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FOREWORD
Since the release of the PC-1500 on market, we have had great
number of questions from users regarding the machine language
of the PC-1500.
To meet with such demand from ardent users. we are now
sending this text for study of the machine language of the Sharp’s
original design LHS5801 Microprocessor and LLHS81 1 Peripheral
Control LSI in concern with the PC-1500 system. Because the
text is edited on the basis of user questions, it may not support
quality as a guidebook. In such an event. yvou 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. However, vou
should check vour machine language program enough to 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 no liability or responsibility of any kind
ansing from the use of programs or program matenals or any part
thereof.

SPECIAL NOTICE TO PC-1500A CUSTOMERS

Because the PC-1500A provides more RAM than the PC-1500, some of the
deseriptions 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 PC1500 is
given in the addendum on the page 161,

Take notice of these differences when using machine language.
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1. Machine language

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

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

[EXAMPLE] DISPLAY REVERSE PROGRAM

I. Prepare the program with asscmble language consisting of mnemonic codes.

LI
LD
DEC
LDA
EAL
STA
LOP
CPI
BCS
RTN

UH,78H ; : g o
UL4DH prepare {or assignment of the first display buffer address.
UH advance the address
U take data in the accumulator
FFH take the complement
u return data into memory
06H
UH,7TH 1 make the loop
OEH

return to BASIC

2. Translate the above program into machine language. The assembler translates the

asscmble language into the machine language automatically according to the list.

However, a short program can be translated manually. (hand asscmblc)

The above program can be translated as follows:

68 78 6A 4D FD 62 25 BD
FF 2E 88 06 6C 77 93 (OE
9A
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3. After the completion of the machine language program, write it in PC-1500 by using
POKE instruction. And execute the program together with BASIC by CALL
instruction.

Execute the following program. You can run the BASIC program with (%] (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 following program after executing NEW &4100 7] |
10 vAn WALIT O

20 PRINT" sharp pocket computer™n
30 FOR A=0 TO 155

40 GCURSOR A

50 GPRINT 255-POINT A

60 NEXT A

70 GOTO 30

B0 END

100 nBn WALIT O

110 PRINT nwsharp pocket computern

120 FOKE &40C5:&B8:&7B:&B6A &40
&FD»68B2 825 8BD &FF + 8&2E » &88 - &06

130 POKE &40D1:&6C:&77:893+8&0E &9A

140 CALL &40CH

150 WAILT 20:PRINT:GOTQ 140

160 END

This manual is divided into three major sections: description of LSI (pp. 5~84: L H5801
Microprocessor & LH5810/ LH5811 1/O port controller), PC-1500 hardware description
(pp. 85~109). and PC-1500 software description (pp. 111~141).

If yvou want to know about PC-1500 system first, read from p. 86.
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LH5801 Microprocessor
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2-1. Outline of LH5801

The LHS801 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 cnables to to configure a variety of systems with a few
additional chips because such as the LCD backplate signal generator, input port, external
latch clock. and timer are built in the 1L.LH5801,

Features of the LH5801

(1) 8-bit parallel data processing
(2) Direct accessing of 128K bytes
(1) Use of a 6-byte general purpose register, in addition to the accumulator. allows to
comprise three pairs of 2-byte date pointers.
(@) 9-bit timer capability
(&) Three kinds of interrupts
® Non-maskable interrupt
® Maskable interrupt
® Timer interrupt
(&) 82 instruction set
(1) WAIT function (memory access control possible)
(&) Clack Pé for input port (8-bit) and external latch
(3) Memory backup function (BFI, BFO)
LCD backplate signal control
(i) External crystal connection for clock generation
(10 Reducing program steps by means of 28-kind single step vector subroutine jump

Do not sell this PDF 1!
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2-2. Intemal Structure

