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 machinc language of the Sharp’s
original design 1.H5801 Microprocessor and LH5811 Peripheral
Control LST 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, vou 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 cnozvgl:r:o make no error
before executing it because single wrong key operation may upset the
program or occasionally make the machine break down.

Sharp Corporation assumes ne lability or respensibility of any kind
arising from the use of programs or program materials or any part
thereof,
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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 1 [A] and the
machine language program with [ ] {B] . Display reverse in machine language program
is faster than that of BASIC. You would know how functional the machine language
program is.

EX. Write the foliowing program after executing NEW &4100 [Eire)

10 A WAILT O

20 PRINTM sharp pocket computert
3 FOR A=0 TO 155

4 GCURSOR A

0 GPRINT 255—-FCINT A

60 NEXT A

70 GOT0 30

80 END

100 1By WAIT O

110 PRINT vsharp pocket computert

120 POKE &40CH:&68+&78:86A2840-
E&FD:&62:826,&B0&FF : &2E &88 1 &06

130 POKE 840D1:86C:&77&93:8&0E - 89A

140 CALL &40CH

150 WALIT 20:PRINT:GOTO 140

160 END

This manual is divided into three major sections; description of LSI (pp. 5~84: 1.H5801
Microprocessor & 1LH3810 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 svstem first, read from p. B6.
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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 1.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
(@ Use of a 6-byte general purpose register, in addition to the accumulator, allows to
comprise three pairs of 2-bvte date pointers.
@ 9-bit imer capability
(&) Three kinds of interrupts
* Non-maskable interrupt
e Maskable interrupt
® Timner 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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Fig. 1-2 Internal register & flipflops

] PH i PL 8‘ P: Program counter

&

sk °[ sL S: Stack pointer
XH & XL TXregk Data pointer,
v %oy f Yreg[ or
UH °® U ® Ureg' general purpose register
: A v A: Accumulator
i[ ™ T™: Timer
PU

[: General purpose flipflop
Py !

DISP: LCDon/off control

8
10]0]0 H[V Z[IE[C. T: Status register

~ C: Carry and borrow
{byte to byte}

— |E: Interrupt enable

b 71 Zero

V. Overflow

— H: Carry
[digit to digit)
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2-2-4. CPU pin description

oggfﬁzgmogamwmvmmv—o
92555228285 585528838
57 56 55 54 £3 52 51 50 48 48 47 46 45 44 43 42 41 40 39
R/W |58 38| D7
P$ |59 37, D6
PV 60 3| D5
PU |81 3B| D4
¢0S |62 34 D3
X0 |63 33] D2
XL1 64 32| Dl
WAIT |65 31| DO
IN7 |66 30| MED
s 1l L H5801 o e
N5 |68 {TOP VIEW) 28| 0D
INd |69 271 HO
IN3 70 26| HI
IN2 71 25 H2
INT |72 24| H3
INO 73 23| Hé
NC 74 22| H5
NC 75 21| HB
NC 76 201 H7
1 2345678910111213141516”1819/
—
% O _ 0oL X w i ]
Mo ECEES5ScEsnzELE
(D XLO, XL1

These are external erystal connection pins. XL0 1s the input pin and XL1 is the output
pin. Clock frequency is divided by two inside the CPU, When the 2.6 M Hz crystal is
connected. the CPU opcerates under 1.3MHz of internal machine cycle.

(2 ADO~AD15
Address bus. Outputs from these pins are 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 [28K area of memory area when MEO 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 MEGand another
64K bytes by MEI, it permits direct access of memory arca of 128K bytes in total.
Since MEQ is used for instruction feteh 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 ME(and MET can be controlled
by a CPU instruction.



G 208
Through this line can be supplied the clock to an cxternal system since the clock in the
same phase as the CPU internal basic clock is on this line. Connection of the 2.6 MHz
crystal oscillator to XL0 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
QOutput 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.

1
t
|
+
|
i

MEQ or / \ / :\

i 1
MET | !
—t T !
R/W | ! \_——/__——
| : i
! | i
T
oD | X\ : / I X
T |
, : 4
' b s ;
D0~ D7 — ( MEMORY DATA H CPU DATA | >——
1 T
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 FFFFH to the
register PL.. When it turns from high to low level, it starts program cxecution from the
address of the program counter.
(3 NMI _

Non-maskable interrupt input. High state of this signal causes interrupt 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. '

10



@ M

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

FFFFH

External memaory

N

ETH

1H

E2H

2CH

E2H

2BH

EOH

r'"-.'_-*

s

[T

OCH

Start address
by RESET input

Start address
by Ml input

Start address
by NMI input

Start address
by timer interrupt

11




12

i) 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~ADI15), data bus
(DO~D7), ME(Q, 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 in fetching
address data, immediate data, and second byte of the two-step instruction.

®0S W

Last Operation code
o
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.
® Po
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 arc CPU internal flipflop outputs. PU and PV arc furnished with set and resct
instructions.



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

Basic clock m
903

Clock / !
&

WAIT

S

Flipflop
WA

NOTE: WA isthe flipflop dedicated to WAIT, by which the WAIT input is received at the falling
edge of the cioc.k $08. Because the CPU operating clock & stops when WA is high, it
makes the CPU stopped, consequently.

HO~H7
LCD backplate signal output. As the liguid crystal display (LY is driven by
backplate signals and scgment 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 LCI backplate signals HO~H7 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.S1.
@ DISP
LCD on; off control signal output which can be sct or reset by means of instruction.
@ BFO, BFI
BF flipflop output (BF() and input {BFI). The BF tlipflop is reset by the OFF
instruction from the CPU. and will be sct when the input BF1 is turned to high level,
BFO is in low level when the BF flipflop is sct and in high level when resct.
As VGG is power supply to the BF flipflop. the contents of the flipflop are retained as
long as VGG is in supply.
Normally, it is used for memory backup system.

13



2-3. Functions

2-3-1. Timer

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

The timner operates continuously at all times. When the counter value reaches 1FFH, it
1ssues interrupt request to the CPU. If IE (Interrupt Enable) flag 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 000H 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 |- 172 }—| Divider '}w

When the 4MHz7 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
4397
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
OFB
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
one
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
418
417
416
415
414
413
412
411
410
409
408

DATA OF
COUNTER

0B7
05B
02D
116
188
1C5
1£2
OF
078
13C
19E
1CF
1E7
1F3
0F9
07C
13E
19F
OCF
167
183
009
06C
036
B
08D
145
0A3
151
0A8
054
12A
095
Q4A
025
112
189
1C4
DE2
a7
038
1c
18E
acy
163
1B1
QD8
16C
0BG
153
0AD
156

COUNT
NUMBER

407
406
405
404
403
402
401
400
398
398
397
396
395
394
393
382
3N
390
389
368
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
064
032
118
0sc
046
023
111
088
044
022
01

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
1A
10D
186
0c3
161
180
108
1EC
0B
178
OBD
05E
12¢
197
0CB
165
182
1D9
OEC
076
13B
08D
D4E
0z7
113
089
144
0A2
051
028
014
10A
085
142
0A1
160
1A8
004
16A
0B5
05A
12D
196
1CB

COUNT DATA OF
NUMBER COUNTER
303 1€5
302 1F2
301 1F8
300 OFC
299 17E
298 1BF
297 ODF
296 QBF
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 0Bz
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
NUMBER

251
250
249
248
247
246
245
244
243
242
241
240
239
238
237
236
235
234
233
232
231
230
229
228
227
226
225
224
223
222
221
220
219
218
217
216
215
214
213
212
21
210
209
208
207
206
205
204
203
202
201
200

16

DATA OF
COUNTER

180
0Co
060
030
18
18¢
0C6
063
131

098
14C
046
053
029
114
184
0C5
162
081
058
12¢
096
14B
1A5
102
169
1F4
1FA
1FD
OFE
17F
OBF
05F
02F
117
08B

145

1A2
0D
068
034
11A
18D
1C6
OE3
171

0BS
15C
1AE
0D7
06B
135

COUNT
NUMBER

199
198
197
196
195
194
193
192
191
190
189
188
187
186
185
184
183
182
181
180
179
178
177
176
175
174
173
172
7
170
169
168
167
166
165
164
163
162
161
160
159
158
157
156
155
154
153
152
151
150
149
148

DATA OF
COUNTER

09A
14D
146
003
069
134
19A
16D
1E6
0F3
079
03C
11E
18F
107
1E3
171
OF8
17¢
1BE
10F
OEF
15
OBB
05D
02E
017
00B
105
182
0C!
160
080
158
1AC
0D6
168
185
ODA
16D
186
10B
OED
176
1BB
0DD
0BE
037
0iB
00D
106
083 |

COUNT
NUMBER

147
146
145
144
143
142
141
140
138
138
137
136
135
134
133
132
131
130
128
128
127
126
125
124
123
122
121
120
19
118
117
16
i15
114
13
1z
11
110
109
108
107
106
105
104
103
102
101
100

a9

98

97

96

DATA OF
COUNTER

141
1A
Do
168
0B4
154
1AD
106
1ER
1F5
OFA
17D
0BE
15F
OAF
157
0AB
155
OAA
055
02A
015
00A
005
102
081
140
DAD
050
128
094
144
0Ab
152
1A9
1D4
1EA
OF5
074
13D
09k
14F
1A7
103
OE9
174
1BA
100
OEE
077
03B
ap

COUNT
NUMBER

95
94
a3
92
91
90
89
88
87
86
85
84
83
82
81
80
79
78
77
76
75
74
73
72
71
70
69
68
67
66
65
64
63
62
61
60
59
58
57
56
55
54
53
52
51
50
49
43
47
46
45
a4

DATA OF | COUNT

COUNTER

0oE
007
103
181
1co
0ED
070
138
19C
1CE
OE7
173
0B9
05C
12€
097
04B
125
192
1C9
1E4
QF2
179
0BC
15E
1AF
D7
DEB
175
0BA
16D
OAE
057
02B
115
0BA
045
122
091
(48
024
0i2
109
184
0cz
061
130
198
1CC
OEB
073
039

DATA OF

NUMBER COUNTER

43
42
41
40
39
38
37
36
35
34
33
32
31
30
29
28
27
26
25
24
23
22
21
20
19
18
17
16
15
14
13
12
1
10

O

o B A S R i 4 B o > BN @ o

g1c
10E
087
143
1A1
100
1E8
OF4
17A
1BD
ODE
16F
1B7
0Dg
06D
136
19B
ocD
166
0B3
068
gzc
016
108
185
ic2
OE1
170
1B8
1DC
1EE
QF7
078
03D
0lE
10F
187
1C3
1EY
1FQ
1F8
1FC
iFE
1FF



2-3-2. Interrupts

There are foliowing three kinds of interrupt for the LH5801 CPU.

() Non-maskable interrupt
When NMI is turned from low to high Jevel. 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( 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 internal

XLO

J_lzr,_OscillatorH 1s |——r Divider fd}H

XL

Synchronizing

pulze L
RO __—_/ \__
A Reset IRO
Instruction execute ggsgré’ﬂedge interrupt processing

When NMI is turned high. the CPU creates synchronizing pulse at the rising edge of the
clock ®H, which sets IR0 active. If 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

PH1—P

{f S=1005H before going into the interrupt
process, the contents of T and P are

3t tructi 1
l,':crhm 4 stacked, and it becomes S$=1002H after the
processing.
T-+(8; Value of 5 — 1002H
. after interrupt
PL 10034 PH
0-~iE
0-+ RO 1004H Fl.
PL—(8) Value ol § — 10054 T
§-1—+§ hefore imerrupt
PH—$
§ 1§
{FFFCH}-+PH
{FFFOH} «PL S
1

(& 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 paint, interrupt is requested to the CPU. so that
the CPU starts executing the interrupt processing after completion of current
instruction execution. IR2 will be reset in a course of the interrupt process.

When interrupt request is issued while 1E is inactive, the interrupt will be ignored

even though TR2 is set.

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

Maskable interrupt processing sequence

P11—=F
[nstricton [nstructyan
eeecJtior fetch

IRE—1

b

Terigl

S g
O~—IE
0~—IR2
PL—i5]

3 1—=+5
PH—I5"
5-1—5
{FFFEH.—FH
{FTF9H; =PL

[N o8




(3 Timer interrupt
When interrupt is requested {rom the timer. it sets the flipflop IR active. If the
interrupt enable [E 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 LE is inactive, the interrupt will be ignored even
though IR 1y set.
Timer interrupt processing sequence

L_PH iy ‘—]
Instructior. Instructsan
AXACUINH feteh

IR1=1

T-»'5!
5 =5
0-lE

0—IR1
PL—.5;
5—1—3
PH—3.
§—1—5
JFFFAH: —~PH
SFFFBH;—PL

|

Return to main routine

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

Becausc 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
returhs by the RTI instruction. Since the interrupt enable flag IE is contained in the 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

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

the CPU internal statc mayv be. L

Also. it responds in the first priority R s e
even during execution of interrupt o e
routine by other interrupt. J y

Ty

=

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 TE 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® rocassing
routing
I +IF
I «= ——— — Request for
: // maskable or
| L7 timer interrupt
. ) b (Because
TR E-0.
Yol interrupl is
& acknowledged
0-IF after return to
the main
; reutine.
ok
N

Mair: ouine e rupt BrOCESsIng
J rit 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 1E: Interrupt enable flag
IRD:  Non-maskable interrupt request flipflop

D—IE ) ) . )
e 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

( ‘eton )
!
Pl P

Instraction
axeculion




2-3-4. CPU system sequence

{ Reset )

Resat
processing

3 3
Non-maskabls :";:‘J:‘(’ . Mazkable Timer
nterrupt irtesrupt interrupt
PINCEASing PIOCESSING routine
{ P
I trucion
expcution
Y

21
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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/O 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
—— MEl ——d controler

& 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}

#Format
ADC RL
Operand

eDperation

A+ [operand] +C —— A
. Symbol Lsymboll symbol

{EX) Example

G R

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 ot Ureg

(RL represents either of X1, 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., YH. 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 bits)
(Rreg represents either of Xreg, Yreg. or 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)

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

(Rregy. Contents of the memory represented by Rreg (accessed with MEQ)

#(Rreg) Contents of the memory represented by Rreg (accessed with ME])

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

24



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

i 8-bit immediate data

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

C Carry flag

IE Interrupt enable flag

Z Zero flag

AY Overflow flag

H: Haif carry flag

e Data flow direction

A AND

W OR

* Exclusive OR

+ ADD

= SUBTRACT

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

(» ADC (ADd with Carry)
Either the contents of the internal register or external memory are 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 RL
ADC RH
ADC (Rreg) A + [operand] + C — A
ADC H{Rreg)
ADC (ab)
ADC H(ab)

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

A= [0 0 0 0 0 0 1 0 Execute A— 0 0 1 7 0 1 0 1
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(@ ADI (ADd Immediate)
To either the accumulator or the external memory 1s 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.

¢ Format & Operation
AD] A A+i+C—A

ADI {Rreg)./

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

Contents — Contents_
0 0 I 1 0 0__ 1 1 |— of 4FO0H — .
c=0,

of 4FQ0H

(EX})

ADI {Xreg), 20H

[operand] + 7 — [operand)

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

Xreg=4F00H

Execute

0

1

0 10
H Z

0
=

1V'

i
0

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

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

C. H. Z, and ¥V may change.

¢ Format s Operation

DCA (Rreg)
DCA #(Rreg}

[} 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 1s dependent on the vaiue of flags C

and H in regard to Item 2).

[ ¢ H DA
! 0 : 0 9AH
B 11 AUH
1 0 | FAH
1 1 ! 00H
(EX) DCA (Yreqg)
Decimal addition is carried out between the memory represented by the Y
register and the accumulator.
Y reg = 4700H
. Contents | Atter execution of DCA _ o
! of 4700H C : = : 5 i Decimal addition
B v 0 | o 1 i 62H 354274 0=62
BHo oM 1 | 0 | e 35 27+1=63 |
35H gh | o 1 i 1| oo 35 167+0=102 |
67H ‘ 1 1 1 03H 3B+67+1=103 J

35H




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

® Format ® (Iperation
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] + € — A
SBC (ah) (C, H, Z, and V may change.)
SBC #(ah)
(EX) 8BC XL

Contents of XL register are subtracted from the accumulator.

A=‘00111000!

A= |o 01 11
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&) $BI (SuBtract Immediate)
1/ The contents of the accumulator are subtracted by the immediate data including C.
C. H. Z.'and V may change.

AT
* Format ® Operation

(C, H. Z, und V may change.)
or,
Aopd AT N

{C. H, Z. and V may change.)

(EX) SBI A, O7H

£=|000001|1

C=1 {L

A='0 0 1 0 0 1 0 0_!Execute

El1i1ivBed =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, Z. and V may change.

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

21 A+DA— A

Where. DA is used [or compensation of decimal
number which is dependent on the value of flags C
and H in regard to item 1),

!r c H . DA

: 0 } 0 | 9AH
0 ; 1 i ADH ;
] . 0 FAH ;
1 _ 1 O0H |

(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
A C —= — Decimal subtraction
of 4700H P -

| 424 | 3H 1 1 % | M 4231401

42H M 0 1 1 / 10H 2-31-1-10 i
23K 54H 1" o | o e 23—54—0=63—100 !

2 | 54H 0 o | o B8H | 23-54 1-68-100 :
i |




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) © {7 changes.)
AND (ab)
AND #(ab)

(EX) AND {Ureq)
Ureg=4700H

A=[1 10101 00] A='0100010 0]

Contents _ | |Execute Z=0
of4700H_.0 11011 0 01

(® 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 externai memory.
Only the flag Z changes.

¢ Format & Operation
ANI A [operand] A i — [operand]
ANI (Rreg).i (Flag Z changes.)
ANI #(Rreg).;
ANI (ub).i
ANI #ab).i

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 (Rreg] AV [operand] — A
ORA #(Rreg) (Flag Z changes.)
ORA (ah)
ORA #(ah)

W (EX) ORA (Ureg)

Ureg=4700H
A= 0 1 0 1 100 01 e O T % 9 § 739 1
5 —_— — Execute : & ——
Contents o o= A Z:O
ofa7oon =0 0 ¥ D 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 ® Jperation
ORI A {Operand} v i — [operand]
ORI (Rreg).i (Z changes.)
ORI #(Rreg).i
ORI (ab)f
ORI #ab).i

2 EOR (Exclusive OR)
The contents of the accumulator are exclusively ORed with the value of the ¢xternal
memory, 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 #(ab)

{EX) EOR (Xreg)

Xreg=4700H

A=10 0 1 1 01 1 Oiggecuter= 0 1 0 1 1 D]—”
Contents 7 777 R =
ofagon— ¢ 1 1o 10 1y

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

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

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 Z changed.)
INC RH

INC Rreg [Operand] + | — [operand]



(EX) INC XL

; i Execute : 2
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 RL {C. V, H. and Z changed.)
DEC RH
DEC Rreg [Operand] — 1 — [operand]

{(EX} DEC Xreg

XL= 0 0 0 0 0 0 0 0 Miee 7% 9 1 F % 1 % 0
: Execute ;

5

XH='0 0 0 1 0 0 O 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. 1i. and Z

CPA RH or

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

CPA #(Rreg) s __sull_» uiess. o 1'

CPA (ab) Qompanson i & Z v 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
no meaning with the CPA instruction.

