

806 00D84C 1 L1.S3:

807 00D84C *B582 1 LDA A,T_DATA,X ;> Read transmit data
808 O0ODB4E *8532 L1 STA A,SOTB H

809 00D850 1 L2.88:

810 00D850 *343502FC L1 BBC $00000010B,SOCH,L2_S3 3

811 00D854 E8 1 INX

812 00D855 *E480 1 CPX DAT_CNT H

813 00D857 DOF3 L1 BNE L1_S3 H

814 13

815 13

816 13 Complete transmit =

817 13

818 13

819 00D859 *143501 L1 CLB #00000001B,SOCH ; Disable transmit
820 13

821 00D8SC 60 1 RTS

822 13

823 13
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(4) Clock synchronous....1 byte receive

SEQ.

824
825
826
827
828
829
830
831
832
833
834
835
836
837
838
839
840
841
842
843
844
845
846
847
848
849
850
851
852
853
854
855
856
857
858
859
860
861
862
863
864
865
866
867
868
869
870
871

LoC.  OBJ.

00D85D

00D85D F8

00DBSE *141460
00D861 *B43809
00D864 *643C04
00D867 *B43AS5

00DB6A *643D05

00D86D

00D86D *343DOSFC
00D871 %343D1003
00D875 20C1D8
00D878

00D878 *AS3E
00D87A x143D05

00D87D 60

L1

ceeoXe,

coloeooX 2000 .%, .. SOURCE STATEMENT....G....%. .8,k T o 8uu X 00800 XL,

Serial 1/0 setting example 4
[Clock synchronous (1 byte receive)]

UB_S4:

-

Channel ‘UART1
Mode :Clock synchronous
Clock External

Clock synchronous {1 byte receive) programming model

M37702

B +

I RxDl l<-=-=---

1 |

I CLKl Ig===memm CLOCK

[ .

I RIS1 i------- > CTS

| |

Hom———— +

.DATA 8

SEM , ; Data length 8 bits

CLB $01100000B,P8D ; Set P86/RXD1, P85/CLK1 input to input mode

LDM $00001001B,S1MR ; Select clock synchronous, external clock

LDM $00000100B,S1CL 3 Select RTS function

LDM #55H,S1TB ; Set transmit dummy set

X With clock synchronous serial 1/0, the transmitter must be operating
even if only receive is performed.

LDM $00000101B,S1CH ; Enable receive and transmit

% Hereafter, receive operation starts when synchronous clock
is input to CLK1 pin.

BBC $00001000B,S1CH,L1_S4 ; Receive completion flag= “1” ?
BBC $00010000B,S1CH,L2_S4 ; Overrun error?

JSR SUB_ERR1 3 Jump to clock synchronous error processing routine
LDA A,SIRB ; Read received result

CLB $00000101B,S1CH ; Disable receive and transmit

RTS
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(5) Clock synchronous

SEQ.

872
873
874
875
876
871
878
879
880
881
882
883
884
885
886
887
888
889
830
891
892
893
894
895
896
897
898
899
800
801
902
903
904
905
906
807
908
909

Loc.  OBJ.

00D87E

00DS7E F8

00D87F x141401
00D882 *643001
00D885 x643400

00D888 *643100
00D88B *643501
00D8BE *A582
00D830 *8532
00D832 x143501

00D835 B0

....1 byte transmit

eeooXeoo oo X2, .. .%, .. .SOURCE STATEMENT....5....%....B....%....7....%....8....%....9....%...

1 .PAGE

13

13

13 Serial 1/0 setting example 5 =

13 [Clock synchronous (1 byte transmit)] =

13

13 Channel *UARTO

13 Mode :Clock synchronous

1; Clock :Internal (2Mbps)

13 ,

13 Clock synchronous (1 byte transmit) programming model

13 M37702

13 At +

13 ! 1

13 I TxDO I-====== > DATA

| ! 1

13 I CLKO 1=====-- > CLOCK(2Mbps)

13 [

13 I CTSO I<==n=m~ +

13 [ 1 I

13 ! ! -+- GND

1, dom———— +

13

1 SUB_S5:

1 .DATA 8

1 SEM ; Data length 8 bits
L1 CLB $00000001B,P8D 3 Set P80/CTSO pin to input port
L1 LDM $00000001B,SOMR 3 Clock synchronous, internal clock
Lt LDM $00000000B, SOCL ; BRG count source=f(XIN)/2

1 s Select CTS function
Lt LDM #0,SO0BRG ; Set value in BRG (at 2Mbps; 8MHz)
L1 LDM £00000001B,SO0CH s Enable transmit

1 LDA A,T_DATA ; Read transmit data (T_DATA)
L1 STA A,SOTB 3 Transmit data —> transmission buffer
L1 CLB $00000001B,SO0CH ; Disable transmit

13

RTS
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(6) Clock synchronous ....n-byte transmit

SEQ.

910
a1
812
913
914
915
916
917
918
919
920
921
922
923
924
925
926
927
928
929
930
931
932
933
934
935
936
937
938
939
940
941
942
943
944
945
948
947
948
949
950
851
952
953
954
955
956
957
958
959
980
961
962
963
964
965
966
967

Loc.  OBJ.

00D896

00D836 E230

00D898 x141401
00D89B x643001
OOD8SE %843400

00D8AL xB643100
00D8A4 »B843501

00D8A7  A200
00D8AS

00D8A9 xB582
00D8AB *8532
00D8AD

00D8AD x343502FC
00D8B1 E8
00D8B2 *E480
00D8B4 DOF3

00D8B6 *143501

00D8B3 60

[PRE TR PRRRE

.PAGE

+2....%,...SOURCE STATEMENT....5..

Serial 1/0 setting example 6

[Clock synchronous (n-byte transmit)]

Channel <UARTO

Mode :Clock synchronous
Clock Internal (2Mbps)
Clock synchronous {n-byte transmit) programming model
M37702

ommmmmee +

1 TXDO l==m=n=- > DATA

1 1

I CLKO 1--=---= > CLOCK(2Mbps)
o .

| CISO f&------- RTS

| |

Fommmma +

Prepare transmit

UB_S6:
.DATA 8
.INDEX 8
SEP X,M H
CLB $00000001B,P8D H
LDM $00000001B, SOMR H
LDM $00000000B, SOCL H
’
LDM $0,S0BRG H
LDM $00000001B,S0CH H
’
H
H Transmit data =
’
’
LDX $0
L1_S6:
LDA A, T_DATA,X H
STA A,S0TB H
L2_S6:

BBC $000000108B,SO0CH, L2_S6
INX

CPX DAT_CNT

BNE L1.S6

»

’

Complete transmit

e veweve we

CLB $00000001B,S0CH
RTS

cXenBalxe T

Data length, index register length 8 bits

Set P80/CTSO pin to input mode

Clock synchronous, internal clock

BRG count source=f(XIN)/2
Select CTS function

Set value in BRG (at 2Mbps; 8MHz)

Enable transmit

; Read transmit data

Transmit data —> transmission buffer

; Transmission buffer empty?

Compare with trasfer data count (DAT_CNT)

Continue data transmit?

Disable transmit
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(7) Error processing

SEQ.

968
969
870
971
972
973
974
975
976
1
978
979
980
981
982
983
984
985
986
987
988
989
830
991
992
933
994
995
996
997
998
999
1000
1001
1002
1003
1004
1005
1006

LoC.  0BJ.

00D8BA

00D8BA x143D04 L

00D8BD *043D04 L
00D8CO 60

00D8C1

00D8CI *143D04 L
00D8C4 x043D04 L

00D8C7 60

bt bt b b bma s bt bt bt b bt bt bt b bk bt b bk b P bt b b bt b s b b bbb b b e e

ke lloox 0200, X, SOURCE STATEMENT....5....%....B....%. ... 7. % .8, %, .. .8, . %, .,

Serial 1/0 setting example 7
[Error processing]

nn

UART .receive error processing =

U we we wowowe we we e we weo

UB_ERRO:
H :
H H Check error type (overrun, framing, parity)
’ :
H : Each error processing
H
’
CLB $000001008B,S1CH ; Disable receive
; (Clear error flag)
SEB $00000100B,S1CH ; Enable receive
RTS

Clock synchronous receive error processing =

LR wewe wewe e

UB_ERRI :

Overrun error processing

CLB $00000100B,S1CH ; Disable receive
(Clear error flag)

Enable receive

SEB #00000100B,S1CH

RTS
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7.3.5 A-D conversion modes setting examples

(1) One-shot mode

SEQ.

1018
1019
1020
1021
1022
1023
1024
1025
1026
1027
1028
1023
1030
1031
1032
1033
1034
1035
1038
1037
1038
1039
1040
1041
1042

Loc.  0BJ.

00E000

00E000 F8
00E001 *141101
00E004 xB41E80

00E007 %647000
00E00A x041E40
00E0OD

00EOOD *347008FC
00EO11 x147008
00E014 xA520
00E016 60

[

L1

—

Ll
L1
L1

!

1:

Pt it e b i b b e et b bt b bt b b

veebees LouuXen s 2e0n X, SOURCE STATEMENT....5....%. . .8, % T ke Buu X 8000k,

Data length 8 bits

Set P70/ANO pin to input mode

One-shot mode, software trigger,

A-D conversion frequency =f(XIN)/4

Clear A-D interrupt request bit, disable A-D interrupt
Start A-D conversion

A-D conversion complete (interrupt request bit= “1” )?
Clear A-D interrupt request bit
Read conversion result (A-D register 0)

.PAGE
’
H A-D conversion setiing example 1 =
H [A-D conversion {one-shot mode)] =
’
) A-D conversion mode :One-shot mode
H Analog input pin <ANO
H Start trigger :Software trigger
H A-D conversion frequency:f{XIN)/4
’
SUB_AD1:
.DATA 8
SEM H
CLB $00000001B,P7D H
LDM #10000000B, ADCON H
LDM #00000000B,ADIC H
SEB $01000000B,ADCON H
L_AD1:
BBC $00001000B,ADIC,L_AD1l
CLB #00001000B,ADIC H
LDA A,ADO H
RTS
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(2) Repeat mode

SEQ.

1043
1044
1045
1046
1047
1048
1048
1050
1051
1052
1053
1054
1055
1056
1057
1058
1059
1080
1081
1062
1063
1064
1065
1066

Loc.  OBJ.

00E017

00E017 F8

00E018 %141102 L
00EQ1B *641E89 L

O0EOIE %041E40 L

00E021 60

X 1ok 00020, ., .. . SOURCE STATEMENT....5....%....6....%....7....% ...8....%....9....%..

.PAGE

;

H A-D conversion setting example 2 =

H [A-D conversion (repeat mode)] =

’

H A-D conversion mode ‘Repeat mode

H Analog input pin ‘ANl

H Start trigger :Software trigger

H A-D conversion frequency :f(XIN)/4

SUB_AD2:
.DATA 8
SEM 5 Data length 8 bits

CLB #00000010B,P7D
LDM #10001001B,ADCON

SEB #01000000B, ADCON

»

; Set P71/AN1 pin to input mode
s Repeat mode, software trigger,

A-D conversion frequency =f(XIN)/4
Start A-D conversion

% After time equal to A-D conversion interval (28.5 us; at 8MHz), the latest
conversion result can be obtained by reading A-D register 1 at any timing.

RTS
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(3) Single sweep mode

SEQ.

1067
1068
1089
1070
1071
1072
1073
1074
1075
1076
1077
1078
1079
1080
1081
1082
1083
1084
1085
1086
1087
1088
1089
1080
1091
1092
1093
1094
1095
1098
1097
1088
1099
1100

LoC.  0BJ.

00E022

00E022 F8

00E023 x1411BF
00E026 *B41F02
00E023 xB41EBO

00E02C xB47000
O0EO02F *041E40

00E032
00E032 *347008FC
00E036 *147008

00E039 60

cescXe,

ook, ..2....%. .. SOURCE STATEMENT....5....%....8....%.... T ... 8. %, .0 800 X,

.PAGE

A-D conversion setting example 3
[A-D conversion (single sweep mode)]

A-D conversion mode :Single sweep mode
Analog input pin <ANO-ANS

Start trigger :External trigger
A-D conversion frequency :f(XIN)/4

.DATA 8

SEM ; Data length 8 bits

CLB $10111111B,P7D ;5 Set ANO-ANS, ADTRG pins to input mode

LDM $00000010B,ADSPS ; Select ANO-ANS pin for sweep

LDM $10110000B, ADCON ; Single sweep mode, external trigger,
A-D conversion frequency =f(XIN)/4

LDM #00000000B,ADIC

SEB $01000000B, ADCON ; Enable A-D conversion

% A-D conversion starts at falling edge input to ADTRG pin.

BBC $00001000B,ADIC,L_AD3  ; Sweep complete (interrupt request bit= “1” )?
CLB $000010008,ADIC 3 Clear A-D interrupt request bit

% Conversion result can be obtained by reading A-D registers 0-5.
Then, A-D conversion is resumed when falling edge is input to
ADTRG pin.
Clear A-D conversion start flag to “1” if reconversion is no necessary.

RTS

; Clear A-D conversion request bit, disable A-D interrupt

241



APPLICATION

7.3 Program examples

(4) Repeat sweep mode

SEQ.

1101
1102
1103
1104
1105
1108
1107
1108
1109
1110
1
112
1113
1114
1115
1116
117

1118
1118
1120
1121
1122
1123
1124
1125

LOC.  O0BJ.

00E03A

O0EO3A F8
00E03B *641100
OOEO3E *641F03
00EO41 x641E98

00E044 x041E40

00E047 60

L1
Lt

—

[EUSEN NEIN IN

% SN

eeoXoi..2000 %, .. SOURCE STATEMENT....5....%....B....%. ... 7., . % .8, .., . ..8. . %, L,

PAGE

A-D conversion setting example 4
[A-D conversion (repeat sweep mode)]

A-D
Ana

L) we we e vwewe ve ve we we weo

conversion mode
log input pin

Start trigger
A-D conversion frequency :f(XIN)/4

UB_AD4:
.DATA 8
SEM
LDM #00H,P7D
LDM #00000011B,ADSPS
LDM £10011000B,ADCON
SEB $01000000B, ADCON

e we e e e

RTS

‘Repeat sweep mode

ANO-AN7

:Software trigger

.
’
’
’
’

Data length 8 bits

s Set ANO-AN7 pins to input mode
;» Select ANO-AN7 pins for sweep
» Repeat sweep mode, internal trigger,

A-D conversion frequency =f(XIN)/4

; Start A-D conversion

% After the first A-D sweep (228 us; at 8MHz), the

latest conversion result can be obtained by reading

A-D registers 0-7 at any timing.
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7.3.6 Interrupt processing examples

(1) Interrupt setting example
vk oo X200 XL, SOURCE STATEMENT....5.. . KevsuBuusKers Tors Kenn Bers ke s uBuus Xes,

SEQ.

1133
1134
1135
1136
1137
1138
1138
1140
1141
1142
1143
1144
1145
1148
1147
1148
1149
1150
1151
1152
1163

Loc.  OBJ.

00E800 78

00E801 F8
00E802 141008
00E805 %B47E02
O00E808 58

.PAGE

e e e me e v we we s

Interrupt setting example =

In order to execute an interrupt, the I flag
must be cleared within the main routine and
interrupt priority level must be set to level 1
or greater in each interrupt control register.

SEI ; The I flag is initialized to “1” after reset.

.DATA 8

SEM

CLB $000010008B,PBD 3 Set PB3/INTL pin to input mode

LDM $00000010B, INTLIC > Set INT1 interrupt priority level to level 2
CLI ; Enable interrupt

X Hereafter, INT1 interrupt request occurs with input signal to INT1 pin.
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(2) Interrupt routine processing example........... .When memory space is 64K bytes or less.
SEQ. LOC.  OBJ. ceesXei looo %0, 2000 %, .. SOURCE STATEMENT....5....%. . .B.couXeis TouioXeu, 8uul ke 0 8000 Ko,
1154 1 .PAGE
1155 13
1158 13
1157 13 Interrupt routine processing example 1 =
1158 13 When memory space is 64K bytes or less =
1153 13 (Khen data bank need not be changed) =
1160 13
1161 13
1162 00E809 1 INTERRUPT_1:

1163 13

1164 13 Store registers =

1165 13

1166 13

1167 1 .DATA 16 5 Register model declaration

1168 1 . INDEX 18

1169 00E809 C230 1 CLP mX ; Data length, index register length 16 bits
1170 00E80B EBOD 1 PSH X,Y,A 3 Store registers

17 13

1172 1 .DATA 8 ; Change register model

1173 1 . INDEX 8

1174 00E80D E230 1 SEP myX ; Data length, index register length 8 bits
1175 13

1176 13 :

177 13 Interrupt processing

1178 13 :

1178 13

1180 13

1181 13 Restore registers =

1182 13

1183 13

1184 1 .DATA 16 ; Change register mode

1185 1 . INDEX 16

1188 00ESOF (230 1 CLP mX ; Data length, index register length 16 bits
1187 00E811 FBOD 1 PUL X,Y,A ) Restore registers X, ¥, A

1188 13

1189 13 ---

1180 13 Return from interrupt processing routine =

1191 13

1192 13

1193 O00E813 40 1 RTI ;3 Return to processing before interrupt
1194 13

1195 13 % The PS, PG, and PC are restored automatically to their values

1136 before the interrupt with the RTI instruction.

1197 13
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(3) Interrupt routine processing example............ When memory space exceeds 64K bytes.
SEQ. LOC.  OBJ. ceooXeii oo X 20,0 %, .. SOURCE STATEMENT....5....%....Bu.cuXeo  Touo ¥ ou8oui X0 900X
1198 1 .PAGE
1199 13
1200 13
1201 13 Interrupt routine processing example 2 =
1202 13 ¥hen memory space exceeds 64K bytes =
1203 1; (When data bank is changed) =
1204 13
1205 13
1206 O00E814 1 INTERRUPT_2: H
1207 13
1208 13 Store registers =
1208 13
1210 13
1211 1 .DATA 16 3 Register model declaration
1212 1 . INDEX 16
1213 00E814 C230 1 CLP m,X ; Data length, index register length 1B bits
1214 00E818 EBOD 1 PSH X,¥,A ; Store registers
1215 OOE818 8B 1 PHT ; Store data bank register
1218 1 .DATA 8 ; Change register model
1217 1 . INDEX 8
1218 O00E819 E230 1 SEP myX 3 Data length, index register length 8 bits
1218 1 DT 012H ; Declare data banks used for interrupt processing
1220 O0OE81B 83C212 1 LDT $012H ; Set data bank registers used for interrupt processing
1221 13
1222 13 :

1223 13 : Interrupt processing

1224 13 :

1225 13

1226 13

1227 13 Restore registers =

1228 13

1223 13

1230 OOESIE AB 1 PLT ;5 Restore data bank registers
1231 1 .DATA 16 ; Change register model

1232 1 . INDEX 186

1233 OOE8IF C230 1 CLP m,X ; Data length, index register length 16 bits
1234 00E821 FBOD 1 PUL YA ; Restore registers X, ¥, A

1235 13

1236 1;

1237 13 Return from interrupt processing routine =

1238 13

1239 13

1240 O00E823 40 1 RTI 3 Return to processing before interrupt
1241 13

1242 13 % The PS, PG, and PC are restored automatically to their values
1243 before the interrupt with the RTI instruction

1244 13
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7.3.7 Watchdog timer setting examples

SEQ.

1254
1255
1256
1257
1258
1259
1260
1261
1262
1263
1264
1285
1266
1267
1268
1269
1270
1271
1272
1273
1274
1275
1276
1277
1278
1273
1280
1281
1282
1283
1284
1285
1286
1287
1288
1289

Loc.  OBJ.

00F000

00F000 08

00F001 F8

00F002 %8560 L
00F004 28

00F005 60

00F008

00F006 F8
00F007 %045E08 L
O0F00A 40

e b s bt bt bt b bt bt bt bk bk bt b bt bt bt bt bt b b b bk et bk bk bbb bbb b

eeeeXoio lioo %0 2000 %, .. SOURCE STATEMENT....5.... % 0BoouuXooo Tooo X oo 8o ko800 X,

.PAGE

Katchdog timer setting example 1
[Watchdog timer write routine]

unou

“FFFH” is set in watchdog timer by writing
to watchdog timer (BOH)

DT_SET:
PHP s Store PS
SEM ; Data length 8 bits (note)
STA A,¥DT ; Write to watchdog timer
PLP 3 Restore PS
RTS

Note: The address following the watchdog timer

contains the watchdog timer frequency

selection flag. Therefore, be careful not

to change this value when accessing the ! '
watchdog timer in 16-bit unit.

