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FOREWORD

Since the release of the PC-1500 on market, we have had great
number of questions from users regarding the machine language
of the PC-1500.

To meet with such demand from ardent USErs, we are now
sending this text for study of the machine language of the Sharp’s
original design [.H5801 Microprocessor and LH58! | Peripheral
Control LSI in concern with the PC-1500 system. Because the
text is edited on the basis of user questions, it may not support
quality as a guidebook. In such an event, you are suggested to
make reference to microprocessor guidebooks published on
market, in addition to this text.

Your opinions and questions are welcome through our products
distributor.,

NOTE: Machine language program, which controls hardware directly,
gives you more various functions than BASIC programs. Howcever, you
should check your machine language program CDOZ’&I-"[‘O make no error
before executing it becausce single wrong key operation may upset the
program or occasionally make the machine break down.

Sharp Corporation assumes no liability or responsibility of any kind
arising from the usc of programs or program materials or any part
thereof,
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Machine Language




1. Machine language

There are many program languages for each purpose. PC-1500, for example, is
designed to carry out both BASIC and machine language. BASIC is easy to use,
however, execution speed is slow. On the other hand, machine language is
difficult to understand but execution speed is fast.

Usually, machine language program would be written with the assemble
language, which consists of mnemonic codes, and then the assemble language
will be translated into machine language.

[EXAMPLE] DISPLAY REVERSE PROGRAM

l. Prepare the program with assemble language consisting of mnemonic codes.

[Lg: _ ES:]?)I:I } prepare for assignment of the first display buffer address.
DEC UH advance the address

IL.DA U take data in the accumulator

EAl  FFH  take the complement

STA U return data into memory

LOP 06H

CPI  UH,77H { make the loop

BCS —0EH

RTN return to BASIC

2. Translate the above program into machine language. The assembler translates the
assemble language into the machine language automatically according to the list.
However, a short program can be translated manually. (hand assemble)

The above program can be translated as follows:
68 78 6A 4D FD 62 25 BD
FF 2E 88 06 6C 77 93 OE
0A



3. After the completion of the machine language program, write it in PC-1500 by using
POKE instruction. And cxecute the program together with BASIC by CALL
instruction.,

Execute the following program, You can run the BASIC program with [0 ] [Al and the
machine language program with (2 B . Display reverse in machine language program
is faster than that of BASIC. You would know how functional the machinc language
program is.

EX. Write the following program after executing NEW &4100 [1e)

10 vAm WATT O

20 PRINTM sharp pocket computert
3 FOR A=(Q TO 1558

40 GCURSOR A

5 GPRINT 255—POINT A

60 NEXT A

70 GOTO 30

80 END

w0 By WAIT O

110 PRINT n"sharp pocket caomputert

120 POKE &40C5:86681878:86A:&40D
&FD: 5628255 &B0D &FF » &2E» £&88&06

130 POKE &40D1:86C:677&93&0E&8A

140 CALL &40CH

150 WAILT 20:PRINT:GOTO 140

160 END

This manual is divided into three major sections; description of LSI {pp. 5~84: 1.LH5801
Microprocessor & TLH5810 LHS811 | O port controller). PC-1500 hardware description
(pp. 85~109), and PC-1500 software description (pp. 111~141}.

If you want to know about PC-1500 system first, read from p. 86.
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LH5801 Microprocessor




2-1. Outline of LH5801

The 1.LH3801 Microprocessor is a CMOS static 8-bit microprocessor that features low
power dissipation performance inherent to CMOS LSI and large capacity data
processing. Not only that, it enables to to configure a varicty of systems with a few
additional chips because such as the I.CID backplate signal generator, input port, external
latch clock, and timer are built in the LHS5801.

Features of the LH5801

(D B-bit parallel data processing
(@ Direct accessing of 128K bytes
@ Usc of a 6-byte general purpose register, in addition to the accumulator, allows to
comprise three pairs of 2-bvte date pointers.
(@ 9-bit timer capability
(® Three kinds of interrupts
¢ Non-maskable interrupt
e Maskable interrupt
® Timer interrupt
(& 82 instruction set
(M WAIT function {memory access control possible)
Clock P¢ for input port (8-bit) and external latch
(& Memory backup function (BFI, BFQO)
LCD backplate signat control
@ External crystal connection for clock generation
(@ Reducing program steps by means of 28-kind single step vector subroutine jump



2-2. Intemal Structure

2-2-1. Block diagram

Fig. 1-1 Block diagram of LH5801
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) PH i PL 8‘ P: Program counter

&

sh °[  sL S: Stack pointer
XH & XL TXregk Data pointer,
I Yreg[ or
UH °® U ® Ureg' general purpose register
: A E A: Accumulator
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~ C: Carry and borrow
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— |E: Interrupt enable

L — 71 Zero

V. Overflow

— H: Carry
[digit to digit)




2-2-2. Internal registers

Symbol Name Bit size Description
P Program counter 16 Indicates the address next to the address the CPU
is now in execution. It will be incremented by *1°
when the next instruction is fetched.
S Stack 18 Indicates the stack address.
pointer
A Accumuiator 8 Used for retention of operational result or for data
transfer with the external memory,
XL 8 XL, XH. YL.YH UL, UH comprise independent 8-
Xreg XH 8 bit registers.
Also, used as 16-bit data pointers, Xreg, Yreg. and
YL 8 Ureg, when used in a pair.
¥reg Data register
YHt a
UL 8
Ureg
uH 8
™ Timer counter 9 When “0'" is set to the TM, it stops the counter
action. When anything other than "0” is set, it
puts the counter into action, When the TM turns
full of "1™ with the interrupt enabte signal |E on,
CPU executes an interrupt processing,
PU 1 General purpose flip-flop.
PY 1
DISP 1 LCD on/off control,
T Status register 8 Low order 5 bits represent one of five status of bl
operational result.

2-2-3. Status flags

Status flags, C. V. H. Z, TE are contained in the 8-bit status register. In gencral, flags other
than IE change their state after the execution of arithmetical instruction.

Status registerT=|0'§O'OiH_'ViZ!IEfo

(O Carry flag C
Carry flag C 1s set when there is a carry from the MSB and reset when there is no carry.
For SUBTRACT, the flag is set when there is no borrow or reset when there is.

(@ Half carry flag H
Half carry flag H is sct when there is a carry [rom the bit position “3" (digit-to-digit
carry} and reset when there s no carry.

(3 Zero flag Z
Zero flag 7 is set when the operational result is 7ero and reset when not.

@ Overflow flag V
Overflow flag V is set or reset depending on the operational result of “C6:5C7™ where.
the carry from the bit position 6 of a single byte data is assumed to be C6 and the carry
from the bit position 7 to be C7.

Single byte data = | T | |

B7B6BS5 B4 B3B2 B1 80



2-2-4. CPU pin description

Ezfﬁzgmwgamwmvmmv—o
22228884058 558528888
57 56 55 b4 53 52 51 50 48 48 47 46 45 44 43 42 41 40 39
R/W |58 38| D7
PO |59 371 D6
PV 60 36| D5
PU |81 35| D4
#0S | §2 34| D3
XLo 63 33| bz
XL1 64 32| bl
WAIT |g5 31 DO
IN7 66 30| MEQ
% LH5801 oo i
IN5 |68 (TOP VIEW) 28| OD
N4 69 271 HO
IN3 70 26| HI
IN2 71 251 H2
INT 72 24| H3
IND 73 23| W
NC 74 22| H5
NC 75 21| HB
NC 76 201 H7
1 2345678910111213141516”1819/
—
& OO W O w =
E2EESEs55coE0sazsE4E

(D XLO, XL1
These are external crystal connection pins. XL0 is the input pin and XL1 is the output
pin. Clock frequency is divided by two inside the CPU. When the 2.6MHz crystal is
connected. the CPU opcrates under 1.3MHz of internal machinc cycle.

(» ADO~AD15
Address bus. Outputs from these pins arc 3-state (three output states of high, low and
high impedance) and go high impedance with BRQ (Bus ReQuest). Basically, 64K
bytes of memory area is supported for dircet accessing, but it is made possible to access
even 128K area of memory area when MEQ and MEI are used.

(3» Do~D7
Bidirectional data bus which is used to write or data to;from the external memory.

® MEO, ME1
Memory enable signals. As memory area of 64K bytes is accessed by MEO and another
64K bytes by MEI, it permits direct access of memory area of 128K bytes in total,
Since MEQ is used for instruction fetch and stack operation, accessing by means of the
program counter P and stack pointer S is limited to a maximum of 64K bytes.
As for data accessing, both memory areas covered by MEG and ME1 can be controlled
by a CPU instruction.



G 0S8
‘Through this line can be supplied the clock to an cxternal system since the clock in the
same phasc as the CPU internal basic clock is on this line. Connection of the 2.6M Hz
crystal oscillator to XLO and XL1 will supply the clock of 1.3MHz.
® R/W
Memory write signal. A low on this line causes the CPU to send data on the data bus.
@ OD
Output disable signal. A high on this line causes the CPU to prohibit data output to the
external device. It is used in writing data to the memory.

f
! —+
20~D7 — (_ MEMORY DATA:H CPU DATA
1
1
1

Memory read cycle Memory write cycle

RESET
CPU reset input. High state of this signal resets the CPU and the contents of the
address FFFEH is set to the register PH and the contents of the address FEFFFH to the
register PL. When it turns from high te low level, it starts program cxecution from the
address of the program counter.,

(& NMI _
Non-maskable interrupt input. High state of this signal causes intcrrupt to the CPU. to
which the CPU unconditionally responds and starts the interrupt processing routine of
which high order byte address is represented by the address FFFCH and low order
byte address by FFFDH. '



® MI

Maskable interrupt input. When the interrupt enable flag IE is active, a high on the pin
MI requests interrupt, to which the CPU starts to execute the interrupt processing
routine whose high order byte address is represented by the address FFF8H and low
order byte address by FFF9H.
How instruction execution address is determined against the reset and interrupt

input

Address

EQOOH

E171H

£22BH

E22CH

FFF8H

o O m

m

FFFFH

External memory

i

ETH

718

E2H

2CH

E2H

2BH

EOH

OCH

Start address
by RESET input

| —_ Start address

by Ml input

—— . Start address

by NMI input

[ Start address

by timer interrupt

11
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@ BRQ
Bus request signal.
(> BAK
Bus request ackowledge signal. When BRQ goes high, the CPU issues a high level of
signal on BAK in response to it. The CPU keeps address bus (ADO~ADIS5), data bus
(DO~D7), MEQ, MEIL, R/W, and OD high impedance when BAK is in high level.
@ OPF
Operation code fetch signal which is sent out when CPU fetches operation code
(instruction code).
OPF is issued only when operation code is fetched and will not be issued 1n fetching
address data, immediate data, and second byte of the two-step instruction.

®0S W

Last Gperation code
e
cycle 1 fetch

INO~INY
Input port through which the CPU receives 8-bit data into the accumulator. As internal
pullup resistor is used, the CPU assumes it to be high level when not connected.
® P?
External latch clock. With high level of this clock. the contents of the accumulator is
sent on the data bus. Addition of 1C will comprise an output port.
REFERENCE: ATP instruction,
PU, PV
These are CPU internal flipflop outputs. PU and PV arc furnished with set and reset
instructions.



@ WAIT
CPU wait signal. A high on this line stops the clock @ so that the CPU halts its
operation. As soon as WAIT turns low. the CPU resumes the operation,

Basic clock

?0s
Clock

{7/ / A
/ \

Flipflop' / \%_

WA

NOTE: WA isthe flipflop dedicated to WAIT, by which the WAIT input is received at the falling
edge of the cioc.k POS. Because the CPU operating clock ¢ stops when WA is high, it
makes the CPLU stopped, consequently.

HO~H7
LCD backplate signal output. As the liquid crystal display (L.CD} 1s driven by
backplate signais and segment signals. the CPU controls the backplate signals.
VA, VB, VM, VDIS
LCD backplate power supply inputs.
HIN
Input signal to the counter from which the LCD backplate signals HO~117 are
generated. Normally, connected to pin HA of the CPU.
@ HA
CPU internal divider output pin, It is used for the basic clock that drives the LCD that
connected with HIN and the segment signal generating 1.SI.
@ DISP
LCI> on;olf control signal output which can be set or reset by means of instruction.
@ BFO, BFI
BF flipfiop output (BFO) and input {BFI). The BF flipflop is reset by the OFF
instruction from the CPU. and will be sct when the input BF1 is turned to high ievel.
BFO is in low level when the BF flipflop is set and in high level when resct.
As VGG 1s power supply to the BF flipflop. the contents of the flipflop arc retained as
long as VGG is in supply.

Normally. it is used for memory backup system.

13



2-3. Functions

A

2-3-1. Timer

The timer is a 9-bit polynominal counter. The counter value can be set by the AMO or
AM]1 instruction of the CPU. Shown in “POLINOMINAL COUNTER™ is the list of
hexadecimal data of counter with decimal count number.

The timer operates continuously at all times. When the counter value reaches 1FFH, it
issues interrupt request to the CPU. If IE (Interrupt Enable) {lag is active at that point, the
CPU jumps to the timer interrupt processing routine whose high order byte address is
represented by the contents of the address FFFAH and low order byte address by the
contents of the address FFFBH. The timer has to be set to 0600H when it is not used.
Since it counts in synchronization with the clock ¢F, each one cycle of ®F increments the
counter ane step.

Oscillator |- |12 — Diui_dér ':l—qn:

When the 4MH7z crystal oscillator is in connection. the timer is incremented at each
32usec, because ¢F is 31,25kHz,



“POLINOMINAL COUNTER"

COUNT
NUMBER

511
510
509
508
507
506
505
504
503
502
501
500
499
498
497
496
495
494
493
492
491
490
489
488
487
486
485
484
483
482
481
480
479
478
477
476
475
474
473
472
471
470
469
468
467
466
465
464
463
462
451
4560

DATA OF
COUNTER

1FF
OFF
07F
03F
01F
00F
107
183
1¢1
1E0
OFQ
178
18C
1DE
1EF
177
ofFB
07D
03E
11F
08F
147
1A3
1D1
OES
074
13A
19D
0CE
067
133
099
04C
026
013
009
104
082
041
120
090
148
0Ad
052
129
194
1CA
OES
172
189

ope !

16E

COUNT
NUMBER

459
458
457
456
455
454
453
452
451
450
449
448
447
445
445
444
443
442
441
440
439
438
437
436
435
434
433
432
43
430
429
428
427
426
425
424
423
422
421
420
419
M8
417
416
415
414
413
412
411
410
409
408

DATA OF
COUNTER

0B7
05B
02D
116
188
1C5
1£2
0F1
078
13C
19E
1CF
1E7
1F3
0F9
07C
13E
19F
OCF
167
183
09
06C
036
"B
08D
145
0A3
151
0A8
054
12A
095
Q4a
025
112
189
1C4
QE2
a7
038
nc
18E
ac?
163
1B1
QD8
16C
0BG
153
QAD
156

COUNT
NUMBER

407
406
405
404
403
402
40
400
398
398
397
396
395
394
393
392
3N
380
389
388
387
386
385
384
383
382
381
380
379
378
377
376
375
374
373
372
3N
370
369
368
367
366
365
364
363
362
361
360
359
358
357
356

DATA OF
COUNTER!