(EX} CPA XL

Execute
— = e 20
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@ 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 Ai
r Comparison c Z v | H
[Operand] >i 1 o"J( * *
[Operand] =i 1 1 ' * | %
ok %

[Operand] </ 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=4FO0H

A= (10000000,
—— —

Contents _

b S I

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

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

32



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

xt=[0 0 0 1 000 0”8 x-[0 070 1 00 0 0]

A= [0 001 00 0 0]
7=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 — | — Rreg
Flag Z

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

(EX) LDE Yreg

Contents _ : E . '
ofooar=10 1 01 1tooof  a=[o1011000]
—
Yreg=202AH Yreg=2029H
=0

33



34

@ LIN (Load and INcrement)

The contents of the external memory (R register) are transferred to the accumulator,

then 1™ is added to the R register.
Only the flag Z changes.

¢ Format ® Operation
i.IN Rrcg {Rreg) — A
Rreg + I — Rreg

Flag Z
I when (Rreg) = 00H
(: when (Rreg) # 00H

—

(EX) LIN Ureg

Contents [—— _—— : i T e
ofphg— 1% 8 ¥ 1 1 0.7 0} ol DI E
Execute
Ureg=(0085H > Ureg=0056H
2=0

@ LDI {LoaD Immediate}

The immediate data is loaded in the accumulator, RI. register. RH register. or stack
pointer S,

The flag Z changes when transfer is done to the accumulator and no flag change oceurs
in otherwise case.

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

e Format s Operation
@O 1.DI AL 1
Flag 7

l: when i = 00H
0: when { # 00H

@ LDI RL i— RL

L.DI RH./ {i— RH
{No flag changes)

@ LDIS. J £ H

S &,

{No flag changes)

(EX) LD} XH,5AH
Immediate — —  — - Bxecute e . — % E =
= 010 1 1 010 + XH= I_E] 1 @ & 1 49 1T @

vaiue T, :




@ 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
S—=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 e (Operation

STA RL A — [operand]

STA RH

STA (Rreg)

STA #(Rreg)

STA {(ab)

STA #H(ab)

(EX) S8TA XL

i~ 04 1] 0pd 1y . sy 104d9 54

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 _ G B

A= (00 1 1 1T T oo 00 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.

s Format ® Operation
SIN Rreg A — (Rreg)
Rreg + 1 — Rreg

(EX) SIN Yreg

Contents
a=lo0 1 1 11 11 recute OTATOOH= [0 0 111 11
—
Yreg=4700H Yreg=4701H

STX (STore Xreg)
The contents of Xreg arc 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
(0 PSH A A—(8)
b S|
(@ PSH Rreg RL — (S)
S| =D
RH — (5)
S=1 =55
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(EX)

i) PSH A

001 11 111 46FDH
Execute

5=4700H

3> PSH Xreg
Xreg=2030H
S=46FFH

—— 5 "S=46FFH 46FEH
46FFH
4700H

Execute

— " S=4BFDH

XH contents

XL contents

A contents

%

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 15 added by two.

sFormat ® Operation
@ POP A S+ =8
S)— A
Flag Z
i: when (8) = 00H
0: when (S) # 00H
@ POP Rreg S+1—-8
(S) — RH
S+t -8
($) — RL
(No flag change)
(EX) {1’ POP Xreg
N p=a6FDH %~ 45FFH
Xreg=2030H
46FDH 2. POP A
AGFEH 20H p—a6FFH LU o 47001
46FFH 30H a=lo o1 1111 1]
4700H 3FH ' '
/—\.__/

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

o Format

ATT

® Operation
A—TT
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3> TTA (T To Acc)

The contents of the T register are translerred to the accumutator,
The flag Z changes.

® ['ormat ¢ Operation
TTA T—A
Flag 7

1: when T = 00H
0: when T # 00H

2-4-5. Block transfer and search instructions

33 TIN {Transfer and INcrement)
The contents of the external memory (Xreg) are transferred to the external memory
(Yreg). then both Xreg and Yreg arc added by one.
No change takes place in tlags.

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

{EX) TIN
Xreg=4700H Xreg—4701H
Execute
Yreg=4800H — Yreg—4801H
Contents _ ; Contents _ | : ' 2
dialor (2 91 TP 1 LE T R L B0 T A

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 is incremented by one.

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

Relation between the comparison result (A with
Xreg) and tlags (C, H. Z. V) s 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 ® (peration
ROIL
r T == . e & ~u 4‘
—= 15 —llﬁ-——l P — S e
g - ), - — _
A
(EX} ROL
e BB o — — Execute —_ —_— —
1 o1 e v r e —y el jrer v i
Carry A Carry
ROR (ROtate Right)
‘The accumulator contents are rotated right through the flag C.
® Format ¢ Operation
ROR
L = = = —
— —>|_ i_ ——>|_ » — E ———)_-—i —-}_.——
A
(EX) ROR
2 e —  —— Execute = — ——= —
i 0 T 1 0 0 1 g @i == 0 el i 0 0 a
o i 2 O L —— A I__ R S — —
Carry A Carry A
@D SHL (SHift Left)
The contents of the accumulator are shifted left,
® Format ® Operation
SHL
= E‘__: - — ¢ — — — T R
A
‘ (EX) SHL
Ed g gm—— s = BMRCUYE 5 2 pz—= = —_—
\ Kl tmevi 197 ES "1 8 el 0 1 0
Carry A Carry A
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SHR (SHift Right)

The contents of the accumulator are shifted right.

® Format ¢ Operation
SHR
“[)"—)‘”—; .—> —:._—> e aEmE Mg }—vC‘
A
{EX} SHR
Execute
1 oo 10011 [x]— [e1o00 100 1] 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).

Ln 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 ® (Jperation
DRI, (Xreg)
DRL #(Xreg)

—— — |
E as Loaoo ™0 & ; |
T T I ‘
[
A Memory [(Xreg) or #{Xreg |
(EX) DAL (Xreg)
Xreg=4700H
a=[o 11011 11 A=[1 01 100 1 1,
Execute
—_
Contents _ Contents =
S EEEEERE PaemhrE @ty




@ 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.

s Format ¢ Operation
DRR (Xreg)
DRR #(Xreg)

i

T T ’
| Bl
A Memory [{(Xreg) or #{Xreg)]
(EX) DRR (Xreg)
Xreg=4700H
A=|1 10000 0 1] A=lo 1 00001 0]
Execute

Contents _
=0 100001 gfor;%rga:\o_oo1 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
:
P
1 I | J
A

(EX) AEX

o : Execute “
aA=[11001 01 0] —a=[1 0101100

a1



2-4-7. CPU control instructions

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

® Format & Operation
SEC e

REC (REset Carry)
Resets the carry flag.
No change takes place in flags.

¢ Format ® (peration
REC (Jose €

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.

#Format & (Iperation
CDv 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 [C to comprise

an output port.
No change takes place in flags.

® Format e ()peration
ATP )

Clock P@ ﬁ L
H
Data bus —D’ ) {High impedance)

Contents of accumudator are sert out

H
Address bus X 4 X
L

* Contents of the X register are sent aut

H
E

oD
NQOTE: 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.
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Data bus

CPU i §-bit output port
P

Clock
S
TC4042 2
flatch IC)
SPU (Set PU)
Scts the general purpose flipflop PU.
No change takes place in flags.
® Format ® Operation
SPU 1 P
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.

® LF'ormat @ (Operation
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

CPU mternal L.CD backplate signal lines
(HO~H7).
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@ RDP (Reset DisP)
Resets the LCD on/ off control flipflop DISP,

s Format ¢ Operation
RDP 0 — DISP
Off pattern signal is generated from the
CPU internal LCD backplate signal lines
(HO~H7).

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

Only the flag Z changes.

e Format & Operation
ITA INO~7 — Accumulator

G3 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 I —1E

G9 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.

s Format ® Operation
RIE . 0—1E

¢ 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 {TMO~TMT)
0— TM8



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

® Format y & OQperation
AM] A —=TM (TMO~TM7)
1 = TM8

&3 NOP {No Operation)

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

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

2-4-8. Jump instructions

JMP (JuMP)
Jumps to a new program step represented by the sccond and third bytes of the
immediate data §. /.
No change takes place in flags,

& Format ® Operation
JMP i {i— PH
4= PL
(EX) JMP 41H,00H e T
A000H IMP i
l Jump
PH=40H Execute PH=41H AD0TH 41H [ instruction
— = i | {3 bytes)
PL=03H PL=00H 4002H OO
4003H
—= 41004
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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 7, /. It will be possible to jump
within a range of —255< /<255,
No change takes place in flags.

e Format s Operation
BCH+{ P =P
BCH— P4 P

(EX} BCH4+5 [\

Execute
P—4002H ——— P —4007H s

BCH
| irstroctms

A00TH

T
11 Lu A

ey o J_J_J

40U2H
As soon as the BCH instruction is read, {7 s
the program ¢ounter becomes '
“P=4002H", and after execution of the
BCH instruction, the next program
execution starts from the address 4007H.

(1]

|

;

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 s 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
BCSH+/ C:{I:P-Fi—-P
0: P not changed.
BCS—i C:{I:P—i—-P

0: P not changed.

{EX) BCS+5
ecute
p—a002H —="%F p —a007m o _&BCSI (s
c=1 [ 400TH 5 H i instruction

§ : i A
As soon as the BCS instruction is read, ng_zH

the program counter becomes He-1
“P=4002H". If C=1 at that point, next
program execution starts from the

o
address 4007H. If C=0, it starts from
4002H. s O :

4007H




BCR (Branch if C Reset)
1f 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, 11 executes the next pregram step.
No change takes place in flags.
* Format
BHSH+!
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.
* Format
BHR+/f
BHR—/

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 -

BZR (Branch if Z Reset)
If Z=0, it jumps by relative address.
If Z=1. it exccutes the next program step.
No change takes place in flags.
#Format
BZR+i
BZR—i

BVS (Branch if V Set)
It V=1. it jumps by relative address.
II' V=0, it executes the next program step.
No change takes place in tlags.
* Format
BVS+i
BYS—i
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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 1s not produced after subtracting “1” from the UL register, the program
counter 1s 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
PR
Borrow = {O : :
1: To succeeding step

(EX) LOP5 Sl SN

= a000H
P=—4005H P=4000H ;
UL=05H UL=04H
When ULZ0 4003H o
4004H 05H
4005H

i P




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 4§ PL — (S)
Sl
PH — (8)
S~
{— PH
= PL
(EX) SJP EOH, 00H (S
EXEC UGN
A000H By |
A0 H EOH i SJP instructan
4002H 1]
ADHH &

Instrug i

4003H is stored in the stack pointer by
the execution of STP instruction and
jumps to the subroutine of EQOCH.
With the RTN instruction of the

subroutine, the control returns to 4003H L\/
to resume previous program execution. TN

LY

EQOOH | Subroutine
pAroeessing

RTN
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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
11110110 (F6H). Therefore, the vector address table contains the address area of
FFCOH to FFFeH.

¢ Format ¢ Operation
VEJ i Pl. — (S)
S b B

PH — (8)

i e

(FFOOH+{) — PH
(FFOOH+i+1) — PIl.

NQTE: ihas 28 kinds of VEJ operands.

(EX) VEJ CaH (mstrchon |
execution
ADDDH CAH VE J instructon
S001H Instruction £
execition
The contents of FFC4H and FFC5H are Vet ior :
interrogated at the address 4000H and i L~ | Retum
jump to the subroutine of 4500H. S
With the RTN instruction of the 45004 | Subrsutire
subroutine, the execution resumes from BRECESAINE

the address 4001H again. ;
Because it permits subroutine jump by a S
single byte of instruction, it helps to

reduce program steps, when applied to %
too often appearing subroutine.

RTHN

FFCAH 45H

FFCEH 00H




@ 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,
Veetor address table contains FFOOH thru FFF6H, Immediate value ¢ may take even
number of 00H thru FO6H,

®Format ® Operation
VM / PL — (8)

B o= [ ey

PH — (5)

8= ] =5

(FFOOH+i) — PH
(FFOOH+i41) — PL.

—
(EX} VMJ COH
ALOH L)
- —_Lmj — .}.:MJ inztruction
The contents of FFCOH are interrogated R
by the VM. instruction and jump to the ; .
subroutine of EOCOH. :
With the RTN instruction of the s J
subroutine, the execution resumes from L
the address 4002H again. ; :
Because it permits subroutine jump by LEE o
two bytes of instruction, it helps to procassing
reduce program steps, as compared with -
the SJP instruction. — J

— -
[ 5
FFGOH £0H =
T o

FFCIH CEH
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@ VCS (Vector subroutine jump if 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.

® Format

VCS i

(EX) VCS COH F\J
4000H-_ wCS ]

The contents of C are interrogated by the
VS instruction and perform the vector

subroutine jump, if C=1. ] ¢
If C=20, it continues to execute the = ;
program in the address 4002H. HOCEH | oo
—RTN
FFCOH | EOH
FFCIH {LOH

@ VCR (Vector subroutine jump if C Reset)
It C=0. it performs 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)
1If H=0, 1t performs the vector subroutine 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)
It Z=1. it performs the vector subroutine jump, the same as in the VMU 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 VMJ 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 VMJ mnstruction.
If V=0, the control proceeds to the succeeding program step.

e Format
VVS /

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 flags.
The previous program address is gotten from the external memory stack to be
transterred to the program counter.
The next instruction will be fetched from the address indicated by the program counter.

o Format » Operation
RN ol
(S) — PH
S+1—~85

S PL

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 ® (Jperation
RTI Sk ]S
(S) — PH
S+1—8§
{(S) — PL
S+1—5§

(8)—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
@4 11111101 op code immediate
{t)
(5} op code immediate H immediate L
M 16oits )
(6) i op code address H address L :
{a) {h)
Four-byte command
{7) l 11111101, opcode address H address L
{e) (&)
8 op code | address H address L immediate
() {H) {7
Five-byte command
@ 1111117101 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 !
MNE MOMIC i SYMBOLIC OPERATION [ . - -—— BYTE |C'fCLE COMMENT
|cviHzZiIE 765843210 j
ADC R | A+RL+C—A | 2550- som 0010 B B ! :
| i ‘® B5 B4R Ru R
R PA R :C A P10RM 0010 1 B R
- : _ Qo0 |% X X
‘R A1:R:FC—A [00R 0011 : T 37
. : : g1 la ¥ ¥
L A—iabi+CoA 10100011 3013, :
. : ; | ; 10:U s U
| T
£R AFHIRI+C—A ; FO 2 0
! : fgOR 001 : :
N VI § YU N, S 5 fu - La o
ko ek (10100011} ;
f ! i | ® Address of {ab!
ADl A A—i+C—A : ‘lg11oo11 x ; 7 |
i i i i I 0 A o N 0
| : : i T =
{ : N
Ri iR kiR ! O1R 1111 2 13 : e
i . (High order} [Low arder)
Vb d !l.:z.h.l b viah g £ P4 19 5
| i ® R;---MEf) accessed
I | .
15 k- 1
. : ' i 4 /R:--ME] accessed
iR ER~i=E R 01 R 11711 3 | 17
Frad o : Hrabt i vEiak RTRR TR 3} 23
DCA R A+:R:+C— A BCO: 10 R 1100] Lrs
R A+ER~C—ABCD : D ! f2oi1e
; : |
, 10 R 1100 f ,
ADR ER| = A R g FD 2 ' 1 i
i {16-bit regist g i
16|.reg.|ser TR |
oparation: ;
RH+1—=RH « if C7 _ _ | !
SBC R A—RL—T A QO0O0- 00k 0000 ! 1 s
Re A—Ru—T »A 10R 0000 A
‘R A—R.—C=4 00 R OGO i oE
L 1010000} 313
Fo
£ R A—ZiR € A GO R O0OT z W
FD :
Tiabt  A- T ab C-A 16t0noat, g a7
SBI A A i CoA 101106601 .
DS R A R—C-ABCD: 00 R 1100 1
_ FO :
£R G A-BR-T-ABCD - BO R 110D i 1
AND R’ CASRI-A s WITR A 007 T
ab A ah —A 10101001 313
Fo
1R AS IR DA 0o R 10071, 2 .M
FD : -
Tab AAEah A 10101001 -y
ANl A ASi—A 10111001 g &3
R. Rifi= R DT R 1001 2 [H
ab i i i b 11101001 4 19
FD
SR 2 Ra—R CQ1 R 1001 ER ¥ :
FD _
G OB SRS 117101001 5 23 |
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8-bit CPU command list (3)

Load and store

© STATUS l MACHINE LANGUAGE |

COMMENT

P
| RH +A
iRimA
et A

| #iri-a

l Rioh A
CiRi—AR—1 #R
liR'.l—'»A,R +1-R
\ i AL

i i—Ru

i A

l =S

| RX

5o

|

P X

e

| AR

AR

A 4
|A—~1‘.t'.R'.-

| A #rap
I:A—'-IZR\.R—1—»R
A HRLR 1R

| x-r

| x5

| X~P

AiS)5 -1-8

" RLUSHLRH=IS -1,
ls—2 s

|is=1 +a541-5

l i§+1—RH: S +2i—RL,

§+2—5

l

A-TiSTATUS:

—_——
A R | R
Ru
iRl
La b
iRl
#iabl
LBE R
LIN R
LDl Riig
Ru.7
A
S
Lox R
8
P
sTA R
Ru
LR
1ab!
il
b
SDE R
SIN R
STX R
5
P
PSH A
R
POP A
R
ATT
TTA

I TISTATUS = A

MREMONIC \ SYMBOLIC OPERATION | — —— =
"CVHZIE|765412

———-:'J—"oo RLO100
‘ '10Ruutool
loo ROI(}II
|votooio
' ED
l ‘OO0 R 010
FO
| '10100101'
\01 ROTTT
i |o1 R @101
| 01 R 1010
] OTRHIUOO!
]-——C— \0110101\
—e——-|10101010,
l ' FD
. Ioonoo;

; : F
| g100

| FD :
‘DlO1lUO_0_l
To—amloml

l (00 Re1000

Soool
1060

l iUORlliDI
Mororita]
loo R 1110,
] . Fo l
j1o1o1110
| c01 R 0D
| ‘01 Rpoo1|
: FD
lo1 r 1010
110
110!
000!

060 |

FD
101001
l '0101“%

l

| e

l

b

i FO
ITDHI

|
ntlo

FD
j1o0ar
1 ! FO |
| e s B0 B LRI

| | i
! (O Fo
00000101100,

! . 1 1FDDI
——\,-—LO 01 Oi

\
\

L BY7E | onte ]

T

1
1
1

%] (3] P L5 L3 == = = ha LFE] - — —'\N 3% 3 L% Lay 3 L] % . — £ ™~ T

\51
|
| 1o |

Bilock transfer and search

-
oy iy, XH103X — .

TIN lx Py gy | ]

CIN A= X1LX+] =X [ BO00s

-Iﬂnolm!