Watchdog timer setting example 2
[Watchdog timer interrupt processing example]

uon

In this example, a software reset is performed
when a watchdog timer interrupt is generated.

S v v wewewe e wewe wEwe we we wo wo o

ATCH_DOG:
.DATA 8
SEM H
SEB #00001000B,PMR s Software reset
RTI
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7.3.8 Software timer setting examples

SEQ.

1236
1297
1288
1293
1300
1301
1302
1303
1304
1305
1306
1307
1308
1309
1310
1311
1312
1313
1314
1315
1316
1317
1318
1318
1320
1321
1322
1323
1324
1325
1326
1327
1328
1329
1330
1331
1332

Loc.

00F800

00F800
00F801

00F804

O00F804
00F805

0BJ.

F8
834920

F8
8849C0

FRTYS TR PR SO

.PAGE

.X,...SOURCE STATEMENT....5....%....B....%..

Software timer examples

width of the microcomputer.

Note: The wait time in the following subroutine depends
on the operating frequency and external bus

The following routine assumes single-chip mode
with external input clock frequency at 8MHz.

10 #s wait routine

1 ¢cyc=250ns at f(XIN)=8MHz

S we vews v wewewe wewe wo v v we we wo

1T10:
.DATA 8
SEM H 2 ¢eye
RLA #32 ; B8+32 ¢dcyc
§ memmmmmmemmmeeee
3 Total 40 écyc
; 50 #s wait routine =
H 1 ¢cyc=250ns at f(XIN)=8MHz
KIT50:
DATA 8
SEM H 2 ¢cye
RLA $192 ; 8+192 dcyc

»

Total 200 écyc

Y P

Koo

RS PR

X,

PR RN

L TN
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7.3.9 Interrupt vector table setting example

SEQ. LOC.  O0BJ. ceos¥oin oo % 02000 %, .. SOURCE STATEMENT....5....%....B.ccaXees Toio ko Bou koo 8000 X,
1358 .PAGE  'INTERRUPT VECTOR TABLE’

1359 H

1360 H

1361 H Interrupt vector table =

1362 H

1363 H

1364 .SECTION VECTOR_AREA

1365 .ORG  OFFDBH

1366 OOFFD6 0000
1367 O00FFD8 0000
1368 OOFFDA 0000
1369 OOFFDC 0000
1370 OOFFDE 0000
1371 OOFFEO 0000
1372 O0FFE2 0000

.HORD  INT_AD
.KORD  INT_SIT
JHORD  INT_SIR
JHORD  INT_SOT
.KORD  INT_SOR
JHORD  INT_TB2
.HORD  INT_TBI

A-D conversion interrupt vector
UART1 transmission interrupt vector
UARTI receive interrupt vector
UARTO transmission interrupt vector
UARTO receive interrupt vector
Timer B2 interrupt vector

Timer Bl interrupt vector

1373 0OFFE4 0000 .KORD  INT_TBO Timer BO interrupt vector
\ 1374 OOFFES 0000 .KORD  INT_TA4 Timer A4 interrupt vector
1375 0OFFE8 0000 .KORD 'INT_TA3 Timer A3 interrupt vector

1376  OOFFEA 0000
1377 OOFFEC 0000
1378 OOFFEE 0000

.KORD  INT_TA2
.HORD  INT_TAL
.HORD  INT_TAO

Timer A2 interrupt vector
Timer Al interrupt vector
Timer AO interrupt vector

1379 O00FFFO 0000 .KORD  INT2 INT2 interrupt vector
1380 OOFFF2 0000 .FORD INT! INT1 interrupt vector
1381 OOFFF4 0000 .KORD  INTO INTO interrupt vector

1382 OOFFF6 0000
1383 OOFFF8 0000
1384 OOFFFA 0000
1385 OOFFFC 0000
1386 OOFFFE C000
1387

.HORD  INT_KDT
.NORD  RESERVED
.NORD  INT_BRK
.NORD  INT_DIVO
JKORD  INITIAL

Watchdog timer interrupt vector
(Reserved area)

BRK instruction interrupt vector
Zero divide interrupt vector
Reset vector

Ll ol ol el ol RN N ol ol

e e e es we wE ee We e e we we me s me ws ee e we e v
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7.4 M37702 group execution performance

7.4 M37702 group execution perform

The execution performance of the M37702 group is described below.

ance

7.4.1 Comparing the execution speed of M37702 and M37700
One of the differences between the M37702 group and the M37700 group is the difference in the external
area access operation while a software one-wait caused by the wait bit is valid (see Figure 7.4.1). The
difference in program execution speed due to this difference in access operation is described below.

Figure 7.4.3 compares the execution time of the M37702 group and M37700 group when executing two
sample programs shown in Figure 7.4.2 under the conditions shown in Table 7.4.1 and the same clock
frequency. Figure 7.4.3 shows that the M37702 group is much faster when accessing an external area

while software one-wait is valid.

This result depends on the frequency of the access and the difference increases as the access frequency

increases. The effect for microprocessor mode using an 8-bit external bus appears in Figure 7.4.3.

Table 7.4.1 M37702 group and M37700 group execution speed comparison conditions

Parameter

Conditions

Operating mode

Microprocessor mode

External bus width

16 bits or 8 bits

Software one-wait

Valid

Program area

External EPROM

Work area

External or internal SRAM

<M37702>

No software one-wait —
(wait bit = “17) E I | l
Software one-wait valid — _I—_I__I—
(wait bit = "0 E

mi

mi

<M37700>

Fig. 7.4.1 Effect of wait bit on external area access

249




APPLICATION

7.4 M37702 group execution performance

Sample program A Sample program B
SEP M, X SEP X
LDA. B A, #0 CLM
STA A, DEST+64 . DATA 16
STA A, DEST+65 INDEX 8
STA A, DEST+66 LDY #69
LDX. B #63 LOOPO: LDX #69
ITALIC: LDA A, SOUR, X LOOP1: ASL SOUR, X

TAY SEM
AND. B A, #00000011B . DATA 8
STA A, DEST, X ROL SOUR+2, X
TYA ROL B
AND. B A, #00001100B CLM
ORA A, DEST+1, X . DATA 16
STA A, DEST+1, X ROR a
TYA DEX
AND. B A, #00110000B DEX
ORA A, DEST+2, X DEX
STA A, DEST+2, X BNE LOOP1
TYA STA A, DEST, Y
AND. B A, #11000000B SEM
ORA A, DEST+3, X . DATA 8
STA A, DEST+3, X STA B, DEST+2, Y
DEX CLM
BPL ITALIC . DATA 16

DEY

DEY

DEY

BNE LOOPO

#* SOUR, DEST : Work area

Fig. 7.4.2 Sample program list
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Execution speed for sample program A

1.00 1.00

1.00 1.00

] ]
0.807 0.807]

] ]
0.607] 0607

] ] i

e - E
0.407] 0.407
0.2077 0.20 :
0.00 0.00

Work area = Internal RAM ' Work area = External RAM Work area = Internal RAM * Work area = External RAM
External 16-bit bus width External 8-bit bus width
Execution speed for sample program B
1.00 1.00

1.00 0.91 1.00 ]

R 0.83 h 0.83 0.79
0.807] 0.807]
0.60] 0607
0.40';_ 0.407]
0.20] 0.20] ; 1

' | 14
0.00] - - 0.007 - -

Work area = Internal RAM "Work area = External RAM Work area = Internal RAM 'Work area = External RAM

External 16-bit bus width

External 8-bit

bus width

3 M37702

Fig. 7.4.3 Execution speed comparison of M37702 group and M37700 group

251



APPLICATION

7.4 M37702 group execution performance

7.4.2 Software one-wait (20MHz) and software+hardware wait (25MHz) execution speed comparison
The program execution time is for M37702 group operating at 20MHz with software one-wait and M37702
group operating at 25MHz with software one-wait and RDY (hardware wait).

Figure 7.4.4 shows the execution time when two sample programs (see Figure 7.4.2) are executed under
the conditions shown in table 7.4.2.

Table 7.4.2 Software one-wait (20MHz) and software+hardware wait (25MHz) execution speed comparison

Parameter

Conditions of software one-wait side

Conditions of software + hardware side

Operating mode Microprocessor mode «—

Clock frequency 20MHz 25MHz

External bus width 16 bits «—

Software one-wait Valid —

RDY (hardware wait) Invalid Valid only in external EPROM area
Program area External EPROM «—

Work area External or internal SRAM —

In both cases, the M37702 group is used in microprocessor mode with 16-bit external bus and program
stored in external EPROM. One wait is inserted for external memory access because software one-wait
is used. In addition, RDY is used for external EPROM access during 25MHz operation for a total of two
waits (RDY is invalidated for access of external RAM used for work area).
Figure 7.4.5 shows the memory map during execution speed comparison.

Software one-wait is
valid in this area.

M37702 memory map

SFR area

Internal SRAM

AN

/

External SRAM

Program area
External EPROM

Specify which of two for work area.

RDY is valid in this area at 25MHz.
(Two waits are inserted at accessing.)

Fig. 7.4.5 Memory map during execution speed comparison
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Figure 7.4.4 shows that the difference in execution speed is small between 20MHz operation with software
one-wait and 25MHz operation with software one-wait and RDY. 20MHz operation with software one-wait
provides better cost performance because the use of specified memory eliminates the need for a bus

buffer.

Execution speed for sample program A

Execution speed for sample program B

Work area = Internal RAM

Work area = External RAM

1107 1.10 5 " 1.05
1.00 f 1.00 ;
0.90 f 0.90 f
0.80 0.803
0.70 0.70 ;
0.60 : 0.60
0.50‘§ 0.50 ;
o.4o~§ 0.40
0.307 0.30
0.20'3 0.20 i
0.1 0‘: 0.10 ;
0.00 ] 0.0 :

Work area = Internal RAM

Work area = External RAM

25MHz with hardware and software one-wait

[] 20MHz with software one-wait

Fig. 7.4.4 Software one-wait (20MHz) and software+hardware wait (25MHz) execution speed comparison
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PROM VERSION

8.1 Product expansion

8.1 Product expansion
Internal PROM (programmable ROM) version has the following 2 types :

®One time PROM version.......ccccccvennne Possible to write program in ROM once.

O@EPROM version ........ccceveveviiniiiec Possible to rewrite program in ROM because a written program is
erased by exposing the erase window on top of the package to an
ultraviolet light source.

Table 8.1.1 shows the product expansion of internal PROM version

Table 8.1.1 Product expansion of internal PROM version

Type name ROM | RAM Clock frequency Writing adapter
M37702E2-XXXFP 1 8MHz
M37702E2AXXXFP | One time PROM 16K bytes | 16MHz PCA4774
M37702E2BXXXFP ! 25MHz

- - 512 bytes
M37702E2FS : 8MHz
M37702E2AFS EPROM 16K bytes ; 16MHz PCA4708
M37702E2BFS S 25MHz
M37702E4-XXXFP i 8MHz
M37702E4AXXXFP | One time PROM 32K bytes | 16MHz PCA4774
M37702E4BXXXFP f 25MHz
M37702E4FS | 2048 Dbytes 8MHz
M37702E4AFS EPROM 32K bytes 3 16MHz PCA4708
M37702E4BFS 25MHz
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8.2 M37702E2-XXXFP

The following descriptions will be for M37702E2-XXXFP. Internal PROM version has the same functions as

M37702E2-XXXFP unless otherwise noted.

8.2.1 Description

The M37702E2-XXXFP is a single-chip microcomputer designed with high-performance CMOS silicon gate
technology, and has the same functions as M37702M2-XXXFP except that PROM is built in.
Since general purpose PROM writers can be used for the built-in PROM, this microcomputer is suitable for

small quantity production runs.

Figure 8.2.1 shows the M37702E2-XXXFP pin configuration.

[ 45] <>

[0] o
; :
< S o o o
- N O 0o WX 0O
zzzzzzz2 [ iy~ e~
ISSS3ST.818,886%
NININSINSNNN 02 > O 0 O 0
pooooooOa>I><>00aan
PRl R P IR TEE
4 )
P70/ANo <> [1_] rC) )
P67/TB2IN <> [2_] O
P66/TB1IN <> [3_]
P65/TBOIN <> [2_|
P64/INTz <> 5| g
P63/INT1 <> [¢|
PE2/INTS <> [7] W
PEITAAIN <> [E] =~J
P60/TA40uT <> [o_| =
P57/TA3IN <> [10 ] (@»)
P56/TA30UT <> [11] N
P5s/TA2IN <> [12 ]
P54/TA20UT <> [13 | m
P53/TATIN <> [14 ] N
P52/TA1ouT <> [i5 ] ]
P51/TAON <> [ ] >£
P50/TAOOUT <> [17] ><
P47 <> [18]
P4s <> [i9] ><
P4s <> [20] i
P44 <> [21] "tJ
P43 <> [22]
Pazlo1 <> 7]
P41/RDY <> [24]] O
\ Y
919 198 1 0 0 0 0
OWg-zZzE5W B WL S L ALE
R E e
o5 TOs8TT<S
< Ol JAaQ
o o aaoa

Outline 80P6N

P84/CTS1RTS1
P8s/CLK1
P86/RxD1
P87/TxD1
P0o/Ao
PO1/A1
PO2/A2
P03/A3
P04/A4
POs/As
POe/As
PO7/A7
P10/Ae/Dsg
P11/Aa/Ds
P12/A10/D10
P13/A11/D11
P14/A12/D12
P1s/A13/D13
P16/A14/D1a
P17/A15/D1s
P20/A1e/Do
P21/A17/D1
P22/A18/D2
P23a/A19/D3

Fig. 8.2.1 M37702E2-XXXFP pin configuration
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8.2.2 Functional description
The pin arrangement of M37702E2-XXXFP is identical to the mask ROM version M37702M2-XXXFP.
Internal PROM version has a normal operating mode which provides the same functions as the mask ROM
version and an EPROM mode used to write to built-in PROM.

In normal operating mode, the pin functions are equivalent to the corresponding mask ROM version. In
EPROM mode, the pin functions are shown in Table 8.2.1.

Table 8.2.1 Pin functions in EPROM mode

Pin Name Input/Output Functions

Vee, Vss Power supply Supply 5V+10% to Vcc, and 0OV to Vss.

CNVss Vep input Input Connect to Ver when programming or verifying.

BYTE Vee input Input Connect to Ver when programming or verifying.

RESET Reset input Input Connect to Vss.

Xin Clock input Input Connect a ceramic resonator between X pin and Xour
| pin. When an external clock is used, the clock source

Xout Clock output Output should be connected to the Xin pin and Xour pin should

b 1be left open.

E Enable output |___Output | Open.

AVcc, AVss| Analog power supply input i+ | Externally connect AVcc to Vcc and AVss to Vss.

VRer Reference vollage input | Input | Connect to Vss.

P0o-P07 Address input (Ac—A7) Input | The low-order 8-bit (Ac—Ar) address input pins.

P1o-P17 Address input (As—A1a4) Input P10—P16 are high-order 7-bit address input pins. Connect

| P17 to Vce.

P20—P27 Data input/output | 110 8-bit data (Do—Dv) input/output pins.

P30-P3s Input port P3 Input Connect to Vss.

P40—P47 Input port P4 Input Connect to Vss.

P50-P57 Control input Input P51 and P52 function as OE and CE input. Connect P5o,
~ | P53 P54, and P5s to Vcc, and P5¢ and P57 to Vss.

P60—P67 Input port P6 Input Connect to Vss.

P70-P7z  |Input port P7 Input | Connect to Vss.

P80—P87 Input port P8 Input Connect to Vss.
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(1) EPROM mode
The EPROM mode is entered by setting the RESET pin to “L" level. In EPROM mode, ports PO, P1,
P2, P51, P52 and pins CNVss and BYTE become EPROM pins (M5M27C256K equivalent) and read/
write to built-in PROM can be performed in the same manner as for M56M27C256K. However, there
is no device identification code. Therefore, program conditions must be set carefully. Xiv and Xourt pins
must be connected to a clock (ceramic resonator or an external input).
Table 8.2.2 shows the pin assignments in EPROM mode and Figure 8.2.2 shows the pin connections
in EPROM mode. ,
The program area should specify the following:

Addresses 40001e—7FFFi16 for the models that have internal 16K bytes PROM, and 512 bytes RAM.
Addresses 000016—7FFF16 for the models that have internal 32K bytes PROM, and 2048 bytes RAM.

Caution : Describing in this section, the built-in PROM can be written to or read in the same way as
with the M5M27C256K (256K mode).
But in the future, for M37702E2BXXXFP, M37702E2BFS, M37702E4BXXXFP and
M37702E4BFS, 1M mode may become standard.

Table 8.2.2 Pin assignments in EPROM mode

M37702E2-XXXFP M5M27C256K
Vee Vce Vee
Vep CNVss, BYTE Vep
Vss Vss Vss
Address input Ports PO, P1o—P1s Ao—A1s
Data 1/0 Port P2 Do—-D~
CE P52 CE
OE P51 OE

®Read
To read the EPROM, set the CE and OE pins to “L” level and input the address of the data (Ac—Aus)
to be read. The data will be output to the data 1/0 pins Do—D7. The data I/O pins will be floating when
either the CE or OF pin is at “H” level.

®Write
To write to the EPROM, set the OE pin to “H” level. The CPU enters the program mode when Vee is
applied to the Vee pin. Set the address to be written to with pins Ao—Ai4 and input the data to be written
through the data input pins Do-D7. The data is written when the CE pin is set to “L” level.

®Erase (EPROM version only)
The program is erased by exposing the glass window on top of the package to an ultraviolet light
having a wave length of 2537 Angstrom. The light must be at least 15W-s/cm?.

Table 8.2.3 Input/Output signals in each mode

Pin name — _

CE OE Vep Vec Data 1/0

Mode
Read-out ViL Vie 5V 5V Output
Output Vi ViH 5V 5V Floating
disable \ X 5V 5V Floating

Programming ViL Vi 12.5V 6V Input

Programming verify ViH Vie 12.5V 6V Output
Program disable Vi Vix 12.5V 6V Floating

Note: “X” indicates either Vi. or Viu.
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l B ||| |2

S T
5833225 Bgas
SNENESRglu8g3iig
acoocooOoaOA>S<><>00an
bopelbelfPelfslF4b 1P 1Felfdkelkkelks]

P70/ANo < [T}
P67/TB2IN < [2]
P66/TB1IN «— 3]
P65/TBOIN «—» [3]

PS«’@ > [}

P6¥INT1 «— [g]

P62iNT0 «—» [7]
P61/TA4IN «—» [T]

P60/TA40UT < [g]
P57/TA3N < [10}
P56/TA30uUT «— [11]
P55/TA2N < [12]
PS54/TA20uT ++ [13
P53/TA1IN <« [0
P52/TA1out < [15]

P51/TAOIN < [}

P50/TAOoUT <— [17]
P47 < |18

P4¢ +— [19]

P4s > [20]

P44 <+ [21]

P43 > 22

Pd2/gr <+ [23
P41/RDY <+ [22

ddXXX-¢320LLEN

ETEIET el ekl R REE

=]

P3VBHE = [&]

=]
=]
=]
E
[=]
ur<— (5]

BYTE —[&
CNVss

RESET —»
Xin —>

E—[E]

Vss =]

P3vHLDA «— [T]
P32/ALE <

P3YR/W <[5

P21/Az/D7 < [T]

P26/Az2/D6 < [E]
P2s5/A21/Ds «—[Z]
P24/A20/Ds <+ [}

P4vHOLD <+

| Gr—
[O——

* JO——— Xo

Ds

(@D

IEEERRER

A A
[
vy

SRR REE R

b

BEER | B8

P84CTSVRTS1
P8s/CLK1
P8¢/RxD1
P87/TxD1
PO0Ao
PO1A1
PO2A2
PO¥A3
POvA4
POs/As
PO¢/As
PO7/A7
P1o/AvDa
P11/A¥D9
P12/A10/D10
P1¥A11/D11
P14A12/D12
P1s/A1a/D13
P1¢/A14/D14
P17/A15/D15
P20A16/Do
P21/A17/D1
P22/A18/D2
P23/A19/D3

@3+

Outline 80P6N

% : Connect to ceramic oscillating circuit.

o: Same function as EPROM (M5M27C256K).

Fig. 8.2.2 Pin connections in EPROM mode
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8.2.3 Fast programming algorithm

To program the M37702E2-XXXFP using a fast programming algorithm, first set Vec=6V, Ver=12.5V, and
address to 01e. Then apply a 1ms write pulse, check that the data can be read. If it cannot be read, repeat
the procedure until the data can be read. Record the number of pulses applied (N) ,before the data was
read and then write the data again, further applying three times the number of pulses (3 x N ms).
When this series of write operation is complete, increment the address and repeat the above procedure
until the last address is reached.