1AB
1D5
OEA
075
03A
np
08E
047

123
191

0Cc8
(64
032
118
08C
046
023
111

088
044
022
o

008
004
002
001

100
080
040
020
o
108
084
042
021

110
188
0c4

062
031

018
10C
086
043
121

190
1C8
0c4
072
139
0ac
14E

COUNT
NUMBER

355
354
353
352
351
350
349
348
347
346
345
344
343
342
341
340
339
338
337
336
335
334
333
332
331
330
329
328
327
326
325
324
323
322
321
320
319
318
317
316
315
314
313
N2
n
310
308
308
307
306
305
304

DATA OF
COUNTER

0A7
153
0AS
154
1AA
oD5
06A
035
oA
10D
186
0c3
161
180
108
1EC
06
178
OBD
05E
12¢
197
0CB
165
182
109
0EC
076
13B
038D
D4E
0z7
113
089
144
0A2
051
028
014
10A
085
142
0A1
160
1A8
004
16A
0B5
054
12D
196
1CB

COUNT DATA OF
NUMBER COUNTER
303 1€5
302 1F2
301 1F8
300 OFC
299 17E
298 1BF
297 ODF
296 Q6F
295 137
294 0se
293 04D
292 126
291 093
290 043
289 124
288 092
287 149
286 1A4
285 D2
284 169
283 1B4
282 10A
281 1ED
280 156
279 1fB
278 OFD
277 07E
276 13F
275 Q9F
274 04F
273 127
272 193
271 0co
270 164
269 082
268 159
267 0AC
266 056
265 12B
264 195
263 0CA
262 065
261 132
260 199
259 0ce
258 066
257 033
266 19
255 0oc
254 Q06
253 003
252 101

15



COUNT DATA OF| COUNT DATA OF | COUNT DATA OF | COUNT DATA OF | COUNT DATA OF
NUMBER COUNTER! NUMBER COUNTER! NUMBER COUNTER | NUMBER COUNTER| NUMBER COUNTER
251 180 199 09A | 147 141 95 00E 43 01C
250 0co 198 14D | 146 1A0 . 94 07 ! a2 10F
249 060 197 1A6 . 145 000 a3 103 4 087
248 030 196 oD3 | 144 168 92 181 40 143
247 18 195 069 143 0B4 91 1c0 39 1A1
246 18C . 194 134 142 15A 90 0ED 38 100
245 0ce | 193 198 | 14 1AD 89 070 37 1E8
244 063 192 1C0 | 140 106 88 138 36 OF4
243 131 191 166 @ 139 1ER 87 19¢ | 35 17A
242 098 190 0F3 138 1F5 86 1CE . 34 1BD
241 14C | 189 079 137 OFA 85 0E7 33 ODE
240 0A6 | 188 03¢ | 136 17D 84 173 32 16F
239 053 187 11E . 135 OBE 83 0B9 31 187
238 029 186 18F 134 15F 82 05C 30 0DB
237 114 185 17 | 133 0AF ' 81 12E 29 06D
236 184 ' 184 13 132 157 80 097 28 136
235 0Cc5 | 183 1F1 131 0AB 79 04B 27 198
234 162 182 OF8 130 155 78 125 26 0CD
233 081 181 17¢ | 129 DAA 77 192 25 166
232 058 180 1BE | 128 055 76 1¢9 24 0B3
231 12¢ | 179 10F | 127 024 75 1E4 23 059
230 096 178 OEF | 12 015 74 0F2 22 02¢
229 148 177 177 125 00A 73 179 21 016
208 1A5 | 176 OBB - 124 005 72 OBC . 20 108
207 102 | 175 050 | 123 102 71 15E 19 185
226 1E9 | 174 0QE | 122 081 70 1AF |18 102
225 1F4 173 017 ' 121 140 69 1D7 17 OET
224 1Fa | 172 008 | 120 0AD 68 OEB - 16 170
223 1FD | 171 105 119 050 &7 175 15 1B8
222 OFE * 170 182 118 128 66 0BA 14 1DC
221 17F 169 0c? 117 094 65 150 13 1EE
220 0BF | 168 160 116 144 84 OAE 12 0F7
219 05F | 187 080 | 115 0A5 63 057 11 078
218 02F 166 158 114 152 62 028 10 03D
217 117 165 1AC | 113 1A9 61 115 g 01E
216 08B | 164 D6 | 112 1D4 60 0BA 8 10F
215 145 183 168 111 1EA 59 045 7 187
214 1A2 | 162 185 110 OF5 | 58 122 6 1C3
213 0D1 161 ODA | 109 07A 57 091 5 TE1
212 068 160 160 108 130 | 56 048 4 1FQ
21 034 159 186 107 09E 55 024 3 1F8
210 11A | 158 10B | 106 14F 54 012 2 1FC
209 18D | 157 0ED | 105 1A7 53 109 ] 1FE
208 1C6 . 156 176 104 103 52 184 0 1FF
207 0E3 | 156 1BB | 103 0E9 51 0C2
206 171 154 oD | 102 174 50 061
205 0B8 153 06E © 101 1BA 49 130
204 15C | 152 037 100 1DD 48 198
203 1AE | 151 0B a9 OEE ' 47 1cC
202 op7 ' 150 00D 98 077 46 0E6
201 06B . 149 106 97 038 45 073
200 135 | 148 083 | 98 01D 44 039
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2-3-2. Interrupts

There are following three kinds of interrupt for the [LH5801 CPU.

(D Non-maskable interrupt
When NMI is turned from low to high level. it sets the flipflop IR0 active, upon which
time interrupt is requested to the CPU, so that the CPU starts executing the interrupt
processing after compiction of current instruction execution.
Since the non-maskable interrupt is given with the highest priority order, the interrupt
will be acknowledged at once, regardless of its internal state.
IR(Q will be reset in a course of the interrupt process.

As the NIM input is sampled by the clock @ H, it will become 250k Hz when the 4MHz
crystal oscillator is connected.

CPU interpal

XLO

%Oscillatorl—-‘ 1s I—r Divider Fd}H

XLl

Synchronizing
pulse L

RO ——/ \_

/ Reset IRO

Interrupt processing

fnlerrupt

Instruction execute ] acknowledge

When NMI is turned high. the CPU creates synchronizing pulse at the rising edge of the
clock @®H, which sets IR0 active. 1f IR0 is active when the CPU acknowledged the
interrupt after completion of execution. it goes into the interrupt routine and IR0 is reset in
a course of the interrupt processing.

17
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Non-maskable interrupt processing sequence

P41—P

instruction
execution

letch

T-+(8;

§ 1—+5
0-~iE

0-+ 1RO
PL—{8)
§-1—+§
PH—S

§ 1-5
{FFFCHi—+PH
(FFFOH: PL

Instruction

processing.

Value of & — 1002H

after interrupt
1003H

1004H

Value ol 5 — 1005H
hefore interrupt

if 5:=1005H hefore going i
process, the contents of T and P are
stacked, and it becomes S=1002H after the

nto the interrupt

/'_\_./

PH

PL

(2 Maskable interrupt

When MI is turned from low to high level, it sets the flipflop IR2 active. If the
interrupt enable IE is active at this point, interrupt is requested to the CPU. so that
the CPU staris executing the interrupt processing after completion of current
instruction execution. 1R2 will be reset in a course of the interrupt process.

When interrupt request is issued while 1E is inactive, the interrupt wili be 1gnored

even though TR2 is set.

MI input is sampled in the same manner as in the case of NMI

Maskable interrupt processing sequence

rpn—-P «—l

Instruchion Instructan
fetch

gxecJtior

T-wi§}

i
O—IE
0—IR2
PL—5]

5 1=§
PH—I5:
E-1—5
{FFFEH.—PH
{FTFUHG «PL

I




(® Timer interrupt
When interrupt is requested {rom the timer. it sets the flipflop IR active. If the
interrupt cnable IE is active at this point, the CPU starts executing the interrupt
processing after completion of current instruction execution, and IR 1 will be resetin
a course of the interrupt process.
When interrupt is requested while {E is inactive. the interrupt will be ignored even
though IRT is set.
Timer interrupt processing sequence

P+1 +F

Instructior. Instructson
ARACUNH feteh

IR1=1

T8

5 =5
0-lE

0—IR1
PL—.5;
5—1—3
PH—S.
5—1—5
CFFERH; —~PH
:FFFBH;—PL

[

Return to main routine

The RTI instruction is used for returning from the interrupt processing routine to the main
routine.

Because the contents of the | register and the program counter are stored in the stack at the
beginning of the interrupt processing routine, the contents of the T register in the stack
returns by the RT1 instruction. Since the interrupt enable flag IE is contained inthe T
register. the contents of IE immediately before the interrupt returns by the RTI
Instruction.

To disable maskable or timer interrupt by the main routine after returning from the
interrupt processing routine, the bit in the stack corresponding to the flag IE must be reset.

Priority order of interrupts

(1} Non-maskable interrupt responds
to the interrupt request whatever

the CPU internal statc mav be. o

5 . . " WMan rouing e
Also. it respends in the first prionity 0 Sl
even during execution of interrupt 0 i€

routine by other interrupt.

T
Py

19
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{2) When either maskable or timer
interrupt request is met during
execution of the interrupt

processing routine. 1t will be

acknowledged upon rcturning to
the main routine because 1E was
reset during execution of the

interrupt processing routine.

(3} In order to acknowledge maskabic
or timer interrupt during execution
of the interrupt processing routine,
the flag IE must be set active at the
top of that processing routine.

2-3-3. Reset

Main routing

hkureup® procassing
routinng
I +IF
I = —— — Request for
; // maskable or
| L7 timer interrupt
= ; Pid (Because
TEediwa -0,
e interrupl is
7 acknowledged
0.7 after return to
the main
; rerutine.
ik
N

Mair ouine e tUpE BrOCESsIng
J e

O—IF
el
provessing
ruhne
G-l

When RESET is turned from low to high and low again, it resets CPU in the sequence
described below. and the contents of the external memory address FEFEH is sent to the
register PH and the contents of the address FFFFH to the register PL. then instruction is

exceuted.
Y IE: Interrupt enable flag
IRO:  Non-maskable interrupt request flipflop

D—IE ) ) . )
01RO IR1:  Timer interrupt request flipflop
O IRY IR2:  Maskable interrupt request flipflop
0 IR2 PU:  General purpose flipflop
g:;’ PV:  General purpose flipflop
{FFFE «PH
IFFFFHI-FL

Instruclion

( feton )
!
Pl P

Instraction
execulion




2-3-4. CPU system sequence

{ Reset )

FResat
provessing

2l >

Non-maskabls :ZTJ:J(‘ on Maskable Tirmer
interrupt interrupt interrupt
processing Processing routing

P+1—p

Instruclion

execution

Y

2
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2-3-5. BF flipflop
The CPU has two supplies of power; VCC and VGG. As the BF flipflop is driven by VGG,
the state of the BF flipflop is retained as long as VGG is in supply. even if VCC supply is
out. The BF {flipflop is set when the BF1 input is turned from low to high level and resct
when the OFF instruction is issued from the CPU.
Low state of signal is on the BF flipflop output BFO when the flipflop is active and high
state of signal when inactive.

re---- """ —-"—-"—"—-"—-—"—-—"-"-"—-"~-"—-"—-"=—-/=-"-" —/"=—/-=—- - —-/-= 7= |
Y66 O— : !
Yoo O—+ l,
[
b
| BE fpflop |
: — 53 0 l
I CPU LOGIC ||
OFF
: R g —o: BFO
| |
: l | |
GND O— » 1
Lo o o e e L L L L e - i
o)
BFI

It is possible 10 comprise a memory backup system using this BF flipflop.



2-3-6. WAIT function
(interfacing with the slow access time memory)

Because the CPU access time is very fast, the CPU must be held with the wait signal in
order to access a slow access time memory.

Basically. the wait signal is created by the externally provided counter, but the I/ O port
controller with the programmable wait time control feature (LH8511) 1s used for this
purpose. For more details of this function, refer to the section discussing the 1/0 port
controller.

Shown in the next page is the connection of the CPU with the 1/ O port controller.

———&F0S — DMED
R/W

MED—— 140 port L DMEI

CPU
—— ME1 —— controler

o DO~ D7—
—WAIT——

wo W1

MEQ
wait
condition

ME1
wait
condition|

ADO~AD1S

23




2-4. LH5801 instructions

2-4-1. Qutline

This section deals with function of each instruction.

ADC
l - Instruction name

[ Functional descripiion}

sFormat
ADC RL
Operand

e0Operation
A+ [operand] +C —— A
T Symbol —LSymbolT Symboi

_

{EX) | Example

"

Symbols used in discussing operand, function, and operation

A Contents of the accumulator (8 bits)

XL: Contents of the low order 8 bits of Xreg
Y. Contents of the low order 8 bits of Yreg
Ul.: Contents of the low order 8 bits of Ureg

(RL represents either of XL, YL, or UL.)
XH: Contents of the high order 8§ bits of Xreg
YH: Contents of the high order 8 bits of Yreg
UH: Contents of the high order 8 bits of Ureg
(RH represents cither of XH, YN, or UH.)
Xreg:  Contents of the X register (16 bits)
Yreg:  Contents of the Y register (16 bits)
Ureg: Contents of the U register (16 hits)
(Rreg represents either of Xreg, Yreg, ar Ureg.)

P: Contents of the program counter (16 bits)

PL: Contents of low order § bits of the program counter
PH: Contents of high order § bits of the program counter
S Contents of the stack pointer (16 bits)

SL: Contents of low order § bits of the stack pointer
SH: Contents of high order 8 bits of the stack pointer

{Rreg):  Contents of the memory represented by Rreg (accessed with MEQ)

#(Rreg): Contents of the memory represented by Rreg (accessed with MED)

(ab); Contents of the memory represented by 16 bits ot af (accessed by MEQ): where a
represents high order 8 bits of the address and b low order 8 bits

A



#(ab):  Contents of the memory represented by 16 bits of ab (accessed by ME1), where a
represents high order 8 bits of the address and b low order 8 bits

i 8-bit immediate data

i i 16-bit immediate data of which high order 8 bits are represented by / and low

order § bits by /

Carry flag

Interrupt enable flag

Zero flag

Overflow flag

Haif carry flag

Data flow direction

AND

OR

Exclusive OR

ADD

SUBTRACT

+ B> EINGD

2-4-2. Add, subtract, and logical instructions

(1 ADC (ADd with Carry)
Either the contents of the internal register or external memory arc 8-bit added with the
accumulator including carry, and its result is stored in the accumulator.
C, H, Z. and V may change.

® Format ® ()peration
ADC RI.
ADC RH
ADC (Rreg) A + [operand] + C — A
ADC H{Rreg)
ADC (ab)
ADC #(ab)

(EX) ADC XL
Value of the XL register is added to the accumulator, providing "C=0".

A= 10 0 0 0 0 0 1 0 Execute A—:0 0 1 1 0 1 0 1

25
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(@ ADI (ADd Immediate)
To either the accumulator or the external memory is added the immediate data. In the

case of ADI to the accumulator, carry is included in the operation.

C, H. Z, and V may change.

s Format # Operation
ADI A A+i+C—A

ADI (Rreg).i

ADI #(Rreg).i
ADI (ah)i
ADI #ab)i

Contents — Contents_
sraron= 0 0 P10 08 11 >

(EX) ADI (Xreg). 20H

[operand] + i — [opecrand)

20H is added te the memory represented by X register.

Xreg=4F00H

Execute

of 4F00H

0
c=0,

0 1 0
H z

0 1
=0, 20

. V;

i
0

Decimal addition is carried out between the external memory and the accumulator

including carrv. and its result is stored in the accumulator.

C. H. Z, and V may change.

¢ Format s Operation

DCA (Rreg)
DCA #(Rreg)

b A+ 66H— A
2) A+ [operand] + C — A

(C. H. 7. and V may change.)

HDA+DA—-A

Where. DA is used for compensation of decimal

number which is dependent on the vaiue of flags C

and H in regard to lItem 2).

[ ¢ H DA
I 9AH
! 0 1 : AUH
1 0 | FAH
1 1 ! 00H
(EX) DCA (Yreg)
Decimal addition is carried out between the memory represented by the Y
register and the accumulator.
Y reg = 4700H
'— Contents | After execution of DCA } o
! of 4700H c : z : " i Decimal addition
B 24 0 | o 1 i 62H 35+2740=62
BH o2M 1 |0 1| e 35 - 27+1=63 |
35H 6H | 0 i 1 1 oo 35 +67+0=102 |
35H 67H ‘ 1 1 1 03H 35+67+1=103 J




(®» ADR (ADd Rreq)
Contents of the accumulator are added to the R register.
C. H. Z, and V may change.

* Format ® Operation
ADR Rreg 1) RL+ A— RL
(C, H. Z, and V may change.}
2) RH+C—RH

(EX) ADR Xreg
Contents of the accumulator are added to X register.

A=|1100001 1] Xt=0 1 0 0 1 0 1 1]

Execute
XL:\10001000 ~aXH=i00001011

C=1, H=0, 2=0, V=1

(® SBC (SuBtract with Carry)
The contents of the accumulator are subtracted by the internal register or external
memory including C, and its result is stored in the accumulator.
This operation may also be expressed in the following manner.
Complement of the internal register or external memory is obtained first, addition is
carried out including carry, then its resuit is stored in the accumulator.
C. H. Z. and V may change.

¢ Format ¢ Operation
SBC RL A — [operand]) — C — A
SBC RH (C, H, Z, and V may change.)
SBC (Rreg) or,
SBC #(Rreg) A + [operand] + C — A
SBC (ah) (C, H, Z, and V may change.)
SBC #(ab)
(EX) 8BC XL

Contents of XL register are subtracted from the accumulator.

A=‘00111000!

A= |o 01 11

27




(& SBI (SuBtract Inmediate)
The contents of the accumulator are subtracted by the immediate data including .

C. H, Z. and V may change.

# Format e Operation
SBI A.i A-i—C—A
(C, H. Z, und V may change.)
or,
A+i+C—A

(C. H. Z. and V may change.)

(EX) SBI A, O7H

:':\00000111

c=1

A::OO ! OD]O.-O—!Execute
= —>A=00011100i

T:Ij] 1 1100@i =1, H=0, Z=0, V=0
c=0

(@ DCS (DeCimal Subtract)
The contents of the accumulator are decimal subtracted by the external memory
including C, and its result is stored in the accumulator.
C, H. 7. and V may change.

¢ Format ® Operation
DCS (Rreg) 1) A+ [operand} + C — A
DCS #{Rreg) (C. H. Z, and V may change.)

2) A+ DA — A

Where. DA is used for compensation of decimal
number which is dependent on the value of flags C
and H in rcgard to item ).

[ C H . DA

| |

; 0 1‘ 0 [ 9AH
0 : 1 i ADH ;
1 ' 0 FAH i
1 _ 1 OOH |

(EX) DCS (Xreg)
The contents of the memory represented by the X register are decimal
subtracted from the accumulator.

Xreg=4700H
: ; Contents After execution of DCS
C == — Decimal subtraction
of 4700H C | H A
| 424 | 3MH 1 I T N 42—-31-0=11
‘ 42H 31H 0 1 1 ‘ 10H 42-31-1—10 .
I 234 54H Tt ' o | 0o 6% 23—54—0=69—100 !
23H ‘ 54H 0 0 | 0 68H | 23-54 1—68—100




AND
The contents of the accumulator are ANDed with the value of the external memory,
and its result is stored in the accumulator.
Only the flag Z changes.