11110111|
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8-bit CPU command list (4)

Rotate and shift

: - STATUS  MACHINE LANGUAGE :
MNEMONIC | SYMBOLIC OPERATION — BYTE  CYCLE COMMENT
, "CYHZIE 76543210
! i : :
ROL = 7 ' The 11011011 1 8
: L&«— e J :
ROR _f Sl 70 11010001 1 g
L [ F X N
SHL el 7<0 -0 11011001} 16
SHR 0 7-0 5[Cc 110101071 19
e . TR :
DRL W ! ) 1101011¢1 T oL ag
a i FD :
DRL = MET Area 11010111 2 1 16
i el
DRR o 110100711 i
A B GE -
DRR = ME] Area 11010011 216
8.0
AEX 11110007 1 g
2
CPU control
AMO A CTIMER(OSTIO =T —-—- 14048 150 2 9
Fo
AM1 * 1 T8 1101111 ¢ 2 S
FD
oy | divider clear 10001110 2 8
' F
ATFP © A Dutput pord : 110 001 100 z q
{Clock outputi D -
SDF 1 +Disp 110600001 2 &
FD i
RDP 0-+*Disp IIUDUGDOi 2 8
$PU 1-PU t11000071; 1 4
REL 0—PU 11100011 14
PV =PV 10101000 oo W
RPYV 0PV 10111000 1 4
) D
ITA IN ‘& 316111010 2 .8
FD
RIE So=E e e 1 g111 118 Z g
: ] FO
SIE 1=E ———=3 10000001 2 B
FD
HLT 10110001 2 9
FD
OFF 01001100 2 8
NOP go111000 ! 5
SEC 1-¢ ———— 11111011 ! 3
REC 0 ¢ e 11111001 1 4




8-bit CPU command list (5)

Jump
STATUS | MACHINE LANGUAGE | |
MNEMONIC SYMBOLIC OPERATION ¢ —— —— —— —— —— _gyye | ovee | COMMENT
| 'CVHZIE| 76843210 i 4{
P = S LA e ) P S | S R S
e P | S 1a111010: . =LA [
| . S e
BCH |s=0: Pti-p ' |1oost110] | & |8 sl
EETT PLGSE | ; \ ‘g ' (includes one mare
| _ | | ' - cycle}
BCS i C=1,P1isp [ 10050011 | 2 g |
i ifC=90. continue ; l' \ : | I
BCR Lif€ -0.Px; P ' |[100s000] i L g SR . Tenditin,
y ! ! | 004 NConon carry
| if C=1. conlinue . | . 016 cary
BYS V-1, PP | 10053111} 2 la.-ml*'! ©18 NH:non harf
s : | : | Q114 halt
. J L i . ! | l 104 ' MZ: non zera
BVR | irv=0, PLi=P ' 10051101 | 2 Bun 100 |Aw e
if V- 1. continue : ' 1140 | N.\f: non overtow
l i ] 5 | | i 11| ¥ oavertlow
BHS I:_fH=1.Pi':—>P i 100s0D011 1 2 iEICI‘|
I :
l {fH=0, continug l I \ |
BHR | fH-0, PHioP ‘ 110050101, |z el
. . .
, ifH=1. continue . : I \
| i ; ;
BZS §Z-1,P=i P 1o0s1011] > 2 ].s.-m.nl
l if Z=0. continue ! I | \ ;
BZR | if 20, PP ! (10051001, P2 swm:
! 1 ! :
Cif Z—1. continue l ) ! ] l :
wr ows oot "Toooroeo! |2 |81,
| if Borrow=0,P—i-P | | ! \ i
L ﬂaorrow—-],cuntinue ' il . i : |
Call
sJp T & 1e111110 " ENEE | _
i | ; i l ® Yector address (O
8—2-8, ij—P ; : L
| ! s : | vEs FFoqu
VEJ PP SLPH 05 T = wmei e B 20 | [ 1 ‘ 17 ;
i 10 +qu
{S—2—+S;Zq:—’F'H,:q+TJ—*F'1. i . ! I
- ) : i ' | YML FF—gn
ves CHC=10g PeiS =1 tioegooty | 2 18/21| et
i : 3 ) Paadil
igrli=PL=i5 52 asi ! - | |
VCR Ve . (11000001 | | 2 821"
VHS | i =1, . ! i11ooon1i 2 ezl
VR ifH-0, | 11000101 2 e
| : ;
Vs gz=1, , | 11001011 |y |s.f2ri
VR lirz=0, ’ ' 110010071 | 2 18/21
ws [irv=1, - : 11001117 i Ia,f-'ml
VM) I'-Q'-'_*PH"(S 1.5 2| 110011071 2 | o ]
Tig1) +PL=i S) ‘ \ ‘ |
L | i |
Return
RTN TSty sPHIS 2Pl —— -—- [ 10071010 T
i ! i
1 5+2 48 ' | i | '
RTH }-'SHi-'PH.-'S{-Z—\PL | Doo0s 1e001010 i 1 I 14
I 184378305 | K

NOTE: P in above list indicates a succeeding byte. For a command accompanying the immediate value, it
indicates the byte that follows to the immediate value,
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LH5801

' MNEMONIC ?LMACHINE LANGUAGE | MNEMONIC  MACHINE LANGUAGE | MNEMONIC MACHINE (ANGUAGE
aoc 'x oz AN Ciob [ E9 b ' BVR_‘ o
i i 12 _i L:: X FD 49 i _faz !SBi
, = _— o A MY <] -
¢ UL 22 #._Y‘ J FD 59 | ; = 4B
: — — e — [ __l _ — — —
| | XH ez ! .«Ul . FD 69 'BZR -+ 189
: ' YH 92 ' ﬁlabJ'FDEQabr ; P— 99
, | (a2 | AMO | FD CE ooV ' FD 8E
TS 1 S R —_— i *f I S _— _,_ SR —_— _— —_—
X103 AMT FD DE | CIN | F7
Bl } 13 | aTP ! | FD CC CPA XL 06
i (UI CATT FD EC | [ YL 16
— AT e el L SR N
' 'ab 3:1:’; !BCH e | 8E _ UL 26
| | =X FD 03 j—_ 9Ed | {XH 186
; e R e 8 = —— — 8 s
#v I BCS + | 83 i ; |YH 96
| ,#ul FD 23 [ P- 934 ' ‘UM i AB
:tmm FD A3a6 BCR + 81 i Lixy 07
P e R g T 2 W sl o
! \A B3 [ R 17
PP [ Lo R H e iy e o
| X 4R BHS 87 i ! RUVIR7)
: I_. 5F [ i e ! 97 ¢ [ ahi A7 ab
[ : I..U.l SF i , BHR | + B85 | | LEOXD § FDO7
iab! |EFabi | L {95 i , RV FD 17
| =iX)  FD 4F ; |81 A BFS ! Lyy L FD 27
Maew ! FD 5F ' Sah 4n i : , #labi  FD A7 a b
4 _ —_ - —_ [E - S —_ —_— —_— ] — 17— —_ e
| . 3] FD6GF ¢ ! j Y 5De Lept 'a iB7
! . _'. . T I [ — _ e s N s
“Hiahl |FDEF g b i VUi IGD: _‘ P AL 4E.'
ADR | X FD CA | |iahy [EDabi ' YL 5E i
(#. B, . 4 [ 10 I .
¥ ' FD DA £(X) ' FO4D | P uL 'eef
' O — ==y —! '_ — S N— ! | S - —_—
| W Immes L pRGTERES 0 R Te
AEX ' Fi . sl FD6D f 'YH o isci
wo [ jeo 1 Tew]meas, o w eei
Iy 19 BIT . (X; OF ;DCA TiXy  i8C
ligr |29 ! My | 1F AT T
. |t ——m - TR 5 e A T = ol R4 I
| lab) A9 ad i U oF B iy LAe
W[x:ﬁn 09 | ST PP X FDEC
R RS e R RRL . R - Mo
| f 2Yr  FD 19 % . X1 FDOF 4 £1Y: ' FD 9C
#iU: | FD 29 ' £iY) ' FDIF ; | #1U1 - FD AC
. : s 1 poa I i_ —_-— e —
| Fiab)  FD A9 a b | | #iur | FD2F ‘pes i oC
DB, emecwmesw . [l B
! o e J Vs L+ s ;U] _x
i £y 59 ¢ _ = COF ¢ i D HiXi [ FDOC
w69 Tew [+ | 8D ' 1Y) FDIC




| MNEMONIC MACHINE LANGUAGE | | MNEMONIC ;i—hﬁﬂ\CH\NE LANGUAGE.i MNEMONIC | MACHINE LANGUAGE
oes #MD 20 A WL A ORA [ [FD 18 !
"DEC {A  DF XH 84  #:0 FD2B
x4 W e siab: FOAB b U
v s WH A4 ORI | A BB; ;
w6 Y S TR ¥ |
XH D42 T T v sBi P
YH D52 T o 68 i
j‘l FD ér. -iabi j-A5 u b Labi EB ab r_
X % X FDOS ZX FD 4B
¥ B =iy BB iy FD 58 _
v e - ; #i-u:—'m o5 zu foes
DRL X1 D7 okt FDAS W) Ziabl FDEBabi
miX:  FD D7 Wl A BS:i  POP A  FDBA :
ORR X, D3 = K ks X oA
X EDD3 Y Y FD 1A §
ea BDi o osAl v o
EOR iX. 0D . KM 48 'PSH A FDC8
ST W s8i x  fo8s
S T Y  mw
gy oAD @8 s A ‘U FOAS N
zix FDOD TUoE ix 47 ~ RDP DGO -
&y DD ¥ ;- S REC Fe
#:U0 - FD 2D 5 b RIE FD BE o
"kiah FDADab DX X FD 08 ROl D8 y
HLT T o ¥ F018  ROR . . DI N
N A Db U FD28 RPU -
XL 4 - FD 48 RPYV B8
Y osg _ P FD58 R gA B
w0 N x4 RTN oA i
‘X4 D40 Y s sec xL oo
YH D50 C i T
U4 FDEO  LOP UL 88 wow
X a NP om0 T
¥ s OFF  FDAC T
U 64 ORA :X: OB N UH AO .
WA FDBA - e e ) xe 0 )
IMP BA i o w28 o e T
WA XL 04 abi ABuh Lo
. o 14 - Tzix B e

FD 0B
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MNEMONIC | MACHINE LANGUAGE | MNEMONIC | MACHINE LANGUAGE |
SBC | #(X [FDO1 TTA | FD AA
C#y [Fon vcs o3 ‘
£ | FD 21 VCR C1 i
tabi [FDATab | VEJ |CO | co |
58l i_{s_l_ i £2 c2 i
SDE | x 43 ca  |ca
'y 53 ee |
: ST c8 |8
' SDP FD C1 CA | CA
SEC F8 E se  jeg
SHL os . CE  “CE
. SHR 05 lpe Do
SIE FD 81 D2 D2
SIN | X s D4 D4
¥ 51 D6 . 06
u el D8 D8
sip | TBE DA | DA
SPU ET ‘o |oc
3PV A8 (DE | OE
STA XL 0A E0 | EO
YL 1A E2 | E2
uL 124 E4 | E4
XH |08 _ E5  'E6
i |18 E8 | E8
|28 EA | EA
X |OE ] e EC
v IE BB e
L 2E O FO
‘abt  AE @b 2 F2
EIX FDOE FA L Fa
kv FDIE B B f :
s o TR Y |
| ‘ #iub FDAE o ws J I gEE _1
i STX ‘ X FDaA wzs | CB ﬂ
| vy fDsA VZR | CY '
| v FD 64 | VHR S5 :
| S FD 4E LVHS B
a P FDSE : I
TIN F5 |

MNEMONIC
St

| MACHINE LANGUAGE



2-6. Electrical characteristics and timings

Absolute maximum ratings

—

Parameter Symbol Limits Unit
Supply voltage Vee —03to t7 V
Input voltage Vi 0.3t0 +7 v
Qutput voltage Your -03t0 *7 v
Operating temperature Topr Uto 40 “C
Storage temperature Tstg =55 10 t 150 I "G 4\
Electrical characteristics
DC characteristics {Ta—0 to 40°C, Voo —Ves=4.5V +0.5V)
Parameter | Symbol| Min Typ. | Max Unit Test Applicable pins |
’ ’ i conditions
Supply e i 15 ma 3.80MHz
current crystal in
during connection
ocperation
Supply b 4 mA
current
during halt
Input voltage ' Vee-1.0 W DO~7. BFI, RESET, HIM,
— WAIT. NMI, ML, INO~7
Viu 0.4 v
Qutput Yo 2.4 Y lon =400 A ADO~15, OPF, BFO, R/W,
voltage T OD, MED~1, P&, PU, PV.
Wi 0.4 W b =1.6mA . @08, HA. DISP, DO~7
Input current [l 1.0 LA Input pins other than
_ RESET. BFI
I Vw=WVec
5.0 A RESET, BFI
1.0 A Input pins other than
Vii=0 INO~7, RESET, BFI
— L= ¥ S—
30 80 LA INO~7
Power switch Rea 300 VA l
ON resistance
Eue 300 [¢) VB {
LCD drive ON Ru 35 k1 Hi—Veeo HO~7
resistance —
Em 3.5 k(2 Hi—Vm
R | 50 k0 Hi—Vois
|
Supply ls tog HA Yoo =0V
current Vez =5.5Y
during !
standby ‘
3-state output ! |l | 1.0 27 ADO~15, DO~7, R/W.
leakage ; MEO~1., OD
current ‘ i
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AC characteristics

Parameter Symbol Min. Max. °  Unit ! Test conditions
Tc 667 . =
i C. . 20pF
: tr 150 ! . .
: P05 | ns Tl Ve X010V = Ve X0,9:V
: tf 40 | | :
! ; : l D iVee 0.9V = Nee X0, 1Y
Twn : 220 |
e . . PR | B ———
to 250 | C @ 200F
ADD~-15 tr i 80 nS D Wow D Ve X051
: Vou 0LV
[ C. T 20pF
to L 260 ‘ elie
MEQ,1 ’ ns | Won o i Voo .50V
1 80 175 |
: Vou @ 0.4V
toL , 250
C. . 20pF
e 170 : i :
8] : ns Vou 1 (Ve X081V
ton 370 I :
! | Vo D 0.4
tn 100 : '
i CL @ 20pF
to —30 50 I :
R/W 3 nS CWon DiVee X OBV
te | 200 :
| ; Voo - 0.4V
to | 800
i C. o 20pF
tr 220 :
DO~7 ns P Van D i Vee X0.8)Y
s 170
i Voo o 0.4V
t 100 5
Ci I Z20pF
to 350
P nS You © (Voo X081V
tr 100 :
: : [ Mo 2 0.4V
J i | Cu i 20pF
ts 180 :
INO—~7 ; ns Wi D Ve — 1,00V
bt 30
: Wie o 0.4Y
T CCu 20pF
ts 130 I
WAIT ; ! ns Yoo (Ve =100V
£ 20 ;
W o 0.4Y
2 . Cu 20pF
to 340 :
PU, P¥ ! i ns Viou 1 (Voo X081
te p 50 {
Voo 1 0,4¢
Cu: 20pF
to ) 310 '
OPF : ns Vou o iVeo X 0.8V
te 180
i Vi 0 0.4V
| BRL, B, B 3. .}__L S ==
BFI1 3 tw ; 250 nS$ G 2U'|3F
i G : 20pF
to 150 )
BFO ; ns Von & (Ve X 0,81V
te - 360
| Mo L 04V
._I—._- H b o




Timing (1)

MECQ.ME1

$0S

A ———— |

QD

Timing {2)

te
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3-1. Outline

The LH5810:1.H5811 is a single chip CMOS static 1.S1 that features the following
functions:

(1) two pairs ol 8-bit bidirectional port

(2} one pair of 8-bit cutput port

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

{4) one interrupt request output

{5y CPU wait control

(6) serial data transfcr control

3-2. Functions

68

(O 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 tfrom 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

(3 As there are 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 mode before using PB7 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.

(5} It has the following [unctions to handle serial data transfer.

A. Serial data transmit
Scrial data transfer takes place in a format of a start bit. & 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 I]{dl 256, 1 512, 1 1024.1 204
and 1 4096 of the basic clock).

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

C. Pulse waveform

It is possible to have continuous output of pulse waveform. Frequency i
programmable toeight kindsof [ 1.1 2.1 1281 256.1 512.1 1024. | 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.

—

SX0
Mormal serial data transfer . 1 o o1 1 1ol 0 0 O ] 1

soo. {11 £ LA LTALLR LT LA

Audio cassette data transfer

— e DATA————> 5T0P

START

NN

|

Assume now that normal serial data output is to be SXO. the modulation clock to
the data 1 to be FX, the modulation clock to the data 0 to be FY . and audio cassette
tape data output to be SDQ, then the following eguation comprises:

SDO = SX0 - FX + 8XO * FY
Whereas. FX and FY can be set independently to 1;64, 17128, 1:256, 1:512 or

1 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. Intemal structure

3-3-1. Block diagram

The 1: O port controller consists of nine internal registers. wait controller, scrial controller,
and interrupt controller, and each of internal registers can be accessed as one location of
the memory as seen from the CPU.

1/0 port controller system block diagram

[
register

contral

IRT) woE  Cep LE 00 (R a0 W T g |
R S e e R R R e s e s e
i i 1

; b [ ’:—1——] . e | el ;

1 Divider DATA e e P — — :
iz & clock BUS ; = — W

I canrol contre SHenal Senal '
VR Anieipl i transmit TacRive WAIT - a1

: Lontrol control conira coml ;

oy : — WEC

VEGE—. o ;} = r @ :

! F L+ . 1

1 IF register G register F registcr}— r L h [ L | s '—: M|

1

i y FoS : i THEG

: an ﬁ‘R w

: L 5 d 4 3 3 : .

| 4 3 F+3 Fe3 Fay -_'Hf:d

1 L 1 Chup & [* ”“l

| ] freae b

1 3 zalect 5

| !L ! control

|

| OPA PB7 DPR L

1 register J reqister

: L

| q; DATA BUS

1

1

I

1

]

QUTPUT DDA CUTPUT Coe
cantral reqister control register
J'IL

Y851 =K552 LGND
VOO - 4.5 0,50

3-3-2. Internal registers

@ G register (RS3~0=1001)

G706 65 64 G @ Gl OO
1 = .
L -—» g3 Description
o]

@—internal clock .
1 @—external clack

GO -_a)ck rate

1
- 2

® nternal ciock
Clack denved trom
DO,

== =0 QO O R
—~|—ool=—|lc.o=

—|Q = Q= Q=O
L=
iy
T3
L
Loy

& Exiemal clock
Cleck denved fram
CLO

‘¥ Every clock rale is deter-
mined by GO-G2

> chcﬁptlnn
0 Clock culput inhibited

i 1 Clock output » e e
. T 57 GH| G5! tP{precharge time] tA (access tmel
i {kiEffective anly in the o0 O. 75t 11.5¢ .
internal clock mode : =3
al G3—0. 0o 2§t e 6.5¢ i
o 1o 25t S35t
- o1 2.5t o 2.51
__l___Q__OI 151 : 12.5t
1 o1 1.5 _ 7.5t
‘110 t.at 4.5t 1. CPLL cperanng
"3 “Tﬁ"' S 1.6t freguency

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 & . B 9 3 2 A

o
BRRERraill
_— B L1 Set at the rising edge of IRQ input.

[—> Set at the rising edge of PBY input.
|—> Set upon completion of serial Input receive.
| BRD 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 = N
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 receive 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 PA; 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

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 prohibits output from
OPAI, then the contents of PA/ are loaded into OPAJ and the data is sent on the bus

line.

(D) 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; writc 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 P9

(%) F register
The F register can read; writc data when the register is selected (0111),
F0-2 determines the clock rate of the modulation clock FX and F3-5 the modulation

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

X Fg_\r'F‘ﬁgm‘m_!Fz F1| FO] e

j —————= Determines 1_he_moc|u|ati0n c_l9ck rate? I&
Determines the mod ulatiﬂw clock rate of FY.