Finally, after writing to all addresses, read with Vcc=Vee=5V (0or Vcc=Vrr=5.25V).

Figure 8.2.3 shows the fast programming algorithm flow chart.

START

( ADDR=First location )
Vee=6.0V
Vep=12.5V

—>@ogram one pulse of 1ms

\

Program/ Verify
one byte

Verify FAIL | Device
byte failed

PASS PASS
Program pulse
of 3Xms duration

Last ADDR?

Increment ADDR

Vec =Vpp=5.0V*

Device
failed

LDEVICE PASSEDI

* : 4.5V<Vee=Vrr<5.5V

Fig. 8.2.3 Fast programming algorithm flow chart
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(1) Electrical characteristics of the fast programming algorithm

Table 8.2.4 AC electrical characteristics (Ta=25£5°C, Vec=6V£0.25V, Ver=12.520.3V, unless otherwise noted)

b Limits Unit
aramete - n
Symbol ameter Min. Typ. Max. !
tas Address setup time 2 us
toes OE setup time 2 us
tos Data setup time 2 us
tam Address hold time 0 us
ton Data hold time - 2 us
torp Output enable to output float delay 0 130 ns
tves Vce setup time 2 us
tves Vee setup time - 2 us
trrw CE initial program pulse width 0.95 1 1.05 ms
topw CE over program pulse width 2.85 78.75 ms
toe Data valid from OE 150 ns
Program Verity
VH ’( ~ |
Address >< >
ViL s taH
<> <
N S |\
Data \\ji::;\\;zf Data set )\——< _Dala output valid ———7:\
tos ’IDH toFp
<> <> <—>
Vep V
Vep /
Vce (&>
vee+ |pes
Vce
wo —/
VIH  ——— N
CE ' \_ Y/ toes , | toe
ViL — < I <
o fFPW__ L
OE VIH o tow _ )1 lt I/
ViL ~ 7/

Fig. 8.2.4 Fast programming timing diagram
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8.3 Usage precaution

[ Precaution on all internal PROM versions ]
High voltage is required to write to the built-in PROM. Be careful not to apply excessive voltage. Be
especially careful during power-on.

[ Precaution on one time PROM version ]

User programmable one time PROM versions (M37702E2FP, M37702E2AFP, M37702E2BFP, M37702E4FP,
M37702E4AFP, M37702E4BFP) that are shipped in blank are also provided. A write test and screening
after assembly process are not performed for these models.

To improve their reliability after writing, we recommend that they are written and tested as flow shown in
Figure 8.3.1.

Writing with PROM writer

= =

Screening (Note)
(Leave at 150°C for 40 hours)

.

Verify test with PROM writer

Function check in target device I
U |

Note : Never expose to 150 °C exceeding 100 hours.

Fig. 8.3.1 Writing and test flow for one time PROM version

[ Precaution on EPROM version ]

®Cover the transparent glass window during read mode because exposing to sun light or fluorescent lamp
can cause the information to be erased.

@A shield to cover the transparent window is available from Mitsubishi Electric corp.. Be careful that the
shield does not touch the microcomputer lead pins.

®Clean the transparent glass before erasing. Fingers’ flat and paste disturb the passage of ultraviolet rays
and may affect badly the erasure capability.

®Use a fit IC socket to mount the EPROM version models except for evaluation. Settle the ceramic
package in an IC socket with silicon resin and the like, surely.
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9.1 Product expansion

9.1 Product expansion

The M37703M2-XXXSP is equal to the M37702M2-XXXFP enclosed in a 64-pin shrink plastic molded DIP.
The M37703 group consists of chips shown in Table 9.1.1 with the M37703M2-XXXSP as the base chip.
These chips are all pin compatible with each other. Only the memory type and size, and operating clock are
different.

Table 9.1.1 Product expansion of M37703 group

Type name ROM RAM Clock frequency
M37703M2-XXXSP 8MHz
M37703M2AXXXSP Mask ROM 16K bytes 16MHz
M37703M2BXXXSP 25MHz
M37703S1SP 8MHz
M37703S1ASP — 512 bytes 16MHz
M37703S1BSP 25MHz
M37703E2-XXXSP ' 8MHz
M37703E2AXXXSP One time PROM 16K bytes 16MHz
M37703E2BXXXSP 25MHz
M37703M4-XXXSP 8MHz
M37703M4AXXXSP Mask ROM 32K bytes 16MHz
M37703M4BXXXSP 25MHz
M37703S4SP 8MHz
M37703S4ASP — 2048 bytes 16MHz
M37703S4BSP ’ 25MHz
M37703E4-XXXSP 8MHz
M37703E4AXXXSP One time PROM 32K bytes 16MHz
M37703E4BXXXSP 25MHz

9.1.1 M37703M2-XXXSP characteristics

ONUMbeEr of basiC INSIIUCHONS ......coiviiieiiie e e e sa s 103
®Memory size ROM

RAM
®Instruction execution time (the fastest instruction at 8MHZ) ..........cccovciiiiiiiiiiiniiicce 500ns
@SINGIE POWET SUPPIY ettt ettt ettt et este e eesneaesaneees 5V+10%
®Low power dissipation (at BMHZ) .........cccoiiiiiiiiiiiii e e 30mW (Typ.)
O INTEITUPES L.ttt et e 19 sources, 7 levels
OMUlti-FUNCLION 16-Dit TIMEIS ..ooiiiiiii et e e s sae 5+3
U AR ettt b ettt b b bkt et be et ea et e h e et eh st et ea b et e eb s en e bt st et e e et ene 2
@8-Dit A-D CONVEIEI ..ot srae s 4-channel input
@Watchdog timer
®Programmable /0O (ports PO, P1, P2, P3, P4, P5, P6, P7, and P8) ......ccceceeviriiniiinnicieenecccnnens 53
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9.2 M37703M2-XXXSP
The following descriptions will be for M37703M2-XXXSP. The products of M37703 group have the same
functions as the M37703M2-XXXSP unless otherwise noted.

9.2.1 Description

The M37703M2-XXXSP is a 16-bit single-chip microcomputer designed with high-performance CMOS sili-
con gate technology. It is housed in a 64-pin shrink plastic molded DIP.

This single-chip microcomputer has a large 16M bytes address space, three instruction queue buffers, and
two data buffers for high-speed instruction execution. The CPU is a 16-bit parallel processor that can also
be switched to perform 8-bit parallel processing. This microcomputer is suitable for office, business, and
industrial equipment controllers that require high-speed processing of large amounts data.

Figure 9.2.1 shows the M37703M2-XXXSP pin configuration.

Avec [T ™ 64] Vee
VREF —»[2| [63] <> P8o/CTS0/RTS0
Avss  [3] [62] <> P81/CLKo
P77/AN7/ADTRG <[4 | [61] <> P82/RxDo
P72/AN2 <[5 | [60] <> P83/TxDo
P71/AN1 <& | [59] <> P86/RxD1
P70/ANo <> [7 | 58] <> P87/TxD1
P65/TBOIN «>[§ | 67] <+ POo/Ao
P64/INT2 <[ 9| [56] «+ PO1/A1
P63/INT1 <+ [10] [55] <> PO2/A2
P62/INTo <> [11] < [54] <> P0a/As
P57/TA3IN <> [12] w (53] <> PO4/A4
P56/TA30UT <> [13] :} [52] <+ P0s/As
P5s/TA2IN <> [14] o [51] <+ POs/As
P54/TA20UT <+ [{5] w [50] <> PO7/A7
P53/TATIN <> [16] < 39] <> P1o/As/Ds
P52/TA1OUT <> [{7] II\) [48] <> P11/A9/Dg
P51/TAOIN <> [18] > [47] <> P12/A10/D10
P50/TAOCUT <> [19] X [46] <> P13/A11/D11
P47 <> 20 X 5] <> P14/At2/D12
Pd2ign < [21] W 144] <> P15/A13/D13
P41/RDY «»[22 }l Y 43| <> P16/A14/D14
P40/HOLD <+>[23 [42) <> P17/A15/D1s
BYTE — 24| 4] <> P20/At6/Do
CNVss  [25] [40] <> P21/A17/D1
RESET — [26] [39] <+ P22/A18/D2
. Xin—=[27] [38] «> P23/A19/D3
XouT <+—[28] 37] > P24/A20/D4
E<«—[29] 36] <> P25/A21/Ds
Vss  [30] [35] <> P26/A22/D6
P32/ALE <> [37] 34] <> P27/A23/D7
P31/BHE ~[32 33] <> P30/RW

Outline 64P4B

Fig. 9.2.1 M37703M2-XXXSP pin configuration
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9.2.2 Performance overview
Table 9.2.1 shows the performance overview of the M37703M2-XXXSP.

Table 9.2.1 M37703M2-XXXSP performance overview

Parameters

Functions

Number of basic instructions

103

Instruction execution time

M37703M2-XXXSP

500ns (the fastest instruction at 8MHz frequency)

M37703M2AXXXSP 250ns (the fastest instruction at 16MHz frequency)
M37703M2BXXXSP 160ns (the fastest instruction at 25MHz frequency)
Clock frequency M37703M2-XXXSP 8MHz (maximum)
M37703M2AXXXSP 16MHz (maximum)
M37703M2BXXXSP 25MHz (maximum)
Memory size ROM 16384 bytes
RAM 512 bytes
Input/Output ports Ports PO, P1, P2, P5 8 bits X 4
Port P8 6 bits X 1
Ports P4, P6, P7 4 bits X 3
Port P3 3 bits X 1
Multi-function timers TAO, TA1, TA2, TA3, TA4 |16 bits X 5 (4 with I/O functions)
TBO, TB1, TB2 16 bits X 3 (1 with I/O functions)

Serial 1/0

Clock asynchronous serial I/0 X 2
(UARTO can also be used as clock synchronous)

A-D converter

8 bits X 1 (4 channels)

Watchdog timer

12 bits X 1

Interrupts

3 external, 16 internal (priority levels 0 to 7 can

be set for each interrupt with software)

Clock generating circuit

Built-in (externally connected to a ceramic
resonator or quartz crystal resonator)

Supply voltage

5V+10%

Power dissipation

30mW (at external 8MHz frequency)

Input/Output characteristics

Input/Output voltage

5V

Output current 5mA
Memory expansion Maximum 16M bytes
Operating temperature range —20 to 85°C

Device structure

CMOS high-performance silicon gate process

Package

64-pin shrink plastic molded DIP
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9.2.3 Differences between M37703M2-XXXSP and M37702M2-XXXFP
Table 9.2.2 shows the differences between M37703M2-XXXSP and M37702M2-XXXFP.

Table 9.2.2 Differences between M37703M2-XXXSP and M37702M2-XXXFP

Functions M37703M2-XXXSP M37702M2-XXXFP
I/O ports ] 53 (in single-chip mode) 68 (in single-chip mode)
Port PO 8 bits 8 bits
Port P1 8 bits 8 bits
Port P2 8 bits 8 bits
Port P3 3 bits (P3s/HLDA unavailable) 4 bits
Port P4 4 bits (P4s—P4e unavailable) 8 bits
Port P5 8 bits 8 bits
Port P6 4 bits (P6o, P61, P6s, and P67 unavailable) |8 bits
Port P7 4 bits (P7s—P7s unavailable) 8 bits
Port P8 6 bits (P84 and P8s unavailable) 8 bits
Timers 16 bits X 8 16 bits X 8
Timer A [TAO | Timer I/O pins available Timer 1/O pins available
TA1 | Input=TAj, output=TAjour (j=0 to 3) |Input=TAin, output=TAiout (i=0 to 4)
TA2
TA3
TA4 |Internal timer (TA4in and TA4our unavailable)
Timer B {TBO |Timer input pin (TBO) available Timer input pin (TBkw) available
TB1 |Internal timer (TB1in and TB2in (k=0 to 2)
TB2 [unavailable)
Serial 110 2 2
UARTO Clock asynchronous/synchronous Clock asynchronous/synchronous
serial 110 serial 1/0
UART1 Clock asynchronous serial 1/0 Clock asynchronous/synchronous
serial 1/0

A-D converter

One 8-bit resolution
4-channel analog input pin
ANo, AN1, AN2, ANz
(ANs—ANs unavailable)
Note : AN~ pin is in common with
external trigger pin.

One 8-bit resolution
8-channel analog input pin
ANo, ANi1, AN2, ANgs,
ANs, ANs, ANs, AN7
Note : ANz pin is in common with
external trigger pin.

Package

64-pin shrink plastic molded DIP (64P4B)

80-pin plastic molded QFP (80P6N)
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9.2.4 Functional description

The internal circuit of the M37703M2-XXXSP is identical to that of the M37702M2-XXXFP including the
control registers and memory allocation in SFR area. However, since the M37703M2-XXXSP has only 64
pins, some functions are different from the M37702M2-XXXFP. .

The functional differences are described below.

(1) A-D converter

Analog input pins are 4 channels of ANo—AN2, and AN pins.

[ One-shot mode and repeat mode ]

The analog input pin selection bits in the A-D control register must be set to “000”, “001”, “010", or
“111”,

Bits 3 to 6 in the port P7 direction register must be set to “1” to select output mode because ANs—
ANe pins are not available.

[ Single sweep mode and repeat sweep mode ]

Bits 0 to 2 and bit 7 in the port P7 direction register must be set to “0” to select input mode. Bits 3
to 6 in the port P7 direction register must be set to “1” to select output mode because ANs—ANs pins
are not available.

The contents of the corresponding A-D registers to analog input ANs—ANs which have no input pins
are undefined.

(2) Timers

1/0 functions of timer A4, and input functions of timers B1 and B2 are not available. Therefore, these
timers operate only in timer mode. Only count source can be selected for timers A4, B1 and B2, and
bits 0 to 5 in each timer mode register must be fixed to “0”.

Other timers (timers A0 to A3, and timer B0) have the same functions as the M37702M2-XXXFP.

(3) Serial 1O

UART1 can be used only in UART mode. It cannot be used in clock synchronous serial 1/0 mode.
Therefore, the serial /0 mode selection bits in the UART1 transmit/receive mode register must be set
to the value except for “001”.

The CTS/RTS function selection bit in the UART1 transmit/receive control register 0 must be fixed to
“1* because CTS/RTS function is not available (this bit is set to “0” at reset).

UARTO has the same functions as the M37702M2-XXXFP.

(4) Ports

The port direction registers for ports P4, P6, P7, and P8 contain 8 bits. However, the bits in the each
direction register with no corresponding pins must be set to “1” to select output mode. The port P3
direction register bit 3 which is corresponding to port P3s must be set to “1” to select output mode.
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Appendix 1. M37702 group memory map

1. Memory map in single-chip mode
Figure 1 shows the memory map in single-chip mode.

(A) (B)
Ot O1e
ZF1s SFR area ZF1s SFR area
801 Internal RAM 8016
512 bytes
27F1s y
Internal RAM
2048 bytes
87F1s
Not used Not used
800016
C0001s Internal ROM
32K bytes
Internal ROM
16K bytes
FFFF1e FFFF1s
No. Type name Internal ROM

M37702M2-XXXFP, M37702M2AXXXFP, M37702M2BXXXFP | Mask ROM

(A) | M37702E2-XXXFP, M37702E2AXXXFP, M37702E2BXXXFP | One time PROM

M37702E2FS, M37702E2AFS, M37702E2BFS

EPROM

M37702M4-XXXFP, M37702M4AXXXFP, M37702M4BXXXFP | Mask ROM

(B) | M37702E4-XXXFP, M37702E4AXXXFP, M37702E4BXXXFP_ | One time PROM

M37702E4FS, M37702E4AFS, M37702E4BFS

EPROM

Fig. 1 Memory map in single-chip mode
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2. Memory map in memory expansion mode
Figure 2 shows the memory map in memory expansion mode.

Bank 11

Bank O1s

| Bank FF1e
1

SFR area

External memory area

________ (A) R (B) o
‘ O1e Ote O1e
7F1e SFR area  TFe SFR area o
80 | Internal RAM 801 N O
512 byt \
27Fs yles Internal BAM \ Ave
2048 bytes ‘\
87F1e \7F16
External memory area External memory area
800016
€000+ Internal ROM
Internal ROM 32K bytes
16K bytes
Y _FFFFe . _FFFFe
A 100001
Y IFFFFs
1 External memory area : 1 External memory area ;
| FF0000+ |
__FFFFFFe ._FFFFFFe
No. Type name Internal ROM
M37702M2-XXXFP, M37702M2AXXXFP, M37702M2BXXXFP | Mask ROM
(A) | M37702E2-XXXFP, M37702E2AXXXFP, M37702E2BXXXFP | One time PROM
M37702E2FS, M37702E2AFS, M37702E2BFS EPROM
M37702M4-XXXFP, M37702M4AXXXFP, M37702M4BXXXFP| Mask ROM
(B) | M37702E4-XXXFP, M37702E4AXXXFP, M37702E4BXXXFP_| One time PROM
M37702E4FS, M37702E4AFS, M37702E4BFS EPROM

Fig. 2 Memory map in memory expansion mode
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3. Memory map in microprocessor mode and of external ROM version
Figure 3 shows the memory map in microprocessor mode and of external ROM version.

(A) (B) SFR area
Y R R Y R I -
A 7F’6 SFR area 7216 SFR area Ore
8016 ------- . 216 | External memory
* 1 Internal RAM 801s \ o | area (Note)
27F | S12bytes internal RAM |\ A
2048 bytes \
\\
87F1s \7Fss
S
x
c
5]
m
External memory
area (Note) Ext |
xternal memory
_.‘L-_F.F_FE‘."_ area (Note)
e h FF0000%
[
Lo
X
3
@ _Y_FFFFFFe . FFFFFFe |
No. Type name Internal ROM

M37702M2-XXXFP, M37702M2AXXXFP, M37702M2BXXXFP | Mask ROM
M37702E2-XXXFP, M37702E2AXXXFP, M37702E2BXXXFP | One time PROM

(A)

M37702E2FS, M37702E2AFS, M37702E2BFS EPROM
M37702S1FP, M37702S1AFP, M37702S1BFP External ROM
M37702M4-XXXFP, M37702M4AXXXFP, M37702M4BXXXFP | Mask ROM

®) M37702E4-XXXFP, M37702E4AXXXFP, M37702E4BXXXFP | One time PROM
M37702E4FS, M37702E4AFS, M37702E4BFS EPROM

M37702S4FP, M37702S4AFP, M37702S4BFP External ROM

Note: Address FFD61s to FFFFis in bank Oss is the interrupt vector table and must be assigned to ROM.