=————— ]
2-2-1. Block diagram
Fig. 1-1 Block diagram of LH5801
A0h
ADO~AD7 XL0 | %L1 $0S  walT HA  HMI M HIN
ﬂ I 1 [
Address bulfe ) i . N——
il il ot | | | o | [ oo
: o [
Lo AR - LeD Ij H]""H?
5 divider backplate VA
K reg K. B |
¥reg 8 — VB
power | WM
ureg ALLE Tunur supply
T [ A cuntrol controf vDIS
s (3
VOC —=
e
()
== Intemal  bus 1
'L‘} Q FHJIkall
* Instruchon decoder Data bus PU Py DisP
P & CPU control control
. OPF BAK BRQ RESET ODR/'W MEOMEIBFO BFt mn._..D?' Im.-\...|N’:|" PU Py DIsSp

Fig. 1-2 Internal register & flipflops

PH

SH

XH

L ¢

st °

H
UH

yL

oliyreq)
UL _Ureg general purpose reqistar

PV

’ Yreg | .

or

P: Program counter
5S¢ Stack pomter

X ° Xreg| Data pointer,

A A A, Accumulator
™ OTM: Timer
"' PU l

DISP: LCD on/foff control
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Internal registers

Symbol MName Bit size Description
P Program counter 16 Indicates the address next to the address the CPU
15 now in execution It will be incremented by “1"
when the next instruction is fetched.
S Stack 16 Indicates the stack address.
pointer
— —d I
A Accumulator 8 Used for retention of operational result or for data)
transfer with the external memaory
XL 8 XL, XH, YL,YH UL, UH comprise independent 8-
xreq Xt 3 bit registers
Also, used as 16-hit data pointers, Xreg, Yreg, and
YL 8 Ureg, when used in a pair.
Yreg | Data register
YH 8
uL 8
Ureg - I—
UH 8
™ Timer counter 9 When "07 is set to the TM, it stops the counter
action. When anything other than “0” is set, it
puts the counter into action. When the TM turns
full of "1" with the interrupt enable signal IE on,
CPU executes an interrupl processing,
PU 1 General purpose flip-flop.
Py 1
DIsP 1 LCD on/olf control
T Status reqister 8 Low order 5 bits represent one of five stalus of
operational result.

Status flags

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

status register T=[0]0 [0 [H[ V] z]iE[C]

{0 Carry flag C
Carry flag C s set when there is a carry from the MSB and reset when there is no carry,
For SUBTRACT, the flag is set when there is no borrow or reset when there is.
(2) Half carry flag H
Half carry flag H is set when there 1s a carry from the bit position *3” (digit-to-digit
carrv) and reset when there 15 no carry.
(3) Zero flag Z
Zero flag Z s set when the operational result is zero and reset when not,
(+) Overflow flag V
Overflow flag V is set or reset depending on the operational result of *C6-HCT™: where,
the carry from the bit position 6 of a single byte data is assumed to be C6 and the carry
from the bit position 7 to be C7.
Singlebysedaia [ T T T 1 T T T |
B7 B6 B5 B4 B3 B2 B1 B0
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2-2-4. CPU pin description

Wy = o O o= O
0555055838288 8338358
A - i - - oL (D e of oL of of o o oI
) 57 hE b5 H4 53 52 51 50 49 48 47 46 45 44 43 42 41 40 39 ]

R/W |58 | D7
P ] 371 D6
Py 6O sl Do
PU 61 B D4
$05 | B2 M D3
XLO B3 i3 Dz
XL 64 32| D
"WAIT |65 N Do
IN7 66 30| MEO
ING 67 LH5801 29| ME]
ING 68 (TOP VIEW) 28| 0D
INd ] 271 HO
IN3 70 26| HI
INZ 7 25| HZ
INT 72 24| H3
N0 |73 23| H4
NC 74 22| Ha
NC |75 21| HE
NC 76 20)  H7

I23_456?8910111213!415]51?]819/

o

:'; OO0 n X Qo w —

M5 e5a5eeE8sezzEE

(1) XLO, XL1
These are external crystal connection pins. X1.0 is the input pinand XL1 is the output
pin. Clock frequency is divided by two inside the CPU. When the 2.6MHz crystal is
connected, the CPU operates under 1.3MHz of internal machine cycle.