Clock rate
ofofo [
0011 @128
—_Cﬁé'hge of SDO cutput mode ol1lo] ¢ -+256
_O_{_F_\_J_Qf_mal serial data transfer | o111 ¢ +512
1 Modulated serial data transfer 16|00 & -+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

Mermory enable output

Memory enable output

. Serial receive clock input

Serial receive input

Serial rec/trn clock input/output
Seriat rec/trn input/output

Data bus input/output

Data bus input/output

Data bus input/output

Data bus input/output

Data bus inputfoutput

Data bus input/output

J![Jata bus input/output

Data bus input/output

No.| Signal Function No. _Siénal
name name
1 PA1 Port input/autput kil | RS2
2 PAZ Port input/output 32 R33
3 PA3 Port input/cutput 33 R/AW  |Read/write input
4 PA4 Port input/output 34 MED
5 PAS Port input/output 35 ME1
5] PAG | Port input/output 36 wo
7 PA7 : Portinput/output 37 Wi
8 GND  Power source 38 GND |Power source
9 FPBO | Portinput/output 39 VCC |Power source
10 PB1 : Port input/output 40 DMEQ
11 PB2 Part input/output 41 OME1
12 PB3 Port input/output 42 WAIT |Wait output
. 13 PB4 Port input/output 1 a3 INT Interrupt output
14 PBS | Port input/output D a4 " RESET lininalize output
15 PBé& Port input/output 45 1IRC Interrupt input
18 ! PB? Port input/output. Interrupt input || 46 $0OS iBasic clock input
17 P@ : Port PC latch clock 47 CLY
18 PCO 5 Fort output 48 s
19 PC1  Port cutput 49 LG MNot used
20 PC2  Port output 50 CLO
21 PC3  Port output 51 SDo
22 PC4 i Port output 52 Do
23 PCS I Port output 53 : D
24 PCB | Port output ! 54 o2
25 PCY Port output "85 D3
i 261 CS0 | Chip select input : 56 D4
| 275 CS1 | Chip select input 57| D5
28| ©S2 | Chip select input 58| D6
29 RSO Register select input 59 o7
30 RSI__L E{egister select input &0 PAQ Part input/output
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3-4. Functions

74

3-4-1. Operation

I/0 port controller operation

(csz

C51

Cs0

RS3

R&2

RS1

RS0

R/W

Cperation

0

1

0

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

Reads the contents of the U register and sends
them an 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/datasstop structure. At
the sama 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
OPC 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 F

register.

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

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

The contents of the DDA register are sent on the

data tys/

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

The ¢ontents of the DDB register are sent on the
data bus.

The contents of the data bus are stored in the

: QOPA register.

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

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

The conttents 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, W01s
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 MEL
When the wait condition is established, that is, when *W0-MEMWI-MEI=1" 1s met,
the WAIT signal is issued to the CPU. As the wait control counter s provided
internally, it releases WAIT to the CPU when it is counted to the value set by the
program, then the CPU proceeds to execute a next machine cycle.

AD X— X -
.
(.

MED /
WO /
WAIT | |
S
ey Increments counter—————»  WAIT released

DMEOQ J 3 B

«——{p—: tA

Since a slow access memory usually consists of dynamic logic, it needs a precharge time
(tr). Thus, the [7O port controller issues the memory enable signals DMEG and
DMETL to the dvnamic memory, including the precharge time, DMEGQ is for MEO
and DME! 1s for MEL

When the CPU accesses the 17O port controller, the signal WAILT is issued without
the wait condition in- Wi and W1,

(Z) 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.
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(1) Wait time of 1/0 port controller itself
When the CPU accesses the 17 O port controller, wait of a single CPU machine eyvcle is
automatically applied.
If the W0 and W1 is in the wait state when the CPU accessed the 1: O port controller.
wail ends 1n one cycle. .

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

| o o |
e—t—3 ! ;
! i ; I
wos el Rad L PR R TR R S R
1 ' : 1 1!
1 i il
r 1 24 ——r—t
AD——— 4 : 1l L
U ! L
il : 'y
i T
o — | L i :l‘—
. = =l & T
| AL . 1
I I L]
DMEG/1 e P e
fiea [ [N
C L | N
. @l [T s L
i 1 : Ty —. : 1 }_._
1 ] 2
1 1 I
I ] |
| ll(— P —)r‘-ll th T ;
| ' I
1 |
: ! J
II 1P : th !
1
'oActual I Artua: \
precharge time 1 aceess lane

1¢" and 1A’ for actual ROM is as follows:

tP = tAP + (P +tD

A" = tA — LD — 8

ts = 200nS
Since tAr 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 1O port controller reads the [ ;

input data at the rising edge of CI.i.

Serial data goes into the receiving — _—_—>L X X ‘
mode when it changes [rom an idle r
state (S =) to low state and reads i cu I L ' Lowe | dews ]
data from a next clock. ( ]
When the 8-bit data is received. it sets the receive and flag RD active. If the mask bit is on at
this point, interrupt request is issued to the CPU. R will be reset upon reading the 8-bit
data.

RD 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 OXIX2X3XAX5X6X7)

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 mnto 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/Cut High impedance
PAO~PAT 5% %
PBO~PBY ” 2
PCO~PCY Out Low level
WAIT : {NOTE)
DMEQG & &
DME1 S "
INT . Low level
SD0 In/Out High levet
CLO e Low fever#_

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

3-5-1. 1/0 port controller input/output circuits
@ Input

ol

.

Applicable terminals ; RESET, P¢, R/W, RS0~3, £50, C51, CS2, MED, ME7,
w0, w1, CL1, 5D1, €08, 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, DMEQ, DME]
{©) Qutput

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

— I J
- HEEHBEEEEEEEREE:
P0S | 45 40 35 3| Rr:
CLI RS0
SD Cs2
Lc sl
CLO |50 Cs0
sbo o5 pc7 |
Do LH&810 ar LHS811 PCH
ot (TOP VIEW} PCE
D2 - PCa |
03 55 PC3
04 PC2
D5 2 PCY
.o} PCO
b7 PO
FAQ 5 10 15| PB?
TIE|Z|E|E|8|2|3|8 (5|88 B(8|8
3-5-3. Electrical characteristics
(1) Absolute maximum ratings
Parame{er Symbol Limits Unit
Input apply Qo!taée 13 Vi . -03to65 "
input apply voltage {‘2.) Vi —03 to Vee 0.3 vV
COperating tempe.rature. Topr - -51tp +55 S,
Storage temperature . Tstg —55 to +150 °C
b 2 Apﬁlicable to Voo and with respect to GND.
*2: Applicable to other than Veo, GND, and with respect to GND.
() Operating condition
Parameter. ' Symbol - Limits Unit
. Supply voliage o Vee 401050 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
Yu 0 - 0.8 v
Input voltage . 1
Yiu 2.4 Vee ¥
VoL - 0.4 v loe=1.6mA
Qutput voltage 1 , G o
Vorn 2.4 v lov=0.4mA . )
: Output voltage 2 Voo 1.5 ¢ v lov=1.5mA .3
Qutput leakage current | Ia I 1.0 A 4
; Input current [ bl _ 1.0 LA Vin=0V or ¥co )
| Normal power leca - 0.4 0.9 mA ~ GOS=2MHz | &
i - 4 2 i SN T E ST
dissipation lceh 5 pA dOS=0V 7

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

L - D Applicable terminals
PAO~7, PBO~7, DO~7, R/W, RS0~3, CS0, CS1, CS2, MEO, MET, W0, W1, SD1,

CL1, $0S, SDO, CLO, IRQ, RESET.

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

3 PAO~7, CLO, SDO.

4

5

oy

All input terminals.

All output terminals.

selected and the 2MHz clock should be supplied through the @08 pin. The ;
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,
WO, 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 Ciple Unit Test condition
Min Typ Max
€S0, C31, £S2, 1o 230 ns
RSONS __tF.__. TR 80 & |
MECG, ME1 to . 240 ns
tr 80 175 ns i
fwom 250 ns
WAIT fws 150 ns C.=50pF
twr 50 200 ns
DO0~7 {input to 500 ns
L te 130 ns
tzo 100 ns Vou=0.8Vec
o 300 ns
DO~7 {output ts 200 ns
mage) ; ts 50 ns
tzm 150 ns
tzr 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 tom 1 MS C.=100pF
select)
P& to 350 ns Vou=0.8Vcc
] te 100 ns
PCO~7 (P® ! tos 1 s C.=100pF
latch) ! -
300 {input ts 100 o ns
gg?e) tw 50 ns
SDAO {output to 100 ns C.=100pF
mode}
DMED 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 =20V Ya=0.4V.
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- 3 - Timings
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4-1. PC-1500 system configuration

86

4-1-1. Qutline

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 8KB Memory Module, CE-158 Serial and Parallel
Interface, and CE-159 Program Module.
(0 PC-1500 Pocket Computer
It is a pocket computer that features 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 batteries 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.
(6&) 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

Packet Computers R5-232C
PG-1500 Suftware. Board & Parallel
ar i CE-153 Intertace
BKE \ CE-158
Aol TE L—r]*

{ CE-155
or

Fragram

assetle
Modiule 12 o m 4 Application
CE150 dpe Hecardes Program

Colos Graghic Printor CE-t52 Tape
CE-150
— CE-1v3
Cassotic Operating
System
Tape Recorcer Program Tape
CE-152 2
S o

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

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

(D When the Ni-Cd battery of the CE-150 is charged capable to drive the PC-1500, power
is 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 R§-232C serial
interface and the Centronics 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

15BALY =2 N i

EA NF WHAE]
., = H1(&

EA-150
15598
REGULATOR
—_ SUM3
VGG YOO

i
)

Er-130

9 Voo
- ROM
RAM WL OO POWEH [— BANE ey
CPU
D)
ul
GMD
GND VGG
15593
DANZD? L
CE-Th

CF 153

OFF — e ON—————— e ————F

KEY mtz] E’l‘zl

VDD ‘r l—_

L
b
3
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NOTE: VGG is always output.




4-2. PC-1500

4-2-1. Outline

O CcrPU
The LH5801 CMOS 8-bit Microprocessor is used. As it is operated by the clock
frequency of 2.6M Hz from the crystal oscillator, its internat machine cycle is L.3IMHz.

BEY.coa sapuy mon Depression of the [0 key turns it to high level so that VCC is
supptied from BFO.
INO~IN7 ...... Input port for other than the key.
DO~D7........ 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
XLO. XL1...... External crystal connection terminals, through which the 2.6MHz
crystal is connected.
XLG: Input
XL1: 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 . vunsn key input

ADO~3, AD12~13, DMEI
...... Address of 1; O port is set within FOOOH to FOOFH of the ME! area.
@ Timer IC
uPD 1990AC is used and connected with the 32.768kHz crystal.
(® Chip select decoder
It consists of two chips of TC4A0H139F and TC40H 138F and it is used to select chip by
means of S0~4, S6, §7, 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~D?7 in order to handle compatible with the 8-
bit RAM.
Address is 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 is the PC-1500 system program residing ROM for which the 8-bit X [6K SC61328F
is used. Address i1s within CO00H to FFFFH of the MEO area.
(@) System RAM
Because the 4-bit X 1K bytes TC5514 is used in a pair, the data bus is divided into two of
D0O~D3 and D4~D7 and the sclect 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 is the user RAM for which 8-bit X2KB HM6116 is used. Address sclected by S0 is
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.
iy LCD
The 7>X 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.

¥O e s With low 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)

S 1 |, With high state of AD14and lowstate of ADIS, the Y I output goes low so as

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

Y2 v With low state of AD14 and high state of ADI5, the Y2 output goes low so as

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

Y dowan o With high state of ADI4 and AD15, the Y3 output goes low so as to select

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

S0~857 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

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

2y RS With high state of ADI1 and low state of ADI2 and AD13, the S1 output

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

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

(_Y_f) goes low 50 as to select the optional user RAM area. (Address assignment of
5000H~57FFH)

R 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)

5y - 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 4 s Do not use,

86 sowes 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 s 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
T800H~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).

Moo 5 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)

N¥uwwn o 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

A [ oo00oH ' ”
YO
) OPTION USER MEMORY
(1YQ)
3FFFH
50 4000H j
it ! STANDARD USER MEMORY |
i (YD) 47FFH
ksw 4800H <]
'% 7)) , 4FFFH '
| 82 5000H
(Y2) | 57FFH
83 W 5800H
. OPTION USER MEMORY
Y3} | SFFFH
54 ] 6000H
. (v4y 67FFH
_ 85 E800H
(Y1) __ .
(¥8) | 6FFFH
A |
‘ AB0RK! " NOTE: 80~587, V2, and
i INHIBITED V3 are applicable only
for MED area,
75FFH !
S6 . 2 : —'
) V2 7600H
i (2¥2) 76FFH
V3 7700H . STANDARD USER AND
L (2Y2) | 77FFH SYSTEM MEMORY
: — T
§7 | 7800H }’
} L (¥7) 7FFFH | INHIBITED
_ , 8000H CE-150
\ SYSTEM PROGRAM. /O PC
CE-153
Y2 1/0 PC i
[¥2) CE-158 l
SYSTEM PROGRAM
BFFFH ‘
CO00H PC-1500 ‘\
SYSTEM PROGRAM !
I/0 PC
CE-158
Y3 1/0 PC
e ' UART
(T3 ‘
L i o ]
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4-2-4. PC-1500 system memory map

(D In the MEO area is contained such as the system program and usecr RAM area and the
ME] is used for such as 1;O port.
Memory bank is assigned by PV and PV for 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 svstem 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. MEQ memory area 4000H thru47FFH and 7600H thru 7BFFH are
used for the user memory and CO0OH 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 1o 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

X

Q000H !
CE-160
2000H l
CE—159 (ROM/RAM)BKB

4000H STANDARD USER MEMORY (RAM) 2KB

4800H  cE_151 (RAM) 4KB

5800H |

NOT USED

=

7EQ0H | STANDARD LUSERS SYSTEM MEMORY

{RAM) 1,.59KB
%%7//2////////%?5/////’4/’ i

CE—158

NOT USED

//7/;?;%////// 77 7
-
.

SYSTEM PROGRAM //.
NOT USED (Eon0
. 16KB
ADDOH !
CE 180
Moo | NOT UsED
SKB )
|
CODOH B
I PC—1500
\ SYSTEM PROGRAM
{ROM)
16KB ;
V777
| %,
.
FFFFH _ //’/
}-»Pu .
— Py —= PV
L “MEO -

77 77

NOT USED

PC—1500 /0 PC 168

v

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

connected.
® Refer to “Memory map Il and 111" for *
® PV and PU are bank select signals.
® Shadowed area can not be used,
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MEMORY MAP IT
MEMORY MAP when the CE-155 is used.

|
3300H | CE-155 (RAM) 2KB } 5
4000H "' STANDARD USER MEMORY (RAM) ZkB |
o il = BKE N TOTAL

CE—155 !
(R AM) 6KB

SFFFH
B NOT USED
6800H '

!

! MEO )

MEMORY MAP I

DODOH
DO10H

CE—158 I/0 PC 168

D200H
D204+

D3FFH _

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

7600H~76FFH 7700H~~77FFH

I\TIG'H' ) N HIGH ; .

0123456789ABCDEF EO123456789AB'CDEF!

LOw . " ey oW " :
0 i O | [ !

: 2 |

4 : 4 ;

6 | DISPLAY |E|F|G[H!I|J|K LIM|N O | 6 | DISPLAY éPOR‘STUWW!XYZ
8 BUFFER |$|$|3|$|3|$(3 38|83 | 8 | BUFFER $|$ 333 3'$/51%|3(3
A | | A l ;

c : e !

E | | e ;
7800H~78FFH 7900H~79FFH
[‘\H}GH! e = TS i
I 01234567 89ABCDEF 0123456789ABCDEF
Low . C ] LOW . . = _
i 0 i . | . .
P2 f : 12 o : i
g : 4 |AICE[GII KIMO QS uwW|Y
‘6 SYSTEM  SYSTEM  AB|C D 6 | | i : SYSTEW
. 8 STACK MEMORY $i$(% 3% 8 | MEMOR -
. ; ; A "
] | BD: ; ‘ WX Z
B i | : ID_F HgJLN?PRT:
 E | ! E :




JAQOH~7AFFH 7B00H~7BFFH

HIGH, | FGH]
\0123456789ABCDEF. 0123456789ABCDEF"|
e _ Low _ . |
0! ! 5 r
2 ] 2 1o i ~ \
x|vly s 25
i F ‘ ' ‘ 413 ‘
&L BASIE STALK 6 |= STRING | OUTPUT | INPUT
X 8 'Z| BUFFER  BUFFER | BUFFER
g _ 3 | |
.z\uw 218 |
c il c |2 |

* A~Z (7900H~T9CFH) are fixed numerical variables.

® AS~Z3$ are fixed character variables,

e The arithmetic registers X, Y, V. 8, Z, U and W (7TAO0H~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

/0 port
R " PC_1500 | CE-150 ce-153 | cE-158
: Do not use FOOCH .: BOOOH 8000H DOooH
‘ D;) not use FOD1H - éDUTH 8001H DOCTH ]
‘ D(-) not use o FOO2H | BObZH 8002H DOOZH I
Do not use FOO3H BOO3H 8003H . DOO3H
! . Divider reset | FO04H BOD4H 8004H DO04H
| U register cutput FOOSH BOOSH | BO05H DOOSH
| Serial transfer | FOO6H BOOEH 8006H I DO0BH
I Load divide.r to F register FOO7H BOO7H _ 80b7H DOO7H
ld Port C inbut/oulput FOO8H BOCBH | 8008H DO%HC‘(
: . %
G register input/output FOOSH BOO9H BO09H DOOgH
% MSK register input/output FOOAH B00AH BOOAH ! DOOAH -
i IF regiéter input/output FOOBH BOOBH BOOBH DOoBH
' Specify port A |/b direction | FOOCH ~ BOOCH 800CH  DOOCH
; : i PR
Specify port B |/O direction : FOODH BOODH 800DH ! DOODH
Port A input/output FOOEH BOOEH : 800EH CO0EH
- ; g i .
Port B input/output © FOOFH BOOFH  800FH  DOOFM
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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, etc.}, 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
B i 9 3 4 8 IS 18 0 1SS
I A
oy | LA i o [#5] (7]
4DOTS §§‘§§$I‘£| | alzlglz|a|s
; i !'_ I — II\_} ? I-E ‘:li-I '0_‘1 |
] : 4 i\ |
| \ L
wots | |2 18.8 21818 \ alala|z|a g
.3 |z | / sl ol o B L
|
1 - 761 72— | 763 74— |
HIGH ORDER  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 | ST1IL | S3IL
1 | s7oM . sin | s87n oM | S95H | S17H  S103H | S25H | S111H | S31H
2 | ssoL . s2L 1 J Tl
3 ¢ SBOH | S2H
4 81 3 :
5 81 3
6 82 i
7 82 4 ,
8 83 5
9 83 5
A | 84 6 i
B 84 B B i
C 85 7 SI7L | s3oL |
1 " " !
b 85 7 ; r [ S17H | s3H
= & ; % //, ? -]
E | s  S8L | Se4L  SI6L  SI02L | $24L  S110L  S30L WZ%%
F | $8H  SBH | S34H  SIGH  SIO2H | S24H  STI0M | S30H /// /// é
: |
|
. 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




r L 771 ‘ 772~ 773— T |
! — I‘li'\gﬁm :UngﬂlE L\G\‘WD[ W WURDEW LCWC‘“J[ . 4B|T5 LWTESHDER | rl;ngﬁﬁER l Iilim"[gﬁﬂﬂ?
O | siis | saoL sizeL ‘ 548L | sisal ss6L | S142L | SeaL | sI50L s72q
71 I'sTi8H  S40H | S126H | S4gH . ST34H \ S56H h]dZH S64H | SI50H | S7oH
Rl v el e s o o L
& T 1 -J_ B e S S g
-l iy P Ay AN IO ) J [l . I
i : ; : ! |

. ——— ’——‘ —_— o — — —!— o — | —t

'Hi | N - AT L 1 T_l_ li j
5 4 *‘”IL— | Tl 1]
i W ol s il 1 il o
L Z_L ﬁ_T_L T_L"_ v | S158H S78_J
| E_ ! s125L  s47L | SI33L ' SSSL SI4IL | SEaL | 51: 9L 1_sm :

i I Fn Rl NOT USED .
F . s125H | s47H T S133H , S55H | S141H i S63H  S149H | STIH Lavallh