Fig. 3 Memory map in microprocessor mode and of external ROM version
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Address Registers Access
(Hexadecimal notation)
000000 RO -+ Read only
000001 WO - Write only
000002 | Port PO register RW RW - Read/Write
000003 | Port P1 register RW P Impossible to write, |
—— and undefine at reading
000004 | Port PO direction register RW Q weeeee Impossible to write,
000005 | Port P1 direction register RW and fixed to “0” at reading
000006 | Port P2 register RW b7 b6 b5 b4 b3 b2 bl b0
000007 | Port P3 register - [ofof o o]rw|rRW|RW[RW]|
000008 | Port P2 direction register RW b7 b6 b5 b4 b3 b2 bl b
000009 | Port P3 direction register - l 0 I 0 | 0 I 0 |RW| RW|RW|RWI
O00C0A | Port P4 register RW
00000B | Port P5 register RW
00000C | Port P4 direction register RW
00000D | Port P5 direction register RW
00000E | Port P6 register RW
00000F | Port P7 register RW
000010 | Port P6 direction register RW
000011 | Port P7 direction register RW
000012 | Port P8 register RW
000013
000014 | Port P8 direction register RW
000015
00001D
00001E | A-D control register RW b7 b6 b5 b4 b3 b2 bl b0
00001F | A-D sweep pin selection register RW | ? I ? l ? I ? | ? | ? |RW1RM
000020 | A-D register 0 RO
000021
000022 | A-D register 1 RO
000023
000024 | A-D register 2 RO
000025
/_\v
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Address Registers Access
(Hexadecimal notation)
//'\__—//

000026. | A-D register 3 RO
000027
000028 | A-D register 4 RO
000029
00002A | A-D register 5 RO
00002B
00002C | A-D register 6 RO
00002D
00002E | A-D register 7 RO
00002F
000030 | UARTO transmit/receive mode register RW
000031 | BRGO register WO
000032 | YARTO transmission L

: ansmission ___....... WO
000033 | buffer register H b7 b6 b5 b4 b3 b2 bl __bo
000034 | UARTO transmitreceive control register 0 | — ?21?21]?] ? |ROJRW|RW|RW
000035 | UARTO transmitreceive control register 1 - RO|RO|RO| RO| RO|RW| RO|RW
000036 , _ L| RO b7 b6 b5 b4 b3 b2 bl bo
000037 UARTO receive buffer register 0 - I 0 | 0 | OJ 0 l 0 [0 l 0 IROI
000038 | UART1 transmitreceive mode register RW
000039 | BRG1 register WO
00003A | JART1 transmission ... Ll wo
00003B | buffer register H b7 b6 b5 b4 b3 b2 bl __bo
00003C | UARTH transmit/receive control register 0 —+ 21?21?21 ? | ROIRW|RW|RW
00003D | UART1 transmit/receive control register 1 — RO|RO|RO]|RO|RO|RW|RO|RW
00003E L| RO b7 b6 b5 b4 b3 b2 bl b0
00003F ‘UART1 receive buffer register H - '_'" I 0 I 0 | 0 | 0 I 0 I 0 I 0 lRol
000040 | Count start flag RW
000041
000042 | One-shot start flag WO
000043 b7 b6 b5 b4 b3 b2 bl b0
000044 | Up-down flag - [wolwolwo[rw[rw]rwW|RW [rRW]
000045
000046 | k] W
000047 | Timer AO register ¥
o008 | Ll aw
000049 | Timer ’regls er i
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Address Registers Access
(Hexadecimal notation)

/\_— //
00004A L
00004B - Timer A2 register ========-- 0l RW
00004C . . L
00004D -Timer A3 register =====«==-- e RW
00004E L
00004F - Timer A4 register =========- e RW
000050 ) . L
000051 -Timer BO register ==--==«=-- 0 RW
000052 L
000053 - Timer B1 register ===-=-==-- 0 RW
000054 L
000055 -Timer B2 register =======--- e RW
000056 | Timer A0 mode register RW
000057 | Timer A1 mode register RW
000058 | Timer A2 mode register RW
000059 | Timer A3 mode register RW
00005A | Timer A4 mode register RW
00005B | Timer BO mode register RW
00005C | Timer B1 mode register RW
00005D | Timer B2 mode register RW b7 b6 b5 b4 b3 b2 bl bo
00005E | Processor mode register — lRWI RWI RWI RW|WO| RWIRW|RW|
00005F
000060 |Watchdog timer WO b7 b6 b5 b4 b3 b2 bi b0
000061 | Watchdog timer frequency selection flag RW I 2 [ ? ] ? ] ? I 2 I 2 | ? IRwl
000062
000063
000064
000065

: : i b7 b6 b5 b4 b3 b2 b1 _bO
000070 | A-D conversion interrupt control regiser - ?21?1 7?1 ? |RW[RW[RW|RW
000071 | UARTO transmission interrupt control regiter — ? ? ? ? |IRWIRWIRW|RW
000072 | UARTO receive interrupt control register — 21?21?21 ? |[RWIRW|RW|[RW
000073 | UART1 transmission interrupt control regiter — ? ? ? ? IRWIRW|RW|RW
000074 | UART receive interrupt control register - 21?21?21 ? |RW|RW[RW[RW
000075 | Timer AQ interrupt control register - 21 2?21 7?21 ? |IRW|RW|RW|RW
000076 | Timer A1 interrupt control register — 217?21 ?21 ? |[RW|RW|RW|RW

//—\____,/
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Address Registers Access
(Hexadecimal notation)

e — b5 b4 b3 b2 bl b0
000077 | Timer A2 interrupt control register RW|RW{RW |RW
000078 | Timer A3 interrupt control register RW|RW|RW|RW
RW|RW|RW|RW
RW|RW|RW |[RW
RW|RW|RW|RW
RW|RW|RW|RW
RW|RW|RW|RW|RW|RW
RW|RW|{RW|RW|RW|RW
RW|RW|RW|RW|RW|RW

o
~
o
o

000079 | Timer A4 interrupt control register

00007A | Timer B0 interrupt control register

00007B | Timer B1 interrupt control register

Y Y B B BN BN
(e N LG RGN ISV N IECV R IS )

00007C | Timer B2 interrupt control register
00007D | INTo interrupt control register
00007E | INT1 interrupt control register
00007F | INTz interrupt control register
000080

lllllllll\

REVH IV G IRV LN SN IRV [REV N IRV

VR IV RGN RV RIS REV XV e

Internal RAM

?
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Appeﬁdix 3. Control registers
The register structure of each control register allocated in the SFR area are shown on the following pages.
Each table shows the bit names, functions, content when reset is removed, and bit attributes.

* Bit attributes: Each bit in the control register is either read only, write only, or read/write. The following
abbreviations are used to indicate the attribute.

: Read

: Write

: Possible to read or write

: Impossible to read or write

XOs®D
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1.Port Pi direction registers (i=0-8)

Lb7| b61 b51b4| b3|b2| b1J bOJ Port Pi direction register

(Address 0416,0516,0816,0916,0C16,0D16,1016,1116,14 16)

Bit Bit name Functions Atreset| R | W
0 | Port Pio direction selection bit 0 : Input mode o OO
1 | Port Pi1 direction selection bit 1 : Output mode [ e)le)
2 | Port Piz direction selection bit 0 10|O
3 | Port Pia direction selection bit 0 0|0
4 | Port Pis direction selection bit 0 |10|O
5 | Port Pis direction selection bit o0 |OIO
6 | Port Pis direction selection bit 0 (OO
7 | Port Piz direction selection bit o |00

Note: The high-order 4 bits of port P3 dierction register are write prohibited
and these bits are fixed to “0” at reading.

2.A-D control register

b7 b6 b5 b4 b3 b2 b1 b0

I A-D control register (Address 1Ee)

Bit Bit name Functions At reset| R | W
Analog input selection bits b2b1b0 !
0 0 0 0: Select ANo undened| Q] O
|| 0 0 1: Select AN1
01 O:Se:ect ﬁmz olo
1 0 1 1:Select ANs Undefined
1 0 0:Select AN4
1 10 1:§e:ect ﬁms
2 1 1 0: Select ANs Undefined
1 1 1:Select AN7(Note) 0|0
A-D mode selection bits b4b3
3 0 0 : One-shot mode o 0|0
- 0 1:Repeat mode
1 0: Single sweep mode
4 1 1 : Repeat sweet mode o |O|O
Trigger selection bit 0 : Software trigger (internal trigger)
5 1:ADrra input trigger (external trigger) | 0 [O]O
A-D conversion start flag 0 : Stop A-D conversion
6 1 : Start A-D conversion o OO
A-D conversion frequency (¢ap) | O : Select f(Xin)/8
7 | selection flag 1 : Select f(Xn)/4 o |OlO

Note. Pin ANz cannot be used as analog voltage input pin when an external
trigger is selected.
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3.A-D sweep pin selection register

b7 b6 b5 b4 b3 b2 b1 bO

I A-D sweep pin selection register (Address 1F1s)

4.UARTi transmit/receive mode registers (i=0, 1)

b7 b6 b5 b4 b3 b2 b1 b0

LI

]

Bit Bit name Functions Atreset| R | W
A-D sweep pin selection bits b1b0
0 0 0:ANo, ANi 2pinsg 1 (OO
] 0 1:ANo—ANs (4 pins
1 0 : ANo—AN:s (6 pins)
1 1 1: ANo—-AN7 (8 pins) 1 10|10
2 | These bits cannot be written and are undefined at reading. Undsfined | M| D
3] Undsfined| M| DK
T Undefined x x
5 e A
6 Undefined| D | D
71 Undefined| DX | DK
UARTO transmit/receive mode register EAddress 3016;
UART1 transmit/receive mode register (Address 3816,
Bit Bit name Functions Atreset [ R | W
Serial /0 mode selection bits b2b1b0
0 0 0 0: Serial /O prohibited o |O]O
] 0 0 1 : Clock synchronous serial /O
0 1 0: This cannot be available.
1 0 1 1 : This cannot be available. o |O|O
| 1 0 0:7-bit UART
1 0 1:8-bit UART
2 11 0:9-bit UART 0 |O|O
1 1 1 : This cannot be available.
Internal/external clock selection bits 0 : Internal clock
3 1 : External clock o [O|O
Stop bit length selection bit 0 : One stop bit
4 |(in UART mode) 1 : Two stop bits o |0|0
Odd/even parity selection bit 0 : Odd parity
5 |(in UART mode) 1: Even parity 0 OO
Parity enable bit 0 : Parity disabled
6 |(in UART mode) 1 : Parity enabled o0 |O|O
Sleep function selection bit 0 : Sleep function disabled
7 |(in UART mode) 1 : Sleep function enabled 0 OO

Note: Bits 4 to 6 are ignored in clock synchronous mode.
Bit 7 must be “0” when using clock synchronous mode.
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5.UARTI transmit/receive control register 0 (i=0, 1)

b7 b6 b5 b4 b3 b2 b1 b0 ) ) i
" 1 r—l ] UARTO transmit/receive control register 0 (Address 3416)

UART1 transmit/receive control register 0 (Address 3C1s)

Bit Bit name Functions Atreset | R | W
BRG count source selection bits | b1b0
0 0 0: Select f(XiN)/2 (f2) o0 |O|O
- 0 1: Select f(XiN)/16 (fi6)
1 0: Select f(XiN)/64 (fes)
1 1 1: Select f(XiN)/512 (fs12) o 10]O
CTS/RTS function selection bit |0 : Select CTS function
2 1: Select RTS function 0 |O|O
Transmission register empty flag 0 : Data in transmission register
(transmitting)
3 1 : No data in transmission register 1 |0O|X
(transmit complete)
4 | These bits cannot be written and are undefined at reading. Undeiined| ¢ | D¢
—
5 Undefined X x
-
6 Undefined| M| D
7 Undefined X x
6.UARTi transmit/receive control register 1 (i=0, 1)
b7 b6 b5 b4 b3 b2 b1 b0 ) . .
r ] I 1 l —I I I l UARTO transmit/receive control register 1 (Address 3516)
UART1 transmit/receive control register 1 (Address 3D16)
Bit Bit name Functions Atreset | R| W
Transmit enable bit 0 : Transmission disable
0 1 : Transmission enable o |O|O
1 Transmission buffer empty flag 0 : Data in transmission buffer register 1 |OlX
1 : No data in transmission buffer register
Receive enable bit 0 : Receive disable
2 1 : Receive enable o |00
3 Receive completion flag 0 : No data in receive buffer register o |O|X
1 : Data in receive buffer register
Overrun error fla 0 : No overrun error
4 g 1 : Overrun error o [OX
5 Framing error flag 0 : No framing error o |O[X
in UART mode 1 : Framing error
( g
Parity error flag 0 : No parity error
6 (in UART mode) 1: Parﬁy error 0 [OX
Error sum flag 0 : No error
7| (in UART mode) 1 Error 0 |IOX

Note: Bits 5 to 7 are ignored in clock synchronous mode.
Each error flag is cleared to “0” when the receive buffer register is read.
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7.Count start flag

b7 b6 b5 b4-b3 b2 b1 b0
I | Count start flag (Address 4016)

Bit Bit name Functions Atreset [ R {W
“— 0 | Timer AO count start flag 0 : Count stop o OO
1 | Timer A1 count start flag 1: Count start o [OlO
2 | Timer A2 count start flag o0 |10|0O
3 | Timer A3 count start flag o |O|O
4 | Timer A4 count start flag 0 10|10
5 | Timer BO count start flag 0 (O|O
6 | Timer B1 count start flag o [{O|O
7 | Timer B2 count start flag o0 |O|O
8.0ne-shot start flag
b7 b6 b5 b4 b3 b2 b1 b0
[ I One-shot start flag (Address 421)
Bit Bit name \ Functions Atreset| R |W
0 | Timer AO one-shot start flag 1: One-shot start o0 [X|O
1 | Timer A1 one-shot start flag . 0 IXIO
2 | Timer A2 one-shot start flag 0 {X|O
3 | Timer A3 one-shot start flag o | X|O
4 | Timer A4 one-shot start flag 0 | X|O
5 | These bits cannot be written and are undefined at reading. Undefined| M | DX
—g- ’ Undefined x X
7] Undefined) S | DX
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9.Up-down flag

b7 b6 b5 b4 b3 b2 b1 b0

I Up-down flag (Address 441e)

Bit Bit name Functions Atreset | R | W
0 | Timer AO up-down flag 0 : Down count o 10|0
1| Timer A1 up-down flag 1+ Up count 0 10|10
2 | Timer A2 up-down flag o [O|O
3 | Timer A3 up-down flag o |OJO
4 | Timer A4 up-down flag o |O|O
Timer A2 two-phase signal 0 : Two-phase pulse signal
S | processing selection bit procepssinge Sisable 0 |X|O
1 : Two-phase pulse signal
Timer A3 two-phase signal processing enable
6 | processing selection bit o |X|O
Timer A4 two-phase signal
7 | processing selection bit o |X|O

Note: Data must be written using LDM or STA instruction for bits 5-7.
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10.Timer Ai mode registers (i=0-4)

b7 b6 b5 b4 b3 b2 b1 b0

| Timer Ai mode register (Addresses 5616—5A16)

Bit Bit name Functions Atreset| R | W
Operating mode selection bits b1b0
0 0 0: Timer mode o [O]O
| 0 1 : Event counter mode
1 0: One-shot pulse mode
1 1 1:PWM mode o [O|O
2 | These bits’ functions depend on operating mode. o 10|10
3 0 10|10
4 o OO
5 o 10O
6 Count source selection bits b7b6
0 0 : Select f(XiN)/2 (f2) 0
- 0 1: Select f(XiN)/16 (f1s) 0|0
1 0: Select f(XiN)/64 (fo4)
7 1 1 : Select f(Xin)/512 (fs12) o 10|10
Note: In event counter mode, bits 6 and 7 are ignored.
(1)Timer mode
b7 b6 b5 b4 b3 b2 b1 bo
f 1 | 0 | | | | 0 I 0 | Timer Ai mode register <Timer mode>
Bit Bit name Functions
0 | Operating mode selection bits b1b0
Kl 0 0:Timer mode
5 Pulse output function selection bit 0 No pulse output
: Pulse output
Gate function selection bits b4b3
3 0 X: No gate function
T 1 0 : Count while TAi input level is “L"
4 1 1:Count while TAin input level is “H”
5 This bit must be fixed to “0”".
6 Count source selection bits b7b6
O 0 Select f(XiN)/2 (f2)
- : Select f(XiN)/16 (f16)
7 1 0 Select f(Xin)/64 (fo4)
1 1 : Select {(XiN)/512 (f512)
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(2)Event counter mode

b7 b6 b5 b4 b3 b2 b1 b0

xIx]of | |

[0 | 1 ] Timer Ai mode register <Event counter mode>

Bit Bit name Functions
0 | Operating mode selection bits b1b0
R 0 1 : Event counter mode
Pulse output function selection bit 0 : No pulse output
2 1 : Pulse output
Count polarity selection bit 0 : Count at the falling edge of the input signal
8 1 : Count at the rising edge of the input signal
Up-down switching factor selection bit [ 0 : Content of the up-down flag
4 1 : Input signal of the TAiour pin
5 This bit must be fixed to “0".
6 | These bits are ignored (may be “0” or “1").
7

(3)One-shot pulse mode

b7 b6 b5 b4 b3 b2 b1 b0

LI fof [

L1J 1 I 0 ] Timer Ai mode register <One-shot pulse mode>

Bit Bit name Functions
0 | Operating mode selection bits b1b0
T( 1 0: One-shot pulse mode
2 This bit must be fixed to “1".
Trigger selection bits b4b3
3 0 X : Internal trigger (Writing operation to the one-shot
start flag)
| 1 0 : Falling edge of the input signal toTAiIN input
4 1 1 : Rising edge of the input signal to TAiIN input
5 This bit must be fixed to “0".
6 Count source selection bits b7b6
0 0: Select f(XN)/2 (f2)
— 0 1 : Select {(XiN)/16 (f16)
7 1 0: Select f(Xin)/64 (fs4)
1 1 : Select {(XiN)/512 (fs12)
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(4)PWM mode

b7 b6 b5 b4 b3 b2 b1 b0

I 1 | 1 | 1 | Timer Ai mode register <PWM mode>

Bit

Bit name

Functions

0
1

Operating mode selection bits

b1bo
1 1:PWM mode

2

This bit must be fixed to “1".

Trigger selection bits

b4b3
0

start flag)
Falling edge of the input signal TAiIN input
: Rising edge of the input signal TAiIN input

: Internal trigger (Writing operation to the one-shot

X
10
11

16/8-bit PWM mode selection bit

0 : 16-bit PWM mode
1 : 8-bit PWM mode

Count source selection bits

b7b6

0 0: Select f(Xin)/2 (f2)

0 1: Select {(XiN)/16 (f16)

1 0 : Select f(Xin)/64 (fes)

1 1: Select {(Xin)/512 (f512)
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11.Timer Bi mode registers (i=0-2)

b7 b6 b5 b4 b3 b2 b1 b0
" ] | Timer Bi mode register (Address 5B1s—5D1s)

Bit Bit name Functions Atreset | R|W
Operating mode selection bits b1b0
0 0 0: Timer mode o |O|O
] 0 1: Event counter mode
1 0: Pulse period/pulse width
1 measurement mode o [O|O
1 1 : This cannot be available.
2 | These bits’ functions depend on operating mode. o 0|0
3 o 10O
4 | This bit cannot be written and is undefined at reading. undefined| DK | D
| Timer Bi overflow flag 0 : No overflow or underflow
5 1 : Overflow or underflow 1 |OfX
(ote)
Count source selection bits b7b6
6 0 0: Select f(XiN)/2 (f2) o Q|0
0 1 : Select f(Xin)/16 (f16)
| 1 0: Select {(XiN)/64 (fea)
7 1 1: Select f(XiN)/512 (f512) o OO

Note: The timer Bi overflow flag which is set to “1” is cleared to “0” by writing
to this register.

(1)Timer mode

' b7 b6 b5 b4 b3 b2 b1 b0
| I | f | X | X l 0 l OJ Timer Bi mode register <Timer mode>

Bit Bit name Functions

Operating mode selection bits b1b0
0 0 :Timer mode

0
1]

2 | These bits are ignored (may be “0” or “1”).
3]

4

This bit cannot be written and is undefined at reading.

Timer Bi overflow flag 0 : No underflow
5 1 : Underflow
6 Count source selection bits b7b6
0 0: Select f§X|N;/2 (f2)
— 0 1 : Select {(Xin)/16 (f16)
7 1 0: Select f§XINg/64 (fos)
1 1 : Select {(Xin)/512 (fs12)
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(2)Event counter mode

b7 b6 b5 b4 b3 b2 b1 b0

[X{X] F1 | [of1] TimerBimode register <Event counter mode>

Bit Bit name Functions
0 | Operating mode selection bits b1b0
ER 0 1 :Event counter mode
5 Count polarity selection bits b3b2
0 0 : Countat the falling edge of the input signal
1 0 1 : Count at the rising edge of the input signal
3 1 0 : Countat both edges of the input signal
1 _1: This cannot be available.
4 | This bit cannot be written and is undefined at reading.
Timer Bi overflow flag 0 : No underflow
1 : Underflow
6 | These bits are ignored (may be “0” or “1”).
7

(3)Pulse period/pulse width measurement mode

b7 b6 b5 b4 b3 b2 b1 b0

l l 1] 01 Timer Bi mode register <Pulse period/pulse width measurement mode>

Bit Bit name

Functions

0 | Operating mode selection bits
]

b1b0
1 0 : Pulse period/pulse width measurement mode

Measurement mode selection bits

2

b3b2

0 0 : Pulse period measurement mode (between falling
edge and the next falling edge)

0 1 : Pulse period measurement mode (between rising
edge and the next rising edge)

1 0 : Pulse width measurement mode

1 1 : This cannot be available.

4 | This bit cannot be written and is undefined at reading.