®Format ® Operation
AND (Rreg) A A [operand] — A
AND #(Rreg) " {Z changes.)
AND (ab)
AND #(ab)

(EX) AND {Ureg)
Ureg=4700H

A= 1o 1t o100 aA="010001 00l

Contents |

11 0110

0 |Execute Z=0
of 4700H ~ . J

(@ ANI (ANd Immediate)
The contents of the accumulator or external memory are ANDed with the immediate
data, and its result is stored in the accumulator or the external memory.
Only the flag Z changes.

® Format ® Operation
ANIT A [operand] A 7 — [operand]
ANI (Rreg).i (Flag Z changes.)
ANI #(Rreg).s
ANI (ab).i
ANI #ab).

ORA (OR Acc)
The contents of the accumulator are ORed with the value of the external memory, and
its result 1s stored in the accumuiator.
Only the flag Z changes.

® Format ¢ Operation
ORA (Rregj AV [operand] — A
ORA #(Rreg) (Flag Z changes.)
ORA (ab)
ORA Hab)

(EX) ORA {Ureq)
Ureg=4700H

Contents _ | i 4
ofazoon =10 0 1 0 0 1 1 1]
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@ ORI (OR Immediate)
The contents of the accumulator or external memory are ORed with the immediate
data, and its result is stored in the accumulator or the external memory.
Only flag Z changes.

® Format ® peration
ORI A {Operand} v i — [operand]
ORI (Rreg).i (Z changes.)
ORI #(Rreg).i
ORI (ab).i
ORI #ab).i

2 EOR (Exclusive OR)
The contents of the accumulator are exclusively ORed with the value of the cxternal
mcmory, and its result is stored in the accumultor.
Only the flag Z changes.

¢ Format ® (peration
EOR (Rreg) A @ [operand] — A
EOR #(Rreg) (Z changes.)
EOR (ah)
EOR H#(ab)

(EX) EOR (Xreg)

Xreg=4700H

A=10 0 1 1 0 1 1 0gxecuteh= 0 1 0 1 1 0]—1|
Contents 7 777 o T
ofaoon— . ¢ 1 1o 1 10 1y

i3 EAIl (Exclusive or Acc and Immediate)
The contents of the accumulator are exclusively ORed with the immediate data. and its
result 18 stored in the accumulator.
Only the flag Z changes.

¢ Format s Operation
EAL ALT~A
{Z changces.)

INC (INCrement)
The value of the accumulator or the register is INCremented by one. In the case of the
8-bit register (A, RL. RH). it makes flags C, V. H and Z changed. In the case of the 16- .
bit register Rreg. no flag change takes place.

¢ Format & Operation
INC A [Operand] + | — [operand}
INC RI. (C. ¥. H, and 7 changed.)
INC RH

INC Rreg [Operand] + | — [operand]



(EX) INC XL

: o Execute ' i
XA='0 0 1 1 01 1 1 —— XL=-0 0 1 1 1 0 0 0

@ DEC (DECrement)
The value of the accumulator or register is DECremented by one, Tn the case of the 8-
bit register (A, RL. RH). it makes flags C, V. H and Z changed. In the case of the 16-bit
register Rreg, no flag change takes place.

s Format ® Operation
DEC A [Operand] — 1 — [operand]
DEC RIL. {C. ¥V, H. and Z changed.)
DEC RH
DEC Rreg [Operand] — t — [operand]

{EX} DEC Xreg

XL— 6 0 0 0 0 0 0 0 XL— 11 1 1 1 1 1 1 1:
: Execute ;

5

XH='0 0 0 1 0 0 0 1. XH= 0 0 0 1 0 0 0 O

2-4-3. Compare and bit test

CPA (ComPare Acc)
The contents of the accumulator are compared with register or external memory, and
its result is represented by flags C. V. H. and Z.

¢Format ® ()peration

CPA RL A — {operand] — change in C. V. 1l. and Z

CPA RH or

CPA {Rreg) A + [operand] + | — change in C. V. 1. and Z

CPA #(Rreg) - 1'

CPA (ab) Qompanson P C Z Vv H i

CPA (ab) A= [operand) 1 0 * % I
A= [operand] 1 1 - %k *
A< [operand] 0 0 % *

* : Flags V and H may change according to the
condition mentioned in “Status flag™, but it has
nc meaning with the CPA instruction.

(EX} CPA XL

Execute
— =1, Z-0

3




@ CPI (ComPare Immediate)
The contents of the accumulator or register are compared with the immediate data, and
‘its result is represented by ﬂags C,V,H, and Z.

® Format ¢ Operation
CPI RL [Operand] — i — change in C, V, H, Z
CPI RH,i
CPI A.i
[ Comparison G Z v | H
[Operand] >i 1 o"J( * *
[Qperand] =/ 1 1 ' * . ok
* *

[Operand] <i 0 0
% : Refer to “CPA instruction”.

BIT (test BIT)
The accumulator is ANDed with the external memory, and its result is represented by
the flag Z.

® Format ® Operation
BIT (Rreg) A A [operand] — Z flag change
BIT #(Rreg)
BIT (ab)
BIT #(ab)

(EX} BIT (Xreg)
Xreg=4FQCH

A=  [1 0000000
Execute
— ZI=1

Cantents

of4F00H=‘0 000 1 1 11

19 Bl (test BIt Immediate)
The contents of the accumulator or the external memory are ANDed with the
immediate data, and its result is represented by state of the flag Z.

& Format s Operation
BIl AJ [Operand] A i — Z flag change
BII (Rreg),i
Bl #(Rreg),i
BIl (ab).i
Bl #(ab).i



2-4-4. Transfer and search instructions

LDA (LeaD Acc)
The contents of the RL register, RH register, or the internal memory are transferred to
the accumulator.
Only the flag Z changes.

¢ Format ® Operation
LDA RL [Operand] — A
LDA RH Flag Z
LLDA (Rreg) 1: when [operand] = 00H
LDA #(Rreg) 0; when [operand] # 00H
LDA (ab)
LDA #(ab)
(EX) LDA XL

xi—=[0 0 01 000 0|2 x-To00 1 000 0]

A= [0 001 00 0 0]
=0 '

@) LDE (Load and DEcrement)
The contents of the external memory (R register) are transferred to the accumulator,
then “1™ is decremented from R register.
Only the flag Z changes.

sFormat . ¢ Operation
[.LDE Rreg (Rreg) — A
Rreg — 1 — Rreg
Flag Z

1; when {Rreg) = 00H
0: when {Rreg) 7 00H

(EX) LDE Yreg

Contents _ ° E — '
oropAn=0 101 1000]  A=[0 1011000
—
Yreg=202AH Yreg=2029H

=0
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@ LIN (Load and INcrement)
The contents of the external memory (R register) are transferred to the accumulator.

then *17 is added to the R register.
Only the flag 7Z changes.

¢ Format o Operation
i.IN Rreg {Rreg) — A
Rreg + 1 — Rreg

Flag Z
1: when (Rreg) = 00H
(: when (Rreg) 7 00H

—

(EX) LIN Ureg

Contents [ .~ . w4 - e e
ofopssH— [0 0 v 1 1 0 1 Oy Gl VN T
Execute
Ureg=00%5H > Ureg=0056H
=0

@ LDI (LoaD Immediate)
The immediate data is loaded in the accumulator. R1. register. RH register. or stack

pointer S,
The flag Z changes when transter is done to the accumulator and no tlag change occurs

in otherwise case.
Two bytes of the immediate value are transferred in the case of the stack pointer,

s Format e Qperation
@O 1L.DI A i—~ A
Flag /

1: when i = 00H
0: when i = 00H

@ LDbI RL.; i — RL

LLDI RH./ {i— RH
(No flag changes)

@ LDI S, f i— SH

j— SL

{No flag changes)

(EX) LD} XH,5AH
Execute

Immediate S w o T
vallie ‘—LfJ]U'l ]01_{.]' —>XH=i_[?]U] 1 0 1 0°




@ LDX (LoaD Xreg)
The contents of the R register, stack pointer, or program counter are transferred to the
X register.
No change takes place in flags.

¢ Format ® ()peration
1.DX Rreg [Operand] — Xreg
LDX S
LDX P
(EX) LDXS

Execute
$—=4700H ——— Xreg—4700H

@ STA (STore Acc)
The contents of the accumulator are transferred to the RL register, RH register, or the
external meniory.
No change takes place in flags.

& Format ® (Operation

STA RL A — [operand]

STA RH

STA (Rreg)

STA #(Rreg)

STA {(ab)

STA #H(ab)

(EX) 8TA XL

A- 0 01 1001 1 My g0 17007 1]

SDE (Store and DEcrement)
The contents ol the accumulator are transferred to the external memory (Rreg), then
Uﬁ] "

is decremented from Rreg.
No change takes place in flags.

® Format s Operation
SDE Rreg A — (Rreg)
Rreg — 1 — Rreg

(EX) SDE Yreg

= ' ; Contents _ 63 ARG

A= 00 1 1 1T T w00 LT T T T
Yreg —46FFH

Yreg=4700H
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@) SIN (Store and INcrement)
The contents of the accumulator are transferred to the external memory (Rreg), then
“1™ 1s incremented to Rreg.
'No change takes place in flags.

e Format ® Operation
SIN Rreg A — {Rreg)
Rreg + 1 — Rreg

(EX) SIN Yreg

Contents
a=l00 1 1 11 11 recute OTAT00H= [0 0 111 11
—
Yreg=4700H Yreg=4701H

STX (STore Xreg)
The contents of Xreg are transferred to the R register, stack pointer, or program
counter.
No change takes place in flags.

#Format ® Operation
STX Rreg Xreg — [operand]
STX S
STX P

PSH (PuSH)
The contents of the accumulator or R register are stacked in the memory specified by
the stack pointer.
In the case of the accumulator, the stack pointer is decremented by one. In the case of
the R register. the stack pointer is decremented by two.

® Format s Operation
(O PSH A A—(8)
S—1~—858
(@ PSH Rreg RL — (S)
8 =] =5
RH — (5)
S—-1—5

36



(e SN
T PSH A
a=[0 0 1 1 1 1 1 1 46FDH
Execute
> S—46FFH 46FEH ¥H contents
S=4700H 46FFH XL contents
' 4700H A contents
3 PSH Xre Execute
i ¢ ——  $=4BFDH
Xreg=2030H /,_E\\H_’/
S=4BFFH

POP (POP)

The contents of the stack pointer transferred by the PSH instruction are returned to the

accumulator or the R register.
In the case of the accumulator, the stack pointer is added by one. In the case of the R

register, the stack pointer is added by two.

¢ Format ® Operation
@O POP A S+1—318
{(S)— A
Flag Z
i: when (8) = 00H
0: when (8) = 00H
@ POP Rreg S+1—8
(S) — RH
5+1—58
($) — RL

(No flag change)

(EX) {1’ POP Xreg
o Execute
P=46FDH —— P =46FFH
Xreg=2030H
46FDH S—
Execute
UFEH | 20H P=46FFH —- — P=4700H
S2CEH 2 a=lo o111 11 1]
4700H 3FH L !
/—\"—'—/

G) ATT (Acc To T)
The contents of the accumulator are transferred to the T register.

¢ Format o (peration
ATT A—T
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) TTA (T To Acc)

The contents of the T register are transferred to the accumulator,
The flag Z changes.

® Format ¢ Operation
TTA T—A
Flag 7
1: when T = 00H

0: when T # 00H

2-4-5. Block transfer and search instructions

@ TIN (Transfer and INcrement)
‘The contents of the external memory (Xreg) are transterred to the external memary
(Yreg). then both Xreg and Yreg arc added by one.
No change takes place in flags.

® Format ¢ ()peration
TIN {(Xreg) — (Yreg)
Xreg + | — Xreg
Yreg + 1 — Yreg

(EX}) TIN
Xreg=4700H Xreg—4701H
Execute
Yreg = 4800H — Yreg—4801H
Contents | ; Contents __ ' ; _,
ofa700q = [0 0 T_T 00 T 1) Sen=i0 0 11001 1y

CIN (Compare and INcrement)

The contents of the accumulator are compared with that of the external memory
(Xreg). its result is represented by flag states. then Xreg 1s incremented by one.

¢Format - ® Operation
CIN A — (Xreg) — change in C. H. Z. and V
Xreg + 1 — Xreg

Relation between the comparison result (A with
Xreg) and flags (C. H. Z. V) is the same as in
CPA.



2-4-6. Rotate and shift instructions

@ ROL (ROtate Left)

The accumulator contents are rotated left through the flag C.

¢ Format ® Operation
ROIL.
Po— — S
T _
— S |4-—‘ I — & P .
. _ - ]
A
(EX) ROL
T B I - S — Execute e T I —
1o ot v ol =y ol o110 0 g
Carry A Carry A
ROR (ROtate Right)
The accumulator contents are rotated right through the flag C.
¢ Format * Operation
ROR
: T
— —>|_ i_ —>|_ — > — ] —>_—> —>_»— !
A
(EX) ROR
== = T CE— — Execute ! i T — R
0 11 0 0 T 0 0l ="= 0" 101 00 1 0
Carry A Carry A
3D SHL (SHift Left)
The contents of the accumulator are shifted left.
® Format ® Operation
SHL
. & E‘___ — — ¢ — — — — e g
A
‘ {EX) SHL
= S S — —— Execute j = , — = — !
’ *5:10011TD_—>§00111010
L Carry A Carry A
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SHR (SHift Right)

The contents of the accumulator are shifted right.

® Format ¢ Operation
SHR
“[)"—)‘”—; .—> —:._—> - o o }—vC‘
A
{EX} SHR
Execute
1 oo 10011 [x]— [e1to0100 1] ]
A Carry A Carry

i of 4700H —

DRL (Digit Rotate Left)

Left rotation takes between the accumulator and the external memory (Xreg) or
#(Xreg) in unit of digit (4 bits).

In other words, the low order 4 bits of the external memory are moved to the high order
4 bits of the external memory, the high order 4 bits of the external memory are moved
to the high order 4 bits of the accumulator, the high order 4 bits of the accumulator are
moved to the low order 4 bits of the external memory, and the low order 4 bits of the
accumulator arc moved to the low order 4 bits of the external memory at all times.
No change takes place in flags.

¢ Format ® (Operation
DRI, (Xreg)
DRL #(Xreg)

S — |
IR ; |
T T I ‘
[
A Memory [[Xreg) or #{Xreg) |
(EX) DAL (Xreg)
Xreg=4700H
a=[o 1101 1 11 A=[1 01 1 00 1 1,
Execute
—_—
Contents _ Contents =
101 100 11 s [mh X M W 1 W e




@ DRR (Digit Rotate Right)

Right rotation takes between the accumulator and the external memory (Xreg) or
#(Xreg) in unit of digit (4 bits).

In other words, the low order 4 bits of the external memory are moved to the low order
4 bits of the accumulator, the low order 4 bits of the accumulator are moved to the high
order 4 bits of the external memory, the high order 4 bits of the external memory are
moved to the low order 4 bits of the external memory, and the high order 4 bits of the
external memory are moved to the high order 4 bits of the accumulator memory at all
times.

No change takes place in flags.

& Format # Operation
DRR (Xreg)
DRR #{(Xreg)

| | H | ]_Jﬁ

T 1|* . [ J

A Memoary [{Xreg) or #{Xreg)]
(EX} DRR (Xreq)
Xreg=4700H
A=]1 1. 00000 1| A=lo 1 00001 0]
Execute
Contents _
=10 1 00001 0] 5?2;%?32\0_001 01 0 0]

@) AEX (EXchange Acc)
The high order 4 bits of the accumulator are swapped with the low order 4 bits.
No change takes place in flags.

® Format ¢ Operation
AEX
T R | |
A
(EX) AEX
Execute

Az[ilooioTo v a=[1 01011 00
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2-4-7. CPU control instructions

SEC (SEt Carry)
Sets the carry flag.
No change takes place in flags.

* Format ¢ Operation
SEC i - C
REC (REset Carry)
Rescts the carry flag.
No change takes place in flags.
e Format ® Operation
REC 0-~C

CDV (Clear DiVider)
Clears the internal divider. In other words. since the CPU clock is supplied through the

divider, it makes clock reset by the CDV instruction.

sFormat ® (Operation
CcDv 0 — divider

ATP (Acc To Port)
The contents of the accumulator are sent on the data bus. As the clock P is sent out

from the CPU at this moment. it may be used for the clock of the latch 1C to comprise

an output port.
No change takes place in flags.

® Format e (peration
ATP )

Clock PO J——\

Data bus

{High impedance)

Contents of accumutator are sent out

H
Address bus X 4 X
L

~ Comtents of the X register are sent out

H
i

oD
NOTE: Though data is output with high state of OD {output disable} during memory write, OD
is low state in the case of the ATP instruction.

A9



Data bus

CPU i 8-bit output port
P g

Clock
S
TC4042 2
flatch IC)
SPU (Set PU)
Scts the general purpose flipflop PU.
No change takes place in flags.
® Format ® Operation
SPU ] - PU
RPU (Reset PU)
Resets the general purpose flipflop PU.
No change takes place in flags.
¢ Format * Operation
RPU

0— PU

SPV (Set PV)
Sets the general purpose fliptlop PV.