Memory Map VIl
MEMORY SYSTEM DETAIL

7BXX
o7 / /// / / // _ =
¥ /////////// wivn S |
///////// walT Cu // //// 72 Tﬁ%
_ 3 /////7//// WAIT CL /// E ‘_ _:E\g_gg?sm__l
?4cunsoresn //// FING BUTTER * PRF J_ﬁﬁ‘vfﬁ e
5 ///// // / i //’ usmc F/F ] Theug _‘
| 6 /////////// ///// umem _:ae:g';'w e
- A4 /{/////// G
B ///// _ // // - //////// / / USING m | D iorisan |
3 22 200 sl
s ____ _ _ ///// _‘T&:R:ﬂ Ll
] D= 2 Eekdpoam
; i //// ///////// LINE e .IEDE;F%S_H—; el l
i D %% S ion | TRACE |r _rg_ e %?g;:?non .!
a | CURSORH mﬂv gnpn |f|'|{v?;_ ! BomER i
N ///// AR f‘ﬂi&‘?”;ﬁ“‘j_%ﬁ“ﬂj WY (B
79
jD Wgﬁﬁﬁnr? TRABTTEAL _ IL
1 _ 27
3 //////// ' COLOR :

: 4 ////////// Lesize
» /////// scs Y /
! 5 W I‘g‘:z"\

//// s ’

. / S 7///
//// A///’/ -
LlNET‘fPE ///// iw

_2 cccccc - . ? L

F //// " tonk % /////
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Address Name Function
7868H RMT/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
78744 CURSOR ENABLE {G1H) if used. (00H) if not.
78751 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 7T8BEH 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
7895H USING F/F Using format {presence of decimal point, comma, etc.}
7896H USING M Integer part of Using
7897H USING & Using of character string
7898H USING m Decimal part of Using
7898H VARIABLE POINTER H Variable pointer
789AH VARIABLE 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 ling
789FH CURRENT TOP L
78A0H PREVIOUS ADDRESS H Address of immediately preceding line
78ATH PREVIOUS ADDRESS L
T8AZH PREVIOUS LINE H Line number immediately preceding
 78A3H | PREVIOUS LINE L
. 78AGH PREVIOUS TOP H Leading address of program of the line immediately
T8AS5H PREVIOUS TOP L preceding
78A6H SEARCH ADDRESS H Address of the line found during search
T8ATH SEARCH ADDRESS L
78A8H SEARCH LINE H Line number found after search
T8AOH SEARCH LINE L
TBAAH SEARCH TOP H Leading address of the searched program block
78ABH SEARCHTOP L
78ACH BREAK ADDRESS H Address of breakpoint
78ADH BREAK ADDRESS L
TBAEH BREAK LINE H Address of breakpoint line number
TBAFH BREAK LINE L
7880H | BREAK TOP H " Top address of the program block to which break is
78814 | BREAK TOPL 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

7886H ERROR TOP H Leading address of the program block in which error s |

78B7H ERROR TOP L met.

78B8H ON ERROR ADDRESS H Address 1o which program jumps when an error is met.

78B9H ON ERROR ADDRESS L B

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

78BBH ON ERROR LINE L ek .

AEBCH ON FRRORTONH | Leading address of program block in which an error is

78BDH ON ERROR TOP L met.

78BEH DATA POINTER H Pointer for data statemént

78BFH DATA POINTER L

79D1H OPN DV Peripheral device select ~

79EOH __USER COUNTER XH Counter by which X-coordinates of the pen are
! T9ETH ISER COUNTER XL indicated.

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

79E3H USER COUNTER YL indicated.

79E4H SCISSORING COUNTER“YH Y-direction scissoring courter

7TIESH SCISSORING COUNTER YL

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

78E7H 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 URP/DOWN Pen up/down positioﬁ select

79EDH X MOTOR HOLD COUNTER X motor hold counter

F9EEH PORT C Indicates current motor phase.

T9EFH ¥ MOTOR HOLD COUNTER ¥ motor hold counter -.

79FOH GRAF‘HKTEXT Printer mode select {graph=255, text=0)

T9F2H ROTATE Printing direction select

79F3H COLOR Color select

79F4H CSIZE Printing character size select

79FFH LOCK Lock/unlock select

7B00H RND MUMBER Random number

7BO1TH RND NUMBER

7BOZH RND NUMBER

7BO3H RND NUMBER

7B04H RND NUMBER

7805H RND NUMBER

7B06H RND NUMBER

7BO7H RND NUMBER

TBOAH AUTO P-OFF COUNTEh 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

PRt

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

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. Either the LHS8! or
LH3810 is used for the 1:O PC. The 1.H5811 is an upgraded version of the LHS810.

4-3-1. 40-pin connector

,—Pin no. Signal name Description
1 VCC VCC
2 PV Chip select
2 ¢+ 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 {MEQ area
assignment)
7 D7 Data bus
8 D6 Data bus
i 9 D5 Dala bus
10 D4 Data bus
11 D3 Data bus
12 | D2 Cata bus
13 D1 Data bus
14 DO Data bus
15 INHIBIT Prohibits ROM select of the PC-1500. when connected to GND.
18 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 B000H~BFFFH
[ 20 VGG VGG o
21 GND GND
22 AD1S Address bus
23 AD14 Address bus
2  ADI3 Address bus
25 AD12 Address bus
[;26 AD11 Address bus
27 AD10 Address bus
| 28 AD9 Address bus
i 29 AD8 Address bus )
30 ADY Address bus
I ADB Address bus
32 AD5 Address bus
L 33 AD4 Address bus )
34 AD3 Address bus:
35 AD2 Address bus
36 AD1 Address bus .
37 ADO Address bus
| 38 oD Output disable
32 R temary read write
a0 | GND GND

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



4-3-2. 60-pin connector

Pin no. Signal name Description
1 AD7 Address bus
2 ADB __Address bus i ]
3 ADSE Address bus
4 AD4 Address bus
| 5 AD3 Address bus
6 __ADe Address bus
7 AD1 Address bus |
8 ADD Addressbus |
I 8 PB0O Not used
10 ~ PCY Not used
|t VCC VGG
12 VCC el
13 NC NC
14 __NC NC
|15 PV Chip select
.16 PU Chip select
17 D7 Data bus
18 D& Data bus
|19 D5 Data bus |
20 D4 Data bus
21 D3 Data bus
22 D2 Data bus
23 D1 Data bus ____
24 DO Data bus
25 INHIBIT Prohibits ROM select of the PC-1500, when connected to GND.
26 WEX External WAIT signal
27 CMTIN Cassetle data input
28 Wi WAIT condition input
29 CMTOUT Cassette data output
30 TOINT Interrupt request to CPU
31 AD8 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 AD1S Address bus
39 FB1 Not used
40 NC NG
41 VCC VCC
42 VOO VCC
43 F-GND Frame GND
44 T VBAT VBAT i
| 45 VBAT VBAT ) N
46 VBAT VBAT
47 VBAT VBAT
4B 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 )
58 DMEQ Chip select taking consideration of WAIT condition {MED area
designation}
57 W Memery read/write signal
58 DME1 Chip select taking consideration of WAIT condition {ME1 area
designation)
59 ME1 ME?1 area designation
80 oD __Output disable

NQOTE: PBO of No. 8 may be NC depending on production month.
PB1 of No. 3% may be NC depending on preduction month.
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04

4-3-3. LH5801 Microprocessor

Pin ne.

Signal name |

Description

TRESET

Reset input

N

Fixed to GND level

[0 key input signal

VGG

VCO output

Mol used

Not used

VCC [4.0-4.7Y)

VGG (40-47V)

LCD power supply

LCD power supply

LCD power supply

LCD power supply

GND

Maskabte interrugt input

LGD backplats signal

LCD backptate signal

LCD onsoff control

Not used

21 Backplate control
2 H5 Backplate control
23 H4 Backplale canlrol
- 24 H3 Backplate control
= T Hy Backplate control
; 6 Hi Backplale contros
o R HO Backplate contral
| 2B oD Output disable
L 24 MED MED arpa designation
30 ME1 ME1 area designation
31 ' IZIJ_ Data bus
32 w3 ] Data bus
33 o2 . Data bus
34 D3 : Data bus
35 D4 Data bus el
36 D& Data bus
: " Data bus
; Data bus

" TAddress bus

Address bus

Address bus

Address bus

Address bus

Address bus

Address bus

__Address bus

GND__

A_dd ress bus

VGG

Address bus

Address bus

Address bus

Address bus

Address bus

Memaory read/write

Nat used

Chip select

Chip select

Clack which is in the same phase as the LS| wtternal clock

2.6MHz oscillator input

2 6MHz oscillator output

CFU WAIT signal

Key input port

Key input port

Key input port

Key input port

_Key input port

Kay input port

Key input port

_Key input port

NC

NC

NC




4-3-4. /0 PC

When the pin No. 34 (MEQ) ol the [: O PC is connected with MET of the CPU. it will be
accessed as the ME] area.
) PC-1500 1/0 PC

Pin no. Signal name Description
1 i PA1 Key sirobe s
- 2] PAZ | Key strobe
3 PAZ | Key strobe
4 PA4 _dEKey strobe il
5 PAS _ | Key strobe
& PAB | Keystrobe _ , _‘
7 | PAT | Key strobe
8 | GND GND
9 PBO Net used
10 PB1 Not used
T, 4, PB2 Serial data input from the casssite tape
12 | PB3 YCC {export model}, GND {domestic mods!)
13 | PB4 GND
12 | PBS | Timer control
15 PB6 Timer control
16 BB ON key tnput
17 Pty GND
18 | PCO Timer control
e Tirmes control
L 20 pC2 Timer control
; 21 PC3 __J Timer contrgl
22 PC4 Timer control
23 PCS Timer control
24 1T "pPce | “Buzzer on/off contral
25 | T PC7T [ Notwsed "~ T T 7
' 28 |  cs0 | Chip select {AD12)
27 | €8t __ | _Chipselect {AD13}
28 i cE2 " Chip select
29 RS0 Chip select (ADD}
30 | RSt | Ghip select (AD1)
<A RS2 . Chip select {AD2)
32 ' ARS8 | Chip select (AD3)
33 | RwW Memory read/write
) 34 | MEO MEG area designation
s MET ME1 area designation
36 . wo WAIT condition input
37 W1 WAIT condition inpt ]
3 | GND GND
39 vCC | vce ‘
40 ' DMED Chip select taking consideration of WAIT condition (assignment of J
MEQ area). _
41 DREN Chip select taking consideration of WAIT condition (assignment of
L ME1 areaj.
42 WAIT WALT to CPU =
43 INT interrupt to CPU
I__ 44 RESET 1/0 port reset input
a5 IRQ | Interrupt input
46 | ¢08 | Basic clock input
47 CL1? _CMT demoduiation clock input
a8 SD1_ | VCCievel
l__ 49 LC Mot used
i 50 CLo CMT signal
51 SD0 Serial data qutput to cassette tape
52 | Do Data bus } .
53 D1 Data bus i
54 | D2 Data bus N
55 D3 Data hus
56 D4 Data bus :l
57 D5 ;. Data bus :
| 58 06 | Databus
59 07 Data bus .
B0 PAD Key strobe
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(@» CE-150 I/O PC

Pin no. Signal name Descr_i'btion
1 PAY Remote O control .
2 PA2 " Remote 0 control
3 " PA3 Remote 1 control
4 PA4 Remote 1'Contrt_::|
5 PAS Manual print mode assignment )
! 8 PAB Notused
5 7 PA7 Not used
8 GND GND y
g PBO Pen ascending signal .
: 10 PB1 Pen descending signal y
=l 71 PB2 Color detection !
12 | PB3 Not used
13 PB4 Not used
14 : ~PBS ' Not used
15 B PE6G ! Low battery
16 PB7 | Paper feed key input !
17 : Pd . Not used ) i
18 i PCO X motor control :
[ 19 PC1 X motor control ) :
20 PC2 X motor control f
21 PC3 . X motor control i
o2 PC4 i Y motor control ;
23 PC5 iY motor control B !
24 PCB | Y motor control
25 PCY 'Y motor control
6 cso’ ADT3 inputioutput
27 Cs1 AD12 input/output
28 Cs2 I/C port address designation
29 RSO ADD I
30 RS51 AD1
3 /S2 AD2
32 RS3 AD3 .
T 33 R/W Memor"y; read/write
34 MED MEQ area designation _
35 ME1 GND
36 WO GND N
37 W1 WAIT condition output
38 GND GND
39 vCC | VCC
40 DMED Not used
a1 DME1 Not used
42 WAIT WAIT condition output
43 INT Interrupt request to CPU
44 RESET ‘LH5B11 reset _
45 _IRQ Interrupt request from external source
46 $0S Internal clock having the same phase as LSI
47 cli | GND N i ;
48 sD1 GND . ] :
45 LG Not used
50 CLO Not used )
51 5Do Not used
52 Do Data bus .
53 2} Data bus
54 D2z Data bus Sy i
35 " D3 Data bus . :
56 04 Oata bus .
| 57 05 Data bus
538 06 Data bus
59 o7 Data bus
| 80 PAO For stable input fevel when CMT is no_'g__in use.
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G CE-153 1/0 PC

Pin no. Signal name I Description
1 PA1 Key input port
2 PAZ Key input port
3 PA3 Key input port
4 PA4 Key input port
3 PAS Key input port
g PAB Key input port
7 PAT Key input port
|8 GND GND
9 PBO Key input port '
10 PB1 Key input port ‘
1 PB2 Key strobe
12 PB3 Key strobe
| 13 PB4 Key strobe
14 FB5 Key strobe
15 PB6 Key strobe
16 PB7 Key strobe
17 P GND
18 PCO ' Key strohe
|19 PC1 Key strobe
|20 PC2 Key strobe o=
9 | PC3 Key strobe '
22 PC4 Key strobe
T 23 PCH Key strobe
24 PCH Kay strobe
25 PCY Key strobe .
26 CS0 AD15
27 Cs1 AD14
28 cs2 AD13
29 RS0 ADO
R AS1 AD1
Y RS2 ADZ2
T a2 RS3 AD3
33 R/wW | Memory read/write —
34 MEQ MED area designation
| 3 ME? GND
.36 Wo GND
37 Wi GND
| 38 GND : GND _
39 VOO - NVCC {4,700 02V)
40 DMEOD Nol used
41 DME1 Not used
| 4_2 : WAIT ' WAIT condition
43 TINT Naot used
a4 RESET | Reset ]
45 IRQ GND
46 D0OS Internal clock having the same phase as LSI.
M a7 cli GND '
48 s GND
49 LC Not used
50 CLOD Not used
51 sD0 Nat used
Y Do Data bus
53 D1 Data bus
| =54 D2 Data bus e
515 D3 . Data bus
56 D4 | Data bus
57 D5 | Databus
| 58 D& Data bus
D7 , Data bus

1 pPao _

Key input port
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® CE-158 I/O PC

Pin no. Signal name Description
1 PA1 R5232C VF send request
2 PAZ RS232C |/F ready io receive
3 Fa3 RS232C I/F carrier detect
4 N PA4 RS232C |/F data set ready
5 | PAs Low battery
8 i PAB Baud rate select
ki PAY Baud rate select
8 |  GND GND
9 PBO | Centronics parallel I/F DATA 2
10 PB1 Centronics paraliel I/F DATA 3
11 PB2 Centronics parallel I'/F DATA 4
}__12 ] PB3 Centronics parailel I/F DATA S
13 PB4 Centronics parallel I/F DATA 6
14| PB5 _ |Centronics parallel I/F DATA 7.
15 PB6 _‘ Gentronics parallel I/F DATA 8
16 PB7 Centronics paraliel I/F BUSY input
17 Pd GND
18 PCO Baud rate select
19 P Baud rate select
20 PC2 Baud rate select
21 | PC3 Baud rate select
22 PC4 Baud rate select
23 PCS Centronics parallel I/F DATA 1
24 PCB Centranics parallel I/F STROBE
25 | PC7 | Centronics parallel I/F INIT
% | C8D VCC (4.70£0.02V)
27 Cs1 L VOO (4.7020.02v)
28 cS2 GND
29 RS0 ADO ~
30 RS1 AD1
e —
B RS3  |AD3
k—33 R/W Tmmory read/write
34 _J_ MEQ MEQ area designation
P 35 ME1 GND
36 W0 | GND
3F | w1 GND
38 GND GND
3 |  ¥CC | VCC (4.7040.02V)
40 | DMEO | Not used J
41 ' DME1 | Notused
42 WAIT Not used
i 43 INT Interrupt request to CPU :
| 44 RESET . | LH5811 reset ]
45 IR Interrupt request
46 $0s internal clock having the same phase as LS.
47 CL1 GND =
48 sSD1 GND
48 LC Not used
50 CLO [ Not used
51 SDO Not used
52 Do Data bus
53 D1 Data bus
54 D2 Data bus
55 D3 Data bus
56 D4 Data bus
57 D5 Data bus
58 (8] Data bus
58 | D7 Data bus
60 PAD RS232C I/F terminal ready




4-4. Key matrix and key code chart

Key matrix

Key code chart

e 1 273,4 sl
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T!SHH;H I

I

|2 sw Fol
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|nm|o 0w >
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+
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|

- NOTE: For ON key. refer to "KEY SCAN" of "SYSTEM
SUBROUTINE".

£
~
‘O =

1NG



promsoft.com



promsoft.com



5-1. BASIC command related PC-1500 machine language

112

In this section we will discuss the BASIC command related PC-1500 machine language.

5-1-1. NEW

Format (PRO mode)

NEW  expression ¢

(O NEW expression (=0)
Clears program and all data areas and secures the BASIC program area following to
the reserve program arca.

e SR

L Top of the BASIC program

Operation of the PG-1500 only 40C5H
Operation in conjuction with the CE-155 38C5H

See (System memory)

(@ NEW expression (#0)
Effective when therc is no user ROM area. _
Clears BASIC program and all data areas and sets the BASIC program area from the
address represented in the expression, which is valid within an address range of RAM

area except the reserve area.

3@ NEW
Clears BASIC program and all data areas without affecting the BASIC program arca.

When executed in the reserve mode, it clears the reserve area,

5-1-2. STATUS

Format
Status — expression —
(O STATUS O
Similar to MEM, the sum of unoccupied memory size and data memory sizcis given in
terms of bytes.
(@ STATUS 1
Size of the memory used for the BASIC program is given in terms of bytes.
(® STATUS 2
The last BASIC program address plus one address (next to FFH) 1s given.
(¥ STATUS 3
The smallest address where data stored is given.
(& STATUS 4
When BASIC program is in exccution, the line number executed immediately before,
When program execution is at halt. the current line number.
In otherwise condition, “0". Same {or STATUS 5 thru 255,



lﬁ ROM information
¥ Raserve area

Machine language
program area
| BAS|C program area

! STATUS 1
STATUS 2 —E_FFH i User area
Y L B
=i (RAM)
Unoccupied area
STATUS 3 E STATUS G
Data area

L. 4|

NOTE: ROM information is 8 bytes and the reserve area is 189 bytes.

5-1-3. PEEK

Format
PEEK  # 7 expression —
(D PEEK expression
Recalls the data in MEQ area whose address is represented by the expression.
() PEEK # expression

Recalls the data in the ME] area whose address is represented by the expression.

5-1-4. POKE

Format

POKE +— # 7 expression-1 & » — expression-i -

(1) POKE expression-1, expression-2, expression-3, ...
Starting from the MEO area address represented by the expression-1, it begins to store
successive data in order of the expression-2, expression-3, ...