Timer Bi overtlow flag

0 : No overfolw
1 : Overflow

6 Count source selection bits

b7b6

0 0: Select f(Xi)/2 (f2)
0 1: Select f{Xin)/16 (fi6)
1 0: Select {(XiN)/64 (fs4)

1 1 :Select {(Xn)/512 (fs12)
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12.Processor mode register

b7 b6 b5 b4 b3 b2 b1 b0

0 Processor mode register (Address 5E 16)
Bit Bit name Functions Atreset| R [ W
Processor mode bits b1b0o
0 0 0 : Single-chip mode o [O]O
|| 0 1 :Memory expansion mode
1 0 : Microprocessor mode
1 1 1 : This cannot be available. o 10|0
Wait bit 0 : Wait during external access
2 1 : No wait o [O]O
Software reset bit Software reset activated by writing “1”.
3 o |X|O
Interrupt priority detection b5b4
4 |time selection bits 0 0: Select 7 cycles atintemal clock ¢ | @ |O|O
— 0 1 : Select 4 cycles at internal clock ¢
5 1 0: Select2cyclesatinternal clock¢ | ¢
1 1 : This cannot be available. 0|0
This bit must be fixed to “0”.
6 U (e]le)
Clock ¢1 output selection bit 0 : ¢1 output disabled
(P42 is normal I/0O port.)
7 1 : ¢1 output enable o 0|0
(P42 is ¢1 output pin.)
13.Watchdog timer frequency selection flag
b7 b6 b5 b4 b3 b2 bl bo
i H l Watchdog timer frequency selection flag (Address 6116)
Bit Bit name Functions Atreset| R [ W
Watchdog timer frequency 0 : Select f(XiN)/512 (fs12)
0 | selection flag 1 : Select f(Xin)/32 (fa2) o OO
1 | These bits cannot be written and are undefined at reading. undefined| D | D
_2— Undeﬁnad\x x
_3— Undefined| x X
n undefined| D | D
H i PadPa
6 i XX
’_7_l Undefined x x
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14.A-D conversion, UART 0 and 1 transmission, UART 0 and 1 receive, timers A0-A4, timers B0-B2,
interrupt control registers

b7 b6 b5 b4 b3 b2 b1 b0 ) o -
2 I A-D conversion, UARTO and 1 transmission, UARTO and 1 receive, timers AO-A4,
Z timers BO-B2 interrupt control registers (Address 7016—7C1e)

Bit Bit name Functions Atreset | R | W
Interrupt priority level b2b1b0
0 | selection bits 0 0 0:Level O (Interrupt disabled) | 0 |O|O
- 00 1:Levelt |
01 0:Level2
01 1:Level3 o OO
10 0:Leveld
B 10 1:Levelb
2 11 0:Level6 0
11 1:Level? 0|0
Interrupt request bit 0 : No interrupt request
3 1 : Interrupt request 0 [O]O
4 | These bits cannot be written and are undefined at reading. Undafined| B | K
..
5 Undefined X x
E Undefined x ><
7 Undefined x x
15.INTo—INT2 interrupt control registers
b7 b6 b5 b4 b3 b2 b1 b0
| | | |NTo-INTzinterrupt control registers (Address 7D16-7F1o) |
Bit Bit name Functions Atreset | R |W
Interrupt priority level b2b1b0
0 | selection bits 0 0 0:Level O (Interruptdisabled) | 0 OO
- 00 1:Levelt
01 0:Level2
1 01 1:Level3 o OO
10 0:Level4
| 101 :IEeve:g \
2 11 0:Leve 0
11 1:Level7 0|0
Interrupt request bit 0 : No interrupt request
3 1 : Interrupt request o [O|]O }
Level/edge selection bit 0 : Set request bit at *H" level for level |
sense and the falling edge for edge
4 sense. 0
1 : Set request bit at “L" level for level O|C
sense and the rising edge for edge
sense.
Level/edge sense selection bit 0 : Edge sense
S ‘ 1: Level sense 0 10|0
6 | These bits cannot be written and are undefined at reading. Undefined| D | D
7 Undefined x x

291



APPENDIX

Appendix 4. Stop, wait, one-wait, Ready, Hold state

Appendix 4. Stop, wait, one-wait, Ready, Hold state

1. Stop, wait, one-wait, Ready, Hold state
Table 1 shows the stop, wait, one-wait, Ready, and Hold state.
The following are some notes for items in Table 1.

(1) Oscillation

Timer A, timer B, serial /0, and A-D converter can be used when the oscillator is operating.

(2) STP instruction

For mask ROM version, whether to enable or disable the STP instruction is selected with the STP
instruction option on the mask ROM order confirmation form. The STP instruction is always valid for
PROM version and external ROM version.

Table 2 shows the external interrupts used to remove the state after executing the STP instruction (stop
mode).

Table 2 External interrupts used to remove stop mode

External interrupt

Interrupt source

External input signal

INTo, INT1, INT2

Serial I/0 using external clock
(clock synchronous/asynchronous)

UARTO receive, UARTO transmission
UART1 receive, UART1 transmission

Timer interrupts in event counter mode Timer A0, Timer A1, Timer A2, Timer A3, Timer A4,

Timer BO, Timer B1, Timer B2

(3) STP, WIT instructions

The reset used to remove the state after executing the STP instruction (stop mode) or the state after
executing the WIT instruction (wait mode) is a hardware reset. If a hardware reset is used to remove
a stop mode or wait mode, the contents of the internal RAM are the contents before executing these
instructions. The status of the other internal registers are the same as described in section “3.1.2
Internal status at reset”. The contents of the internal RAM is not retained if a hardware reset is
performed in cases other than stop mode or wait mode.

If STP or WIT instruction is to be executed after writing to internal RAM, SFR, external memory, or
peripheral IC, insert NOP instructions in front of these instructions. Table 3 shows the number of NOP

instructions to insert.

Table 3 Number of NOP instruction to insert

Condition

NOP instructions

After writing to internal RAM and SFR

1

After writing to external memory and peripheral I/C when the wait bit (bit

2 at address 5Ei1s) is “1”

1

After writing to external memory and peripheral 1/0 when the wait bit is

“0” (one-wait mode)
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Table 1 Stop, wait, one-wait, Ready, Hold state

Source
Parameter

STP instruction
(stop mode)

WIT instruction
(wait mode)

Wait bit
(one-wait mode)

RDY input
(Ready state)

HOLD input
(Hold state)

Enabling condition

Enabled in all operating
modes

Enabled in all operating
modes

Access external area with
processor mode register
bit 2 set to “0".

In memory expansion
mode or microprocessor
mode

In memory expansion
mode or microprocessor
mode

Oscillator Stopped Operating Operating Operating Operating
1 output Stop at “L" level. Operating Operating Operating Operating
E output Stop at *H" or “L" level. |Stop at “H" or “L" level. |*‘L" pulse width becomes |Stop at “H" or “L" level. | Stop at “H" level.

twice at external access.

Port status

Retain bus and port
status when STP
instruction is executed.

Retain bus and port
status when WIT
instruction is executed.

Retain bus and port
status when “L" level is
applied.

Ports PO, P1, P2, P30,
P31 are floating. Ports
P32, P33 stop at “L" level.
Ports P43-P47, PS5, P8,
P7, P8 retain status when
“L" level is applied.

Watchdog timer state

Stopped (set “FFF16” in
watchdog timer and
select count source f32)

Operating

Operating

Operating

Stopped

Removing of state

Hardware reset or
accepting external
interrupt

Hardware reset or
accepting interrupt

Set processor mode
register bit 2 to “1".

Return RDY input to “H"
level.

Return HOLD input to “H"
level.
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Appendix 5. Package outlines

Dimension in mm

O]

3.05MAX

¢

22.8+03

16.8+0.3

0.1 +0.1

Fig. 4 80-pin plastic molded QFP (80P6N)

21.04£0.2 o Dimension in mm

(20 0)

(14.40)
156+02

$68.8
o 0 0.4 Notch
INDEX LEAD 1 |
! |
qnnnoneanonong

@/ Lasoxo.os 0.5 typ. I g
12.0£0.15 S| =
18404015 A &
e

Fig. 5 80-pin ceramic LCC (80D0)

c
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Appendix 6. Setting of unused pins

Table 4 Setting example of unused pins in single-chip mode

Pin

Setting

Ports P0-P8

Set to input mode and connect to Vss through a resistor (pull-down).

E, Xout (Note 1)

Open.

AVce

Connect to Vece.

AVss, Vaer, BYTE

Connect to Vss.

Note 1 : When external clock is input to Xi.

Table 5 Setting example of unused pins in memory expansion and microprocessor mode

Pin

Setting

Ports P4>—P47, P5-P8

Set to input mode and connect to Vss through a resistor (pull-down).

BHE (Note 1), ALE (Note 2),
HLDA, Xour (Note 3)

Open.

HOLD, RDY Connect to Vcc through a resistor (pull-up).
AVcc Connect to Vce.
AVss, VRer Connect to Vss.

Note 1 : When BYTE="H".

Note 2 : When BYTE="H" and address space is 64K bytes.
Note 3 : When external clock is input to Xin pin.

(1) Single-chip mode

(2) Memory expansion and microprocessor mode

Ports P0-P8 ——A\AN\— Ports Pa2-P47,-— A AN, ——
(input mode) P5-P8 (input mode)
BHE [—
_ ALE —
g EI™ Open % HLDA |— OPen
~l Xour|— P ~ Xout |— Vee
~ v ~
O —e_CC O o
N no HOLD
BYTE RDY
AVce AVec
AVss AVss
Verer Veer
7~ Vss 77 Vss

Fig. 6 Setting example of unused pins
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Appendix. 7 ROM ordering method
Please submit the information described below when ordering Mask ROM and One time PROM.

[Mask ROM]
® Mask ROM Order Confirmation FOIM .......coccoeiiviiiiiiiicie ettt aessre e eeae e enn 1 set
(There is a specific form to be used for each model.)
@ Data to be written into Mask ROM ... e e e EPROM
(Please provide three sets containing the identical data.)
® Mark Specification Form (described on page 309) .....ccoiiiieiiiiniiienienceesereeee et 1 set
[One time PROM]
@ Writing to PROM Order Confirmation FOIM ......cccoviiiviiiiee et se st e sveeas 1 set
(There is a specific form to be used for each model.)
@ Data to be written into PROM bBUIlt iN ..ot EPROM
(Please provide three sets containing the identical data.)
® Mark Specification Form (described on page 309) .......ccovrveiiiriiinieniininiet e 1 set
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GZZ—SH02—45A<99A0>

Mask ROM number . |

MELPS 7700 MASK ROM ORDER CONFIRMATION FORM
SINGLE-CHIP 16-BIT MICROCOMPUTER M37702M2-XXXFP

Date
MITSUBISHI ELECTRIC - -

Section head| Supervisor

signature signature

Receipt

Note : Please fill in all items marked3*

Gompany TEL ) Beoponsible| sypervisor
. name ( ) § g
% | Customer s “é
. 3 o
ggﬁeed Date : - @
% 1. Confirmation
Specify the name of the product being ordered and the type of EPROMs submitted.
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box).
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks
based on this data. We shall assume the responsibility for errors only if the mask ROM data on the products
we produce differ from this data. Thus, the customer must be especially careful in verifying the data con-
tained in the EPROMSs submitted.
Checksum code for entire EPROM areas (hexadecimal notation)
EPROM Type :
(1) Set “FF4” in the shaded area.
[ 27256 O 27512 (2) Address 0;¢ to 1045 are the area for storing the
data on model designation and options. This area
0000 0000 must be written with the data shown below.
7777777 0010 -l 0010 I?etails fO( gption data are givep next in the sec-
/ tion describing the STP instruction option.
//// Address and data are written in hexadecimal
T 4000 notation.
_‘ " cooo Address Address Address
DATA 16k ‘| 4D | 0 2D | 8 10
DATA 16K 33 1 FF 9
J J 37 2 FF A
7FFF FFFF 37 3 FF B
30 4 FF C
32 5 FF D
4D 6 FF E
¥ 2. STP instruction option 32 / FE F
One of the following sets of data should be written to the option data address (104¢) of the EPROM you have
ordered. Check @ in the appropriate box.
[0 STP instruction enable Address 1046
[0 STP instruction disable Address 1046
% 3. Mark specification
Mark specification must be submitted using the correct form for the type of package being ordered fill out the
appropriate 80P6N Mark Specification Form (for M37702M2-XXXFP) and attach to the Mask ROM Order Con-
firmation Form.
% 4. Comments
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GZZ—SH02—46A<99A0>

MELPS 7700 MASK ROM ORDER CONFIRMATION FORM
SINGLE-CHIP 16-BIT MICROCOMPUTER M37702M2AXXXFP

MITSUBISHI ELECTRIC

Mask ROM number—[

]

Receipt

Date :
Section head| Supervisor
signature signature

Note : Please fill in all items marked %
Responsible .
GCompany TEL Y officer Supervisor
name ( ) | ¢ 5
% | Customer g 5
o £
Date . n D2
) issued Date : @
% 1. Confirmation
Specify the name of the product being ordered and the type of EPROMs submitted.
" Three sets of EPROMs are required for each pattern (Check @ in the appropriate box).
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks
based on this data. We shall assume the responsibility for errors only if the mask ROM data on the products
we produce differ from this data. Thus, the customer must be especially careful in verifying the data con-
tained in the EPROMSs submitted.
Checksum code for entire EPROM areas (hexadecimal notation)
EPROM Type :
(1) Set “FF4¢" in the shaded area.
[0 27256 O 27512 (2) Address 0:¢ to 1045 are the area for storing the
data on model designation and options. This area
0000 0000 must be written with the data shown below.
77777774 0010 - 0010 I?etails fon: gption data gre givep next. in the sec-
// tion describing the STP instruction option.
/ / Address and data are written in hexadecimal
Tt 4000 notation.
C000 Address Address Address
DATA 16K 4D 0 M 8 [Option data] 10
DATA 16K 33 1 FF 9
I 37 2 FF A
7FFF FFFF__| 37 3 FF B
30 4 FF C
32 5 FF D
4D 6 - FF E
% 2. STP instruction option 82 7 FF F
One of the following sets of data should be written to the option data address (104¢) of the EPROM you have
ordered. Check @ in the appropriate box.
[0 STP instruction enable Address 104¢
(0 STP instruction disable Address 1046
¥ 3. Mark specification
Mark specification must be submitted using the correct form for the type of package being ordered fill out the
appropriate 80P6N Mark Specification Form (for M37702M2AXXXFP) and attach to the Mask ROM Order Con-
firmation Form.
% 4. Comments
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GZZ—-SH02—47A<99A0>

[Mask ROM number L I

MELPS 7700 MASK ROM ORDER CONFIRMATION FORM
SINGLE-CHIP 16-BIT MICROCOMPUTER M37702M2BXXXFP

MITSUBISHI ELECTRlc S:::iiri head| Supervisor
signature signature

Receipt

Note : Please fill in all items marked

Responsible .
Company TEL ., Lofficer Supervisor
name ( ) 80
# | Customer § 2
n S
Date . o 2
issued Date - @
% 1. Confirmation
Specify the name of the product being ordered and the type of EPROMs submitted.
Three sets of EPROMSs are required for each pattern (Check @ in the appropriate box).
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks
based on this data. We shall assume the responsibility for errors only if the mask ROM data on the products
we produce differ from this data. Thus, the customer must be especially careful in verifying the data con-
tained in the EPROMSs submitted.
Checksum code for entire EPROM areas (hexadecimal notation)
EPROM Type :
(1) Set “FF4¢" in the shaded area.
[ 27256 O 27512 (2) Address 046 to 1046 are the area for storing the
data on model designation and options. This area
0000 0000 must be written with the data shown below.
7777777 0010 710010 I?etails for. qption data are givgn next‘ in the sec-
/ / tion describing the STP instruction option.
/ Address and data are written in hexadecimal
N E notation.
‘1 cooo Address Address Address
DATA 1ok 40| 0 42 ] 8 10
DATA 16K 33 1 FF 9
—J 37 2 FF A
7FFF FFFF 37 3 FF B
30 4 FF ]
32 5 FF D
4D 6 FF E
F
% 2. STP instruction option 32 7 FF
One of the following sets of data should be written to the option data address (10:6) of the EPROM you have
ordered. Check @ in the appropriate box.
O] STP instruction enable Address 1016
00 STP instruction disable Address 104
¥ 3. Mark specification )
Mark specification must be submitted using the correct form for the type of package being ordered fill out the
appropriate 80P6N Mark Specification Form (for M37702M2BXXXFP) and attach to the Mask ROM Order Con-
firmation Form.
% 4. Comments N
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GZZ—SH02—36A<98A0>

MELPS 7700 MASK ROM ORDER CONFIRMATION FORM
SINGLE-CHIP 16-BIT MICROCOMPUTER M37702M4-XXXFP
MITSUBISHI ELECTRIC

Mask ROM number [

]

Receipt

Date '
Section head| Supervisor
signature signature

Note :

Please fill in all items marked

Company
name
% | Customer

TEL

Date
issued

Date :

Issuance
signatures

Responsible
officer

Supervisor

% 1. Confirmation

Specify the name of the product being ordered and the type of EPROMs submitted.
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box).
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks
based on this data. We shall assume the responsibility for errors only if the mask ROM data on the products
we produce differ from this data. Thus, the customer must be especially careful in verifying the data con-
tained in the EPROMs submitted.

Checksum code for entire EPROM areas

EPROM Type !

O

27512

DATA

0000
0010

: '.aoool
32K
FFFFJ

¥ 2. STP instruction option

(1)
(2)

(hexadecimal notation)

Set “FF4¢” in the shaded area.
Address 046 to 1046 are the area for storing the
data on model designation and options. This area
must be written with the data shown below.
Details for option data are given next in the sec-
tion describing the STP instruction option.
Address and data are written in hexadecimal
notation.

4D

33

37

37

30

32

4D

34

Address

NO O SsEWwNN—=O

Address

2D

o]

Address

[Option data] ‘10

FF

FF

FF

FF

FF

FF

FF

TmMOOm@>»©

One of the following sets of data should be written to the option data address (1046) of the EPROM you have

ordered. Check @ in the appropriate box.
0 STP instruction enable
0 STP instruction disable

% 3. Mark specification

Address 1046
Address 1046

Mark specification must be submitted using the correct form for the type of package being ordered fill out the
appropriate 80P6N Mark Specification Form (for M37702M4-XXXFP) and attach to the Mask ROM Order Con-

firmation Form.
% 4. Comments
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GZZ—SH02—37A<98A0>

MELPS 7700 MASK ROM ORDER CONFIRMATION FORM Mask ROM number | |

SINGLE-CHIP 16-BIT MICROCOMPUTER M37702M4AXXXFP

Date :
MITSUBISHI ELECTRIC :

Section head| Supervisor

signature signature

Receipt

Note : Please fill in all items marked

Company TEL . Responsible| sypervisor
] name ( ) § g
% | Customer ] ‘g
. % 9
ggﬁid Date : - ®
% 1. Confirmation
Specify the name of the product being ordered and the type of EPROMs submitted.
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box).
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks
based on this data. We shall assume the responsibility for errors only if the mask ROM data on the products
we produce differ from this data. Thus, the customer must be especially careful in verifying the data con-
tained in the EPROMs submitted.
Checksum code for entire EPROM areas (hexadecimal notation)
EPROM Type :
(1) Set “FFyg” in the shaded area.
O 27512 (2) Address 046 to 10;¢ are the area fof storing the
data on model designation and options. This area
0000 must be written with the data shown below.
0010 Details for option data are given next in the sec-
tion describing the STP instruction option.
Address and data are written in hexadecimal
notation.
4 8000 Address Address Address
] a0 ] o ] s 10
DATA 32K 33 1 FF 9
J 37 | 2 FE_| A
[FFFF 37 3 FF B
30 4 FF C
32 5 FF D
4D 6 FF E
% 2. STP instruction option 34 / FF F
One of the following sets of data should be written to the option data address (10;¢) of the EPROM you have
ordered. Check @ in the appropriate box.
[0 STP instruction enable Address 1046
[0 STP instruction disable Address 1046
* 3. Mark specification
Mark specification must be submitted using the correct form for the type of package being ordered fill out the
appropriate 80P6N Mark Specification Form (for M37702M4AXXXFP) and attach to the Mask ROM Order Con-
firmation Form.
% 4. Comments
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GZZ—-SH02—38A<98A0>

MELPS 7700 MASK ROM ORDER CONFIRMATION FORM
SINGLE-CHIP 16-BIT MICROCOMPUTER M37702M4BXXXFP
MITSUBISHI ELECTRIC

Mask ROM number ‘ J

Date :
Section head| Supervisor

8 signature signature

®

o

]

o

Note : Please fill in all items marked %

% | Customer

TEL Responsible | g narvisor
Company 0 @ officer
name ( ) o g
s 2
Dat 25
ate . ©n g
issued Date - @

% 1. Confirmation
Specify the name of the product being ordered and the type of EPROMs submitted.
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box).
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks
based on this data. We shall assume the responsibility for errors only if the mask ROM data on the products
we produce differ from this data. Thus, the customer must be especially careful in verifying the data con-
tained in the EPROMs submitted.