No change takes place in flags.

* Format ® Operation
SPV

| - PV

RPV (Reset PV)
Rescts the general purpose flipflop PV.

No change takes place in flags.

® L'ormat ® (peration
RPV

0— PV

SDP (Set DisP)
Scts the LCD on off control flipflop DISP.

® Format & Operation
SDp

| — DISP

On pattern signal is generated from the

CPLU mternal L.CD backplate signal lines
(HO~H7).
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G) RDP (Reset DisP)
Resets the LCD onjoff control flipflop DISP.

¢Format ¢ Operation
RDP 0 — DISP
Off pattern signal is generated from the
CPU internal LCD backplate signal lines
(HO~HT).

@ 1TA (In To Acc)
The contents of the input port (INO~IN7) are transferred to the accumulator.

Only the flag Z changes.

¢ Format ¢ Operation
ITA INO~7 — Accumulator

G SIE (Set IE)
Sets the interrupt enable flag IE. After this, it becomes ready for maskable interrupt

and timer interrupt acknowledge.
No change takes place in other flags.

& Format » Operation
SIE 1 —1E

@ RIE {Reset IE)
Resets the interrupt enable flag 1E. After this, maskable interrupt and timer interrupt

are disabled.
No change takes place in other flags.

o Format & Operation
RIE : 0-—1E

G AMO (Acc to Tm and 0)

The contents of the accumulator are transferred to the timer register (TM). Since the
timer register consists of 9 bits, the accumulator contents are transferred to the low

order 8 bits of the register and “0” is entered in the highest order bit.
No change takes place in other flags.

* Format ® Operation
AMO A— TM {TM0~TM7)
0— T™M8



G AM1 (Acc to Tm and 1)
Same as AMUO, but *1” is entered in the highest order bit.
No change takes place in other flags.

* Format : & Operation
AM] A= TM (TMO~TM7)
1 = TM8

&) NOP (No Operation)

HLT (HaLT)
Stops CPU operation. {(Only the divider is in operation.)
Releascd from stop by interrupt.
No change takes place in (lags.

OFF
BF flipflop reset instruction.
No change takes place in flags.

2-4-8. Jump instructions

JMP (JuMP)
Jumps t0 a new program step represented by the sccond and third bvtes of the
immediate data /. ;.
No change takes place in flags.

® Format ® peration
JMP 4 i — PH
F— PL
(EX) JMP 41H,00H N
4000H IMP |
——— I Jump
PH=40H £xecute PH=41H A001H 41H { instruction
i
PL=03H PL=00H A002H e | {3 bytes)
4003H

R

L= 4100H
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BCH (BranCH})
Jumps to a new program step which is indicated by the program counter of which value
is added subtracted by the value of the immediate data i, j. It will be possible to jump
within a range of —255<i<(255.
No change takes place in flags.

® Format » Operation
BCH+i P+i—P
BCH—/ P—i—P
/—-H\a__
(EX} BCH+5 il
Execute o BOa- | pe
P—4002H ——— P —4007H il S
T 40:{2H T
As soon as the BCH instruction is read, o
the pregram counter becomes ' L —
“P=4002H", and after execution of the Mj.sn - — —
BCH instruction, the next program LA e
execution starts from the address 4007H. Y e
I~

BCS (Branch if C Set)
Conditional relative address jump.
When C=1. it jumps to a program step represented by the program counter of which
value is added/subtracted with the valuc of the immediate data.
If C=0. the control proceeds directly to a next program step without causing jump.
No change takes place in flags. "

® Format » Operation
BCS+ _{I:P+i—-P
0: P not changed.
BCS—i C_{I:P—i—-P
*l0: P not changed.
(EX) BCS+5
Execute
P=4002H — -» P=4007H 4000H BCS | | acs
Cc=] 400TH 5 H [ instruction
As soon as the BCS instruction is read, dGG_EH
the program counter becomes He-1 Lo
“P=4002H". If C=1 at that point, next
program execution starts from the
address 4007H. If C=0, it starts from :
4002H.  HA0eH
4007H




BCR (Branch if C Reset)
If C=0, it jumps by relative address.
If C=1, it executes the next program step.
No change takes place in flags.
e Format
BCRA+/
BCR--/

BHS (Branch if H Set)
If H=1, it jumps by relative address.

If H=0, 1t exccutes the next program step.

No change takes place in flags.
* Format

BHS+;

BHS—

BHR (Branch if H Reset)
If H=0, it jumps by relative address.

If H=1. it executes the next program step.

No change takes place in flags.
e Format

BHR+/

BHR—7

BZS (Branch if Z Set)
If Z=1, it jumps by relative address.

If Z=0. it exccutes the next program step.

No change takes place in flags.
® Format

BZS+i

BZS i

BZR (Branch if Z Reset)
If Z=0, it jumps by relative address.

If Z=1. it executes the next program step.

No change takes place in flags.
#Format

BZR+:

BZR—i

BVS (Branch if V Set)
It V=1. it jumps by relative address.

If V=0, it executes the next program step.

No change takes place in tlags.
¢ Format

BVS+/

BVS—7
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BVR {Branch if V Reset)
If V=0, it jumps by relative address.
If V=1, it executes the next program step.
No change takes place in flags.

& Format
BVR+i
BVR—i

LOP (LOoP)

If borrow is not produced after subtracting “1” from the UL register, the program
counter is subtracted by the immediate data. then it jumps to relative address for next

program execution.
If there is borrow, (UL<0), it proceeds to the succeeding program step.

No change takes place in flags.

¢ Format ¢ Operation
LOP § UL:— 1 =UL
o.pP~-i—P
Borrow = { : ;
1: To succeeding step

(EX) LOPS5 T N

= 40004
P— 4005H P=4000H :
UL=05H UL=04H
When ULZ0 4003H 498
4004H 05H
4005H




2-4-9. Subroutine jump instructions

@ SJP {Subroutine JumP)
The contents of the program counter, which show the next program executing address,
are stored in the stack pointer, then the control jumps to the subroutine address
represented by 7 and ; of the 16-bit immediate data.
No change takes place in flags.

® Format & Operation
SIP i j PL — (S)
S—1
PH — (8)
Sl
{— PH
J— PL
{(EX) SJP EOH, 00H -
EXEC UGN
A000H s |
A0ATH EOH |l SAP instruction
40024 00H
AN S
Instrue tion
4003H is stored in the stack pointer by
the execution of STP instruction and
jumps to the subroutine of EQOOH.
With the BTN instruction of the
subroutine, the control returns to 4003H
to resume previous program execution. /—/—\\_/J
EUUO‘P‘l Subroutine
procgssing
RTN ]
r;/"_'\‘_/
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@ VEJ (VEctor subroutine Jump)

One step subroutine jump instruction that jumps to the address indicated by the two-
byte vector, whose high order address byte is represented by FFH and low order

address byte by the operand of the instruction.
The flag 7 is reset.

There are 28 kinds of VEJ operand within two bytes range of 11000000 (COH) to
L1T10110 (F6H). Therefore. the vector address table contains the address area of

FFCOH to FFF6H.

® Format ¢ Operation
VEJ i PL. — (S}
S L 8

PH — (8)

S5

(FFOOH+i) — PH

(FFOOH+/+1) - PI.

NOTE: i has 28 kinds of VEJ operands.

(EX) VEJ C4H

The contents of FFC4H and FFC5H are Vet ior
interrogated at the address 4000H and il
jump to the subroutine of 4500H.

With the RTN instruction of the

subroutine, the executien resumes from

the address 4001H again.

Because it permits subroutine jump by a

single byte of instruction, it helps to

reduce program steps, when applied to

too often appearing subroutine.

4000H

/'_‘-H‘"‘--.\_./
Instruction
execution

CdH

4001H

Instruction
exacLtion

ey

A_/

4500H

FFC4H

FFCSH

Subroutire
ErOCESEING

|
1
1

RTMN

VE
-—

instruction

Retirrn




@3 VMJ (Vector 2 byte Subroutine Jump)
Jumps to the address indicated by the two-byte vector address. whose high order
address byte is represented by FFH and low order address byte by the immediate data.
The flag Z 15 reset.
Vecetor address table contains FFOOH thru FFF6H, Immediate value / may take even
number of 00H thru FoH.

® Format ® Operation
VM PL — (5)
S—1—+8

PH — (5)

S—=1—8

(FFOOH+) — PH
(FFOOH+i+1) — PL.

(EX} VMJ COH

ACOH v
o } VM instruction
OCTH LOH.
A002H -
!

The contents of FFCOH are imterrogated
by the VM.J instruction and jump to the ;
subroutine of EOCOH. ‘

With the RTN instruction of the

N

subroutine, the execution resumes from |
the address 4002H again. ; :
Because it permits subroutine jump by |—>

5 : i FRELH | Subroutine
two bytes of instruction, it helps to processng
reduce program steps, as compared with -
the SJP instruction. o B J
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@ VCS (Vector subroutine jump it C Set)
Conditional vector subroutine jump instruction.
If C=1, it performs the vector subroutine jump, the same as in the VMJ instruction.
If C=0, the control proceeds to the succeeding program step.

e Format
VCS i
s
{EX) VCS COH
4000H : WCS b
42011 CoH |
A00EH | _
The contents of C are interrogated by the el
VCS instruction and perform the vector I
subroutine jump, if C=1. i
If C=0, it continues to execute the > —
program in the address 4002H. HOCEH | rmeenon
_RTN
(C\\—_?
FFCCH _EDH
FFCIH L£OH

# VCR (Vector subroutine jump if C Reset)
It C=0. it perfarms the vector subroutine jump. the same as in the VMJ instruction.
If C=1. the control proceeds to the succeeding program step.

e Format
VCR |

VHS (Vector subroutine jump if H Set)
If H=I. it performs the vector subroutine jump, the same as in the VM. instruction,
If H=0. the control proceeds to the succeeding program step.

® Format
VHS /

@ VHR (Vector subroutine jump if H Reset)
If H=0. it performs the vector subrouting jump. the same as in the VM. instruction
If H=1. the contral proceeds to the succeeding program step.

e Format
VHR |

VZS (Vector subroutine jump if Z Set)
If Z=1. it performs the vector subroutine jump, the same as in the VM. instruction.
If Z=0. the control proceeds to the succeeding program step.

& Format
VZS §



@ VZR (Vector subroutine jump if Z Reset)
If Z=0, it performs the vector subroutine jump, the same as in the VM instruction.

If Z=1, the control proceeds to the succeeding program step.

® Format
VZR |

VVS (Vector subroutine jump if V Set)
If V=I. it performs the vector subroutine jump, the same as in the VM instruction.
It V=0, the control proceeds to the succeeding program step.

® Format
VVS 7

2-4-10. Return instructions

RTN (ReTurN from subroutine)
The instruction used to return from the subroutine to the main routine,
No change takes place in {lags.
The previous program address is gotten from the external memory stack to be

transferred to the program counter.
The next instruction will be fetehed from the address indicated by the program counter.

o Format ® Operation
RITN S [i—= §
(S) — PH
S+1—S5

o i

RTI {ReTurn from Interrupt)
The instruction used to return from the interrupt service routine to the main routine.
After executing the same procedure as in the RTN instruction. then the contents of the
T register at the time of interrupt are gotten from the external memory stack to be
transferred to the T register. Flags are also set to their previous states.

s Format ® Operation
RTI St —8
(S)— PH
S+1—8§8
(8) — PL
S+1—5

(S)—T
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2-5. Command list

List of LH5801 Microprocessor will be shown in pages to follow. There arc following nine

types of commands.

Single byte command

{1 op code

Two-byte command

20 11111101 op code
(3) op code immediate
(0
Three-byte command
@ 11111101 op code immediate
{1}
(5} op code immediate H immediate L
M 16bits )
(6) i op code address H address L :
{a) {h)
Four-byte command
{7) l 11111101, opcode address H address L
() (&)
8 op code | address H address L immediate
() {H) {7
Five-byte command
® 111111101 i op code address H address L
{a) {h

54
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8-bit CPU command list (1)

Arithmetic/logical
' | STATUS MACHINE LANGUAGE |
MNEMONIC | SYMBOLIC DPERATION - : e —- 111 A COMMENT
|cvHziE 76543210 j
ADC R | A+RL+C—A | o&60- som 0010 1 e | :
| i ‘® BEBR4| R Ru R
R A TRH:C A P10RH QD10 1 i Co——
: i _ 00X X X
'R AR +C—A [00R G011 17
. ! A T
Ca b A—iabi+C—A fl1oto0et 3 o513 f
. ; ; | i 10:U Un U
i i ! L I ]
£ R AFHIRI+C—A : FD 2 i
i [0OR 0011 . '
giak  Rrmaherbon i ; PR
£ R 10100017 ;
| I I ® Address of {a.b:
; i . ;
ADI A A—it+C—a ; 10118011 i i 7
i | | | I ]5 --------- 8? ......... D
' 1 ¥ I | T g
I : o i b
R [iRi+i— R 01k 1111 2 013 e
i {High order} [Low arder’
b d !l.u.h.l biovah 2 2k 2 ; P4 19 B
! : & Ri---MEf accessed
' i i
‘o : ' i IRy --ME] accessed
$R R ~i= R o1 R 1111! 3 | 17
i FD !
Frad ; Frahb +i vErakh 11101 5 23
DCA R A+iR:+C—ABCD: 10 R 1100 s
FT.RI A+ERI+CoABCD ' £ ! BEIERT
: !
; 10O R 1100 : .
ADR LRI AR FD 2 '
¢ {1B-bit regist ;
: :t6-bi .reg.|ser 11 R 1010 i
operation: H
RH+1—-RH - if C7 _ _ | !
SBC R A—RL—T A QOO0— . 00R 0000 L1 s
Rr A—Rn—T »A 10Re 0000 18
‘R A—R.—C—A 00 R OGO 17
b i A-vah T A 1010000 3013
o
£R- A— iR € A 60 R 0001 2 N
FD
£iab A— I adb C-A 16100001 . 4 ¥
SBI A A i CoA 101106001 2 7
DCS R A R -CoABCD: 00 R 1100 1 13
_ FD ;
R A-EIRI—T—-ABCD: DO R 1100 2 7
AND R’ CAAIRISA ~—=O= 00 R 1001 17
ab Afiah —A 10101001 313
FD
1R AFEIR A 00 R 1001, 2 .1
FD
= b ANE ab A 101010017 a7
AN A ASi—A 10111001 2 7
R . Rifi= R 01 R 1001 21
ah i vl S wk 11131001 4 1
FD
=(RL 2 R A — iR S01 R1001 3
FD _
Foadb g Zoak Ai-owowb 1171010071 5 23

AR




8-bit CPU command list (2)

STATUS MACHINE LANGUAGE i
MMNEMONIC SYMBOLIC QPERATION |- & - BYTE ! CYCLE | COMMENT
CYHZIE|76543210 ‘
ORA R: A RI—A v gg R 10171 - 1 7 |
Labi Aiabi~A 101061011 3 | 12|
FD ;
R AV EIRI2A bo R 1011 2 | n
D
Fiwb AV Eiah oA 5 10101011 c a7
ORl A AV A : i10‘|1101l 2 7
RLP RvEnR ‘01 R1011 21
abii | labi Ve 11101¢01 ! 419 |
FEx ; :
EiRLi | #IRIV o R 01 R 1011 37
l | Fr |
Biapi | BlahViotiah | (11101011 5 ‘ 2
EOR 'R ADR: A ‘———o— 00 R 1101 1 7 |
tabi ADiahi—A 10101101 | 3 | 13!
| FD
2R AT HIR VA | 00 R 1101 2 | n
i FD 1
$iah - AGTigbioA : 10101101 B ERRE
g ]

EAL g LA ioA 10111101 ‘2 7
INC A AtIA 000G [11011101 ‘ ]
R | RUEI=RL ' 01 RLOODO 1,5
| i FD i
R | Ru+1 R o1 Re0DOO i 2|9

' . |
R R~1-R i -—— 01 RO10C 1 | 5 |
DEC A A KA OOOD 11011111 1] os |
Re RU1OR _ 01 RLOOTO| 11 s
; : FD . P
Ry [ R -1 *Ru ' 01 RMO0O01D i 2 ! 9
R |R—1-8 --—jo1ROT10 i 1 s
Compare and bit test
. . :
CPA Ru A Ri %c(\“)o log RO 10 16
R A—Rn | 10RNO110 ] 6 |
R A—R: : 00 R 0111 17
fa,b° A—lah ! 10100111 3013
H FD i
iR AR : 00 R 0111 ] 2 In
: FD ;
fiabl  A—iab 10160111 | 4 17
i :
CP1 Rui RL—+ 01 RO1110 : % 2 7
R R i D1 R1100] '
A A _10110111§ L2 7
. h i S
BIT R AfiRI—=Z ————1i00 R 111" C 7
b Aliab—=Z : 10101111 i3 13
: FD
#R: AntiRi—Z : 00 R 1111 2 "
; FD i
tiab AN ab=Z 10101411 4 17
B A AAioT 10111111 2 7
R R AT ‘ 01 R 1107 2 1o
P : Tr1g11o ! 4116
FD i ;
TR oAk i 01 R 1181, 3 5
; FD i :
g bl . N VAR T4 : 11101101 : i 20