@ POKE # expression-1, expression-2, expression3d, . ..
Starting from the MEI area address represented by the expression-1, it begins to store
successive data in order of the expression-2, expression-3, ...

CAUTION: Since the I/Q port controller is in the ME1 area for the PC-1500, care must be

taken not to have a wrong use of this command, as it may possibly result in
destruction.

(EX): POKE &4700, &01, &02, &03

Address Data W
4700H O1H
4701H 02H
4?03H 03H ]
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5-1-5. CALL
Format
CALL — expression 1~ > — variable

(D CALL expression

Machine language program starts to execute starting {rom address specified by the

eXPression.
Progam returns from the machine language routine by the command,
(D) CALL expression, variable
1) When the variable is a numerical variable (within a range of —32768 thru 32767)
. The value of the variable is transterred to the Xreg.
2. Machine language program is executed from the starting address represented by
the cxpression.
3. Il there is a carry when returns, the value of the Xreg is transferred to the variable.
2) When the variable 15 a nonnumeric variable
1. The leading address of the nonnumeric variable is transferred to the Xregand the
size information of the nonnumeric variable is transferred to the accumulator.
2. Machine language program is cxecuted from the starting address represented by
the expression.
3. If there is a carry when returns, the character string whose size is indicated by the
accumulator is transterred to the variable from the address represented by the
Xreg.

NOTE: Itwill resuttin ERROR 7 for a two-nonnumeric variable whose variable has not been
defined.

5-1-6. CSAVE M

Format
CSAVE M . —1 y “lile name™; - expression-1, expression-2 - , expression 3 y
(D CSAVE M expression-1, expression-2, expression-3
Data residing from the address represented by the expression-l to the address
represented by the expression-2 is recorded on the tape as the machine language

program.
When the expression-3 is given. execution will automatically take place from the
address represented by the expression-3 upon loading of the program from the tape.
File name will alse be recorded on the tape. when there is a file name.

(» CSAVE M-1
Tape control will be set to the REMOTE-1 sidc.

5-1-7. CLOAD M

Format
CLOAD M T —1 g “file name”;  expression
(D CLOAD M
The machine language program recorded on the tape is loaded into the same memory

area as when recorded.
When the expression 15 given, program load will take place from the address
represented by the expression.
It there have been the expression-3 during data save, program execution-will
automatically take place from the address represented by the expression-3 upon
completion of program load. However, automauc execution will not start if the
expression is given.

(®» CLOAD M-1
Tape control will be set to the REMOTE-] side.



5-2. Internal code chart

With the PC-1500 system, BASIC command is converted into internal code of two bytes
to be processed by the PC-1500 system.
Shown next is the list of commands with corresponding internal codes.

| COMMAND [INTERNAL COD]
SETCOM E882H
SETDEV E886H

COMMAND  |NTERNALCODEl | COMMAND  INTERNAL CODE]
ABS |F170H [LCURSOR .EB6B83H
{ACS |F174H |LEFTS . F17AH
| AND |F150H4 |LEN | F164H
AREAD PFI180H LET F198H
ARUN "FI181H 'LF FOBG6H
ASC F160H' LINE FOB7H
ASN F173H1 LIST FOOOH,
CATN JF175H1 LLIST FOBBH
. BEEP 'F182H PLN F176H
‘BREAK {FOB3H || LOCK F1BS5H:
'CALL  |F18AH|[LOG FLE1H
| CHA I N FOB2H||LPRINT FOBOIH
CHR§ F183H MEM F158H
CLEAR F1g?7H | IMERGE FOBFH:
{CLOAD FoggH | MIDS F178H
: L FoggH NEW F198H
‘COoM$ 'Egs5gH. NEXT F19AH
CONSOLE 'FoB1H _NOT F160H |
CONT F183H, OFF FI19EH
COLOR FOB5Hf ON F19CH
cos F17EH! OPN F19DH
CSAVE FO95H, OR F151H:
CSIZE E680H: QUTSTAT |E880H
CURSOR Fog4H i |PAUSE FT1A2H
DATA F1SDHIJPEEK F 16 B
DEG F165H:IPEEK¢: F168EH:
'DEGREE F18CH: P F15DH !
DEVS "E857H |POINT  Flg88H
oI M 'F18BH | POKE F1ATH
DMS EF166H POKESH F1AQOH
DTE "E8B4H _PRINT FOO97H
"END "F18EH :RADIAN F1AAH
ERL . FO053H ,RANDOM F1AEBH
ERN |'_‘052HI READ F1ABH
ERROR F1B4H | REM F1ABH
"EXP F178H | IRESTORE [ F1A7H
FEED "FoBOH | !RETURN F199H
"FOR tF1Aa5H | (RIGHTS F172H
"GCURSOR [ FO93H||RINKEYS EBS5AH
GLCURSOR]EGBQH RLINE FOBAH
EGOSUB F194H||RMT E7A9H
L GOTO F192H ! !RND F17¢CH:
i GPRINT FOSFH|; ROTATE "E685H |
|GRAD F186H | RUN F1A4H
|GRAPH  |E681H
JLE F196H
CINKEY S F15CH
EINPUT FO91H!
iiNSTAT cE8539H;

CINT CF17H:

"SGN ‘F179H!
SIN  F17DH |
SORGN "E684H"
SPACES FO61H
SQR F168BH
STATUS CF167H
STEP FIADH i
STOP F1ACH
STRS$ F161H
TAB  |FOBBH
TAN F17FH
TERMINAL |EB883H
'TEST FOBCH
TEXT E686H
THEN F1AEH
TIME F15BH
TO ' F1BI1H
' TRANSMIT: EB85H
' TROFF FIBOH
TRON F1AFH
'UNLOCK "F1B6H
USING L FO85H :
VAL F162H
WAIT F1B3H
[ ZONE ~ |FoB4aH
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5-3. Expression of variable and program

5-3-1. Expression of decimal number

Decimal number consists of eight bytes which are used to represent number within a range
of —9.999999999 X 10*° to + 9.999999999 X 10™ and arc composed of the exponent part,
mantissa sign and mantissa part.

‘ o ! | | i : Exponent part; expressed in a binary number.
: i | Negative number is represented by
o complement.
L ; aon Mantissa sign: 00H {Positive)
MEmnese 80H (Negative)

L-Mantissa sign
Exponent

{Example when numeric is stored from 7AO00H to 7A07H)

ZAO0H 7AO7H
03H OO0OH|15H|/00H 0CH 00H OOH]| 00H]150

OOH'OOHI12H_“3_4Hi56H_OOHAOOH"OO_H<‘1.23456
FOH OOH|12H[34H 56H ' 78H 90H | 00H |0.00123456789012

U8H 8oH |12k |34H 00H ' 00H O0O0M[OOH]|-1.234x10°

5-3-2. Expression of binary number

Binary number consists of cight bytes, but five bvtes arc not used. [t expresses a binary
number within an integer range of —32768 thru +32767.

oy e P BB g 26 i
| Lk KX | ; . Negative number is expessed by a complement.

Invalid data ) Eﬁzﬁ __L ﬁlﬂ—-rnvalid data
Binary number

{Example when numeric is stored from 7A00H to 7TAO7TH)

i’
TAQOH | . . TRO |
ok ok ok | ok B2H 05H DCH| > . 1500 i
| *x k | % | k_'B2H FFH FBH| % | -5 |
|k k k| ok B2H 7FH FFH| % | 32767 i
Lok ¢ %k | %k B2H BO0H O00H| % | —32788 |

NOTE: Noted with an asterisk (s} indicates invalid data.

5-3-3. Expression of character string

Character string information is composcd of cight bytes (with four bytes of valid data) and
it resides in the address contained in the character string information.

3 : ) i : T Size of character string: 01H thru 50H
' i H - ] )
| 5 o L * . % * L AR JAtoL LE_I!?TH. Leading address of character string:

5 DOOOH thru FFFFH

In\.ral.i'd data DéH Leading address i—Size af
of character character
string string

Example that the character string information resides in the arithmetic register and the
character string "SHARP" resides in the string buffer.

7A00H JAG7H
* * % . X " DOH 7BH . 10H O5H .
ik 78lM
53H 48H 41H  52H  SOH
s H A R P
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5-3-4. Structure of variable name

Variable name field is made of two bytes which consists of variable name composed of
ASCH character, distinction of numeric and nonnumeric variable, and presence of array
assignment.

High arder Byte Low order Byte
: ! | : T r YT :
B+ 8 3 p & PRI T I
S o I
l; First ASCIi character ‘ Second ASCI character
=k ‘ ‘ —(l_ow order 5 bits} ,

riu’ariable na‘me i Egde
l 1

I_A—  Tair00 l ‘ ‘ \—[ 0: Numeric variable
.'FB T 421 1H | ~ : L1_:_N0Tim9(ic variable
lge = g asgH ' ‘ g .
kL R e ol — ~—— = 7ih bit from the LSB of lh—e‘.
P D._D_“ S ‘ u ﬂil ‘ l_seccr‘ld ASCIl code |
lE$ 4520 ol l, _ -
s B e g _— * 0: Not array variable nor @
!I_F Fi __l 4 ﬁ 6 FLI 1: Array variable or @ |

GG$ (2} 47E7 H_‘| & B =N
w3y lacsoR!
PZ2% (4} _:_fi AE AHJ

f {EX) When array declared to “A%(1,2) % 3"
ZByte 2Byte 3Byte 3Byte 3IByte

I4]A0i00115i02;0]I03!A$(U,O) $ (0,1) [

i | - Data— —Data— |
s Toe  w G mlome——well one o PR R N - S e
Variable Byte count Second Size Data
narmne of whole  subscript af
memory —3 character

FirstJ string
subscript (88 for
numerfc)

5-3-5. Structure of program

Each of program lines is composed of the line number, line size, program code,.and end

|
|
|

cade.
. i H : ! Y
Line number  Line size  Program code C/R Line number  Line size
10 PRINT A
20 END ' The abave programmed lines will be as follows (without {module}:
. Addréss Data
40CHH  DOH |,
. 40CEH oAaH !
ADCTHE 1 DA HT e Line size
 40CBH FOH
_40€cah _g7H PR
40CAH - A1H e A
40CRBH ODH o C/R
40CCH_ 00H |,
_40COH Ay '°
CAREEH | 3R Line sizc
40CFH__ F1H
aDpon . sam  EP
_A0DIH _ ODH _ eGAR
40024 b EH ee-Code toindicate end of BASIC program.
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5-3-6. Structure of reserve area

(D) Leading address of the reserve area

)‘System conflguratlon

[ ®

1500 OMNLY
PC- 1500+CE 151
PC—1500+ CE—156

 PC--1500—CE—159

Leadmg address|
4000H
400H |
800H
©2000H

() Reserve memory configuration {when only the PC-1500 is used}

.1_’—3'4 5 s(? 8 QIA—,—C D'_,—F

A i i
Key symbal of the reserve number | (26 bytes}

| l

|Key symbol of the reserve number [l {26 bytes]

4
Key symboi of the reserve number 11 {26 bytes}

| BELE
n———

The contents ol reserue keys are stored i

_!_ ]
—
|

[ ==
I

Tl

T

E

ri_'r :

[ order o[ reglstranon t1‘|1 bytes)

Machme fanglage

ASIC program i

b

K"““'-h-h

'4W FIOM statusmformauon [
!401

'_402

. 403 [

i 404

ljd.us [
406

e ]
| 408 S
s T T
4DA__' : ‘
r;ﬂa._IW.
aoc ||

L hwm g T ] F
soe |

o T[]
NOTE: When NEW L:

() ROM status information

is executed

'L

¥

in the
RESERVE mode, address area from 4008H to
40C4H is filled up with "QOH".

(3 Reserve key code

[arsidflis "p | 0 1

F1 |orA[11A]09H]
~ F2  '02H 12H DAH
pFT "03H.13H; 0BH

F4—JOW'14ﬁocm
T F5  10SH'1EH 0DH
[ F8_ ,06H.16H 0FH

®Reserve key contents are stored
following to the key code.

® Reserve programs are stored in
order ofregistration. Inthe case
of re-registration, the previous
program is deleted and the new
program is added following to
it.

r ADDRESS

DESCRIPTION
4000H 55H )
}‘ 4001 H High order one byte of the ROM top address
4002H High order one byte of the top address of the BASIC program,
assuming the ROM top address to be "0000H".
4003H Low order one byte of the top address of the BASIC program,
assuming the ROM top address to be “0000H”
4004H Write the following code according to the ROM size
1KB: "04H” 2KB: "08H" 4KB: "10H"
8KB: "20H" 16KB: “40H"
4005H Undefined
’_ .
40064 Undefined
4007H To make the program confidential, write "00H"
To make the program not confidentizl, write "FFH”




{An example of registration)

Key symbol

1 i 1 .
%ReserueNo.l |P H'T I NP G

' Reserve Wi il ; l

Reserve NO.I[I |HUN| |G‘ W ]

IS I N L|US

Reserve contents

i 7
. Repistration
oo s

LR o B N~ O 5 F - " S R % T

H B 2 K5 o - — ey

t

Key

—i_.

F1
F3
2
F 4
E 5
F1
E 3
F 2
F1
F2z

| Registered contents

PRINT
SOTo
INPUT
GOSUB
RETURN
SIN
TAN
GO T Ot
R U N

Cos

"o 1 2 3[4]s

20|47|4Fi54 20|47

g :«'B'B A

BC

DVE|F

20 50 52(54:20

4914|150

53 42'20'52|45|54]20

00103100

'00,00020|53:4% 4E

2014314F 53 201544t

4E20 00

‘06(00|0o|ooloo og

00|00[00H00 0000|120

52/55 4E!

20 47154)4F | 20100

0108100(00 00 06100

00|00,00-

00 DGDQI0G|00|00)

01 FOr97|03)F1 92 02.

£1194 05:F1(99|11
F11A4 4012 F1)7E
(0100|0000 00100

mmmmmm

F1_?0'13 F1[7FioaFT

FO|91|04
‘92(40/04

o0 DOlDUJUO 0060|100

000300

00|00j00 oaloojoo|ooioa oaloe

Q0[00100 00°00|00100

00 00 ¢!

ooloo|oo: oo|no'oo

00 oG UD'ODIOO a0

000010000 00 00100

00jo0 00

goleniog

00‘_00 an 00 00 00 [0i4]]

mwmww

]

Characters are stored in form of character
code and commands in form of internal code.
“00H” is for the end code of data.
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5-4. System subroutines

120

System subroutines used by the machine language program will be introduced next.
However, care must be taken for printer related entry address for it differs depending on
the ROM version of the CE-150. The version number will be indicated in the address

ABOOH,

Version {

Address ABOOH is 44H.

I/Version 1\

Address A800H is BEH.

(1) Character function

byte}

character display

Combination of character D925H | « | VAL DID7H
CHRS% DOB1H LEN, ASC C9D0oH
STRS DICFH RIGHTS, MIDS, LEFTS DYF3H
(@ Arithmetic operations
Substract EFB6&H 10N F1D4H DEG F531H
Add EFBAH COs F391H DMS F564H
Multiply FO1AH TAN F3SEH ABS F597H
Divide FO84H SIN F3A2H SGN F590H
LN F161H ACS F492H INT F58BEH
LOG F165H ATN F496H Power raise F89CH
EXP F1CBH ASN F49AH
(3 Compare
[ Numerical comparison DOD2H H Character string comparison DOF9H
(&) Search
Line number search DZ2EAH Variable search D461H “
KEY scan () E42CH KEY scan {Il} E243H |
(5) Display
Auto-power-off E33FH One character display ED57H
Program display EB8CAH || “n” character display ED3BH
Graphic display EDEFH Curscr mgve after one ED4DH
character display
Hexadecimal {2 bytes - 1 EDS5H Cursor move after 'n” EDOOH




Printer related

Color designation AS19H{A4F7H) || Pen up/down AAE3H{AABDH)
Print ATBTH{A7SBH) | Motor drive ASDDH{ASB7H)
Linefeed ASF1H{A2CBH) || Motor off ATBIH{ATATH)
Paper feed AAD4H(ASDEH) | Get GRAPHIC mode ABEFH(ABCHBH)
Get TEXT mode ready | ACBBH(ACBFH)| ready
(Figures in parentheses indicate version 0.)
(7} Cassette tape

Remote on BF11H Header input/output BCE8H
Remaote off BF43H CMT I/O control .BBFaH
One character save BDCCH Create header BBD6H
One character load BDFOH Transfer file BD3CH
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5-4-1. Character functions

N Combination of character string
Combination of character string-1 and character string-2
() ENTRY PREPARATION
® Preparation of character strings
Character string information of the character string-1 1s stored in the arithmetic
register (7AQ00H~7AQ7H). —
Character string information ot the character string-2 s stored in the arithmetic
register (FALOH~7AITH).
e [0H is stored in the string buffer pointer (7894H}

(& ENTRY ADDRESS
D925H
e Subroutine is called in the following format:
SJP (Address where PSH Xreg is written)
DB DATA (Error return address)
PSH Xreg [
PSH Yreg l Write in other addresses,

JMP D925
1
_ == 7 PSHXreg ]
SJP -7 :
PSH Yreg :
Data .
5. ME  smemmsaons > D925H
Byte count T 2 o
of data By
R T
At error T =T~ RTN

(@ EXIT STATE

¢ When no error
Returns to the address next to the data. Resultant character string informanon will
then be stored in the arithmetic register X (TAOOH~7A07H) and the combined
character strings will be stored in the string buffer (7BIOH~}

e When crror
After storing the error code in the U register. it returns to the data stored addre:
plus one.

NOTE: For details of character string information, refer to the paragraph discussing th
structure of variable and program.
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® CHRS
(D ENTRY PREPARATION

® Preparation of numeric value
An integer of 0 thru 235 is stored in the arithmetic register (7AOOH~7AGTH) in

decimal or binary figure.

e [0OH is stored in the string buffer pointer (7894H).

() ENTRY ADDRESS
DIB1H

() EXIT STATE
e When no error

UH = 00H

r Address , Contents _ ]
. 7A04H C1H
3 -1

7A05H 7BH
# 7A06H 10H

7AO7H ] 00H or O1H
r 7B810H : ASCII code N

When ASCII code 1s 00H, the contents of 7A07H become O0H or 01 H when other than

00H.
e When crror

UH # 00H (Error code is stored in UH)

H STRS
(D ENTRY PREPARATION

e Number to be converted is stored in the arithmetic register (7TAO0H ~7A07H) in

decimal or binary figure.

e |0OH 1s stored in the string butfer pointer (7894 H).

(2 ENTRY ADDRESS
DSCFH
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(@) EXIT STATE
¢ When no error

UH = 00H
Address Data
7A04H DOH
7A05H Leading address of character siring (high order one byte)
7A06H Leading .address of character string (low order one byte}
TAQ/H Sizé of character string

For an actual character string, the string buffer (7BI0H~7B5FH) can be used.

® When error
UH # 00H (Error code will be stored in UH.)

H VAL

(D ENTRY PREPARATION
e Character string information to be converted is stored in the arithmetic register X

(7TAO0H~7A07H) in character string format.

() ENTRY ADDRESS
DSD7H

(@ EXIT STATE
®* When no error
UH = 00H
Result is stored in arithmetic register X (7A00H~7A07H) in decimal figure.
* When error
UH # 00H (Error code will be stored in UH.)