(z) 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 direct accessing, but it is made possible to access
even 128K area of memory area when MED and MEI are used.

() DO~D7
Bidircetional 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 isaccessed by MEO and another
64K bytes by MEL, it permits direct access of memory area of 128K bytes in total.
Since MEQ is used for instruction fetch and stack operation, accessing by means of the
program counter P and stack pointer S is imited to a maximum of 64K bytes.
As for data accessing, both memory areas covered by MEQ and ME| can be controlled
by a CPU instruction,
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& 908
Through this line can be supplied the clock to an external system since the clock in the
same phase as the CPU internal basic clock is on this line. Connection of the 2.6MHz
crystal oscillator to XL and X11 will supply the clock of 1.JMHz,
(&) RAW
Memory write signal. A low on this line causes the CPU to send data on the data bus.
@ oD
Output disable signal. A high on this line causes the CPU to prohibit data output to the
external device. It s used in writing data to the memory.

I
! :
DO~-D7F — {: MEMORY DATA: )———( CPU DATA
)
I

Memory read cycle Memaory wrile 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 execution from the
address of the program counter.
@ NMI

Non-maskable interrupt input. High state of this signal causes interrupt to the CPU 1o
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,
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@ 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 FFFSH and low
order byte address by FFFOH.
How instruction execution address is determined against the reset and interrupt

input

Address

ECOOH

ET171H

E22BH

E22CH

FFFBH

o o W

FFFFH

External memory

ﬁ“-—-—-—"‘
Start address
by RESET input
b
A
e
| Start address
/_.- by MI input
m
o
i Start address
by NMI input
gt S .
f"'_"‘\.___“____‘_.
ity
F__.___J_.a—--*"_—_—"-“--..‘ Start address
by timer internpt
m
m
E1H
T1H
EZH |
L
EZ2H |
28H f
EOH 1
00H '
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(i BRQ
Bus request signal.
(i 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 (AD0O~ADI15), data bus
(DO~D7), MEO, MEIL, R/ W, and OD high impedance when BAK s in high level.
@ OPF
Operation code fetch signal which is sent out when CPU fetches operation code
{instruction code),
OPF 15 1ssued 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,

[

1

:

1
ADD | | X
~ #0158 : X i

. !

i
MED -

I
|
:
' i
! |
! I
I
OPF ! ! I \
—- y e
i
i
]

Last Operation code
oyl i fetch !

1) INO~IN7
Input port through which the CPU receives 8-bit data into the accumulator. As internal
pullup resistor 1s used, the CPU assumes it to be high level when not connected.
@ P
External latch clock, With high level of this clock. the contents of the accumulator is
sent on the data bus. Addition of 1C will comprise an output port.
REFERENCE: ATP instruction.
i PU, PV
These are CPU internal fhipflop outputs. PU and PV are furnished with set and reset

instructions.
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a7 WAIT
CPU wait signal. A high on this line stops the clock @ so that the CPU halts its
operation. As soon as WAIT turns low, the CPU resumes the operation.

el L A L AN
il / \
| Flpflop J | \_

WA

NOTE. WA is the flipllop dedicaled to WAIT, by which the WAIT input is received at the falling
edge of the clock @0S. Because the CPU operating clock ¢ stops when WA is high, it
makes the CPU stopped, consequently,

(i HO~H7
LCD backplate signal output. As the liquid crystal display (LCD) is driven by
backplate signals and segment signals, the CPU controls the backplate signals.
(9 VA, VB, VM, VDIS
LCD backplate power supply inputs.
@ HIN
Input signal to the counter from which the LCD backplate signals HO~HT7 are
generated. Normally, connected to pin HA of the CPU.
@ HA
CPU internal divider output pin, 1t s used for the basic clock that drives the LCI that
connected with HIN and the segment signal generating 1LS1.
@) DISP
1.CD on/off control signal output which can be set or reset by means of instruction.
@) BFO, BFI
BF (ipflop output {BFO) and input (BFI1). The BF flipflop is reset by the OFF
instruction from the CPU, and will be set when the input BFI is turned to high level.
BFO is in low level when the BF flipflop is set and in high level when reset.
As VGG 1s power supply to the BF flipflop. the contents of the fhipflop are retained as
long as VGG s in supply.
Normally, it is used for memory backup system.