Checksum code for entire EPROM areas

EPROM Type :

(hexadecimal notation)

O 27512

0000
0010

‘| 8000

32K

2
FFFFJ

¥ 2. STP instruction option
One of the following sets of data should be written to the option data address (104¢) of the EPROM you have

ordered. Check @ in the appropriate box.
0 STP instruction enable
[0 STP instruction disable

% 3. Mark specification
Mark specification must be submitted using the correct form for the type of package being ordered fill out the
appropriate 80P6N Mark Specification Form (for M37702M4BXXXFP) and attach to the Mask ROM Order Con-
firmation Form.

% 4. Comments

(1)
(2)

Set “FF4¢" in the shaded area.

Address 046 to 1046 are the area for storing the
data on model designation and options. This area
must be written with the data shown below.
Details for option data are given next in the sec-
tion describing the STP instruction option.
Address and data are written in hexadecimal
notation.

Address Address Address
4D 0 42 8 Option data| 10
33 1 FF 9
37 2 FF A
37 3 FF B
30 4 FF C
32 5 FF D
4D 6 FF E
34 7 FF F

Address 1046
Address 1046
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GZZ—SH02—54A<99A0 >

ROM number [ l

MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM
SINGLE-CHIP 16-BIT MICROCOMPUTER

Date :
M37702E2-XXXFP Section head| Supervisor
signature signature

MITSUBISHI ELECTRIC

Receipt

Note : Please fill in all items marked

Responsible :
TEL Supervisor
Company - officer P

name ( ) 30
% | Customer S %

2 c
Date . & o
issued Date - @

% 1. Confirmation
Specify the name of the product being ordered and the type of EPROMs submitted.
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box).
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce writing to
PROM based on this data. We shall assume the responsibility for errors only if the written PROM data on the
products we produce differ from this data. Thus, the customer must be especially careful in verifying the data
contained in the EPROMSs submitted.

Checksum code for entire EPROM areas (hexadecimal notation)
EPROM Type :
(1) Set “FFqg" in the shaded area.
O] 27256 O 27512 (2) Address 0;¢ to OFy5 are the area for storing the
data on model designation. This area must be
0000 0000 written with the data shown below.
gy ynn Address and data are written in hexadecimal
¢ / 000F 000F notation.
/ Address Address
T 4000 4D 0 2D 8
1 33 1 FF 9
ol
© 00—' 37 | 2 FF_| A
DATA 16K DATA 16K 37 3 FF B
30 4 FF C
7FFF L |FFFF 32 5 FF D
45 6 FF E
32 7 FF F

% 2. Mark specification
Mark specification must be submitted using the correct form for the type of package being ordered fill out the
appropriate 80P6N Mark Specification Form (for M37702E2-XXXFP) and attach to the Writing to PROM Order
Confirmation Form.

% 3. Comments
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GZZ—SH02—55A<99A0>

MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM ROM number _| |
SINGLE-CHIP 16-BIT MICROCOMPUTER :
M37702E2AXXXFP SZ::Z»; head| Supervisor
MITSUBISHI ELECTRIC g [anstire | signature
[
24

Note : Please fill in all items marked

Responsible ;
TEL Supervisor
Company o @ officer P

name ( ) o 2
% | Customer 5’2

»n £
Date . 0 o
issued Date : @

% 1. Confirmation
Specify the name of the product being ordered and the type. of EPROMs submitted.
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box).
If at least two of the three sets of EPROMSs submitted contain the identical data, we will produce writing to
PROM based on this data. We shall assume the responsibility for errors only if the written PROM data on the
products we produce differ from this data. Thus, the customer must be especially careful in verifying the data
contained in the EPROMs submitted.

Checksum code for entire EPROM areas (hexadecimal notation)
EPROM Type :
(1) Set“FF4¢" in the shaded area.
O 27256 O 27512 (2) Address 046 to OF¢ are the area for storing the
data on model designation. This area must be
0000 0000 written with the data shown below.
1 000F 77| 000F Address and data are written in hexadecimal
notation.
Address Address
4D 0 41 8
< 33 1 FF 9
40007 00007 37| 2 FFE_| A
DATA 16K DATA 16K 37 3 FF B
J ‘J 30 | 4 FF_| C
7FFF L JFFFF 32 5 FF D
45 6 FF E
32 7 FF F

¥ 2. Mark specification
Mark specification must be submitted using the correct form for the type of package being ordered fill out the
appropriate 80P6N Mark Specification Form (for M37702E2AXXXFP) and attach to the Writing to PROM Order
Confirmation Form.

% 3. Comments
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GZZ—SH04—07A<0ZA0)>

MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM

SINGLE-CHIP 16-BIT MICROCOMPUTER

M37702E2BXXXFP
MITSUBISHI ELECTRIC

[ ROM number [ J

Date :
Section head| Supervisor
signature signature

Receipt

Note : Please fill in all items marked3

Company TEL . Responsible | gpervisor
] name ( ) § 93_9
% | Customer g §
7]
isaued Date - “ 3
% 1. Confirmation
Specify the name of the product being ordered and the type. of EPROMSs submitted.
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box).
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce writing to
PROM based on this data. We shall assume the responsibility for errors only if the written PROM data on the
products we produce differ from this data. Thus, the customer must be especially careful in verifying the data
contained in the EPROMSs submitted.
Checksum code for entire EPROM areas (hexadecimal notation)
EPROM Type :
(1) Set “FF4" in the shaded area.
[J 27256 O 27512 (2) Address 06 to OFy are the area for storing the
data on model designation. This area must be
0000 0000 written with the data shown below.
71 000F 77 000F Address and data are written in hexadecimal
notation.
Address Address
4D 0 42 8
/ 33 1 FF 9
40007 00007 37 | 2 FF_| A
DATA 16K DATA 16K 37 3 FF B
J J 30 | 4 FF_| C
7FFF FFFF 32 5 FF D
| : 45 6 FF E
% 2. Mark specification 32 / FF F
Mark specification must be submitted using the correct form for the type of package being ordered fill out the
appropriate 80P6N Mark Specification Form (for M37702E2BXXXFP) and attach to the Writing to PROM Order
Confirmation Form.
% 3. Comments
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GZZ—SH03—67A< 07A0>

MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM | romMmmeer [ |
SINGLE-CHIP 16-BIT MICROCOMPUTER .
M37702E4-XXXFP SIZ::Ieor; head| Supervisor

MITSUBISHI ELECTRIC

signature signature

Receipt

Note : Please fill in all items marked

TEL Responsible | g5 rvisor
Company ® officer P
name ( ) 3 g
X | Customer §‘5
c
Date . a9
issued Date @

¥ 1. Confirmation
Specify the name of the product being ordered and the type of EPROMs submitted.
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box).
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce writing to
PROM based on this data. We shall assume the responsibility for errors only if the written PROM data on the
products we produce differ from this data. Thus, the customer must be especially careful in verifying the data
contained in the EPROMSs submitted.

Checksum code for entire EPROM areas (hexadecimal notation)
EPROM Type :
(1) Set “FFy¢” in the shaded area.
00 27512 (2) Address 046 to OFy are the area for storing the
data on model designation. This area must be
0000 written with the data shown below.
. Address and data are written in hexadecimal
000F notation.
Address Address
4D 0 2D 8
4 33 1 FF 9
8000 37 | 2 FF_| A
DATA 32K 37 3 FF B
30 4 FF C
FFFF 32 5 FF D
45 6 FF E
34 7 FF F

¥ 2. Mark specification

Mark specification must be submitted using the correct form for the type of package being ordered fill out the

appropriate 80P6N Mark Specification Form (for M37702E4-XXXFP) and attach to the Writing to PROM Order
Confirmation Form.

% 3. Comments
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GZZ—SH03—70A<07A0>

MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM

SINGLE-CHIP 16-BIT MICROCOMPUTER
M37702E4AXXXFP
MITSUBISHI ELECTRIC

ROM number [ —l
Date :
Section head| Supervisor
- signature signature
k=
[
o
)
s

Note :

Please fill in all items marked X

Company
name

% | Customer

TEL

Date

issued Date

Issuance
signatures

Responsible
officer

Supervisor

¥ 1. Confirmation

Specify the name of the product being ordered and the type of EPROMs submitted.
Three sets of EPROMSs are required for each pattern (Check @ in the appropriate box).
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce writing to
PROM based on this data. We shall assume the responsibility for errors only if the written PROM data on the
products we produce differ from this data. Thus, the customer must be especially careful in verifying the data

contained in the EPROMs submitted.

Checksum code for entire EPROM areas

(hexadecimal notation)

EPROM Type :
(1) Set “FF4” in the shaded area.
0 27512 (2) Address 06 to OF;¢ are the area for storing the
data on model designation. This area must be
0000 written with the data shown below.
7| 00oF Address and data are written in hexadecimal
notation.
Address Address
4D 0 41 8
1 8000 33 1 FF 9
7 37 2 FF A
DATA 32K 37 3 FF B
J 30 4 FF c
FFFF 32 5 FF D
45 6 FF E
34 7 FF F

% 2. Mark specification

Mark specification must be submitted using the correct form for the type of package being ordered fill out the
appropriate 80P6N Mark Specification Form (for M37702E4AXXXFP) and attach to the Writing to PROM Order

Confirmation Form.
% 3. Comments
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GZZ—SH03—38A<01A0>

MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM ROM number _| |
SINGLE-CHIP 16-BIT MICROCOMPUTER :
M37702E4BXXXFP SE::!:Z)r; head| Supervisor
MITSUBISHI ELECTRIC 5 |danaiure” signatire

Note : Please fill in all items marked?

Responsible .
, TEL A Supervisor
Company ° @ officer P
name ( ) g g
% | Customer S s
» €
Date . @° 2
issued Date - @

% 1. Confirmation
Specify the name of the product being ordered and the type of EPROMs submitted.
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box).
If at least two of the three sets of EPROMSs submitted contain the identical data, we will produce writing to
PROM based on this data. We shall assume the responsibility for errors only if the written PROM data on the
products we produce differ from this data. Thus, the customer must be especially careful in verifying the data
contained in the EPROMSs submitted.

Checksum code for entire EPROM areas (hexadecimal notation)
EPROM Type :
(1) Set“FFyg” in the shaded area.
O 27512 (2) Address 04¢ to OF¢ are the area for storing the
data on model designation. This area must be
0000 written with the data shown below.
7 777! 000F Addrgss and data are written in hexadecimal
notation.
/ Address Address
4D 0 42 8
4 8000 33 1 FF 9
37 2 FF A
DATA 32K 37 3 FF B
30 4 FF C
FFFF 32 5 FF D
45 6 FF E
34 7 FF F

¥ 2. Mark specification
Mark specification must be submitted using the correct form for the type of package being ordered fill out the
appropriate 80P6N Mark Specification Form (for M37702E4BXXXFP) and attach to the Writing to PROM Order
Confirmation Form.

% 3. Comments
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80P6N (80-PIN QFP) MARK SPECIFICATION FORM

Mitsubishi IC catalog name

Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special mark (if
needed).

A. Standard Mitsubishi Mark

Mitsubishi IC catalog name

Mitsubishi product
number (6-digit)

~——Customer's Parts Number
H Note :The fonts and size of characters are standard Mitsu-

bishi type.

Note1 : The mark field should be written right aligned.

2: The fonts and size of characters are standard Mitsu-
bishi type.

3:Customer's parts number can be up to 14 alpha-
numeric characters for capital letters, hyphens,
commas, periods and so on.

4 :1f the Mitsubishi logo A is not required, check the
box below.

A Mitsubishi logo is not required

]

Note1 : If special mark is to be printed, indicate the desired
layout of the mark in the left figure. The layout will
be duplicated technically as close as possible. Mit-
subishi product number (6-digit) and Mask ROM
number (3-digit) are always marked for sorting the
products.

2:1f special character fonts (e.g., customers trade
mark logo) must be used in Special Mark, check
the box below.
For the new special character fonts a clean font ori-
ginal (ideally logo drawing) must be submitted.

C. Special Mark Required

Special character fonts required

]
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Appendix 8. IC socket
1. IC socket
EPROM version of M37702 group (with 80—pin ceramic LCC package) can use IC sockets described
below.

®IC sockets for LCC package(80D0) provided by YAMAICHI ELECTRONICS Co., Lid.

Type name : IC61-0804-046
Type name : IC61-0804-034 (low profile model for mounting on printed circuit board)

20.0+03
15.8%"
14.9 (connective position)
0.8 X 16=12.0:015
INDEX-1 0.8:01
it X
nnnnnnT-nnnnnnn %—‘—
| 0 3,00 hole D
o =~ = = gl s | FE
== == g ——=— | = e
v = = = = — ] = .,
a = == == == =] == -
5|3 2= ==E = 3
K= o = —— -/ ©
g ] :ét:r-' i il — &
Qe — = =l ——1 == ]
|- 31 = == = — 3| w
2199.3 3 = B o = x| 2
o~ DS Hoee == -1 E== o o
N | W == = =B < == - =
ol =|Elo — == ==, = o~
Nf Nl = ——=- =Y — QY
8| X o === =B
~ @ o == === == X
m|o | == :‘éb‘: — ©
N == == %
[ e Ry wcm e g =/ —
= == by — — ol — | —_—
== —EE— = | = B A
M N LI
.
VA
A

/
TooouoououooooTy 2 11.0 (Be non-prominence
in this circle;
|

C extraction notch (two position)

(depth 3.8)
8.0:04
5.0:04 o
! 1 L lr
il ’ gEe.,
o 2T o
I ZERENEER
T 7 wigaed
IR A" S| g
HOH ,__Ulak}“/‘ &
(! o /B % oeor ©
0.8 X 15-12.0s025 UERMINN N, 77 2 (080)
22.00:05 ): l: : l:' \
L 1.50
0.3:005
SEC. X-X
(S=101)

Fig. 7 IC socket (type name : IC61-0804-046) by YAMAICHI ELECTRONICS Co., Ltd. outline
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20.0:03
15.8°3"
15.0 (connective position)
0.8 X15=120z01s
INDEX-1 0.8:01 .
iﬂ—X
nnnnnninnnnnnn ‘
A W"TT 2300 hole
1 i e "
= = - —
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SEC. X-X
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Fig. 8 IC socket (type name : IC61-0804-034) by YAMAICHI ELECTRONICS Co., Ltd. outline

[Precaution when using IC socket]

1. The profile of 1C61-0804-046 is higher than 1C61-0804-034. 1C61-0804-046 is an exclusive use of
mounting on printed circuit board and easy to solder.

2. Use IC61-0804-046 and 1C61-0804—-034 sockets for evaluation.
Do not use these IC sockets mounting EPROM models for mass production.
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2. Example of printed circuit board mount pad
Figure 9 shows the example of printed circuit board mount pad. This mount pad can mount 80RP6N
package, and 1C61-0804-046 and IC61-0804—-034 sockets provided by YAMAICHI ELECTRONICS Co.,
Ltd. which is described in “1. IC socket” .
The mount pad shown in Figure 9 is one of examples. The user should consider the mounting condition
and the standard when specifying the dimension for mass production board.

0.8X23=18.4401

el ——
; INDEX-1 position
‘ >H< = =

A
\

g

[
I

12.0+01

|
|
|
|
|
|

23.0401
14.4101

0.8X15:

19.8401 4- ¢ 1.6(Stand-off position)

28.4401

-

\

Fig. 9 Example of mount pad on printed circuit board
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Appendix 9. M66800SP/FP

1. Overview
The M66800SP/FP is a 16M-byte external memory control IC for the M37702 group. It uses a MAST
(Mitsubishi Advanced Schottky TTL) process to enable fast operation.

2. Features

@ Supports no wait operation of the M37702 group under the following conditions:
(1) Using 120ns (Max.) access time memory at source oscillating frequency of 12MHz
(2) Using 100ns (Max.) access time memory at source oscillating frequency of 13MHz

® Internal read/write control circuit with independent read/write output

® Two internal octal latch circuits for address

® Internal chip selectable circuit that can fully decode 16M bytes

@ Internal Ready signal generation circuit

® Pin assignment that facilitates connection to M37702 group
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64]  Vec
[63] — A14
[62] —> A15
[67]— A16
[60] —> A17
(53] — A18
[58] — A19
[57) — A20
[56] —> A21
AD10 —> [10] [55] — A22
AD11 —[11] [54] — A23
AD12 —>[12] 53] —> CSO0 »
AD13 — [3] [52]— Cs1
[51] — CS2
[50) — Cs3
[49] — CS4
28] GND
[47) — CS5
[46] — CS6
AD20 — [20] [45] — CS7
AD21 — 2] [4a) — CS8
AD22 —» [22] [43] — CS9 \
AD23 —[23] [42] — CS10
W [a1] — CST1
[40) — Cs12
(3] — Cs13
HLDA — [27] (38] — CS14
37] «— WRQ
BYTE —[29] [36] «— WAIT
il ) R
[32) — WR/WRE
GND [33) — WRO

i
g
dS00899N
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Outline 64P6W

Fig. 10 M66800SP/FP pin configuration

314



APPENDIX

Appendix 10. Instruction code table
INSTRUCTION CODE TABLE-1

Appendix 10. Instruction code table

Dag~Do | 0000 | 0001 | 0010 | 0011 { 0100 | 0101 | 0110 { 0111 | 1000 | 1001 | 1010 | 1011 | 1100 | 1101 | 1110 | 1111
Hexad |

D/~D,\. notion] 0 1 2 3 4 5 6 7 8 9 Al s | c | o | & F
ORA ORA | SEB | ORA | ASL | ORA ORA | ASL SEB | ORA | ASL | ORA

0000 0 BRK PHP PHD
A,(DIRX) ASR | DIRb | ADIR | DIR [AL(DIR) AIMM| A ABS,b | AABS| ABS |AABL
ORA | ORA | ORA | CLB | ORA | ASL | ORA ORA | DEC CLB | ORA | ASL | ORA

0001 1 BPL CLC TAS
A,(DIR),Y|A,(DIR)(A,(SR),Y| DIR,b |A,DIR,X| DIR,X [AL(DIR),Y AABSY| A ABS,b |A,ABS,X| ABS,X |A,ABL X|
JSR | AND | JSR | AND | BBS | AND | ROL | AND AND | ROL BBS | AND | ROL | AND

0010 2 PLP PLD
ABS [A(DIRX)| ABL | ASR |DIRb,R| ADIR| DIR [AL(DIR) AIMM| A ABS,b,R| ALABS | ABS | AABL
AND | AND | AND | BBC | AND | ROL | AND AND | INC BBC | AND | ROL | AND

0011 3 BMI SEC TSA
A,(DIR),Y|A,(DIR)|A,(SR),Y|DIR,b,R|A,DIR,X| DIRX [AL(DIR)Y| AABSY| A ABS,b,R[A,ABS X| ABS,X (AABL,X
EOR EOR EOR | LSR | EOR EOR | LSR JMP | EOR | LSR | EOR

0100 4 RTI Note 1 MVP PHA PHG
A(DIRX) ASR ADIR | DIR [AL(DIR) AIMM| A ABS |AABS| ABS |AABL
EOR | EOR | EOR EOR | LSR | EOR EOR JMP | EOR | LSR | EOR

0101 5 BVC MVN cLl PHY | TAD
A(DIR),Y|A,(DIR)|A,(SR),Y A,DIR,X| DIR,X JAL(DIR)Y] A,ABS,Y ABL |AABSX| ABSX |AABLX
ADC ADC | LDM | ADC | ROR | ADC ADC | ROR JMP | ADC | ROR | ADC

0110 6 RTS PER PLA RTL
A,(DIRX) ASR | DIR | ADIR| DIR |AL(DIR) AIMM| A (ABS) | AABS | ABS | AABL
ADC | ADC | ADC | LDM | ADC | ROR | ADC ADC . JMP | ADC | ROR | ADC

om 7 BVS SEI PLY | TDA
A(DIR),Y|A,(DIR)(A,(SR),Y| DIR,X |ADIRX| DIRX [AL(DIR)Y| AABS,Y (ABS,X) |A,ABS,X| ABS,X |A,ABL,X
BRA | STA | BRA | STA | STY | STA | STX | STA STY | STA | STX | STA

1000 8 DEY |Note2| TXA | PHT
REL |A(DIRX)| REL [ ASR | DIR | ADIR| DIR [AL(DIR) ABS |AABS| ABS |AABL
STA | STA | STA | STY | STA | STX | STA STA LDM | STA | LDM | STA

1001 9 BCC TYA TXS | TXY
A/(DIR),Y|A,(DIR)|A,(SR),Y| DIRX |ADIRX| DIR,Y |AL(DIR)Y AABS,Y ABS |AABSX| ABS,X |AABLX
LDY | LDA | LDX | LDA | LDY | LDA | LDX | LDA LDA LDY | LDA | LDX | LDA