H ASC, LEN
(U ENTRY PREPARATION
e Character string information to be converted is stored in the arithmetic register X

(7A00H~T7A07H).
Address Data
7A04H DOH
7AO5H Leading address of character string (high order cne bytej
7TA06H L eading address of character string {low order one byte)
I 7A07TH Size of character string




o Setup of {unction
Function YL —|
ASC BOH |

l___ LEN 7 64H

(& ENTRY ADDRESS
DODDH

(3 EXIT STATE

When no error
UH=00H
Result is stored in arithmetic reister X (7A00H ~ 7A07H) in decimal figure.

When error
LUIH# 00H (UH=crror codce)

B RIGHTS (Character string., numeric value-1)

LEFTS (Character string, numeric value-1}

DS (Character string. numeric value-2. numeric value-1)

(D ENTRY PREPARATION

Setup of {unction

[ Function YL

_ RIGHTS 02H
 LEFTS | 7am

E_ MIDS 7BH |

-»

Existence of availability for 8 bytes in the BASIC stack (TA3SH~7AI'FH) is
checked.
¢ In the case of RIGHTS, 1LEF1S
(Data of 7890H) << (data of 7891H) — 8
e [n the case of MID$
(Data of 7RI0H) < (data of 789IH) — 16
Since re-write of 7890H and 7891 H is not permitted, it must be avoided to call this

subroutine. unless the above condition is satisfied.
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e Change of the data pointer (7892H)

Funclibn Data j
RIGHTS {data of 7890H) + 8 |
LEFTS }
i MIDS (data of 7890H) + 16|

e Preparation of character string

Address Cata 1
{Data of 7890H) + 4 DOoH
{Data df 7890H) + 5 Leading address of character string (high order oné
i byte)
{Data of ?BQOH) + 6 Leading address of characte'r string (low order one
byte)
r {Data of 7890H) + 7 Size of character string

NOTE: High order byte of address is 7AH.
For actual character string. the string. the string buffer (7BI0H~7BSFH) can be

used.

® Preparation of numerical data
Numeric-1 is stored in 7A00H~7AO7H in decimal or binary figure.
(In the case of MIDS$. the numeric-2 15 stored [rom the address of “data
ol 7890H™ pius eight to the address “data of 7890H” plus fifteen.)
Stored n the above address in a decimal or binary format.

(2) ENTRY ADDRESS
D9F3H

(& EXIT STATE

¢ When no crror

UH = 0O0H
[;. Address , ' Data
; 7A04H | DoH
,  7A05H Leading agdress of characier string {high order one b_yte)—
I TAO0BH - " Leading address of character string ({low order cne byte)
t - YAOf_H I Size of character string ;

For an actual character string, the string buffer (7TB10H~7B5EFH) can be used.

® When error
UH # 00H (UH is substituted with error code.)

NOTE: = - e j
: v R vzl
: c = 3 :
. Stackof | § | % Stack of |
[ i !
FOR | o ! & GOSUB
! — —
Represented © @ Represented
by the 2 2 by the
pointer p T pointer
{7890H) (7891H)
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5-4-2. Arithmetic subroutines

©

@

LU Jpge Bn-am ]

uoizuny aigelea-abag

©)

ENTRY PREPARATION

¢ Preparation of numeric value

Numeric value should be prepared in the arithmetic register X (TAQOH~7AQ7H)
and the arithmetic register Y (PAI0H~7A17TH).
(In the case of a single variable. only the arithmetic register needs to be prepared.

ENTRY ADDRESS

Operétion Address
' add . X ¥ —X EFBAH ;
Subtract X- ¥ —¥ EFBEH
Multiphy X*Y — X F01 AH
Ovide X/ Y —X FO84H
| Power rajse AAY —X% FESCH
' SQR X— X FOEOH
Seuare root LM X —+ X : FI61H
5 = T, i -
LOG X — X ' F165H |
EXP X— X FICBH ?
Logardnm
[0AX =X F104H
SIN X —+X F3A2H
Trignometri :
rr”‘ir'r::e ¥ COS X—X o F391H r
TAN X— X i F39EH
ASN X— X : F49AH
Inverss S i wi i S 4 E
tugreenesc ACS X—X F492H
funci-on &
, ATN X— X F496H
Dearoe ta meiaule DEG ®x— X FE31TH
and N
::cond LONVETRian DMS X—X Fo64H
Absolute valae . I;Bg_ — X __— FHa7H o
Sign SGN X—~X F59DH
e INT X — X ! FSBEH B
EXIT STATE

e Result will be stored in the arithmetic register X (7TA00H~TA07H).
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5-4-3. Comparison

M Comparison of numeric
(Numeric 1) {3 (numenc 2)
> Indicates the operand.

() ENTRY PREPARATION
e Sctup of operand

5 Opera'nd - Accumulator data
' 00H

® |he numeric is stored in the arithmetic register in a format of decimal figure.
Numeric 1 | Arithmetic register X (7TAOOH~7ADTH) !
Numeric 2 Arithmetic register X (?A_me?m?H)

(» ENTRY ADDRESS
DOD2H

® EXIT STATE
e When the operand is established
The tlag Z s reset to *07 and the anthmetic register turns to “1™

7AQO0H 7AQ7H
0O OO 10H  0OH  OOM OOH  OOH  OOH
e When the operand s not established
The flag Z 1s set to “17 and the arithmetic register tuens to 07,
7AO0H 7AO7H
~ 00H  ODH 00M . 00H 00H oOH  00H  0OH

B Comparison of character string

{Character string-1} 7> (character string-2)

77+ Indicates the operand.

(1} ENTRY PREPARATION
® Designation of the operand

Operand Accumulator data
02H
- o
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® Preparation of character string

~ ———_________: Address 1 Charécter Character ]
Comtents o Ty WG| sting2 |
DOH 7A04H 7A14H '
Leading addré;-of {hig—hora) i —_AL— 7A05H | 7AI5H :

e cnarater g [ oworgen | 7Aoo | taren _

| Size of the character string 7AD7H f 7A :7Hj

For the address where the character string 1s stored, the string butfer {7B10H ~7B5FH)

can be used.
e [(H is stored in the string buffer pointer (7894H).

(@ ENTRY ADDRESS
DOFOH

(3) EXIT STATE
® When the condition for the operand is established (Z=0)

FAOOH 7A07H
o 00H 10H 00H E (oH 0H 00H 00H
¢ When the condition for the operand 1s not established (Z=1)
FAQOH JAQ7H
00H 00H 00H ' OOH 00H  O00H 00H OOH

5-4-4, Search

M Variable address search
(1) ENTRY PREPARATION
o Designation of variable name
The variable name is stored in the Ureg.
e Whether array is one dimension or two dimension is stored in parameter F F
(788CH).
one dimension: 01H
two dimension; 02H
® Subscript is stored in the arithmctic register X {(7AO0H~7AQ7H).
When one dimension array; the first subscript
When two dimension array: the second subscript
e Subscript is stored in the arithmetic register Y (TAIOH~7AL7H).
When one dimension array: No need
When two dimension array: the (irst suhscript
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() ENTRY ADDRESS

D461H
e Subroutine must be called in the following format:
SIP D46lH
DB FAH
DB DATA ... .. (Decides the address to return when an error is met.)

@ EXIT STATE
s When no crror
The leading address of the vanable is stored in the Ureg. and the vanable name and
the data size is stored tn the arithmetic register X. Then. it returns to the address that
follows DB DATA.
-

7ACSH 7A06H 7A07H _
UH o+ UL 10001000  Numeric variable
B UH— EI—UL—. Oﬁx—xxxxx—, Nonnumeric variable

Leading address Size secured
of variable for the variable

o

® When error
Returns to the address that data plus one i1s added to the “data writien address™ after
storing the errer code 15 stored 1n LUH.

M Key scan (I)
{1) ENTRY PREPARATION
e None
{2 ENTRY ADDRESS
E42CH
(& EXIT STATE
& The kev code of the keyv that depressed at that tume s stored in the accumulator.
Il there is no key depression, “00H™ will be stored in the accumulator,
B Key scan (lI)
(D ENTRY PREPARATION
® None
(2 ENTRY ADDRESS
E243H
(3 EXIT STATE
e The key code of newly depressed key is stored in the accumulator. Although it does
not return until a next key 1s depressed. it may end in auto-power-otf unless a key 1s
depressed within seven minutes. (However. the previous state resumes with
depression of the _B_"__] kev.
When the “Ct:  key is pushed. PB7 of the PC-1500 1F register (#FOOBH) will be
scl.
NOTE: So long as PB7 of the address =FO0BH is set. "0EH" will be stered in -the

accumulator.
PB7 of the address =FOOBH will be reset when "AN| #FO0BH. FDH" is executed.



& Search of program line

(D ENT

RY PREPARATION

® Line number is stored in the Ureg {0001 H = Ureg = FFFFH).

(® ENT

RY ADDRESS

D2EAH

e Subroutine is called in the following format:

SJp D2EAH
DB DATA

(& EXIT STATE
& When the specified line is found
Returns to the address that follows DB DATA after storing the data in SEARCH

(T8 A6H~T78ABH).
l__ TBAB_H Leading address of the line ]
I T8ATH Leading address of the line i
78ABH Line number "
78A9H Line n.umber
78AAH | Leading address of the .Iine plus 3
¥ 78ABH Leading address of the line plus 3 |
s When the specified line is not found
Returns to the “data written address”™ plus one after storing the error
code in UH,
[ Carry Condition f
0 No specified line found, a_nd search is_made to the Ias_t_c_)f _t_he program. “

]

Found the line larger than the specified line.

5-4-5. Display

B One
() ENT

character display
RY PREPARATION

» Display start position is stored in the cursor pointer {7875H). Cursor will be effective
within a range of 00H to 958H.
o (Code of display character is stored in the accumulator.

@ ENT

RY ADDRESS

ED57H
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(3 EXIT STATE
& No change takes place in the cursor pointer.
e Change will be met in carry depending on the cursor called.

—

Cursor Carry
Q0H~95H 0 d
96H~9BH _ 1 ?

e One character will be displayed on 1L.CD.

B Moving cursor after displaying one character
(U ENTRY PREPARATION ;
¢ Display start position is stored in the cursor pointer (7875 H). Cursor will be effective
within a range of 00H to 98H.
e (Code of display character is stored in the accumulator.
() ENTRY ADDRESS
ED4DH
(3 Change will be met in the cursor pointer.

Cursor position when called Cursor position after return
b 00H~95H Previgus cursor position -6
| 96H~9BH 0oH

e One character will be displayed on LCD.

B Auto-power-off

() ENTRY PREPARATION
* Nome

(@ ENTRY ADDRESS
E33FH

(& EXIT STATE

» When power is turned on once alter auto-power-off. no printer initialization takes
place.

s When power is turned on by means of the @ key once after auto-power-oft, it
needs to push any key, except  {SHAT], 'SML!. and [0 ] key. as subroutine is In
execution.

Note: An example of manual operation

Example of manual operation

Key operation Cisplay

CALL & E33F | CALL&E33F _
i S — N = . :
| ‘OFF state '
= — . N

: GAll & E33F
s : e

I Any key except [SHE ., [SM_jand [ ]! >
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B “n” character display
(U ENTRY PREPARATION
e Display start position is stored in the cursor pointer (7875H).
e Size of the character string is stored in the accumulator (01H = ACC = 1AH}.
e Lcading address of the character string 1s stored in the Ureg
{0000H =Ureg=FFFFH).

(» ENTRY ADDRESS
EDOOH

(@ EXIT STATE

e (Change will bc met in carry.

r Carry . Cursor position
0 Next to the rightmost position of the character string on display.
1 Indicates the last character on the display, in ca'se display should end
L at 26th digit or exceed 26th digit. 4

NOTE: When display exceeds 156 dots, the contents after this dot posttion will be ignored.

H Quiput of “n” characters from the top of LCD
“n" characters will be displayed unconditionally from the left side of [.CD.

() ENTRY PREPARATION
¢ The Ileading address of the character string is stored in the Ureg

{0000H = Ureg =FFFFH).
e Size of the character string is stored in XL (01H = Xreg =1AH}.

(@ ENTRY ADDRESS
ED3BH

(@ EXIT STATE

e (hange will be met in carry.

!—_Carry i Contents '
0 Character string within 25 characters.
1 Character string more than 26 characters. J

B Hexadecimal (2 byte — 1 byte)
ASCI code of two bytes is assumed to be a hexidecimal figure and is changed into
numeric of onc hyte. )

(D ENTRY PREPARATION
e | cading address of the ASCII code is stored in the Xreg.
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® ENTRY ADDRESS
ED95H

(3 EXIT STATE
® In Xreg is stored the value of previous Xreg added with 021H.
e The onc bhyte ol the dertved data 15 stored in the sccumulatoer.

B Graphic display

@ ENTRY PREPARATION
e Qutput pattern 1s stored in the accumulator.

(» ENTRY ADDRESS
EDEFH

(3 EXIT STATE
e Contents of Xreg. Ureg. and accumulator become irrelevant.
e No change takes place in the cursor position.

(Reference)
Lco

0 __ Z _ =

12 7 . -
= T g

3 / %2 -

5 VA -
. , V72

i t
2BH BAH

B Program display
() ENTRY PREPARATION
A. In the case of numeric
Data is stored in the arithmétie register {7AUOH~TAO7H).
B. In the case of character string or program
Data is stored in the input butfer (7BROH~7BFFH).
Cursor position is stored in Yreg. (In the case ol program. 7BH 15 stored in YH)
C. Paramcier F F (7880H) 15 set.

Data of 7880H 1 Display contents
40H 'Chara'cter sth’ng is displayed according to Yreg.
i 0OH Character stringﬂ is dis.piayed from the top, rega.rdless of Yreg i
| contents.
I 20H 5 Numeridal value of the arithmetic register X is displayed. N
10H Line number, space, and program are displayed from the'{op.
T 14H ' Line number, colon, and program are displayed from the top.
50H Line number and space are displayed in a middle of program
according to Yreg.
54H : Line number and cdlon are displayed in a middle of program

| according to Yreg.




(2 ENTRY ADDRESS
ES8CAH

() EXIT STATE
# Displayed on LCD according to direction.

NOTES: 1. In the case of an internal code, the cursor must show the code position on the lower
side of 2 bytes.
2. Numeric is displayed in right justified manner and character string in left justified
manner.
3. Numeric has no concern with USING.
Only 26 characters will be handled for a character string exceeding 26 characters.
5. ODH is required at the end of character string for the input buffer.

=

5-4-6. Printer

EColor designation.
(D) ENTRY PREPARATION

® The specified color code (0~3) is stored in the Ul
(@) ENTRY ADDRESS

AS519H (A4F7H for the version ()
(3 EXIT STATE

® Return with the motor on,

(Motor off routine must be called after EXIT.)

(EX} LDI UL, color code
SJP ABIGH
SJP A769H
RTN

B Motor drive

(D) ENTRY PREPARATION
® Set the address pointer in the Xreg to indicate the value of relative movement. then

store the value of relative movement after that address pointer.

Address shown by Xreg AXH: High order 8 bits of the relativé "}ngv_é.r.nent value
towards the X direction.
Address shown by Xreg+1 AYH: High order B bits of the relative movement value
towards the Y direction.

Address shO\-n.r.n by Xreg+2 AXL: Low order 8 bits of the relative movement value
) towards the X direction.
Address shown by Xreg—2 | AYL: Low order 8 bits of the relative movement value

i towards the Y direction,

(2) ENTRY ADDRESS
A8DDH (A8B7H for the version 0.)
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) EXIT STATE
e The motor is on. (Motor off routine must be called after EXIT.)

NOTE: Negative movement must be indicated by a complement.
Relative movement must be within a range of —32768 thru 32767

B Motor off
(D) ENTRY PREPARATION
® None
() ENTRY ADDRESS
A769H {A747H for the version 0.}
(3 EXIT STATE
®» Motor oft

H Pen up/down
() ENTRY PREPARATION
e FEither 0H or FFH is stored in the PEN UP: DOWN F.I' (79E9H).

we [ oon |

DOWN FFH J

() ENTRY ADDRESS
AAE3H (AABDH for the version 0.)
(@) EXIT STATE
® Pen ascends or descends then solenoid turn inactive.

B GRAPHIC mode preapration
(D ENTRY PREPARATION
® None
(2> ENTRY ADDRESS
ABEFH (ABC6H for the version () .-

(3 EXIT STATE

L Line (7T9EAH) " ooH
Rotate (79F2H) 00H
User counter {79EOH~79E3H} 00H_j

NOTES:

1. Because G/T (79F0H) is not changed, it needs to store FFH in G/T (79FQH) after return.
2. CSIZE does not change.

3. Scissoring counter does not change.



®@ TEXT mode preparation
(1) ENTRY PREPARATION
e None
(z» ENTRY ADDRESS
ACBBH (ACBFH for the version 0.)
(3 EXIT STATE

Line (7T9EAH) 0OH J
G/T (79F0H} ooH
Rotate (79F2H) 00H

NOTES:

1. When the scissoring counter YH and YL (78E4H~73E5H) exceeds 0200H, it makes 79E4H
turned to 01H and 79E5H to FFH. When (79E4H~79E5H) is below 01FFH, itcauses nochange
in 79E4H and 79ES5H,

2. CSIZE does not change.

B Paper feed
() ENTRY PREPARATION
® Puaper [eed count is stored in the address represented by the Xreg. { Negative number
is indicated by a complement.)
(2 ENTRY ADDRESS
AAQ4H (ASDEH for the version 0.)
() EXIT STATE
® The motor stays on. (Motor oft routine must be called after EXI1.)
NOTE: Paper feed count may change after setting the CSIZE.

B Linefeed
(£} ENTRY PREPARATION
o Linc kind {79EAH) must be reset 1o 0.
» Address arca that can be destructed should be stored in Xreg. (X—10 ~ X+1 will be
destructed.)
(z) ENTRY ADDRESS
A9F1H (A9CBH for the version ()
(3 EXIT STATE
® The motor stavs on. (Motor off routine must be called after EXIT.}

NOTES:
1. When the contents of Xreg is 7A22H. data in 7A18H thru 7A23H will be destructed.
2. Paper feed count changes after CSIZE.
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@ Print
() ENTRY PREPARATION
o (0H is stored in LINE TYPE (79EAH).
o Print code storing address must be stored in the Xreg.
(When 7A20H is stored in Xreg, it affects the data in 7A08H thru 7A37H. So, care
must be exerted not to destruct address area of the Xreg represented address minus
ten and plus one.
e Print code is stored in the address represented by the Xreg.
() ENTRY ADDRESS
A781H (A75BH for the version (.)
@ EXIT STATE
® Stays on.
® The value of 6XCSIZE will be added to the contents of CURSOR (79E6H). (Motor
off routine must be called after EXIT.)

5-4-7. Cassette tape

B REMOTE ON
(O ENTRY PREPARATION
e Sets the PARAMETER F/F {7879H).

Contents of 7879H Remote CMT input port
OXXOXXXX ] . Close
(00.6.45.9:4.9.4 1 {CMT output)
TXXOXXXX 0] Open
1XXTXXXX T (CMT inputy

(» ENTRY ADDRESS
BF11H
@ EXIT STATE
® REMOTE 0 or 1 turns active according to the contents of the
PARAMETER F/F (7879H).

NOTE: This system subroutine drives the relay in the CE-150, regardless
of the REMOTE switch position.

B REMOTE OFF
(D ENTRY PREPARATION
e RMT/BEEP (786BH) must be set to control REMOTE 1.
(Preparation is not required in the case of REMOTE 0.

Contents of 786BH Remaote
OXXXXAXX OFF
10.9.9.9.0.0.4.4 ON




() ENTRY ADDRESS
BF43H
(O EXIT STATE
e REMOTE 0 is off.
¢ REMOTE 1 will be in accordance with RMT/BEEP (786BH).