13
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2-3. Functions

2-3-1. Timer

The timer 15 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 timer operates continuously at all times, When the counter value reaches |FFH, it
issues interrupt request to the CPU. If TE (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. cach one cvele of @F increments the

counter ong step.

Oscillator ¢ 1 1/2 | | Divider &F

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

14
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DATA OF COUNT
COUNTER| NUMBER

“POLINOMINAL COUNTER"
COUNT DATA OF COUNT
NUMBER COUNTER NUMBER

m 1FF 459 087
510 OFF 458 058
509 07F 457 02D
508 03F 456 116
507 O1F 455 188
506 00F 454 1Ch
505 107 453 1E2
504 183 452 OF1
503 1C1 451 078
502 1E0 450 13C
501 OF0 449 19E
500 178 448 1CF
499 1BC 447 1E7
498 IDE 44k 1F3
497 1EF 445 0F9
436 1F7 444 ovc
495 OFB 443 13E
494 070 a4z 19F
493 O3k 441 OCF
492 11F 440 167
491 OBF 439 183
480 147 438 0ng
489 1A3 437 06C
488 1D 436 036
487 OE8 435 118
486 074 434 08D
485 134 433 146
484 190 432 DA3
483 OCE 431 151
482 067 430 0AB
481 133 429 054
480 099 428 12A
479 o4ac 427 035
478 026 426 04A
477 013 425 025
476 009 424 1z
475 104 423 189
474 o082 422 1C4
473 a4 421 OE2
472 120 420 on
47 090 419 038
470 148 418 e
468 0Aad a7 18E
468 052 416 ocy
467 129 A15 163
466 194 414 181
485 1CA 413 0D8
4pd OES §z 16C
463 172 a1 0B&
462 189 410 153
461 opc 409 0OAD
460 16E 408 156

407
406
405
404
403
402
401

400
399
398
397
3%

395
394
393
382
N
3%
389
388
87
386
385
384
383

381

3
378
3n
376
375
374
373
3
n
370
368

367
365
364
363
362
361
359

357

DATA OF | COUNT DATA OF COUNT DATA OF
COUNTER NUMBER COUNTER NUMBER COUNTER
1AB | 355 0A7 | 303 165
105 | 354 153 | 302 152
OEA = 353 DAY | 301 159
075 | 3’2 154 | 300 0FC
03A 35 1AA | 299 17€
1D 350 oD5 | 298 18F
0BE = 349 06A 297 0DF
047 348 035 296 06F
123 a7 O1A 295 137
191 346 100 | 294 098
ocs | 345 186 | 293 04D
064 344 0c3 | 292 126
032 343 161 | 291 093
s | 342 180 | 290 049
0sC 341 108 | 289 124
046 | 340 1EC | 288 092
023 | 339 OF6 | 287 149
1 338 178 | 286 1A4
088 | 337 0BD | 285 002
044 | 336 056 | 284 169
022 | 33 12F | 283 184
o1 334 197 | 282 1DA
008 | 333 0CB | 281 1ED
004 | 332 165 | 280 16
002 | 331 182 | 279 1¥8
001 | 330 109 278 0FD
100 | 329 0EC | 277 07€
080 = 328 o6 | 276 13F
040 = 327 138 | 275 09F
020 | 3% 09D | 274 04F
010 325 04E 273 127
108 | 324 027 | 272 193
084 323 3 | 2n 0C9
042 322 089 270 164
021 | 321 144 | 269 0B2
o | 320 DA2 268 159
188 | 319 051 | 267 0AC
oca | 318 028 | %6 056
062 | 317 04 | 25 128
031 316 104 264 195
018 | 315 085 | 263 0CA
10C 314 142 262 065
086 | 313 0Al | 26 132
043 | 312 150 | 260 199
121 311 1A8 | 259 o0ce
190 | 310 0D4 | 258 066
1c8 | 309 16 | 257 033
0E4 | 308 085 @ 256 019
072 | 307 05A | 255 00C
139 306 120 254 006
03C | 305 19% | 253 003
14E 304 1CB 252 101
15
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COUNT