8-bit CPU command list (3)

Load and store

| "MACHINE LaNGUAGE |

BYTE | CYILE |

{ STATUS
MNEMONIC | SYMBOLIC OPERATION I—CVEHTS i _J COMMENT
LDA R | Ri-s ———-’—loo R 0100 I_I—E—I—
Rn iRH*A | 10R:0100 ) |5|
iRi iRIoA | |oo R 010|| | 1 | B |
iabr liasion . 101001 B | | 312 |
BRI | HiRioA | 100 RFE)T[]] |2 | 10 |
#ia b |tf.a,h:—'A | '10100101| s | 16 | _
LDE R CRISAR—1 sR | |01 ROVTY| Py | 6 .
LIN R ||'RZ|—>A,R+I—’R [oi R 0101| 1 8 |
W R | iR !—————|01R11DIO' 2 |6 |
Ru.i | iR | 01 Ri1000] | 2 |8 |
A QA I-——f“—|101101o|| | 2 5
S,ij .Ir'j—'s s !101%010I | 3i12!
X R | R—X I 00 RFDIDUO_' |2 b |
S [ 5ox ! 01061000 2 |
3 |P—-x : !momom PR
e m e T br_mmma| =i T —
Ru | A=Ru I |00 Ru1000 | | 5
R: A=R: | 00Rr|10| 1] s
Lo A siabi 1010111o| | 3 | 12 |
s anae, loo = 7110, 2 10!
Frab | A-#iab I |1010E1’no| | | 6 |
SDE R | AZIRIR=1-R ! 101 R 0011 B B
SIN R A »RIR11=R | ‘o1 RFooml | T s |
STX R X—R : |OIRIOTO| |2i11_
5 | x s | [p1001110 | 2 -y
P lx—»P | |U1OIEIIG| |'2|11|
PSH A Ai8IS o158 | _11001000! 2 i n |
R PRUSUSIRH-IS (11, |10 RF%(JDD| |2 |
Is—z»s | i | ; |
POP A lis<nsastios |- ||uo?:1o|0 : 2 |
R |-:s+1:—'m+,-:s F2:-RL, |—— __.00 R ro10| 2] s |
$+2-5 | : i ! |
ATT A-TiSTATUS . uoou!ruouoo 2 9
T1A | 7isTaTus -4 L ——\)—|1010E1‘010 K Ly | K
Biock transfer and search
: .
TIN ||x—»v?((j:]1:f . ||1r|1o|01! | 1|7 ;
CIN 76 et ;11110111| .| 1|7

| A= X1 X+] -X
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8-bit CPU command list (4)

Rotate and shift

: STATUS MACHINE LANGUAGE :
MNEMONIC | SYMBOLIC OPERATION | BYTE  CYCLE COMMENT
i 'CVHZIE 76543210
ROL ,:[ , i 11011011 18
: L&«— 7Fe J
ROR . Ll am b :
o : ,L?|_;r 0 :11010901: 1 g
SHL lef|7<0]o0 11011001 -
SHR 0 7-0 4[c 110101071 ! 19
I e ;
DRL | 2 : _ 11010111, 1 12
a v i FD
DRL = ME] Area 11010111 2 16
L R
DRR 4l 11010011 1 12
A - Ry s
DRR = ME] Area 11010011 2 16
R
AEX 11110001 1 &
A
CPU control
AMO LA CTIMER(TOSTIO ST —-—- " 11640 110 2 9
. FD
AM1 + 1 T8 1101111 ¢ 2 ]
: FD
cEN i divider clear 100011190 2 8
ATF " A Output port 110 UFD1 100 2 9
(Clock outputl ; o ;
SDP 1 *Disp 11000001 2 &
; FD '
RDP 0-+Disp 'llooooooi 2 &
5PU 1-PU 11100001 1 4
RPU 0-PU 11100011 LI
5PV 1-PV 10101000 14
RPV 0—PV 10111000 1 4
) D
ITA IN A 310111010 2 9
FD
RIE SESE el e W Ea W 2 8
; ] FO
SIE S 1=IE —=——==:3 10000001 2 B
FD
HLT 10110001 2 g
FD
OFF 01001100 2 8
NOP go111000 1 5
SEC 1=C ———— 11111011 1 4
REC 0 ¢ o 11111001 1 4




8-bit CPU command list (5)

Jump
STATUS | MACHINE LAnGUAGE | |
MNEMONIC SYMBOLIC OPERATION v — — —_— 70 o [t i COMMENT
| 'CVHZIE|7685432710 )
e - T s e VTR MR PR | | VS S e om wn gz
Mp Rl === 10111018 , 3 bzl
i i ! i | I =0, +i
BCH [s=0: Ptiop [100s1110| | 2 |8 e
s Py i ; ; " g ! (includes ore more
! | | | | . eycle}
BCS JHFC=1,P1inp lTeoson11’ | 2 lswn |
i o C=0. continue ) ! | : | |
BCR lifc-0pxiop ' [100s0001 |2 b @RE) Conditen
! ! | | 00 & NConon carry
| if C=1. continue ; | . " oog iC: s
BYS V-1, PP | 1001117 ! 2 Ia__mp! 010 NH:non hael
| _ i | | ; 010 | H hat
. if ¥zl eontinue i . ! | | 100 ' MNZ: mon zera
BYR lirv=0,pP1;=p ' i100.91101| | 2 euu 101|Nv:zem
) ;‘f\u’--].cuntinue | | 110 N¥: non overtow
| | | : 1 |\|': avertlow
BHS CifH=1 PXisp : 190050111 C2 ialcwl
| (fH=0. continue ' | | | |
BHR [ ifH=0Q, P+ioP ! 110050701, i 2 g |
. | .
, BFH=1. continue . i | |
[ - , :
BIS HI-1,P=i P oosio1r ] L2 |.s.-|.:.n|
| i Z=0. cantinue ! | | | :
BZR [ if 20, Pxi-p i 110057001, | 2 swun:
Cif Z—1. continue | _. ! | i
P uLi o s '10001000 ! | |81,
i if Borrow=0,P—i—P | | ! | ’
& i if Borrow--1 continue : i . i ' |
Call
[sp PL—SHPHoIS 1, - —— 10111119 3 | g | \
i | ; | ® Yector address (4
§S—2-+5, (=P . : | |
| | VEJ FF=gn
VE P PL->ISLPH 25— T —-=C-ille i =g [ 1 7
: | | 1140 »qu
I 5-2-8iq>Phig+i=p ! i |
. i ! | VMJ: FF—gn
¥Cs L= PuriS =1 1100001 | 2 1821 et
} ; ] ) [Rmli ]
fgrli=PLoiS 8 -2 asi ! : | |
VCR L i =0, - ;11000001| | 2 is,le'
VHS EL | 11000111, |2 gl
YHR CfHo0 | 11000101 2 s
| ;
Vs Fz=1, . | 11001011 |y |s.f2ri
YzR lirz=0, - ' !IIDDIDOI| | 2 Islzl
ws jiv=1, - : 110017117 |2 &2 !
VM) qui-»PH-‘(s 1.5 23 1T1o0tiot’ 2 I |
'lq—.—r_l +PL—=i 5 | | | | |
Return
RTN STy PHiS ezl —- - [10011010i £ l
i i
15+2 +8 ' | | [ :
RTI {8 HTIPHIS 1 2ioPL Iocooc| 10001010 | L i
§+3i T8 355 | | ' | |

NOTE: P in above list indicates a succeedin
indicates the byte that follows to the i

g byte. For a command accompan
mmediate value,

ying the immediate value, it

It o]
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LHS801

" MNEMONIC | MACHINE LANGUAGE MNEMONIC  MACHINE LANGUAGE | MNEMONIC \ MACHINE (LANGUAGE
apc 'xt oz ANU Tiahi | EQabi ' BVILi 9D §
| iYL 12 | #X FD 49 _t BZS | 8B i
'_ e 22 LY ‘ FD 59 ¢ _l - 9B
| }ﬁ | 82 | #1U1 . FD 69 i 'BZR |+ 189
: " YH 92 figh) 'FDEQabi i = 99
! UH | A2 | AMO | | FD CE cov ' FD 8E
‘ X103 AM1 ' FD DE | ON |  F7
I S EPY——  — i = — ST R S
! o | 13 | aTP ! | FD CC CPA XL 06
i wr CATT FD EC | v 16
L {abl A3-uh EBCH 4 | 8E _ UL 26
i X ,FD 03 | |- 9! | TP
; I . £ s g— —= & — A =
gy | FD 13 BCS + 83 YH 9
| | iU FD 23 l L - 93 ‘uH A6
#iabl FDA3ab BCR + 81 ; Lixi 107
R P — - Wk e
I \A | B3 | - 91 AT
| (X} 4F BHS + 87 ! RUVE 27
: iy 5F i | | s lg7 . iabi P\? ab
- - — = = = i L— —
‘ U1 BF i BHR | + 85 i | ! ¢tlx | FD 07
iabl |EFabi | los :, Y FD17
‘ . =iX)  FD4F s | Bl A BF i ! ' ttrU" i FD 27
’ Tan | ep 5F i ' Lixi o 14D i | #labl  FD A7 ab
i —_— _— _— —_— —_ _ et | | —_— '— _ _—
| . 32U FD6F i ! o 5D lcpl A BT
! _|. P | — it = R _ — e - N
"Hiab) |FDEFa b i JUBRE F: —i XL 4ES
ADR Lx AFDCA o ! | tabl _}_EDabi o e .5E;_ L
¥ FD DA EiX) ' FD 4D i l fUL i BE
B £ @ g '_ —_— - ! [— _l_ f— T
RN SERT TI T R C. LN
AEX Al . ziU; FD6D i ' lYH  5C i
AND tx, | 0o = | #riab) [FDED a b UH  BC i
. paccss (NP £ (R o B
. 19 BIT (X1 OF . DCA (X} 8
liur |29 ! i | 1F |Y1 ac
. — s —_ - Z— — _— LI s
i k) Aab i o 2F ] T lac
' I X |Fpoy i Syl e C#iXi FDEC
R Bl il R e
| =Y FD 19 l . (X1 FD OF £y, FD 9C
iU | FD 29 £iv) ‘FDIF . #U1 - FD AC
. 3 i T o I il T i PP
| Fiabl  FD A ab i L U1 | FD 2F ‘pcs ixi OC
[ _j_ _'_ ] | — e — — =
ANL A BY i £iabl * FD AF a b i e
| e : — == = | — R e
! [)<_ 490 J v§ |+ |8Fi ;u_u o
i [vi 59 - OFi i L #iXi | FDOC
UL IBWR |+ [8D: ¥, FDIC




| MNEMONIC MACHINE LANGUAGE | MNEMONIC  MACHNE LANGUAGE | MNEMONG | MACHINE LANGUAGE
ocs #w) | FD 2¢ oA Tu 24 oRA [#w [ 18 |
"DEC {A  iDF XH |84 #w D28 |
x4 e " =ab: FOABab |
woos W A ORI | A BB : |
o x5 x4 |
XH FD 42 v s B i sBi k
YH R w0 U !6B i
UM iFD62 Cab ASab ab EBabi
X ® X FDO5 =X FD 4B
Y s =iy ED1S iy FD 58 _
U e - ; T-:-;'U:—'F-D 5 U, FfoeB
DRL X D7 Eiab FDAS b Zab FDEBabi
CHiX: . FD D7 Ll A B85,  POP A FDBA |
DRR X: D3 - XL oeAr X oA
Tzix. fDD3 YL sA v FD 1A i
EAt . epq woeAs v oA
EOR iX: 0D - XH 48 'PSH A FDCB
v W s x  fps8
v oL U oesi Yy o
il CAD s A U A8 —:
=i FDOD TibE x4 ©ORDP FDCO o
v PID ¥ 57 REC FF
00  FD 2D o N, O RIE FD BE o
"tiab FDADab  LDX X FD 08  roL D8 )
CHLT T ¥ 18 ROR . .DI -
NG A Do U D28 RPU B3
x. 4 ol D48 RPYV Bg
YL s _ P fD58 T gA o
u e N X a5 RTN oA A
XM 40 s sec ,xL o0
Y« D50 v s ETE
UM P60 LoP w ss. w0
X a - oNop m XH s
v OFF  FDAC T
U e "~ ORA X 0B - W a0 o
17A FD BA - 1B i X0 )
MP BA i ) o U o8 - RARTE T
oA XL o4 ‘bl ABab U R
Y o Tz fDOB b Bmd

YL
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MNEMONIC | MACHINE LANGUAGE | MNEMONIC | MACHINE LANGUAGE |
SBC | #(X |[FDO1 CTTA | FD AA
iy [on vcs 3 ‘
#U | FD 21 VCR C1 i
tab) [FDAT@b [ VEJ |CO | co |
5Bl i_{s_l_ i £2 c2 i
SDE | X 43 ca  |ca
'y 53 6 |6
: TR c8 |8
' SDP FD C1 CA | CA
SEC F8 E se  jwe
SHL os o CE CE
| SHR 05 lpe Do
SIE FD 81 D2 D2
SIN | X s D4 D4
¥ 51 D6 . D6
u el D8 D8
sip | TBEj DA | DA
SPU ET ‘o |oc
3PV A8 'DE | OE
STA XL | 0A E0 | EO
YL 1A E2 | E2
TRE) E4 | E4
XH |08 _ 6 | E6
i |18 E8 | E8
uH |28 EA | EA
X |OE N e EC
v TE BB e
L 2E O FO
‘abt  AE o b 2 F2
EIX FDOE Fa o Fa
kv FDIE B 5 | Fs :
S E TP T Y l
| ‘ #iub FDAE a0 WS J I cFi _1
i STX ‘ X FDaA w2 | CB ﬂ
| vy fDsA VZR | C9 '
| v FD 64 | VHR 5 ;
| S FD 4E LHS c7 i
a P FDS5E : I
TIN F5 |

MNEMONIC
i

| MACHINE LANGUAGE



2-6. Electrical characteristics and timings

Absolute maximum ratings

Parameter ' Symbol Limits . Unit
Supply voltage : Vee —03to t7 V Bl
Input voltage . Vi 0.3to +7 v
Qutput véltage Your -03t0 ‘7 W
T Operating temperature Topr Oto t40 G
Storage temperature - Tstg =55 to 1150 I G j

Electrical characteristics

DC characteristics {Ta—0 to 40°C, Voo —Vas=4.5V +0.5V)
Parameter | Symbol| Min. | Typ. |Max.| Unit Teat Applicable pins
’ ’ ) conditions
Supply ioc 7 15 maA 3.80MHz
current y crystal in
during i connection
operation
Supply bt 4 mA
current
during halt
Input voltage Yiu Yeo-1.00 v DO~-7. BFI, RESET, HIN,
— * WAIT. NMI, ML, INO~7
Viu 0.4 v
Qutput You 2.4 Vv lon =400 A ADD~15, QPF, BFO, R/W,
voltage — OD, MEO~1, P&, PU, PV,
Vi 0.4 s b =1_6mA . @08, HA DISP, DO~7
Input current [l ! 1.0 HA Input pins other than
S RESET. BFI
I Vw=Vec
5.0 LA RESET, BFI
1.0 A Input pins other than
s INU~7, RESET, BFI
e 3 VIL_O -
30 60 LA INO~7
Power switch °~  Ru | 300 0 VA /
ON resistance d f
Rue 300 1¢) VB (
LCD drive ON Ru 35 N §) : Hi—Vec HO-~7
resistance — i
. Rmu tE k2 Hi—Vm
Ri | 50 kO D Hi—Vos
|
Supply lst g 778 Voo =0V
current , 3 Ve =h.5Y
during !
standby ‘
3-state output ! |lgl ! 10 A ADO~15, DO~T7, R/W,
leakage : MEO~1, QD
current ‘ |’
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AC characteristics

Parameter Symbol Min. Max. °  Unit ! Test conditions
Tc 667 ) )
i Co. 20pF
: tr 150 I ) )
i $0OS | ns 2 Vee X0 1V = Ve X0,9:V
; tf 40 i | : :
: : | D iVee X0 9V = Nee X0, 1Y
Twn ; 220 i
T o ] E——| D
to 250 ' | C o 20mF
ADO~-15 t | 80 nS C Vo D (Ve X 0.5V
! Vou: 0.4V
[ C. : 20pF
to : : 260 ‘ i )
MEQ,1 ’ n$ | Wom I {Wee X 0U51V
e 80 175
: Voo @ 0.4V
toL , 250
C. . 20pF
tr 170 . ' :
oD : n3 Vin o (Voo X081V
tow 370 [
! | Vo D 0.4V
trm 160 : '
! Co . 20pF
o —30 50 I ) )
R/W : ns P Von D {Vee X 0,81V
te | 200 :
| : Voo @ 0.4V
to ! | 800
C. o 20pF
tr 220 |
DO~7F ns U Man T (Voo X0.81V
ts 170
) Voo 0 0.4V
tis 100 :
Ci . 20pF
to 350
P& nS You o (Voo X081V
tr 100 :
: 1 | Mo 2 0.4V
] : | Cu i 20pF
1z 180 :
INO~7 ; ns TMin D Ve — 1,00V
t 30
i Ve 0.4¥
T G 20pF
ts 130 ‘
WAIT ’ | nS Vi o i Wee - 100V
tn 20 i
Vi o 0.4Y
y . Cul 20pF
to 340 :
PU, P¥ ! i ns Viw o (Wee X081
te ; 50 :
: Voo 0 0,4V
Cu i 20pF
to ) 310 '
OPF : nsS Vou & iVeo X 0.8V
tr 180
[ Vin . 0.4V
RESET tw 2 { m$ Co . 20pF
BFI ; tw ; 250 nS Gt 2U'|3F
i C1 1 20pF
to 150 )
BFO : ns Vin o (Voo X 0.8V
tr ; 360 i
| CWo D 0.4Y
K — H e




Timing (1)

MEG.ME1

$0S

A ————

QD

Timing {2)

te
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3

LH5810/LH5811 /0 PORT CONTROLLER
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3-1. Outline

The LH5810:L.H5811 is a single chip CMOS static LSI that featurcs the following
functions:

(1) two pairs ol 8-bit bidircctional port

(2) one pair of 8-bit cutput port

(3) two interrupt request inputs (onc of them port input)

(4) one interrupt request output

(5) CPU wait control

(6) serial data transfer control

3-2. Functions

68

(D Ports PAO~7 and PB0~7 can be programmed of their data flow direction in bit unit
Also. it can be accessed as one location of the memory. as seen from the CPU.