NOTE: This system subroutine drives the relay in the CE-150, regardless of the REMOTE
switch position.

B Save of one character
(D ENTRY PREPARATION
# Data 1s stored in the accumulator.
() ENTRY ADDRESS
BDCCH
(3 EXIT STATE
+ None.
NQOTE: This system call must be executed after saving of the synchronizing header,

B Load of one character
(1) ENTRY PREPARATION
e None
(D) ENTRY ADDRESS
BDFOH
(@ EXIT STATE
¢ Data has been sent in the accumulator,
e Change takes place in carry.

Carry Condition
0] E_nd of data read.
'1 1 Depression of the [BREAK] key.

B Creation of header
() ENTRY PREPARATION
¢ File mode is sct i the accumulator.

File mode Contents
o0+ Machine language
01H BASIC program

g 02H Reserve
| 04H Data

Use another code to avoid confusion, as the file mode for other than PC-1500 1s used.
e File name is stored in 7B69H~7B78H of the output buffer.

(» ENTRY ADDRESS
BBD6H
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(» EXIT STATE
® Hcader is established in 7B60H~7B87H of the output buffer.

}; Address I Contents

7B60H~7BE7TH Synchronizing header

7B66H |
7B69H~TB78H File name

| 7B78H~7B87H | All DOH

File mode

‘B Header input/output
() ENTRY PREPARATION
e Paramcter F F (7879H) 1s set,

"Contents of 7879H In/Out

T-l Remote
DX XOX XXX i 0 side
OXXIXAXX : 1 side
IXXOXXXX | 0 side

b e n
1XX1XXX)_(___ _ 1 side

e RMT BELP (786BH) is set.

Contents of 786BH  BEEP

XXXXXXXO OFF
XXXXXXX ON

s Header is created in the case of output.
(Z) ENTRY ADDRESS

BCESH
(3 EXIT STATE

e Carry changes.

Carry Condition
4] Broken in a middle.
L Input is complete.

e [n the case of input
‘I'he read data is stored in the output buffer of 7B91H~7BAFH.

7B81H ~ 7BAQH 7BAIH  ~  7BAFH

File name

Data of 7B79H~7YBB7H at
the time of header ocutput.

e In the case of output
Stop bit modulation signal stays on,
NOTES: 1. BEEF will be in accordance with 786BH.
2. Paper feed cperation stays prohibited for the CE-150.

3. In the case of input. the file name coincident of the header and file mode is
displayed on the LCD. In case the file name is specified. it is searched until found.
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M File transter
() ENTRY PREPARATION
1} Parameter ' F (7879H) is set.

7879H Contents
—O_OMX;(_X In the-_t_:_e_lse of ioad
O1XX)(XX_X In the case of verification
OXXXﬁ(XX In the case of save - .

2} leading address of input; output data is stored in the Xreg.
3) Bvie count of the data minus one is stored in the Ureg.
(» ENTRY ADDRESS
BD3CH
& EXIT STATE
e In the casc of save

(Carry changes)

Carry ' Condition
1 Broken in a migdle.

0 Input/output is complete.

B Termination of CMT I/O control
() ENTRY PREPARATION
e Parameter ¥ F {7879H} 15 set.

: Contents of 7879H Data input/output
1. 9.£.0.0.9.6.4 Input
OXXXXX KX Output

() ENTRY ADDRESS

BBFaoH

&) EXIT STATE
e Scrial port is reset.
e PAPER FEED key of the CE-150 becomes operative.
e Motor drive turns off.
® In the case of load
Change 15 met in carry, 11, and V.

Carry HIvV it State
: 0 : 2 Load and verification are complete.
1 | 1 = In break. state.
i 1 0] 1 Error occurreﬁce durinug verification.
1 g Q Occurrence of check sUm error___ ™

NOTE: The last transfer "address pius one” is stared in the Xreg.

5-4-8. Caution for system subroutine call

1. Printer related system call
Allhough the error code 1s put on the display when an error such as low battery
occurred during execution ol printer related system subroutine, it is not possible to
check the crror hine using the T key.
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Machine language programming examples

*Machine language program discussed is assumed to start from the address 40C5H.

1A



6-1. Binary to hexadecimal conversion

The binary number stored in the Xreg is converted into hexadeeimal equivalent and stored
in the fixed nonnumeric variable ¥S. Binary numbcer within a range of —32769 < a <7 32768
is applicable.

ADDRESS | MACHINE LANGUAGE MNEMONIC
awcs 6877 ' LDI UH 77H

7 6A EO | LDI UL EOH
9 8 LDA XH

A ! BE 40 EO | sIPAL
D 61 SIN U

E 84 LDA XH
o BE 40 E1 | suP 2
p2 61 SIN U
" 04 | LDA XL

4 BE 40 EO .' SIP

7 61 ' SIN U

8 04 | LDA XL

9 BE 40 El : SIP 2

£ 61 SIN U
B 69 00 | ANI U, 00H
Fooo 94 | RTN

E0 ' F1 il : AEX

1 B9 OF & ANL A, OFH
‘T B7 0A | CPI A, 0AH
5 83 03 : BCS 3
7 B3 30 ADI A, 30H
g | 94 RTN

A B3 36 3 ADI A, 30H
c

9A RTN




6-2. Display inversion

The current display contents are inverted.

" " ADDRESS ' WMACHINE LANGUAGE | MNEMOoNIC |
| "acs T 7 Tes7e . ot umen 1
| 7 | 6A 4D i LDl UL 4DH *
! 9 FD 62 ] DEC UH |
! B 25 i LDA U !
& 5 BD FF EAl FFH |
; E l 2 " STA U |
F \ 88 06 | LOP OBH |
D1 i 6C 77 | CPl UH, 77H |

3 : 93 OF | BCS, — OEH



6-3. Single display dot left shift

The current display contents are shifted to the left by one dot position.

| ADDRESS \ MACHINE LANGUAGE  MNEMONIC
405 FD 88 : PSH X
7 FD 98 PSH Y
9 FD A8 PSH U
B A5 76 00 LDA 7600H
E F1 AEX
F B9 OF ANI A, OFH
D1 0A | STA XL
2 A5 76 01 | LDA 7601H
5 F1 | AEX
6 B9 OF ¥ ANI A, OFH
8 08 STA XH
9 68 78 LDl UH, 78H
B FD 62 ; T | DEC UH
D BA 4D LDI UL, 4DH
5 66 5 DEC U
Ep | 65 LIN U
1 1A STA YL
2 25 LDA U
3 18 STA YH
4 84 LDA XH
5 63 SDE
6 04 % LDA XL
7 2E STA U
8 FD 18 LOX Y
A 88 0D 5 LoP (3
¢ 6C 77 CPl UH, 77H
E 93 15 BCS (1)
FO 04 : LDA XL
1 F1 AEX
2 ! AE 77 4E : STA 774EH
5 84 LDA XH
5§ F1 AEX
;7 AE 77 4F i STA 774FH
A FO 2A POP U
c FD 1A POP ¥
E FO DA POP X
4100 F9 REC
1 9A : ~ RTN

1T AR



6-4. Single display dot right shift

The current display contents are shifted to the right by one dot position.

i

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

L

DDRESS | MACHINE LANGUAGE

40C5

M oM I W -

-n m Q
o m O > 0 O oG & W No= O mom D @ oo N =

m O @ O ~N & ;3 p W N =

]
|
|
|

FD
FD
FD
A5
Fl
B9
0A
AS
F1
B9
08
63
BA
64
65
1A
25
18
84
63
04
61
FD
6E
91
6C
91
64
04
F1l
61
84
F1
2E
FD
FD
FD
Fo
9A

88
98
AB
77

FO

77

FO

75
FF

18
4D
OF
77
15

2A
1A
DA

4C

4D

I3
|
|
:
|
|
|
1
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

MNEMONIC

PSH X

PSH Y

PSH U

LDA 774CH
AEX

ANI A, FOH
STA XL

LDA 774DH
AEX

ANl A FOH
STA XH

LDl UH, 75H
LDl UL, FFH
INC U

LIN U

STA YL

LOA U

STA YH

LDA XH
SDE U

LDA XL

SIN U

LDX ¥

CPI UL, 4DH
BCR,- OFH
CPI UH, 77H
BCR, - 15H
INC U

LDA XL
AEX

SIN U

LDA XH
AEX
STA
POP
POP
POP
REC
RTN

< o <
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6-5. Conversion of USING format expressed
numerical data into character string

() ENTRY PREPARATION
& Numeric data is stored in the fixed numeric variable A in decimal figure and the
format is specified by means of the USING statement.
{Format is within 16 characters and no error is detected duning conversion.)

() ENTRY ADDRESS 40C5H

@ EXIT STATE
¢ Character string is stered in the fixed nonnumeric variable AS. However, A% canbe
anythimg when in error.

() PROGRAM
~ ADDRESS | MACHINE LANGUAGE MNEMONIC [
| T 40C5 48 79 f Lot XH, 7OH !
; B 4A 00 ! LDI, OOH
i 9 | 58 7A LDl YH, 7AH |
B BE F7 3F ‘ SIP F73FH .f
E B5 01 . LDl A, OIH
_ Do | CD 96 VMJ 96H
| g DF i DEC A i
i 3 24 : S5TA UL
4 ; 58 78 ! LDl YH :
6 ! 5A CO , LDI YL .
8 F5 | ; TIN '
9 88 03 LOP 03H _
B 14 . LDA YL .
c B9 OF 5 , ANI A, OFH
E , 8B 02 ' ' BZS. - 02H
ED ; 59 00 ANJ (Y), OOH
2 9A i RTN

6-6. Power off that does not activate the printer
upon power on

With the following program. the printer will not be activated when power is turned on after

power was turned off. the same manner as in the case of " OFF 'to | ON .

,  ADDRESS MACHINE LANGUAGE MNEMONIC
' Taocs AA 78 &F | ; LDI 8, 784FH L
8 _ BE CF CC SJP CFCCH .
B ' BE DO 2B SJP DO2BH f
E BS 3E LDI A, 3EH
Do 1E | STA Y .
1 E9 78 8A EF ANI 788AH, EFH
5 E9 76 4E FE | ANl 764EH, FEH '
g B5 00 ! f LDI A, OOH
B AE 78 80 ' STA 7880H ,i
E AE 78 9C ; STA 789CH
E1 AE 78 9D ! ; STA 789DH
4 BE E8 CA ! SIP ES8CAH ;‘
7 48 CA ; LDI XH, CAH !
9 an 92 LDI XL, 92H
8 FDO 88 : : PSH X
D BA E3 3F . JMP E33FH .

14A
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1. Determining printing character size and
direction
e Specifying printing character size
Print character size (1~9) must be stored in the character size memory (79F4H).
e Specifying printing direction
Print direction (0~3) must be stored in the print direction memory (79F2H),

2. Restoration of array and two-character variable

* Array variable and two-character variable that cleared by means of RUN operation or
CLEAR command can be restored by operating the variable pointer (7899H, 789AH).
Number of bytes dominated by the array variable and two-character variable should be
deducted from the last address of the free area, then store it in the variable pointer,

¢ How 10 store
Assume now “x” is the number that the byte count of array and two-character variable
deducted from the last address of the free area.

a= x {256
h=x—-256%a
Where,

a:  High order two digits when x is displayed in hexadecimal figure.
b Low order two digits when x is displayed in hexadecimal figure.
Whereus, store ¢ in the variable pointer 7899H and A in 789AH.

s Last address of the free area

System configuration Address
PC-1500 only b 4800H
PC-1500 + CE-151 5800H
PC-1500 + CE-155 - 6000H
PC-1500 + CE-159 4800H

e Number of bytes used for the array and two-character variable
Numeric array variable:
7 bytes + 8 bytes > size of array
Nonnumeric array variable:
7 bytes + character length * size of array
(Character size is normally 16 characters.)
Numeric two-character variable:
7 bytes + & bytes
Character two-character variable:
7 bytes + 16 bytes

3. Knowing the use of CE-150

Because the system program ROM of the CE-150 resides in the CE-150, FFH will be read
when a MEQ address range of AOOOH thru BFFFH is accessed with the CE-150 not
connected to the PC-1500. If connected, the contents of AQOOH will fetch COH.

NOTE: PV must be reset.

150



ADDENDUM

SPECIAL NOTICE TO PC1500A CUSTOMERS

Because the PC-1500A provides more RAM than the PC-1500, some of the descriptions of the CHIP
SELECT SIGNAL, MEMORY MAP, and 40-PIN CONNECTOR (for memory modules) require
modifications to suit the PC-1500A.
A summary of the differences between the PC-1500A and the PC-1500 is given in this addendum.
Take notice of these differences when using machine language.

Page

PC-1500

PC-1500A

89

91

(® Chip select decoder
...and it is used to select chip by
means of S0~4, $6,$7,2Y2and 2Y3.

(@ System RAM

Because the 4-bit X 1K bytes TC5514
is used in a pair, the data bus Is
divided into two of DO~D3 and
D4~D7 and the select signal 87 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 arca and for the
fixed variable area.

(® User RAM
It is the user RAM for which 8-bit X
2KB HM6I116 is used. Address
selected by S0 is within 4000H to
47FFH.

4-2-2. Block diagram

4-2-3. Chip select circuit

(¥ Chip select decoder
...and it is used to select chip by
means of S0~7, 2Y¥2 and 2Y3. ...

@ System RAM

Address 1s within 7800H to 7FFFH
of the MEO area which 1s used for the
system memory area, machine
language area (7TCOI1H~7FFFH)and
for the fixed variable area.

(® User RAM
It is the user RAM for which 8-bit X
2KB HMG6116 is used. Address
selected by S0~S2 is within 4000H to
S57FFH.

4-2-2. Block diagram for the PC-
1500A
Refer to 4-2-2 diagram for the PC-
1500A.

4-2-3. Chip select circuit for the PC-
1500A
Refer te 4-2-3 circuit for the PC-1500A.




4-2-2. Block diagram for the PC-1500A
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4-2-3. Chip select circuit for the PC-1500A
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Page PC-1500 PC-1500A
92 ® S0~S7 is selected by the decoder | ® S0~S7 is selected by the decoder
IC (TC4A0H138F) when the gate IC (TC40H138F) when the gate
signal input MEO (G1) Is high, Y1 signal input MEO (G1) is high, Y1
{G2A) low, and G2B is low {G2A) low, and G2B is low
(normally low). {normally low).
SlL...... With high ..., lowsoasto | SI ...... With high ..., low so as to
(YD) select the optional user RAM | (Y1) select the user RAM area. . ..
area. ...
82 Lovonoes With low ..., the S2 output | 82 ...... With low ..., the 82 output
(Y2) goes low so as to select the | (Y2) goes fow so as to select the
optional user RAM area. ... user RAM area. .
> R With low ....the S3 output | S3 ...... With low ..., the 83 output
{ﬁ) goes low so as to select the | (Y3) goes low so as to select the
user RAM area. ... optional user RAM area. ...
S4 s i With high ....the S4output | S4 ...... With high . ... the 84 output
(Y4) goes low so as to select the | (Y4) goes low so as to select the
user RAM area. ... optionai user RAM area. ...
8 e Da not use 559 s Optional user RAM area
(Y5 (Address assignment  of
6800H~6FFFH)
T L A so as to select the system | 8§87 ...... 50 as to select the system
YD) RAM (TC5514) ... Yn RAM (HM6116) ...
3 Chip select signal Chip select signal for the PC-1500A

Refer to following chart for the PC-
1500A.




Chip sel

ect signal for the PC-1500A

i ‘ 0000H | |
i I i | :
| yo : ! |
| pese : OPTIONAL USER MEMORY
CAYo) |
: : i
ll ; . 3FFFH
| | S0 4000H
_ . (Y0) 47FFH
: 51 4800H !
? =) AFFFH ! STANDARD USER MEMORY
sz | 5000H
(7)) 57FFH
53 5800H
3 EFFFH
sS4 6000H :
. OPTIONAL USER MEMORY
L g {¥4) 67FFH
5 55 6800H
(v} s
(¥5) ! GFFFH
j 7000H
INHIBITED
75FFH
56
. V2 7600H
(ve) |
(2¥2) 76FFH
V3 7700H STANDARD USER AND
(2¥2) 77FFH SYSTEM MEMORY
s7 7800H
= MACHINE LANGUAGE AREA
(W} JFFFH {7COTH~TFFFH.
800CH CE-150
SYSTEM PROGRAM,I/0 PORT
CE-153
¥2 I/0 PORT
(1¥2) CE-158
SYSTEM PROGRAM
BFFFH
CO00M PC- 1500A
SYSTEM PROGRAM
I/0 PORT
CE-158
V3 I/0 PORT
— UART
(1Y3)
FFFFH L

NOTE: S0~-87, V2, and
V3 are applicable only
for MED area.



Page PC-1500 PC-1500A
94 4-2-4, PC-1500 system memory 4-2-4. PC-150DA system memorr!
map map
@ ... With the PC-1500. MEO memory | ) ... With the PC-1500A, MEO
area 4000H thru 47FFH and 7600H memory area 4000H thru 57FFH
thru 7BFFH are used for the user and 7600H thru 7FFFH are used for
memory and CO00H thru FFFFH the user memory and CO00H thru
for the system program. .., FFFFH for the system program.. ..
95 MEMORY MAP | MEMORY MAP 1
Refer to following MAP | for the PC-
1500A.
96 MEMORY MAP 1II MEMORY MAP 11

Refer to following MAP 11 for the PC-
15004,




MEMORY MAP i for the PC-1500A

00CH
E
i CE-180
3 i
2000H | '
. CE—159 (ROM/RAM)BKE
L. o
< !
% 380004'
£ 4000H [STANDARD USER MEMCRY (RAM) 6B NOT-USED
= 5800H | cE—151 (RAM) 4KB
6800H |
NOT USED
MACHNE LANGUAGE AREA
(RAM] 1.5K8 J(TCD!H-—??FM
: TE=153 (/G FORT 166 BOOOH
e \BOOFH
SYSTEM PROGRAM
NOT USED o
. 16K8
ADOOH
CE~150 : NOT USED
SYSTEM PROGRAM
. 5 NOT USED
% BKB
=
W CO0OH
0 NOT USED
Er )
3 DO0OH
PC~1500A NOT USED D3FFH
SYSTEM PROGRAM pCooH
FFFH
(ROM) NOT USED
16K8 :
FC—1500 170 B FO00R
FOOFH
¢ FFFFH FFFFH
——
MED ME 1 ]

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

® Reafer to "Memory map Il and III” for *

® PV and PU are bank select signals.

#® Shadowed area can not be used.




MEMORY MAP Il for the PC-1500A

MEMORY MAP when the CE-155 is used.

3000H !
3800H ; CE—155 (R & M) 2KB N
4000H STANDARD USER MEMORY (RAM) 6KB ;
: i }— 8KBINTOTAL
5800H : [
| CE-155 Ty
i {RAM BKB ; r
BFFFH : ;
: NOT USED ;
7600H i !
L ME 0
Page PC-1500 PC-1500A
102 4-3-1, 40-pin connector 4-3-1. 40-pin connector
Pin no. Signal name Description Pin no. Signal name Description
5 54 Address designation 5 NC NC
of O000H~ 3FFFH
16 St Address designation 16 S3 Address designation
of 4800H~4FFFH of 5800H~5FFFH
17 82 Address designation 17 S4 Address designation
of S000H~57FFH ot 6000H~67FFH
18 53 . Address designation 18 85 Address designation
of S800H~5FFFH of 6800H~6FFFH
The above portion should be changed.
154 5-1. PC-1500 Circuit diagram §-1. PC-1500A Clrcuit Diagram

For the PC-1500A, refer to the circuit
diagram on the next page.