251
250
249
248
247
246
245
244
243
242
2N
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 |
NUMBER COUNTER

180
0co
060
030
18
18C
0Ce
063
13

098
14C
OAB
053
028
114
184
0cs
162
0B1
058
12C

148
1AL
102
1E9
1F4
TFA
1FD
OFE
17F
0BF
O5F
02F
nz
08B
145
1A2
oDt

034
1A
18D
1C&
OE3
171

0Ba
15C
1AE
0D7
O6B
135
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COUNT
MUMBER

199
198
197
196
192
194
193
192
191
190
189
188
187
186
185
184
183
182
181
180
178
178
177
176
175
174
173
172
171
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 COUNT
COUNTER| NUMBER

09A
14D
146
0D3
063
134
19A
1CD
1E6
0F3
79
03C
1ME
18F
1C7
1E3
1F1
OF8
17C
1BE
1DF
OEF
177
BB
05D
02t
n7z
00B
105
182
0c
160
080
158
1AC
0D6
168
185
ODA
16D
186
108
OED
176
1BB
opD
06E
037
0B
00D
106
083
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147
145
145
144
143
142
141
140
139
138
137
138
135
134
133
132
131
130
128
128
127
126
125
124
123
122
121
120
119
118
nz
116
115
114
113
112
m
110
109
108
107
106
105
104
103
102
101
100

99

88

97

96

DATA OF | COUNT
COUNTER | NUMBER

141
1AD
ooo
168
0B4
15A
1AD
106
1ER
1F5
OFA
17D
OBE
15F
OAF
157
OAR
155
OAA
055
0Za
015
00A
005
102
{131]
140
0AD
050
128
094
14A
A5
152
1AS
104
1EA
OF5
07a
13D
09E
14F
1A7
103
0E9
174
1BA
100
OEE
077
038
mo

a5
94
93
92
91
0
89
88
87
86
85
84
83
82
81
80
79
78
77
76
75
74
73
72
71
70
69
68
6/
66
65
64
63
62
61
60
59
58
57
56
54
o4
53
52
51
50
49
48
47
46
45
a4

DATA OF | COUNT

DATA OF

COUNTER I NUMBER COUNTER

O0E
007

103

181

1C0
OED
070

138

19C
1CE
0E7
173

0BY
0sC
12E
097
048
125
192
1C3
1E4
OF2
179
O0BC
15E
1AF
107
OEB
175
0BA
150
OAE
057
028
115
08 A
045
122
0N

048
024
nz
109
184
0c2
061

130
198
1¢C
OEG
073
039

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

—
[ =

o o= R B A T ] W

e
10E
087
143
1A1
100
1E8
0F4
17A
18D
0DE
16F
187
ooB
06D
136
198
0cD
166
083
059
02¢C
0l
108
185
1C2
OE1
170
1B8
1DC
1EE
0F7
07e
03D
01E
10F
187
1C3
1E1
1FO
1F8
1FC
1FE
1FF
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2-3-2. Interrupts

There are following three kinds of interrupt for the 1. H5801 CPU.

(1) Non-maskable interrupt
When NMI s turned from low to high level, it sets the flipflop IR0 active. upon which
time interrupt is requested 1o the CPU. so that the CPU starts executing the interrupt
processing after completion 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.
IRO will be reset in a course ol the interrupt process.