1010 A TAY TAX | PLT
IMM [A(DIRX)| IMM | ASR | DIR | ADIR| DIR [AL(DIR) AIMM ABS |AABS| ABS |AABL
LDA | LDA | LDA | LDY | LDA | LDX | LDA LDA LDY | LDA | LDX | LDA

1on B BCS CLV TSX | TYX
A(DIR),Y|A,(DIR)[A,(SR),Y| DIR,X [A,DIR,X| DIR,Y [AL(DIR)Y AABS,Y ABS,X |AABS,X| ABS,Y |A,ABL X
CPY | CMP | CLP | CMP | CPY | CMP | DEC | CMP CMP CPY | CMP | DEC | CMP

1100 (¢} INY DEX | WIT
IMM [A(DIRX)| IMM | ASR | DIR | ADIR| DIR |AL(DIR) AIMM ABS |AABS| ABS |AABL
CMP | CMP | CMP CMP | DEC | CMP CMP JMP | CMP | DEC | CMP

1101 D BNE PE! CLM PHX | STP
A(DIR),Y|A,(DIR)|A,(SR),Y| A,DIR,X| DIRX |AL(DIR)Y] AABSY L(ABS)|A,ABS,X| ABS,X |A,ABL,X
CPX | SBC | SEP | SBC | CPX | SBC | INC | SBC SBC CPX | SBC | INC | SBC

1110 E INX NOP | PSH
IMM |A(DIRX)| IMM | ASR | DIR | ADIR| DIR [AL(DIR) AIMM ABS |AABS| ABS |AABL
SBC | SBC | SBC SBC | INC | SBC SBC JSR | SBC | INC | SBC

1 F BEQ PEA SEM PLX | PUL
A(DIR),Y|A,(DIR)|A,(SR),Y A,DIR,X| DIR,X |AL(DIR)Y, AABSY (ABS,X) |A,ABS, X| ABS,X |AABL,X

Note 1 : 42,6 specifies the contents of the INSTRUCTION CODE TABLE-2

About the second word'’s codes, refer to the INSTRUCTION CODE TABLE-2

. 896 specifies the contents of the INSTRUCTION CODE TABLE-3

About the third word’s codes, refer to the INSTRUCTION CODE TABLE-2.
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INSTRUCTION CODE TABLE-2 (The first word’s code of each instruction is 42.g)

D3~D, | 0000 | 0001 | 0010 | 0011 | 0100 | 0101 | O110 | O111 1000 | 1001 1010 | 1011 1100 | 1101 1110 | 111
p~pferdedimal) gl | 3 | 4 | 5 | 6 | 7 | 8 | 9 | aA|l®B|cCc|D|E]|F
ORA ORA ORA ORA ORA | ASL ORA ORA
0000 0
B,(DIRX) B.SR B.DIR B,L(DIR) BIMM| B B,ABS B.ABL
ORA | ORA | ORA ORA ORA ORA | DEC ORA ORA
0001 1 8BS
B,(DIR).Y|B.(DIR)|B.(SR),Y B.DIRX BL(DIR)Y BABSY B B,ABS X B,ABLX|
AND AND AND AND AND | ROL AND AND
0010 2
B,(DIRX) B,SR B,DIR B.L(DIR) BIMM| B B,ABS BABL
AND | AND | AND AND AND AND | INC AND AND
0011 3 TSB
B,(DIR).Y|B,(DIR)|B,(SR).Y| B,DIRX BL(DIR)Y BABSY| B B,ABS X B,ABLX]
EOR EOR EOR EOR EOR | LSR EOR EOR
0100 4 PHB
B.(DIRX) B.SR B,DIR B,L(DIR) BIMM| B B.ABS B,ABL
EOR | EOR | EOR EOR EOR EOR EOR EOR
0101 5 TBD
B,(DIR).Y|B,(DIR)|B,(SR),Y B,DIRX BL(DIR), B,ABS,Y, BABSX B,ABLX
ADC ADC ADC ADC ADC | ROR ADC ADC
0110 6 : PLB
B,(DIRX) B,SR B.DIR B.L(DIR) BIMM| B B.ABS B,ABL
ADC | ADC | ADC ADC ADC ADC ADC ADC
(URR 7 TDB
B,(DIR).Y|B,(DIR)|B,(SR).Y B.DIR.X BL(DIR), B.ABS,Y| - |BABSX B,ABL.X
STA STA STA STA STA STA
1000 8 TXB
B.(DIRX) B,SR B,DIR B.L(DIR) B.ABS B,ABL
STA | STA | STA STA STA STA STA STA
1001 9 TYB
B.(DIR),Y|B,(DIR)[B,(SR),Y B.DIRX BL(DIR), B,ABS,Y] BABSX B,ABLX]
LDA LDA LDA LDA LDA LDA LDA
1010 A TBY TBX
B,(DIRX) B,SR B.DIR B.L(DIR) B.IMM B,ABS B.ABL
LDA | LDA | LDA LDA LDA LDA LDA LDA
1011 B
B,(DIR).Y|B,(DIR)|B,(SR).Y B.DIR X BL(DIR).Y B,ABS.Y| B,ABSX B,ABLX
cMP CMP cMP CMP CMP cMP CMP
1100 ]
B,(DIRX) B,SR B,DIR B,L(DIR) B,IMM B.ABS B,ABL
CMP | CMP | CMP cMmP CcMP CMP cMP CMP
1101 D
B.(DIR).Y|B,(DIR)|B,(SR),Y B,DIR X BL(DIR).Y BABS,Y B,ABSX B,ABLX
SBC SBC SBC SBC SBC SBC SBC
1110 E
B.(DIRX) B.SR B.DIR B,L(DIR) B,IMM B.ABS B.ABL
SBC | SBC | sBC SBC SBC SBC SBC SBC
1 F
B,(DIR).Y|B,(DIR)(B,(SR).Y B,DIRX BL(DIR), B,ABS,Y B,ABS X B,ABL X
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INSTRUCTION CODE TABLE-3 (The first word’s code of each instruction is 89,¢)

Dy~Do | 0000 | 0001 | 0010 | o011 | o100 | ot | o110 | o111 | 1000 | 001 | 1010 | 1011 | 1100 | 1101 | 1110 | 1111
imal
D~poteRdemEl o | 2 |3 | 4| s |6 | 78| 9| a|B6|c|D|E]|F
MPY MPY MPY MPY MPY MPY MPY
w0 | o
(DIRX) SR DIR L(DIR) IMM ABS ABL
MPY | MPY | MPY MPY MPY MPY MPY MPY
0001 1
(DIR).Y] (DIR) |(SR).Y DIRX L(DIR).Y ABS.Y ABSX ABLX
DIV oIV DIV DIV oIV DIV oIV
w010 | 2 XAB
(DIRX) SR DIR L(DIR) IMM ABS ABL
oV | DIV | DIV oIV DIV DIV o DIV
wnn | 3
(DIR).Y| (DIR) |(SR).Y DIRX L(DIR).Y ABS.Y ABSX ABLX
RLA
o0 | 4
IMM
o1 | s
oo | 6
o |7
1000 | 8
1000 | 9
00 | A
o | B
LoT
1o | ¢
IMM
no | o
o | E
| F
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Appendix 11. Machine instructions
MACHINE INSTRUCTIONS

Addressing mode
Symbol Function Details IMP | IMM A DIR | DIRb | DIR,X | DIR,Y | (DIR) | (DIRX) | (DIR),Y
opn#opn#opn#opln #op(n (#[op|n|2|op(n(#|op|n|#|op|n[#|op|n|st
ADC Acc,C + Acc+M=+C | Adds the carry, the accumulator and the memory contents 69( 2|2 65/ 4 |2 7552 72|16]261/7[2]71|18|2
(Note 1,2) The result 1s entered into the accumulator When the D
flag 1s “0", binary additions I1s done, and when the D flag is 4214 |3 42|63 42|73 42| 8 (31429 3 [42]10(3
“1", decimal addition Is done 69 65) 75| 72 61 71
AND Acc + AccAM Obtains the logical product of the contents of the accumu- 29(2|2 254 |2 35|52 32(6]2121{7(2311{8]|2
(Note 1,2) ' lator and the contents of the memory The result i1s en-
tered into the accumulator 42|14 |3 42(6 (3 42/713 42|18 | 3 142/ 9| 3 ]42)10{ 3
29| 25 35 32 21 31
ASL m=0 Shifts the accumulator or the memory contents one bit to 0A]2)1]06]7|2 16|72
(Note 1) --O the left “0" is entered into bit 0 of the accumulator or the
_ memory The contents of bit 15 (bit 7 when the m flag 1s 4214 (2
m=1 “1") of the accumulator or memory before shift 1s entered 0A
(o] Tbo -0 into the C flag
BBC Mb=0" Tests the specified bit of the memory Branches when all
(Note 3,5) the contents of the specified bit is “0"
BBS Mb=1" Tests the specified bit of the memory Branches when all
(Note 3,5) the contents of the specified bit1s “1"
BCC Cc=0" Branches when the contents of the C flag 1s “0"
(Note 3)
BCS c=1? Branches when the contents of the C flag 1s “1"
(Note 3)
BEQ z=1" Branches when the contents of the Z flag 1s “1”
(Note 3)
BMI N=17? Branches when the contents of the N flag 1s “1”
(Note 3)
BNE z=0" Branches when the contents of the Z flag 1s “0”
(Note 3)
BPL N=0" Branches when the contents of the N flag is “0”
(Note 3)
BRA PC+—PCzoffset Jumps to the address indicated by the program counter
(Note 4) | PG—PG+1 plus the offset value
(carry occured)
PG+PG—1
(borrow occured)
BRK PC+—PC+2 Executes software interruption 00(15] 2
M(S)+-PG
§+-5—1
M(S)+PCy
S+s—1
M(S)+—PC,
S+s—1
M(8)+PSy ,
S+s—1 '
M(8)+—PS_
S+-5—1
11
PCL—AD,
PCH*+—ADy
PG+00i5 ,
BVC v=0? Branches when the contents of the V flag i1s “0"
(Note 3)
BVS v=1? Branches when the contents of the V flag i1s “1"
(Note 3)
cLB Mb+0 Makes the contents of the specified bit in the memory “0" 14/8|3
(Note 5)
cLC C+0 Makes the contents of the C flag “0" 18|21
CLl 10 Makes the contents of the | flag “0" 582 |1
CLM m+0 Makes the contents of the m flag “0" 08|21
CLP PSb+0 Specifies the bt position in the processor status register by the bit C2| 4|2
pattern of the second byte in the instruction, and sets “0" in that bit
CLv V0 Makes the contents of the V flag “0" B§| 21
CMP Acc—M Compares the contents of the accumulator with the contents of c9i22 C54(2 D552 D2|6|2(Cl|7|2|D1|8|2
(Note 1,2) the memory
421413 42163 421713 42| 8 | 3 42/ 9| 3 |42/10| 3
C9 C5) D5| D2 Cl DI
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Addressing mode Processor status register
L(DIR)|L(DIR),Y| ABS |ABS,b|{ABS,X|ABS,Y| ABL [ABLX |(ABS)|L(ABS)|(ABSX)| STK REL | DIRbR |ABSBR| SR |(SR),Y| BLK ]0]918 716)5(4(3]|2(1
opn#opn#opnﬁopn%opn#opn#opn#opn#opn#opn#opn#opn#opn#opnitopn#op[n#opn#opn# IPL |N{V|m|x[D|1{Z]|C
67]10{ 2177112 (6D 4 3 D[ 6|3 (79| 6 (3 |6F|64[IF|7(4 63[527382 cle|e|N|V]e]e|e|*|2Z|C
42(12| 3 [42|13{ 3|42/ 6 | 4 42| 8 4 142|814 42|18 |5(42(9|5 42| 7| 3 |42[10{ 3
167, 77| 6D 7D 79| 6F F 63| 73
27110{2{37(11{ 2 (20] 4 |3 3D|63[39|6|3|2F|6|4|3F|7|4 23|5|233|18 (2 ol [Nfe[e|*|*||2Z]"
142(12{3 142133 42/6 (4 421814 142(8 (4 1421815429 |5 42| 7 | 3 [42/10(3
27, 37| 20| 3D| 39 2F 3F 23| 33
0E|7|3 1E{83 cle|*|N|e]ele]e|-|Z|C
341714 l3c|8|5 efefefefofefefoafofofe
Tal714lcl8ls efefele]efefofefelefe
90| 4| 2 P I IS S S S IS I (P I
80(4 (2 elelelolololelolofe]e
F0l4 |2 ofele]o]ofofelefe]e]-
30/ 4|2 efolo|olololalo]olale
D042 olelofofo]olo]ole]e]e
1042 olefelo]o]ofo]e]e]efe
80[4 | 2 olefe]o]efelofe]efe]e
82(4(3
50(4 |2 elofofelofolololela]e
70/ 412 ofofolafo|olale]lalale
ICl1914 R ERER RN RN R
efelofjolejafofjelele]|O
elele|olo|o|e|o|O]e]e
il elefolelelolefe]ele]e
e|e|e*|Specified flag be-
comes “0"
elolololo]ofefo]e]e]e
C7(10{ 2 [p7[11[2CD{ 4|3 DDj 6 (3 (D3| 6 |3 (CF(6|4[DF| 74 C3|5)2|D3|8 |2 cfe|e|N|ejeiel=|*|Z|C
4212314213 3 (42| 6 {4 42|18 |4 14284 (42|18 |5142/9(5 42| 7| 3 142]10(3
C7 D7, ICD| DD| 09 CF| DF| C3 D3 |
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Addressing mode

Symbol Function Details IMP | IMM A DIR | DIRb [ DIRX | DIR,Y | (DIR) | (DIRX) | (DIR).Y
op|n|#[op| n |3 op n|#[op|ni#|op|n !4 op|ni|op|n|fop|n|#fop|n|s|opn|$
CPX X—M Compares the contents of the index register X with the E0j2]2 E4)4
(Note 2) contents of the memory
CPY Y—M Compares the contents of the index register Y with the C0|2|2 c4l4|2
(Note 2) contents of the memory
DEC Acc—Acc—1 or Decrements the contents of the accumlator or memory by 1A[2(1|C6| 7|2 D672
(Note 1) [ M—=M—1
42412
1A
DEX Xe=X—1 Decrements the contents of the index regrster X by 1 C|cAl 21
DEY YeY—1 Decrements the contents of the index register Y by 1 88|21
DIV A(quotient)«B,A/M | The numeral that places the contents of accumulatar B to the higher order and the 8927| 3 89)29| 3 89/30| 3 89|31/ 3 [89/32( 3189|33| 3
(Note 2,10) | B(remainder) contents of accumulatar A to the lower order 1s dvided by the contents of the memory 29 25 35 32 21 31
The quotient 1s entered mto accumulator A and the remainder into accumulator 8
EOR AccAcc¥M Logrcal exch sum Is obtained of the ¢ of the 49)2 | 2 45|14 | 2 55,5 | 2 52|62 [41]7|2[51|8 |2
(Note 1,2) accumulator and the contents of the memory The result 1s
placed into the accumulator ! 42413 4216 (3 42(7 13 lg? 8|3]42/9{342(10/ 3
49 145 55| 2 41 51
INC Acc+Acct! or Increments the contents of the accumulator or memory by 3A1 211 |E6| 7|2 F6|7|2
(Note 1) | M ~M+1 1
42412
3A
INX Xe=X+1 Increments the contents of the index register X by 1 8|21
INY YeY+1 Increments the contents of the index register Y by 1 c8[2]1
JMP ABS Places a new address into the program counter and jumps
PCL_+ AD_ to that new address
PCy «— ADy
ABL
PCL +— ADL
PCy — ADy
PG+—ADg
(ABS)

PC_ +(ADy, AD.)
PCy —(ADy, AD_+1)

L(ABS)

PCL —(ADy, AD)
PCy +(ADy, AD_+1)
PG ~—(ADy, AD_+2)

(ABS, X)

PC_ ~(ADy, AD_+X)

PCy +(ADw, AD+X
+1)

JSR ABS Saves the contents of the program counter (also the con-
M(8)+ PCy tents of the program bank register for ABL) into the stack,
S—S—1 and jumps to the new address

M(S)+ PCL '
§+S5—1
PCL + AD_
PCH + ADy

ABL )

M(S)+— PG -
§+S—1
M(S)+ PCy
S+S—1
M(S)+—PC
S+ s—1
PCL+ AD_
PCy +— ADy
PG < ADg

(ABS, X)

M(S)+— PCy

S$—s—1

M(S)+— PC,

Se—5—1

PCy +(ADy, ADLHX) |

PCh —(ADw, AD_+X |
+1) |
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Addressing mode Processor status register
L(DIR)|L(DIR)Y[ ABS |[ABS,b|ABSX|ABSY| ABL |ABLX |(ABS)|L(ABS)|(ABSX)| STK | REL |DIRbR |ABSpR[ SR |(SR)Y| BLK IOIQIB 7(6(5(4(3|2[1]0

op| n|#|op|n|#lop|n|#fop| n|% |op|n|#|op|n|H|op) n |3 [op|n|#|op|n|#|op|n|%|op|n|#|op|n|%|op|n{#[op[n{H|op|n|#|op|nitlop|n|#|ep/n|#| IPL |N|VIm|x|D|I|Z|C

EC| 413 elole[Nfe]elsle]elzlC
FC43 elofe|Nlele|slelefziC
CE| 713 DE[8 )3 elelolIN|o|eje]efefzle