(» Latch clock P¢ can be directly given from the external source through output ports
PCO~7. Also, it can be accessed as one location of the memory, as seen [rom the CPL.

(@) As there arc two interrupt request inputs of [RQ and PB7. interrupt request can be
issued to the CPU at the rising edge of the input when the corresponding bit of the
MSK register is ¥1", PB7 must be in the input mede before using PBY for the interrupt
input.

(®) Since there is the CPU wait control eircuit, two memory enable signals can be output to
the memory of slow access time. Besides, it has two inputs of wait conditions. Up to»
varicties of access time can be programmed.

(&} Tt has the following [unctions to handle serial data transter.

A. Serial data transmit
Serial data transfer takes place in a format of a start hit. & bits of data. and two stop
bits. Transmission clock is selectable by means of ipternal and external clock select
program. as well as the clock rate (I 1.1 2.1 IJ{{I 256,01 512,11 1024.1 204,
and | 4096 of the basic clock}.

B. Serial data receive

When the start bit 1s received 1n an idle state. the serial data following to it i~
received. After receiving the data comprised of 8 bits. it is then stored in the interna.
register and the interrupt request flag is sct active. Receive clock 1s furnished from
the external source which becomes the receiving clock by itself, It must be
svnchronization with the serial data input.

C. Pulse waveform

It is possible to have continuous output of pulse wavetorm. Frequency i
programmable to eight kindsof 1 1.1 2.1 128.1 256.1 512.1 1024, 1 2048.and
| 4096 of the basie clock.




D. Data transfer to the audio cassette tape
Format of data transferred to the audio cassette tape consists of a start bit, 8 bits of

data, and two stop bits. with the modulation signal generated from the SDO
output.

T

Normal serial data transfer SX[_] ﬂLm o m 0 0 o0 ’1—T
so0- [0 LU LML) LTt

DATA ST0P

Audio cassette data transfer

START

LI

Assume now that normal scrial data output is to be SXO. the modulation clock to
the data 1 to be FX, the modulation clock 1o the data0to be FY, and audio cassette
tape data output to be SDO, then the foliowing equation compriscs:

SDO = SXO - FX +8XO : FY
Whereas. FX and FY can be set independently to 1/64, 1128, t:256. 1:512 or

I' 1024 of the basic clock by means of programming,
The scrial transmit clock CLO can be programmed as discussed in Item A.
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3-3. Intemnal structure

3-3-1. Block diagram

The 1; O port controller consists of nine internal registers. wait controller, serial controller.
and interrupt controller, and ¢ach of internal registers can be accessed as one location of
the memory as seen from the CPU.

I/O port controller system block diagram

COUTPUT coe
control register

[e 2
reqister

contral

INT 1RT) w05 Lo LE  sDo oL o waT umel
et Tes st i RO e T TaTIou o (L PR lop s L g
: E 1
! } | ’:—1-—] copenags | ke !
| Divitler OATA L | ., PR :
Ve & clack BUS ; | W
i ontrol J_ control cantra cantrol :
B H
ShE—. —m OIMEC
’ 1 it % i 1
1
22 ¥
: Ms'fegistcr IF register G ragister F registcr}— r L ]._l [ U | : !_1::;:
1 [+ Py I Fe3 : i :
1 24
1 ‘—:R W
' 5 % 7 g P < i “.r
I [ Fs3 23 o s R
: L Chip & .__' _“:51
! I 1 regisier Rt;;
: 2 zalect R
! !L control
|
! aRA PET OPE
1 register reqister 4
: A
| q; DATA BUS
1
1
1
1
1

hva
QUTFUT CDA
cantral register

YSS1=K552 GND
VOO - 4.5 0,5

3-3-2. Internal registers

{0 G register {RS3~0=1001)

G706 65 o4 G @ G OO
ey —
L\_L 7> G| G160 Glock rate
-—» G3  Description 000 ¢+
0 ¢-internal clack Lo ¢ _ 2
) 1 ' Pp—external clack . a|1|o, ‘Di
) il -I seick o111 $ + 256
* internal cloc £ i
Clock denved trom . 1e|o . 2 . :612
P Vo1 _d+1024
e ¢ 4+2048
& Exiemnal clock T[T e+4096
Cleck denved fram
CLO
¥ Every clock rale is deter-
mined by Gi--G2
3 G chcﬁptlnn
"0 Clock sufput inhibited.
i 17 Clock output ' . S
s L G7 Gh| G5 !tP{precharge time] tA (access trme)
i ‘#iEffective anly in the oo O. 25t i A
internal clock mode = B
af G3—0. 0 ot Z.5t v B
010, 2.1 s _imuBl
. o1 2.5t o 2:51
1 oo, T.51 o 12.st
T ojr. Egt o o idabt
110 1.5t 4.5t t. CPY aperanng
REERE! v.51 3.5t freduency

The G register can read;write data when register is selected (1001).
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(D) MSK register

MSK
7 & 5 4 3 2 1 0
x[x[x x[ ] |

———[ Interrupt mask bit for IRQ
Interrupt mask bit for PB7
Interrupt mask bit for receiver flag RD

M Tnterrupt mask bit for transmitter flag TD

Interrupt enabled when the bit is “1".

The MSK register can read; write data when register is selected (1010}
NOTE: When the contents of the MSK register are read, the contents of CL1, 5D1, PB7, and
IRQ are stored in high order digit positions.

Contents of MSK read

(3 IF register

IF
7 68 5 4 3 2 1

o

Xl %
- S L1 Set at the rising edge of IRQ input.

[—> Set at the rising edge of PBY input.
|—> Set upon completion of serial input receive.
| RD is reset when the CPU received data is
| read or the contents of the U register are read.
i Set upon completion of serial data ]
ctransmission.
: Reset when the CPU load the transferring
| serial data to the L register.

[FO and 1F1 can read; write data when register is selected (1011).
RD and TD are dedicated to read only,

NOTE: During recgive of serial data, RD is reset. Term "serial data receive’ means the period
during—vﬂﬁih an 8-bit data is in reception, with the start bit excluded.

(& DDA registet

The register used to determine the direction of the port PA.

i~th bit of the DDA register

When 0 PA is in the input mode.
When 1 FPA/ is in the output mode and outputs the contents of OPAJ.

DDA can read. write when the register is selected (1100).
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() DDB register
The register used to determine the direction of the port PB.
Selection of the input/output port is the same as in the DDA register,
DDB can read;write data when the register is selected (1101),

(&} OPA register

OPA
1

7 B 5 4 3 2 0
¥ | f 1
s, He W5

The OPA register is the buffer for input and output of data to the port PA,

In the case of output. DDA/ must be set to “I™ (output mode) and the register must be
selected (1110). then the data on the bus linc is loaded intoOPAJ, to be output on PA/.
In the case of input. DDA/ must be set to “0” (input mode) which prombits output from
OPA/, then the contents of PA/ are loaded into OPA/ and the data is sent on the bus

line.

@ OPB register
The OPB register is the buffer for input and output of data to the port PB.
It has the same function as the OPA register,
OPB can read;wrile data when the register is selected (1111).

OPC register
The OPC register can read; write data when the register is selected (1000),
Also. the contents of the data bus can be latched to the OPC register at the falling edge
of the external input clock P& .

(® F register
The F register can read; write data when the register is selected (0111),
FO-2 determines the clock rate of the modulation clock FX and F3-5 the modulation

clock of FY.
\...___._--/

L X Fs\FﬁiF4‘F3!F2 F1| FO|
; j ——————= Determines 1_he_modu|ati0n clock rate of FX. -
Determines the mod ulatiﬂw clock rate of FY.

Clock rate
0(0|0 ¢ 54
0011 @128
—Cﬁéhge of SD0O cutput mode o [ulal ¢ <256
ﬂ@_qf_mal serial data transfer | O]t ¢ 3512
1 Modulated serial data transfer t1o|o @ --1024




3-3-3. Pin description

(*): See Pad layout and structure in 3-5-2,

Function

Register select input

Register select input

Memary enable input
Memory enable input
Wait condition input

Wait condition input

Memory enable output

Memory enable output

. Serial receive clock input

Serial receive input

Data bus input/output
Data bus input/output
Data bus input/output
Data bus input/output
Data bus input/output
Data bus input/output
J![Jata bus input/output

Data bus input/output

No.| Signal Function No. Slgnal
name name
1 FA1 Port input/autput 31 i R32
2 PAZ Port input/output 32 RS3
3 PA3 Port input/output 33 R/W  |Read/write input
4 PA4 Port input/output 34 MED
5 PAS | Port input/output 35 ME1
& PAG | Port input/output 36 WO
7 PA7 . Port input/output 37 Wt
8 GND  Power source 38 GND |FPower source
9 FPBO | Portinput/output 39 YCC  |Power source
10 FB1 : Port input/output 40 DMEQ
11 PB2 Part input/output 41 OME1
12 PB3 Port input/output 42 WAIT |Wait output
. 13 FB4 Port input/output 143 . INT interrupt output
i 14 PB5 | Port input/output D a4 " RESET |initialize output
15 PBR& Port input/output 45 IRGQ Interrupt input
18 ! PB7 Port input/ocutput. Interrupt input || 46 P05 iBasic clock input
17 P@ : Port PC latch clock 47 CL1 .
18 PCO 5 FPort output 48 s
18 PC1 Port cutput 49 LC MNot Lsed
20 PC2  Port output 50 CLO
21 PC3 | Port output 51 5Do
22 PC4 Port output 52 DO
23 PCS I Port output 53 : Dt
24 PCB | Port output | 54 02
25 PCY Port output "85 D3
26 : CS0 Chip select input . 56 D4
| 27} CS1 | Chip select input 57| D5
28| CS2 | Chip select inpuf 88| D6
29 RS0 Register select input 59 D7
30 RS1 Register select input 60 PAQ Port input/output

Seriat rec/trn input/output

Serial rec/trn clock input/output

73




3-4. Functions
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3-4-1. Operation

/0 port controller operation

sz

Cs1

CS0 } RS3

RS2

RS1

RS0

R/W

Operation

0

1

0

Resets the divider internally contained in the I/O
port chip.

Reads the contents of the U register and sends
them on the data bus. At the same time, the
receive flag RD is reset.

The contents of the data bus are converted into a
serial data signal of start/data/stop structure. At
the samae time, the transmit flag TD is reset.

The contents of the data bus are stored in the F
register.

The contents of the data bus are stored in the
QOPC register.

The contents of the OPC register are sent on the
data bus.

The contents of the data bus are stored in the G
register.

. The contents of the G register are sent on the

data bus.

The contents of the data bus are stored in the
MSK register.

The contents of the MSK register are sent on the
data bus.

. The contents of the data bus are stored in the IF

register.

The contents of the IF register are sent on the data
bus.

The contents of the data bus are stored in the
DDA register.

The contents of the DDA register are sent on the

data lys/

The contents of the data bus are stored in the
DDB register.

The contents of the DDB register are sent on the
data bus.

The contents of the data bus are stored in the

: OPA register.

The contents of the PAs are sent on the data bus.

The contents of the data bus are stored in the
OPB register.

The contents of the PB/ are sent on the data bus.




3-4-2. Wait control

(D Function

Wait is a function applied in accessing a slow action memory. It makes the CPU
operation temporarily halted until a complete access is done to the slow action
memory. When the CPU makes access to the address where slow action memory is
assigned, the condition *1 is entered to the wait condition inputs W0 and W1, W0 is
the wait condition input which is applied to place wait to the memory area controlled
by MEQ. while W1 is the wait condition for the memory area controlled by MEI.
When the wait condition is established, that is, when “W0 MEMHWI1-MEI=1" is met,
the WAIT signal is issued to the CPU. As the wait control counter is provided
internally. it releases WAIT to the CPU when it is counted to the value sct by the
program, then the CPU proceeds to execute a next machine cycle.

AD Xﬁ X -
L
(.

MED /
WO /
I |
WAIT |
R
“— . increments counter —— WAIT released

DMEO 4_4/ \—_

«——1p—; tA

Since a slow access memory usually consists of dynamic logic. it needs a precharge time
(tp). Thus, the I;O port controller issues the memory enable signals DMEO and
DME1 to the dynamic memory, including the precharge time, DMEQ is for MEO
and DMEL! 1s for MEI.

When the CPU accesses the 17O port controller, the signal WAIT is issued without
the wait condition in- W(} and W1.

(2) Wait time

Wait time can be programmed by means of bit positions of G5, 6 and 7 of the G
register. Relation of GS, 6.7 with ta and tp refer to page 70.



.

() Wait time of 1/0 port controller itselt
When the CPU accesses the 1 O port controtler. wait of a single CPU machine cycle iy
automatically applied.
if the W0 and W1 is in the wait state when the CPU accessed the 1 O port controller.
waitl ends 1n onc cycle. .

NOTE: When there is no wait condition in W0 and W1, the same waveform as MEC and ME1
are sent on DMEO and DME1.

1 2 2 1
—t— ! !
! i ; 1
pos e o e e R TS e U
! 1 : ! !

'R ! L
A1 : R
L ]

ol : : '

[ 1
1 1 T T
meg/ 1 — | . i

-l I‘Q_ _): %= 0 —)»: I 15
| FAL L 1
1 PAL |
I I ]
DMEC/1 Fill) o A
iy [ 1
Ly [ I
[ [ )
. : b
ot . o
P L 1!
| e P et tA o
o Vol 1!
| 1 |
[ ! |
1 1
| 1P : tA :
: Actual [ Actua: :
precharge time 4 access Line

tr’ and 1A’ for actual ROM is as follows:

tP = tAP + 1P + tD

A" =tA — LD — tS§

ts = 200nS
Since tAP and tD differ depending on the peripheral circuit configuration. they should
be computed on the basis of load capacitance. '

3-4-3. Serial data input

SD1 is a serial data transfer input and CL1 serial data transfer clock.
The 10O port controller reads the [ -

input data at the rising edge of CL.L.
Serial data goes into the receiving sor X X X

mode when it changes [rom an idle ‘
state (SDI=1) to low state and reads i cu I [ ke 1
data from a next clock. ‘ i
When the 8-bit data is received. it sets the receive and flag RD active. If the mask bitis onat
this point, interrupt request is issued to the CPU. RD will be reset upon reading the 8-bit
data.

RDD will be reset in a course of serial data receiving, which is the period that the 8-bit data is

being received. without including the start bit.



SD1 A OX IX2ZX3XAX5X6X7)

In serial
receive
RD
iz f M
4 Reset as it went Reset as the
into serial data CPU read the
receive., serial data.

3-4-4. Reset

When the RESET line is kept in “1” at least for three @OS clock cycles, it causes internal
reset, by which all internal registers are cleared to “0” and ports PA and PB go into the
input mode. The divider, however, will not be reset.

Terminal states after the reset are as shown in Table below.