89|35 3 (89(36| 3 {89(29| 4 893114 8931) 41891311 5 (8932 5 8930/ 3 [89(33( 3 clele|N{V]els]eielZ|C
27| 37| 20! 3D| 39) 2F 3F, 23 33]
4710 2{57|11| 2 {4D| 4| 3 5D] 6|3 [59] 6|3 )4F| 6 4 [5F| 7|4 43(5(2153(8|2 elole|N|e|olofelelz]e
42(12| 3 (42(13(3 42/ 6 | 4 42184 142|18(4142/815142/9|5 42(7 3 14210(3
147) 57, 4D)| 50 59| 4F| SF, 43] 53
EE| 7|3 FE| 8|3 eloleN|efe]ela]e]z]e
elele|N|o|o]e]e]e .
ool e|N[efe]|efo]e .
4C| 2|3 504 )4 6C[413|DC 8 |31C|6(3 efelolalalafafolafele
20/6 (3 228 |4 FC(813 ele)e]efelelefe]efe]e
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Addressing mode
Symbol Function Details IMP | IMM A DIR | DIRb | DIRX | DIRY | (DIR) |(DIRX) ] (DIR),Y
op|n|#op|n|# [op[n(#lop|n|%|op|n[#|op|n|#iop| n{tt|op|n|#|op|n|%t|op|n|#
LDA Acc —M Enters the contents of the memory into the accumulator A|2(2 A5 4(2 B5|5(2 B2/6{2]Al|7|2|BI| 8|2
(Note 1,2)
421413 42163 42| 7|3 42|83 ]42( 9342|103
A9) A5 B5| B2 Al Bl
LDM M < IMM Enters the immediate value into the memory 64143 74|53
(Note 5)
LDT DT < IMM Enters the immediate value into the data bank register 8953
C2
LDX X—=M Enters the contents of the memory into index register X A|2|2 A6| 4|2 B6|5 (2
(Note 2)
LDY Y-M Enters the contents of the memory into index register Y A0|2(2 Adl4(2 B4|5(2
(Note 2)
LSR m=0 Shifts the contents of the accumulator or the contents of 4| 2[1146(7(2 56| 7 {2
(Note 1) 0_.—_. c the memory one bit to the right The bit 0 of the accumula-
m=1 tor or the memory is entered into the C flag “0" is entered 42|42
into bit 15 (bit 7 when the m flag is “1" ) 4A
o-{o_Too}-c
MPY B, A—A*M Multiplies the contents of accumulator A and the contents of the mem- 89)16] 3 89)18| 3 8919 3 89|20 3 189211 3 189[22| 3
(Note 2,11) ory The higher order of the result of operation are entered into accu- 09| 05| 15) 12| 01 1
mulator B, and the lower order into accumulator A
MVN Mn+i—~Mm+i Transmits the data block The transmission 1s done from
(Note 8) the lower order address of the block
MVP Mn—i—=Mm=—1 Transmits the data block Transmission i1s done form the
(Note 9) higher order address of the data block
NOP PC+PC+1 Advances the program counter, but performs nothing else [EA| 2|1
ORA Acc*—AccVM Logical sum per bit of the contents of the accumulator and 0922 05(4 |2 15|52 12(62(01)7|2{11|8{2
(Note 1,2) the contents of the memory is obtained The result is en-
tered into the accumulator 42(413 42(6 |3 42713 4283142/ 9|3 42[10(3
09 105 15 12 01 11
PEA M(S)+~IMM2 The 3rd and the 2nd bytes of the instruction are saved into '
S+S—1 the stack, in this order
M(S)+IMM;
S+-8—1
PEI M(S)-M((DPR)+IMM | Specifies 2 sequential bytes in the direct page in the 2nd
+1) byte of the instruction, and saves the contents into the
S+-s—1 stack
M(8)+-M((DPR)+IMM)
S+s-—1
PER EAR+PC-+IMM2,IMM; Regards the 2nd and 3rd bytes of the instruction as 16-bit
M(S)+—EARy numerals, adds them to the program counter, and saves
S+—s—1 the result into the stack
M(S)+EARL
S—S—1
PHA m=0 Saves the contents of accumulator A into the stack
M(8)—Ay
S+8—1
M(S)+—AL
S+—S5—1
m=1
M(8)+—AL
S+5-—1
PHB m=0 Saves the contents of accumulator B into the stack
M(8)+By
S+5—1
M(S)+<BL
S+S—1
m=1
M(S)—BL
S+5—1
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Addressing mode Processor status register {
L(DIR)[L(DIR)Y[ ABS [ABS,b|ABSX|ABSY| ABL |ABLX|(ABS)|L(ABS)|(ABSX)] STK | REL [DIRbR |ABSbR| SR |(SR)Y| BLK IOIQIB 7/6(5(4(3(2(1
op| n | #[op| n |# [op| n |4 }op| n|# op| n |# |op| n|# |op| n|# [op|n |3 fop|n|% |op| n|#[op|n |4 |op|n|#[op[n|3|op|n{#|op[n|#|op[n||op|n|H|ep|n|#| IPL |N|V|m|x|D|I]|Z]|C I
A7(10{2[B7[11{2 [AD{ 4|3 BD|6(3(BI| 6|3 |AF| 6|4 (BF7 4 A(5]|2]83|8]|2 ele|e|N|e|elslss|z]"
14212( 3 |42(13| 3 |42(6 | 4 42184 (42|18 144218 |5142(9|5 42| 7 | 3142(10) 3
A7 B7 AD| BD B9 AF BF A3 B3|
9C| 5 |4 9E|6 )4 oflofoele]e|olalolefea]e |
AE| 4|3 BE| 6|3 efelelN]e]e]e]e]e]z]" |
ac| 4(3 Be|6 |3 el Nl Te e T T2]-
7|3 5| 8| 3 el ol T T T 1 2]e ‘
189]24 3 [89]25| 3 |89|18| 4 89)20| 4 [89]20| 4 [89(20} 5 [8921| 5 89]19) 3 |89)22| 3 elele|N|ejeje]e]e]Z|O
07 17 0D 1D 19 OF 1F 03] 13
54| 7 (3[ o oo [o]e|efo{o]efe]e
+
Ly
4493 o] e|efo]e]ofo]e]efe]e
+
=X7
0710{2 (1711|200 4|3 1D]6]3[19/6|3|0F|6|4[IF[7|4 03(5(2(13{8 2 el INfefe]e]elelZ]"
42/12(3142[13/3 142/ 6 | 4 428 | 4 142/ 8|4 42|8|5]42/9|5 42| 7 | 3 [42/10{ 3
07| 17 0D 1D 19 OF 1F 03] 13|
Fil5]3 olofofo|e|oloteleafe]e |
|
D4[5 |2 efofo|elelelolela]e]s
|
62(5(3 elefe]ofefo]e]o]e]e]e
48] 41 ofefof|efofa]e]elele]e
421612 eloelelolololololalele
48|
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Addressing mode
Symbol Function Details IMP | IMM A DIR | DIRb | DIRX [ DIR,Y | (DIR) | (DIRX) [ (DIR).Y

op| n|# fop| n |#|op| n|#|op| n |4 |op| n|#[op|n|#[op|n|#|op|n|3|op|n|$|op|n|#

PHD

M(S)+DPRy
S+8—1
M(S)+DPR,
S+-5—1

Saves the contents of the direct page register into the
stack

PHG

M(S)+-PG
Se—-§—1

Saves the contents of the program bank register into the
stack

M(S)+~PSy
S-5—1
M(S)+PS_
S—S—1

Saves the contents of the program status register into the
stack

PHT

M(S)+DT
S+8—1

Saves the contents of the data bank register into the
stack

PHX

x=0
M(8)*+Xn
§+8—1
M(S)+X.
S+5—1

x=1
M(8) X,
§-85—1

Saves the contents of the index register X into the stack

PHY

x=0
M(S)+<Yy
S+8—1
M(8)+~YL
§+5—1

x=1
M(8)+YL
S—8—1

Saves the contents of the index register Y into the stack

PLA

m=0
S+—s+1
AL—M(S)
S+S+1
An—M(S)

m=1
S+S+1
AL—M(S)

Restores the contents of the stack on the accumulator A

PLB

m=0
S+5+1
BL—M(S)
S—S+1
By+—M(S)

m=1
S+—s+1
BL—-M(S)

Restores the contents of the stack on the accumulator B

PLD

S—s+1
DPRL-M(S)
Se—s+1
DPRy—M(S)

Restores the contents of the stack on the direct page reg-
Ister

'

PLP

S—S+1
PS_ —M(S)
S—5+1
PSH—M(S)

Restores the contents of the stack on the processor status
register

PLT

S—-5+1
DT—M(S)

Restores the contents of the stack on the data bank reg-
Ister

PLX

x=0
S+—s+1
Xe—=M(S)
S+S5+1
Xu—=M(S)

x=1

S—s+1
| XL—M(s)

Restores the contents of the stack on the index register X
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Addressing mode Processor status register
L(DIR)|L(DIR).Y| ABS | ABS,b |ABSX|ABS,Y| ABL |ABLX|(ABS)|L(ABS)|(ABSX)| STK REL [ DIRbR |ABSbR[ SR |(SR),Y| BLK 10L9|8 716(5(4(3(2(1
op|n | |op|n|#fop|n|%fop|n{#[op|n |2 fop|n(#|op|n|#fop{n|H|op|n|#fop|n|top|n|#fop|n|t]op|n|#|op|n|tk|op|n|H|op|n||op|nj#|op|n|#| PL [N|V|m|[x|D|I|Z|C
0841 ele o] ool o] efofo]o]e
48|3(1 efelelelofolo)olala]e
08| 4|1 eleflofelofe]|o]|ofele]le
88|31 elofofolofalalo]olo]s
DAl 4] 1 eloflololoafolofoa]loalole
sal4 (1 ofolelofo|o[o]e|o]e]fs
68(5 1 e IN T T T 2]
4272 TN T T e 2]
68
28|5(1 elofo|ofolofolo]|e]e]le
2861 Value saved in stack
AB| 6 | 1 efef[e|N|oo[e|e|e]Z]
FAlS |1 olele|N|o|olole]|e]|Z]e

325




APPENDIX

Appendix 11. Machine instructions

Addressing mode
Symbol Function Details IMP | IMM A DIR | DIRb | DIRX | DIRY | (DIR) | (DIRX) | (DIR),Y
op| n [# [op{n |4 |op| n{#{op|n|#|op| n|2|op| n |3t |op| n|2t|op| n|$t|op|n|$|op|n|H#
PLY x=0 Restores the contents of the stack on the index register Y
S+—S+1
Yi—M(s)
S+—s+1
Yu+—-M(S)
x=1
S—s+1
Y —M(S)
PSH M(S)+A, B, X-+ Saves the reg among , Index register,
(Note 6) direct page register, data bank register, program bank
register, or processor status register, specified by the bit
pattern of the second byte of the instruction into the stack
PUL A, B, X-++M(S) Restores the contents of the stack to the registers among
(Note 7) accumulator, index register, direct page register, data
bank register, or processor status register, specified by
the bit pattern of the second byte of the instruction
RLA m=0 Rotates the contents of the accumulator A, n bits to the 8963
(Note 13) | n bit rotate left left 49T
m=1
n bit rotate left
(7] Jbo]
ROL m=0 Links the accumulator or the memory to C flag, and rotates 2A|2(1126{7|2 36(7 |2
(Note 1) result to the left by 1 bit
[bis] - [bo]—[C] 120212
2A
m=1
’—]
ROR m=0 Links the accumulator or the memory to C flag, and rotates 6A| 2| 16672 76|72
(Note 1) result to the nght by 1 bit
[C1~{bis[ o] 42 4] 2
6A
m=1
Cl-{bs] - Jbo]
RTI S+S+1 Returns from the interruption routine 40111
PS, +—M(S)
S+S+1
PS+—M(S)
S—S+1
PCL—M(S)
S+—8+1
PCx+—M(S)
S—5+1
PG+—M(S)
RTL S+Ss+1 Returns from the subroutine The contents of the program (68|81
PCL+-M(S) bank register are also restored.
S—S+1
PCH+—M(S)
S+—S+1
PG+-M(S)
RTS S+S+1 Returns from the subroutine The contents of the program [60(5 |1
PC_L+~M(S) bank register are not restored
S+—s+1
PCH—M(S)
SBC Acc, C—Acc—M—C | Subtracts the contents of the memory and the borrow from E92|2 E5|4(2 F5|5]2 F2|6(2|EI[7|2|F1(8|2
(Note 1,2) the contents of the accumulator
42413 42|16 | 3 42(7|3 42| 83142 9| 3 |42[10! 3
E9 E5 5 F2 El Fl
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AEIdressmg mode Processor status register
L(DIR)|L(DIR)Y| ABS [ABSb|[ABSX|ABSY| ABL [ABLX|(ABS) (L(ABS){(ABSX)[ STK | REL | DIRbR [ABSPR| SR |(SR),Y| BLK 10]9 8(716(/5[4(3(2{1(0
op| n |4 |op| n|# |op| n [#|op| n |4 |op| n|# |op| n |# [op| n |4 |op| n|#|op| n|#|op| n|#|op|n |3 |op| n |3 |op|n|#[op|n |3t |op| n|$[op|n|#]op| n|#|opn|2] PL |N|V|m|x|D|I]|Z]|C
A5 |1 el InNTe e e e 2]
£8[12| 2
+
n+r
FB(14) 2 It restored the contents of PS,
3 1’ 2 1t becomes its value And the

other case Is no change

673 7|83 el N T T T T2 le

Value saved In stack

7110 2|F7(11| 2 eD| 4| 3 0| 6|3 [F3| 6|3 |eF|6|4|FF|7]4 B3|5(2|r3}8|2 oo e (N[V]e]|ele]ezZ|C
42)12]31a2)13[3 (426 |4 428 [442[8]4[a2[8 |5 |42[9]5 42|73 ]4210[3
£ 3] £D| F0! £ EF FF B 5
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Addressing mode

Symbol Function Details IMP | IMM A DIR | DIR,b | DIRX | DIR,Y | (DIR) | (DIRX) | (DIR),Y
op{n|#|op|n|#|op|n|#|op|n|#fop|n|%|op|n|H|op|n|%|op|n|H|op|n|H#[op|n|#
SEB Mb+—1 Makes the contents of the specified bit in the memory “1” 04(813
(Note 5)
SEC C+1 Makes the contents of the C flag “1” 38121
SEI 11 Makes the contents of the | flag “1" 78|12 |1 '
SEM m+1 Makes the contents of the m flag “1" F8|2]1
SEP PSb+1 Set the specified bit of the processor status register’s low- £(3(2
er byte (PS() to “1”
STA M+—Acc Stores the contents of the accumulator into the memory 854 (2 95(5 |2 92[7|218117|2[91|7(2
(Note 1)
42|63 42/7(3 42|19 (3142|9(3[42/9|3
85 95 92 81 91
STP Stops the oscillation of the oscillator DB[3|1 r
8TX M—X Stores the contents of the index register X into the memory 86|42 96/ 5|2
STY MY Stores the contents of the index register Y into the memory 84)4)2 945 2
TAD DPR+-A T its the of the A to the direct |58(21
page register.
TAS S+A Transmits the contents of the accumulator A to the stack pointer. [18[2 |1
TAX X—=A Transmits the contents of the accumulator A to the index [AA[21
register X.
TAY YA Transmits the contents of the accumulator A to the index [A8[2 (1
register Y
TBD DPR+B Transmits the contents of the accumulator B to the direct |42/ 4|2
page register 58
TBS S+B Transmits the contents of the accumulator B to the stack |42|4 |2
pointer 1B|
TBX X—B Transmits the contents of the accumulator B to the index |42|4 |2
register X AA|
TBY Y-B Transmits the contents of the accumulator B to the index [42|4 |2
register Y
TDA A+—DPR Transmits the contents of the direct page register to the |78|2 |1
accumulator A
TDB B+DPR Transmits the contents of the direct page register to the [42|4|2
accumulator B 8
TSA A-S Transmits the contents of the stack pointer to the accumulator A [38[ 2|1
TSB B+S Transmits the contents of the stack pointer to the accumu- [42|4 |2
lator B 38|
TSX XS Transmits the contents of the stack pointer to the index [BA| 2|1
register X
TXA A—X Transmits the contents of the index register X to the accu- [8A{2 |1
‘ mulator A
TXB B+~X Transmits the contents of the index register X to the accu- 424 |2
mulator B 8A
TXS S—X Transmits the contents of the index register X to the stack [9A| 2 |1
pointer.
TXY Y—X Transmits the contents of the index register X to the index (98(2 |1
register Y
TYA A=Y Transmits the contents of the index register Y to the accu- [982 |1
mulator A
TYB B-Y Transmits the contents of the index register Y to the accu- [42|4 |2
mulator B 98
TYX X+=Y Transmits the contents of the index register'Y to the index (BB} 2|1
register X
WIT Stops the internal clock 8|31
XAB AZB Exchanges the contents of the accumulator A and the con- (89| 6 |2
tents of the accumulator B 28
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Addressing mode Processor status register
L(DIR)|L(DIR)Y| ABS |ABS,b|ABS,X|ABS)Y| ABL |ABLX [(ABS)|L(ABS)|(ABSX)| STK | REL |DIRbR |[ABSBR| SR |[(SR),Y| BLK 10|9|8 716|5(4|3(2]1
op| n |3 |op| n|#|op| n |#|op| n |3 |op| n|#|op| n|#|op| n|# [op| n|#|op| n|# |op|n|% |op| n|#|op| n|% [op|n[#]|op|n||op|n|#|op{n|#|op|n|#|op|n|#| IPL |N|[V|m|x|D|I|Z|C
oc| 9|4 elofelofololaloaloalofe
elofofolofefalalelelt
elofofefofofefof1[o]e
elofofofaf1{ofofe]o]e
*|+|°*]|Specified flag be-
comes “1"
87|10 2{97(11| 2 {8D| 5|3 905 (3(99(5(3|8F 6|4 [9F|7(4 83/5/2(93/8 |2 efefelolojolefololole
42{12) 3 [42|13| 3 (427 | 4 42|74 142|714 142(8|5[42|9 |5 42|73 142[10| 3
87 97 8D 9D 99! 8F 9F 83 93
8E|5 |3 ofele|o]|ololole]elo]e
8c|5(3 efefafo|ololo]o]o]els
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Symbols in machine instructions table

Symbol Description Symbol Description
IMP Implied addressing mode b Exclusive OR
IMM Immediate addressing mode - Negation
A Accumulator addressing mode - Movement to the arrow direction
DIR Direct addressing mode Acc Accumulator
DIR, b Direct bit addressing mode AccH Accumulator's upper 8 bits
DIR, X Direct indexed X addressing mode AccL Accumulator’s lower 8 bits
DIR, Y Direct indexed Y addressing mode A Accumulator A
(DIR) Direct indirect addressing mode An Accumulator A’s upper 8 bits
(DIR, X) Direct indexed X indirect addressing mode AL Accumulator A’s lower 8 bits
(DIR), Y Direct indirect indexed Y addressing mode B Accumulator B
L (DIR) Direct indirect long addressing mode Bn Accumulator B's upper 8 bits
L (DIR),Y Direct indirect long indexed Y addressing mode BL Accumulator B’s lower 8 bits
ABS Absolute addressing mode X Index register X
ABS, b Absolute bit addressing mode Xn Index register X's upper 8 bits
ABS, X Absolute indexed X addressing mode Xo Index register X’s lower 8 bits
ABS, Y Absolute indexed Y addressing mode Y Index register Y
ABL Absolute long addressing mode Yh Index register Y’s upper 8 bits
ABL, X Absolute long indexed X addressing mode Yo Index register Y's lower 8 bits
(ABS) Absolute indirect addressing mode S Stack pointer
L (ABS) Absolute indirect long addressing mode PC Program counter
(ABS, X) Absolute indexed X indirect addressing mode PCy Program counter’s upper 8 bits
STK Stack addressing mode PCL Program counter's lower 8 bits
REL Relative addressing mode PG Program bank register
DIR, b, REL Direct bit relative addressing mode DT Data bank register
ABS, b, REL Absolute bit relative addressing mode DPR Direct page register
SR Stack pointer relative addressing mode DPRy Direct page register's upper 8 bits
(SR), Y Stack pointer relative indirect indexed Y addressing { DPR_ Direct page register's lower 8 bits
mode PS Processor status register
BLK Block transfer addressing mode PS4 Processor status register's upper 8 bits
c Carry flag ’ PS_ Processor status register’'s lower 8 bits
z Zero flag PSp Processor status register's b-th bit
! Interrupt disable flag M(S) Contents of memory at address Indicated by stack
D Decimal operation mode flag pointer
X Index register length selection flag Mp b-th memory location
m Data length selection flag ADg Value of 24-bit address's upper 8-bit (Az~Ae)
\ Overflow flag ADy Value of 24-bit address’s middle 8-bit (Ays~Ag)
N Negative flag AD_ Value of 24-bit address's lower 8-bit (A;~Ao)
IPL Processor interrupt priority level op Operation code
+ Addition n Number of cycle
— Subtraction # Number of byte
% Multiplication i Number of transfer byte or rotation
aw Division i, i2 Number of registers pushed or pulled
AN Logical AND
\V4 Logical OR
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The number of cycles shown in the table is described in case of the fastest mode for each instruction. The number of cycles shown in the table is
calculated for DPR_=0. The number of cycles in the addressing mode concerning the DPR when DPR_#+0 must be incremented by 1.

The number of cycles shown in the table differs according to the bytes fetched into the instruction queue buffer, or according to whether the memory
read/write address is odd or even It also differs when the external region memory is accessed by BYTE="H".

Note 1. The operation code at the upper row is used for accumulator A, and the operation at the lower row is used for accumulator B.
Note 2. When setting flag m=0 to handle the data as 16-bit data in the iImmediate addressing mode, the number of bytes increments by 1.
Note 3. The number of cycles increments by 2 when branching.

Note 4. The operation code on the upper row is used for branching in the range of —128~+127, and the operation code on the lower row is used for
branching in the range of —32768~+32767.

Note 5. When handling 16-bit data with flag m=0, the byte In the table Is incremented by 1.

Note 6.

[ Type of register | A B [ X [ Y [pPR] DT [ PG | PS
[Numberofcycles| 2 | 2 | 2 [ 2 | 2 [ 1+ [ 1 1 21}

The number of cycles corresponding to the register to be pushed are -added. The number of cycles when no pushing is done is 12. 1, indicates
the number of registers among A, B, X, Y, DPR, and PS to be saved, while i, indicates the number of registers among DT and PG to be saved

Note 7

[ Typeofregister | A | B | X | Y [DPR] DT | PS ]

[Number of cycles| 3 | 3 3 [ 3 [ 4f3[3]

The number of cycles corresponding to the register to be pulled are added. The number of cycles when no pulling is done is 14. i; indicates the
number of registers among A, B, X, Y, DT, and PS to be restored, while 1,=1 when DPR is to be restored

Note 8. The number of cycles is the case when the number of bytes to be transfered is even.
When the number of bytes to be transfered is odd, the number s calculated as;

7+ (1/2) X7+4
Note that, (i/2) shows the integer part when i is divided by 2

Note 9. The number of cycles Is the case when the number of bytes to be transfered i1s even
When the number of bytes to be transfered 1s odd, the number is calculated as;

9+ (1/2) X7+5
Note that, (1/2) shows the integer part when i is divided by 2
Note 10. The number of cycles is the case in the 16-bit<-8-bit operation The number of cycles i1s incremented by 16 for-32-bit--16-bit operation
Note 11. The number of cycles is the case in the 8-bitX8-bit operation The number of cycles Is incremented by 8 for 16-bit X 16-bit operation.
Note 12. When setting flag x=0 to handle the data as 16-bit data in the immediate addressing mode, the number of bytes increments by 1

Note 13. When flag m is 0, the byte in the table i1s incremented by 1
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