Pin name In/Qut State after reset
DO~D7 In/Out High impedance
PAO~PAT # L
PBO~PBY e #
PCO~PC7Y Out Low level
WAIT : {(NOTE)
DMEQC " "
DME1 " "
INT " Low level
SD0 In/Out High level
CLO W Low fever#_

NOTE: WAIT, DMEQ, and DME? are cutput dependent of W0, MED, W1, and ME1 and do not
have any connection with reset.
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3-5. Specification

3-5-1. 1/O port controller input/output circuits
@ Input

Vee

o @

Applicable terminals ; RESET, P¢, R/W, RS0~3, £50, C51. CS2, MED, ME7,
W0, W1, CL1, 5D1, €05, iRQ

@ Input/output

contral signal

Output
signal

Applicable terminals ; PAQ~7, PBO~7, DO~7, SD0, CLO

Cutput high impedance

@ Output
Yee
Applicable terminals ; WAIT, OMEO, DMET
(1) Output

Applicable terminal ; INT
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3-5-2. Pad layout and structure

bl lelal s J -
HHBEHHEEEEEEBRE
POS |45 40 35 30| R
cL1 RS0
SD1 Cs2
Lc Cs1
CLO (50 Cs0
500 25 _FTC?—
Do LH&810 ar LHS811 PCH
Dt (TOP VIEW} PCS
D2 | Pea |
03 55 PC3
B PC2
D5 - PCY
D& PCO
o7 PO
FAQ 5 10 15| PB?
TIZ|E|E\2|2(R|8|2|5|8|B|28]8
3-5-3. Electrical characteristics
(1) Absolute maximum ratings
Parame{er Symbol Limits Unit
Input apply voltage (*1) Ve —031065 v
Input apply voltage {‘2.) Vi —03 to Veo 0.3 v
Operating tempe.rature. Topr - -5to +55 °C
Storage temperature | Tstg =55 to +150 °C
*1: Applicable to Yoo and with respect to GND.
"2 Applicable to other than Voo, GND, and with respect to GND.
() Operating condition
Parameter Symbol © Limits Unit
| Supply voltage o Vee 4010 5.0 v
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(3) Electrical characteristics

@ - 1 - DC characteristics Tam 55T
Vee=4,0~5.0¢
Limits -
Parameter Symbol Min Typ Max Unif Test condition Note
Vi 0 - 0.8 v
Input voltage ‘ 1
Yiu 2.4 Vee ¥
VoL - 0.4 v loo=1.6mA
Qutput voltage 1 . i S 2
Vo 2.4 v lov=0.4mA . )
: Output voltage 2 Vouz 1.5 v lov=1.5mA -3
QOutput leakage current | Ial I 1.0 A 4
: Input current i _ 1.0 LA Vin=0V or ¥co 5
| Normal power leca - 0.4 0.9 mA ~ BOS=2MHz | &
S 5 : (I i R - SN
dissipation lceh 5 pA dOS=0V 7

NOTES: For Note number, refer to the list below.

e T Applicable terminals
PAO~7, PBO~7, DO~7, R/W, RS0~3, CS0, CS1, CS2, MEO, ME1, W0, W1, SD1,

CL1, ¢0S, SDO, CLO, IRQ, RESET.

2 . PAO~7, PBO~7, PCO~7, DO~7, DMEO, DME1, WAIT, CLO, INT

3 PAO~7, CLO, SDO.

4

5

-l

All input terminals.

All output terminals.

selected and the 2MHz clock should be supplied through the @08 pin. The i
6 following input terminals should be connected to OV except CS2.
PAO~7, PBO~7, DO~7, CS0, CS1, £52=Vec, R/W, RS0~3, P¢, MED, MET,
W0, W1, CL1, 8D1, IRQ.

Applied to the state that no clock is supplied to the #0S terminal in the normal
condition.




@ - 2 - AC characteristics

(Ta=—510 55°C, Vec=4.010 5.0V)
Parameter Symbol T Unit Test condition
Min Typ Max
€S0, C31, £S2, 1o 230 ns
RSONS __tF.__. LR 80 ns |
MECG, ME1 to o 240 ns
tr 80 175 ns i
twom 250 ns
WAIT fws 150 ns C.=50pF
twr 50 200 ns
DO~7 (input to 500 ns
mgce) te 130 ns
tzo 100 ns Vou=0.8 Vec
o 300 ns
DO~7 {output ts 200 ns
mide) : ts 50 ns
tzm 150 ns
ter 100 ns
R/W to -30 50 ns Vo =0.8Vce
te l 15C ns
P0S tre 500 ns
t 150 ns 0.1—=09Vec
te o 40 ns 0.9—0.1Vcc
PAO~7, PBO~7 ton 1 us | Co=100pF
{output mode)
PCO~T7 {register tor 1 MS C.=100pF
select)
Po to 350 ns Vou=0.8Vce
] te 100 ns
PCO~7 (P® ! toe 1 s C.=100pF
latch) ! _
3D0 {input ts 100 o ns
gg?e) tw 50 ns
SDAO {output to 100 ns C.=100pF
mode}
DMEG to 120 ns C.=50pF
DME1 tr 120 ns
Sho tz 260 ns C.=100pF
CLO t, 100 ns 0.1-+0.9vcc
' Ce=50pF
4 100 ns 0.9—0.1vee
C.=50pF
{*}: Unless otherwise specified, the criterion shall be  Ve=2.0V, Va=0.4V
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- 3 - Timings

I | i ! | | !
( ! I “ ke tac 2 t I
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- ! _rl R _ I s bt
T }
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M L ] tws tar | 1
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Write mode K fo t | i - !
I }
h : | A7l Ll 84N
"A| ten— h L . |1_ tr Tl |
R/W 1 1 ( 1 1
\.\ I I | " —t: —m
Read mode i | ) i | | I |
_ " i "/V////_/ " \_\\\\\\A
) e L tr = e e tr _K| _
I ] | I | . I
"A.Iﬁ%l.l.! _ F
PAD~7,PRO~7 . i
{QOutput mode) ;
PCO~-7 : "
| i
| i
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Do~7
tinput mode)

PCO~7

CLo

m_:ui ar u
output mode

500
{input mode}

sDo

coutput moded
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S0l

—
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Without
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W0
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OMEOQ

. DME1

WO
Wi

MED
ME1
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4

PC-1500 hardware description
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4-1. PC-1500 system configuration

86

4-1-1. QOutline

Around the PC-1500 Pocket Computer, the PC-1500 system can be configured with a
varicty of peripherals, which include the CE-150 Color Graphic Printer, CE-151 4KB
Memory Module, CE-152 Cassette Tape Recorder, CE-153 Software Board, CE-154
System Carrving Case, CE-155 8§KB Memory Module, CE-158 Serial and Parallel
Interface, and CE-159 Program Module.
(O PC-1500 Pocket Computer
It is a pocket computer that featurcs high speed processing with the CMOS 8-bit
microprocessor in use, and it has memories of 16KB ROM and 3.5KB RAM on
standard. It also permits expansion by the use of options.
Four pieces of Type AA dry batterics arc used for its power source and the 7 X 156 dot
LCD is used for the display.
(z) CE-150 Color Graphic Printer
It is a ball-point pen type four color printing X-Y plotter, It has 8KB ROM for the
memory and is driven by five picces of Type AA Ni-Cd batteries. It also has the cassette
interface built in the unit.
(» CE-151 4KB Memory Module
It is a 4KB option memory unit in which two chips of 2KB RAM are contained.
(1) CE-152 Cassette Tape Recorder
[t is a cassette tape recorder dedicated for use with the PC-1500 system. It is driven by
four pieces of Type AA dry batteries,
(5) CE-153 Software Board
It has 140 keys arranged on the kevboard and each key assignment is defined by means
of programming. As it does not have power supply by itself, it is supplied from the PC-
1500.
(&) CE-154 System Carrying Case
The carrying case exclusively designed for carrying of the PC-1500, CE-150, CE-152.
CE-153.
(@ CE-155 8KB Memory Module
It is an 8KB option memory unit in which four chips of 2KB RAM are contained.
CE-158 Serial and Parallel Interface
It has the RS-232C serial interface and the Centronics parallel interface with the built-
in 16KB ROM. It is driven by four pieces of Tvpe AA Ni-Cd batteries. Tt will be
possible to interface with a normal type printer, computer, instrument. etc.
(3 CE-159 Program Module
It is a detachable memory module that consists of four chips of 2KB RAM, ol which
area can be partially or entirely used for the read only arca. The contents of the memory
can be retained by means of the internal lithium battery even if it was detached from the
PC-1500.



4-1-2. Block diagram

dKB
Me .
Mo[gﬁlrg Packet Computers F$-2320
CE-151 PC-1500 Suftware Board & Parallel
ar ] CE1G3 Intertace
BKE l CE-158
Memory
Module I L
| CE-155
or
Fragram c "
asselle
Module Ts Application
CE150 apc Recorde Brogram
Color Graphic Printer CE-152 Tape
CE-150
— CE-1%3
Cassetic Operating
System
Tape Recorcer Program Tape
CE-152 =

4-1-3. Power supplies
(PC-1500, CE-150, CE-158, CE-159)

(D PC-1500 and its peripheral units (CE-150, CE-158, CFE-159) are driven independently
by dry battery. Ni-Cd battery, or lithium battery.

When the PC-1500 is connected with peripheral, RAM. ROM, 1;0 PC, CMT I/ F,
and UART are driven by VCC or VGG supplied from the PC-1500,

(@ When the Ni-Cd battery of the CE-150 is charged capable to drive the PC-1500, power
1s supplied from the CE-150 to the PC-1500 and therefore the battery of the PC-1500
does not consume. In addition, it drives the driver of the printer and remote control
relays.

(® The Ni-Cd battery of the CE-158 drives the driver and receiver of the RS-232C serial
interface and the Centronies parallel interface.

(® When the CE-159 is in connection with the PC-1500. it is operated by VGG of the PC-
1500. and its memory contents can be retained by the internal lithium battery when
disconnected from the PC-1500.
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PC-1500
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4-2. PC-1500

4-2-1. Outline

O CPU
The LH580!1 CMOS 8-bit Microprocessor is used. As it is operated by the clock
frequency of 2.6M Hz from the crystal oscillator, its internal machine cycle is 1.3MHz.

BE o suppy aay Depression of the [y key turns it to high level so that VCC is
supplied from BFO.
INO~IN7 ...... Input port for other than the key.
DO i sovmes Bidirectional data bus which is used to write and read data to/from
the external memory.
DO: LSB
D7. MSB
ADO~ADIS. ... Address bus.
ADO: LSB
ADI5: MSB
XLO0. XL1.....,. External crystal connection terminals, through which the 2.6MHz
crystal is connected.
XL0: Input
XL Qutput
@ /0 PC
Either LH5810 or LHS811 is used. The same chip is used for 1/ O of CE-150, CE-153,
and CE-158.
PAO~PAT ..... Key strobe output
PBY .cvain vana key input

ADO~3, AD12~13, DMEI
...... Address of 1; O port is set within FO0OH to FOOFH of the ME! area.
@ Timer IC
#PD 1990AC is used and connected with the 32.768kHz crystal.
(@ Chip select decoder
It consists of two chips of TC40H139F and TC40H 138F and it is used to select chip by
means of S0~4, S6, S7, 2Y2 and 2Y3. For more details, refer to “Chip select circuit”,
(5 Display chip
Because 4-bit SC882G is used, chip 1 is used in pair with.chip 3 and chip 2 with chip 4.
Select signal is commonly used by chip 1 and chip 3 or chip 2 and chip 4. Data bus is
therefore divided into DO~D3 and D4~ D7 in order to handle compatible with the 8-
bit RAM.
Address 15 within 7600H to 77FFH of the MEQ area and is used for the fixed variable
area, in addition to the display buffer.
(& System ROM
It 1s the PC-1500 system program residing ROM for which the 8-bit X 16K SC61328F
15 used. Address is within CO00H to FFFFH of the MEO area.
(7 System RAM
Because the 4-bit X 1K bytes TC5514 is used in a pair. the data bus is divided into two of
D0~D3 and D4~D7 and the select signal S7 is commonly shared so as to be
compatible with the 8-bit RAM.
Address is within 7800H to 7BFFH of the MEQ area which is used for the system
memory area and for the fixed variable area.
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User RAM
It 15 the user RAM for which 8-bit X2KB HM6116 1s used. Address sclected by S0 1s

within 4000H to 47FFH.
(3 40-pin connector
It is the connector used for the connection of one of optional memory modules and
program module. on which provided signal terminals for address bus. data bus, and
chip select.
60-pin connector
It is the connector used for the connection of optional printer and interface, on which
provided signal terminals of address bus and data bus for the control of peripherals.
i) LCD
The 7 <156 dot LF8082GE multi-display is used.

4-2-2. Block diagram
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4-2-3.

Chip select

circuit
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1Y0~1Y3 is selected by the decoder IC (TC40H139F) when the gate signal
input BFO (1G) is low.

YO0 i - With Jow state of AD14 and AD135, the Y0 output goes low so as to select the

(Wﬁ) user memory area of the module unit. (Address assignment of
0000H~3FFFH)

YI...... With high state of AD14and low state of ADIS, the Y I output goes low so as

ayYn to select the gate (G2A) of the 1C (TC40H138F). (Address assignment of
4000H~7FFFH)

Y2 v With low state of AD14 and high state of ADI15, the Y2 output goes low so as

(TY2) to select the optional ROM area of the module unit. (Address assignment of
8000H~BFFFH)

Y3 an s With high state of ADI4 and AD15, the Y3 output goes low s0 as to select

(TY3) the system program ROM (SC61328F) and the ;O port (I.LH5811 or
LH5810). (Address assignment of CO00H~FFFFH)

S0~8§7 is selected by the decoder IC {TC40H138F) when the gate signal input

MEO (G1) is high, Y1 (G2A) low, and G2B is low (normally low). .

SO ...... Withall of AD11, AD12 and AD13 in low state, the S0 output goes low so as

(YO0) to select the user RAM (HM&6116). (Address assignment of 4000H~47FFH)

S1 e s With high state of ADI1 and low state of ADI2 and AD13, the S1 output

(Y1) goes low so as to select the optional user RAM area. (Address assignment of
4800H~4FFFH)

S2...... With low state of AD11 and AD13 and high state of AD12, the S2 output

(_Y_f) goes low 5o as to select the optional user RAM area. (Address assignment of
5000H~57FFH)

53 mens With low state of AD11 and ADI2 and high state of ADIi3, the S3 output

(Y3) goes low so as to select the user RAM area, (Address assignment of
5800H~5FFFH)

3 S With high state of ADI1 and AD13 and low state of AD12, the S4 output

(Y4 goes low so as to select the user RAM area. (Address assignment of
S000H~67FFH)

S5 = poa Do not use,

6 o With low state of AD11 and high state of AD12 and ADI13, the S6 output

(Y6) goes low so as to receive on the 1/ O port the data from the display chip RAM
or interrupt input from the option. (Address assignment of 7000H~77FFH)

ST svoesans With all of ADII, ADI2. and ADI3 in high state, the S7 output goes low so

(Y7 as to select the system RAM (TC5514) (Address assignment of
7800H~7FFFH}

2Y2, 2Y3 is selected by the decoder IC (TC40H139) when the 2G gate becomes

effective after the selection (low state) of the TC40H138F output S6 (Y6).

N2 With low state of ADS and high state of DMEQ, the 2Y2 output goes low and

(2Y2) makes the NAND gate output V2 high so as to select display chip | and
3.{Address assignment of 7600H~76FFH)

AT S With high state of AD8 and DMEQ, the 2Y3 output goes low and makes the

(2Y3) NAND gate output V3 high so as to select display chip 2 and 4. (Address
assignment of 7700H~77FFH)



Chip select signal

| | | ooooH )
YO
_ OPTION USER MEMORY
(1vQ)
3FFFH
S0 4000H
- STANDARD USER MEMORY
{Y0) 47FFH
$1 4800H
(r) , 4FFFH
52 5000H
(¥2) 57FFH
33 5800H
. OPTION USER MEMORY
(Y3} SFFFH
sS4 6000H
(¥4} 67FFH
Y1 —
_ 55 6800H
1v¥1) . .
(Ys) 6FFFH
20008 " NOTE: 80~87, V2, and
INHIBITED V3 are applicable only
for MED area.
75FFH
S6
- ¥2 7600H
{YB) _
(2¥2) 76FFH
V3 7700H STANDARD USER AND
(2v2) 77FFH SYSTEM MEMORY
57 7800H
(¥7) 7FFFH INHIBITED
8000H CE-150
SYSTEM PROGRAM. /0 PC
CE-153
¥2 I/0 PC
(1y2) CE-158
SYSTEM PROGRAM
8FFFH
CO00H PC-{500
SYSTEM PROGRAM
I/0 PC
CE-158
Y3 /0 PC
o : UART
(T¥3) \
| | FFFFH _J
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4-2-4. PC-1500 system memory map

(D In the MED area is contained such as the system program and user RAM area and the
ME]I is used for such as 1; O port.
Memory bank is assigned by PV and PV {or the MEQ area of 8000H thru BFFFH. and
PU and PU are used to assign the PV area of 8000H thru 9FFFH. Address 0000H thru
7FFFH is used for the user area and 8000H thru FFFFH for the system area.
The system area is used by the mnemonic programming system by which the CPU, 1; O
PC, etc. are controlled, and the user arca is used to store the program written in
BASIC, mnemonic programming language, and data.
With the PC-1500, MEOQ memory area 4000H thru47FFH and 7600H thru 7BFFH are
used for the user memory and CO00H thru FFFFH for the system program.
When the CE-150 or CE-158 is connected, the system program. 1;0 port, and RAM
are arranged as shown in the next page.

(@ Upon power on to the PC-1500, initialization starts for peripheral units according to
the system program residing in the system area, and the user area ROM and RAM are
checked. then it becomes ready for a key entry.



MEMORY MAP T

USER AREA

SYSTEM AREA

0COOH 5
CE-160
2000H l
CE—159 (ROM/RAM)BKB
3BDOH*

4000H STANDARD USER MEMORY (RAM) 2KB e ISR

4800H  cE_151 (RAM) 4KB

5800H |

NOT USED

.

7B00H | STANDARD USERS SEYSTEM MEMORY

7BFFH ‘{RAM) 1,5KB
G

. c

2 /2’//,7/;/ yj;///l // / 77 :

CE-158 %/%%/{//%@
2o //

BOOOH -

Lerrts i
NOT USED | SYSTEM PROGRAM //////; /

v -;44’ //
(ROM) - %;/% ___
ke

AODOH
CE 180
SYSTEM PROGRAM
LROMY NOT USED
EKB :
I
CO0OH
| PC—1500
‘ SYSTEM PROGRAM
‘ RO NOT USED
16KB _ .
! yy 7//// FC 168 FOOOH
" %///7/}/;% <FOOFH
RREER, o . O FEFFH
_ }-» PU » Py .‘
e PV ——> PY » |
L g ME 0 sl ME ] =) _‘

® Area reserved for option will become unused, in case the respective option is not
connected.

® Refer to “Memory map Il and 1) for *

® PV and PU are bank select signals.

#® Shadowed area can not be used.
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MEMORY MAP II

MEMORY MAP when the CE-155 is used.

3000H

3B0CH
4000H
48001

SFFFH

CE-155 (RAM) 2KB .-

GE-155
(R AM)] 6KB

STANDARD USER MEMORY (RAM) ZKB

— BKB IN TOTAL
i

6800H

MEQ

NOT USED |

MEMORY MAP I

DODOH
DO10H

D200H
D204H

D3FFH _

—

MEMORY MAP IV  STANDARD USER & SYSTEM MEMORY (RAM) 1.5KB

7600H~76FFH

HIGH
01234567893ABCDEF

LOW . . .

0

2

4

6 | DISPLAY |E|F|G|H!I|J[K LIMIN O

8 BUFFER |$|$/|$|$(3|$(3 $|3($ 3

A |

c !

E L

7800H~/78FFH

HEGH!

1IN 012345678 9ABCDEF

!LDW o .

Y i

L2 i

4 : ;

! 6 SYSTEM =~ SYSTEM  A{B|CD

‘'8 STACK :  MEMORY $i%(% %

A i f

P C i i

- | __‘

7700H~77FFH
NHIGH ; .
0123456789ABCDEF:
oW~ . ;
0 | ] |
2 |
| 6 | DISPLAY ;PQR‘STung!XYz
| 8 | BurrEr 8|S $i8[$ $'5|$I3|$|s
| A Lo
c | |
| e ;
7900H~79FFH
HEH N -
0123456789ABCDEF
LOw : -
0 [ E . ;
} : i ' ;
iACfGHKmeSMWY
i : : :
6 | | i : SYSTEM
8 i MEMOR -
EBD$HQLNWRTNxz
E | ! '




7ADOH~7AFFH

HIGHT

Lo

£

0
2
4
6
8
LA
c
E

0123456789ABCDEF

T | 1

x‘v_v-s‘
% : «L BASIC STACK
i

7B00H~7BFFH
HIGH] N
0123456789ABCDEF
LOW . ) !
['o |
2 g !
“ IS
6 |= STRING OUTPUT | INPUT
8 'S BUFFER  BUFFER BUFFER
A = 1
= !
c |2 ‘ _
k| - | i

® A~Z (F900H~79CFH) are fixed numerical variables.
® A3~ZS are fixed character variables,
® The arithmetic registers X, Y, V. S, Z, Uand W {7A00H~7A37H) are different from

fixed numerical variables.
* BASIC stack includes stacks for FOR—NEXT. GOSUB, DATA. FUNCTION.
® See the next page for details of the display buffer.
® For system memory. refer to MEMORY MAP VIL,

MEMORY MAPV

1/0 port
| PC—1500 CE-150 ce-153 | ce—158
% Do not use FOOOH BODOH 8000H DOooH
I Do not use FOOTH éDDTH 8001H DOCTH ]
‘ Do not use FOO2H | Bosz 8002H DOOZH B
Do not use FOO3H BOO3H 8003H DOO3H
! | Divider reset FO04H B0O4H 8004H DOO4H
| U register output FOOSH BOOSH 8005H DOOSH
| Serial transfer FODGH BOOGH 8006H DO0GH
I Load divide.r to F register FOO7H BOO7H 80-07H DOO7H
i_- Port C input/output FOO8H BOOBH 8008H DOO&H s
| G register input/output FOOSH BOO9H BO09H DOOgH
i MSK register input/cutput FOOAH BOOAH BOOAH DOOAH B
i IF regiéter input/output FOOBH BOOBH BOOBH DOOBH
Specify port A I/b direction | FOOCH BOOCH 800CH _ DOOCH
_ i |
| Specify port B /O direction  FOODH BOODH 800K | DOODH
Port A input/output FOOEH BOCEH : 800EH DOOEH
L— i !
FOOFH BOOFH DOOFH

Port B input/output

800FH
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Memory map VI
Display buffer

Since there are 7 X 156 dots with 14 additional dots of symbols (DEF, I, PRO, et¢.}, each
dot is allocated with a corresponding bit of the memory in order to control activation of
dots. Address is represented by the hexadecimal notationand “*H" is used to represent high
state and “L.” to represent low state of segment drive signals.

LCD
6 1 2 3 4 5 0I5 18 0 1SS
I a— R
oy | LA i [#2] [#5] [¥r]
4DOTS §§‘§§$I‘£| \ alzlglz|a|a
; Lan !'_ I — II\_} ? I-E ‘:li-I '0_‘1 |
! : 4 \ |
| \ o
wots | |2 18.8 21818 \ alala|z|a g
o | | / e o || B | | AR A
|
1 - 761 - 72— | 763 74— |
HIGH DRDER  LOW ORDER | HIGH ORCER ' LOW ORDER . HIGH ORDER | LOW ORDEREHIGH ORDER | LOW ORDER | HIGH ORDER [ LOW ORDER !
4 BITS 4 BITS 4 BITS ‘4 BITS 4 BITS 4 BITS 4 BITS 1 4 BITS 4 BITS 4 BITS :
0 | s79L  SIL | s87L  S9L © S95L | SI7L  SI03L | S250 | SIUIL | S3IL
1 | s7oM . sin | $87H S9H | S95H | SI17H  S103H | S25H | S11TH | S31H
2 | ssoL . s2L 1 J Tl
3 | SBOH | S2H
4 81 3 '
5 81 3
6 82 4
7 82 4 ,
8 83 5
9 83 5
A | 84 6 i
B 84 B B .
c 85 7 SH7L | s3oL |
1 . " !
b 85 7 L w [ S17H | s3H
- = ¢ % //, ? 1
E | s S8L | Se4L  sSI6L  SI02L | S24L  S110L  S30L WZ%%
F | $8H  SBH | 5340 SI6H  SIO2H | S24H  STI0M | S30H /// /// é
r- |
|
. ADDRESS HIGH ORDER 4 BITS LOW ORDER 4 BITS
764EH DEF | I W I m SMALL | SML | SHIFT  BUSY
764FH  |NOTUSED| RUN | PRO . RESERVE INOT usao‘[ R G DE




F 770- : 771- ‘ 732~ 773- ! 774~ |
[ M GRoew LOW ORDER J;mmum T LW ORGLR e oROcR I LOW CROER WGH DRDER W ORDER | I OROER | LW ORDER
| - 4 BTS AHTS 4 BITS _._‘ HITS 4HT A8TS ! TS BITS | 4805 £ AT
i——O- iﬁ_lSL;_SllO_L S126L S48L ¢ S134L ' _ S56L | S142L sedl | s150L s720
! '|_| S118H EOH $126H S48H - ST34H‘ SSGH S142H S64H , S150H S72H
> . F | r ‘_k . T | 2 ! i Ttl
S O ST N A S e e e e :
|
|l 2>y | ] 4 I i | . + _
T2 S A I B | | F L
S8 Lt T | SN
9] LT N
o _l +— 4 — —— AL e __i ! | j
e I —{ + *{ — | S156L | o7
= - _|_ i T-‘ g ) i
l E_ _¥ _i_ -'_L_'_JL | ¢ 8156H : 878_‘
: |

— | +—
S125L S47L | osissL L ' S55L S141L S]49L S7IL
| +— e NOT USED .
; S125H _S4H 5133H . 5bhH J SI41H ¢ S63H . S149H 571H |

4 —— |

"‘1

Memory Map VII
MEMORY SYSTEM DETAIL

78XX
:5—-}—6—-7—-!—% 5 8 B A B |
! _0 / / /// / // RTER’ ADBRES! _|R$’HK )
5 1 ////////////// WAIT Y/ ///// RFM'KJUF.G _EEAK:‘
////////// vt 7/////// / i S
% %% C@R EN %/ NNGB rr I'PRFUIOUS b’.f.'éO o
5 UR."\OR / USING F/F | PREVIOUS E&FEU:? ¥
e /// ______ ////////// _:ses%zs_H T ]
///////// . ////////////// Y -
8 // . /// N’'hlé"'' O
: %ﬁ/ . %/j//////// i o
|8  rviseer ///////%// E(;N !%H —ﬁ‘q;;ﬂm _
i % /// ////// /// BT | oo
// é%?////// o ' TRACE ! |U i ESEQESSL_i?gPFFROP _!
/ CURSOR H gﬂﬂﬁﬁ I(JN : ?gspﬁrﬂ fl’li%ng_ ' ESI]:TER M
e et e e
j_saxx_ . 7EXx
v _oenov  [uen W 7
z / /// _ROTATE % ' %

3 coUT COLOR f | NUMBFRJ
| //////

// SSSORN\E.H -'EEE_\ I : ,I
1 =TI

6 //////// .
3 // “;s;zf;s W/
| 9 //// / ER:{H
/ LINE TYPE
i ///////
c ////// up: D{JWN
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Address Name Function
7868H RAMT/BEEP Remote and beep on/off pointer
7871H WAIT Y/N WAIT(0), WAITO(3), WAIT1(2)
7872H WAIT COUNTER H WAIT counter
7B73H WAIT COUNTER L
7874H CURSOR ENABLE {G1H} if used. {00H) if not.
7875H CURSOR POINTER Cursor pointer (0~155)
787DH | BLINK CHARACTER Character code to be blinked.
T87EH BLINK CURSOR H Blinking cursor position {address of the display buffer}
787FH BLINK CURSOR L
788DH TRACE Trace on/off pointer
I 7B8EH TRACE CONDITION Status when trace on.
788FH QUTPUT BUFFER PQINTER Qutput buffer pointer
7890H FOR PQINTER FOR-NEXT stack pointer
7891H GOSUB POINTER GOSUB pointer
7894H STRING BUFFER POINTER String huffer pointer
7885H USING F/F Using format (presence of decimal point, comma, etc.)
T896H USING M Integer part of Using
7897H USING & Using of character string
7898H USING m Decimal part of Using
7895H VARIABLE POINTER H Variable pointer
789AH VARIABILLE POINTER L
789BH ERL Error number when occurred.
789CH CURRENT LINE H Current line number
789DH CURRENT LINE L
7B9EH CURﬁENT TOPH Leading address of program of the current line
789FH CURRENT TOP L
78A0H PREVIOUS ADDRESS H Address of immediately preceding line
78ATH PREVIOUS ADDRESS L
78AZH PREVIOUS LINE H Line number immediately preceding
! 78A3H | PREVIOUS LINE L
. 78A4H PREVIOUS TOP H Leading address of program of the line immediately
T8A5H PREVIOUS TOP L preceding
78A6H SEARCH ADDRESS H Address of the line found during search
78ATH SEARCH ADDRESS L
78A8H SEARCH LINE H Line number found after search
78A9H SEARCH LINE L
T8AAH SEARCH TOP H Leading address of the searched program block
78ABH SEARCHTOP L
78ACH BREAK ADDRESS H Address of breakpoint
78ADH BREAK ADDRESS L
78BAEH BREAK LINE H Address of breakpoint line number
T8AFH BREAK LINE L
7880H BREAK TOP H -Top address of the program block to which break is
78B1H BREAK TOP L apptied.
78B2H ERROR ADDRESS H Address where error is met.
78B3H ERROR ADDRESS L
7884H ERROR LINE H Line number where error is met.
78B5H ERROR LINE L




Address Name Function

78B6H ERROR TOP H Leading address of the program block in which error1s

78B7H ERROR TOP L met.

7888H ON ERROR ADDRESS H Address to which program jumps when an error is met.

78B9H ON ERROR ADDRESS L o

78BAH ON ERROR LINE H Line number to which program jumps when an error is

78BBH ON ERROR LINE L met .

78BCH ON ERROR TO'? H I Leading address of program block in which an error is

78BDH ON ERROR TOP L. =

78BEH DATA POINTER H Pointer for data statemént

78BFH DATA POINTER L

7901H OPN DV Peripheral device sefect

T9EOH ~ USER COUNTER XH Counter by which X-coordinates of the pen are
! T9E1H USER COUNTER XL indicated.

78E2H USER COUNTER YH Counter by which Y-coordinates of the pen are

79E3H USER COUNTER YL indicated.

TOE4H SCISSORING COUNTER“YH Y-direction scissoring courtter

7TIESH SCISSORING COUNTER YL

79E6H }\BSOLUTE POSITION X - X-direction absolute point counter

T8ETH SCISSORING COUNTER XL X-direction scissoring counter

79E8H BCISSORING COUNTER XH

79EAH LINE TYPE Kind of line

79EBH DOT LINE COUNTER Dot line counter

79ECH UPR/DOWN Pen up/down positioh select

79EDH X MOTOR HOLD COUNTER X motor hold counter

79EEH PORT C Indicates current motor phase.

T9EFH ¥ MOTOR HOLD COUNTER Y motor hold counter -.

T9FOH GRAF‘HKTEXT Printer mode select {graph==255, text=0)

79F2H ROTATE Printing direction select

79F3H COLOR Color select

79F4H CSIZE Printing character size select

79FFH LOCK Lock/unlock select

7BOOH RND NUMEBER Random number

7BO1TH RND NUMBER

7BOZ2H RND NUMBER

7BO3H RND NUMBER

7B04H RND NUMBER

78054 RND NUMBER

7B06H RND NUMBER

7BO7TH RND NUMBER

7BOAH AUTO P-OFF COUNTER U Auto power off counter

7BOBH AUTO P-OFF COUNTER M

7BOCH

AUTO P-OFF COUNTER L
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4-3. Connector signals/LSI signals

Note that there may be a different kind of connector used for the 40 and 60 pin connectlor

of the PC-1500 on account of product revision. The 64-pin connector on the back of the
CE-150 is compatible with the 60-pin connector of the PC-1500. Fither the L5811 or
L H5810 is used for the 1:O PC. The 1.H58t1 is an upgraded version of the LHS8I10.

4-3-1. 40-pin connector

’7Pin no Signal name Description
1 VCC VCC
2 PV Chip select
3 PU Chip select
4 Y0 Address designation of 0000H~3FFFH
5 54 Address designation of 6000H~6700H
6 DMED Chip select with WAIT condition in consideration {(MED area
assignment})
7 D7 Data bus
8 D6 Data bus
9 D5 Dala bus
10 D4 Data bus
11 D3 Data bus
12 D2 Cata bus
13 B3] Data bus
14 DO Data bus
15 INHIBIT Prohuits ROM select of the PC-1500. when connected to GND.
16 51 Address designation of 4800H~4FFFH
17 52 Address designation of 5000H~57FFH
18 53 Address designation of 5800H~5FFFH
19 Y2 Address designation of 8000H~BFFFH
[ 20 VGG VGG
21 GND GND o
22 AD1S Address bus
23 AD14 Address bus
| o2 _ADI3 Address bus
25 AD12 Address bus
| 26 AD11 Address bus
27 AD1D Address bus
| 28 ADY Address bus
29 AD8 Address bus
30 AD7 Address bus
H ADB Address bus
32 ADS5 Address bus
33 AD4 Address bus ’
34 AD3 Address bus.
35 AD2 Address bus
36 AD1 Address bus
37 ADO Address bus o
j 38 Q0D Qutput disable
a9 R Memary read write
40 GND GND

NOTE: S4 of No. 5 may be NC. depending on production menth.



4-3-2. 60-pin connector

Pin no. Signal name Description
1 AD7 Address bus
2 ADE ~ Address bus . |
3 ADS Address bus
4 AD4 Address bus
I AD3 Address bus
6 AD2 Address bus
7 T ADT Address bus o )
8 ADD Addressbus |
L .9 PB0O Not used
10 PCY Not used
i vCe VCC
1 VCC ~vee
13 NC NC
14 NC NG
15 TTPY Chip select
.16 PU Chip select
a7 D7 Data bus
18 D& Data bus
19 Db Data bus |
| 20 D4 Data bus
21 D3 Data bus
22 D2 Data bus
23 ) D1 Data bus N
24 ‘DO’ Data bus
25 iNHIBIT Prohibits ROM select of the PG-1500, when connected to GND.
26 WEX External WAIT signal
27 CMTIN Cassette data input
28 W1 WAIT condition input
29 CMTOUT Cassette data output
30 TTINT Interrupt request to GPU
31 ADS Address bus
32 AD9 Address bus
33 AD10 Address bus
34 AD11 Address bus
35 AD12 Address bus
36 AD13 Address bus
37 AD14 Address bus
38 AD15 Address bus
S PB1 Not used
40 NC NG
41 VCC VCC
42 VOO vCC
43 F-GND Frame GND
44 T VBAT VBAT i
45 VBAT VBAT )
[ 48 VBAT VBAT )
47 YBAT VBAT
48 VBAT VBAT
49 NC NC
50 BFO VCC output
51 P05 Clock in the same phase as the LS| internal clock
52 GND GND
53 GND GND
54 GND GND
55 GND GND
[T DMEQ Chip select taking consideration of WAIT condition {MED area
designation