As the NIM input is sampled by the clock @H. it will become 250k Hz when the AMHz
crystal oscillator 1s connected.

CPU internal

XLO

{ Oscillat s Divder —— i H
XL1

AN EWESRWEWEWRWERWERWE
- 1\

Synchronang—— . L
pulse L

1RO _—/ \__

/ﬂ Rasel 1IRD |

i
Instruction execule e i Inlerrupt processing

—_— —_—

When NMI s turned high. the CPU creates synchronizing pulse at the nsing edge of the
clock ®H. which sets IR0 active. If IR0 is active when the CPU acknowledged the
interrupt afier completion of execution. it goes into the interrupt routine and 1R0 s reset in
a course of the interrupt processing.
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MNon-maskable interrupt processing sequence

Etehit It $=1005H before going into the interrupt

I T process, the contents of T and P are
( ,uiﬁr:‘ S ) stacked, and it becomes S—1002H after the
processing.
T—+(5) Value of 5 — 10024
B e, atter mterrupt
S 1_ 3 1003+ PH
0—IE
0= IR0 1004H FL
PL-={5) Valse of 5 = 1005H T
5—1-+3 before mterrupt e —
PH-+5
5—1—+5
\FFFCH)-—=PH
(FFFOH)—PL e )

(Z) Maskable interrupt
When M1 is turned from low to high level, it sets the flipflop IR2 active. If the
interrupt enable TE 1s active at this point, interrupt is requested 1o 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 IR2 1s set.

M1 input is sampled in the same manner as in the case of NMI

Maskable interrupt processing sequence

Prl—P &—
"]
L'
nsiructon NS taon
[T i lmtch

RE—1 B ™
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(3) Timer interrupt
When interrupt is requested from the timer. it sets the flipflop IR 1 active. If the
interrupt enable 1E is active at this point, the CPU starts executing the interrupt
processing alter completion of current mstruction execution, and IR 1 will be reset in
a coursce of the interrupt process.
When interrupt is requested while TE is inactive, the interrupt will be ignored even
though IR 1 is set,
Timer interrupt processing sequence

{5

=5

L]
L-=i8}
5 15
PH {5}
B-1==3
FFFAH —=PH
FRRER =L

A ¥

T
.2 |
0=t
[
P

Return to main routine

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

Because the contents of the T register and the program counter are stored in the stack at the
beginning of the interrupt processing routine, the contents of the T register in the stack
returns by the RT1 instruction. Since the interrupt enable flag 1E is contained in the T
register, the contents of 1E immediately before the interrupt returns by the RTI
instruction.

To disable maskable or tumer interrupt by the main routine alter returning from the
interrupt processing routine. the bit in the stack corresponding to the flag 1E must be reset.

Priority order of interrupts

(1) Non-maskable interrupt responds -

to the interrupt request whatever
the CPU internal state may be. i B
Also, it responds in the first priority g i /’:"w‘,,,, Mot
even during execution of interrupt L ' o
routine by other interrupt. et e

e ™~

T e
v ~dJ
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2-3-4. CPU system sequence

l: Resat :

Reset
processing

h
Mon-maskalbibe
mierrupt
Prodessing

s trecton
fetch

Instrucion
axeculon

IE=1

ki
Maskalbhe Thner
mnterrupl nlerrupt
PrOCESSNG routme
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2-3-5. BF flipflop

The CPU has two supplies of power; VCC and VGG. As the BF flipflop is driven by VGG.
the state of the BF flipflop 1s retained as long as VGG is in supply, even if VOC supply is
out. The BF flipflop is set when the BFI input is turned from low to high level and reset
when the OFF instruction is issued from the CPU.

Low state of signal 1s on the BF flipflop output BFO when the Nipflop is active and high
state of signal when inactive,

———————— T S S e - ———
\rr.ncl !
|
VCC O—0—no 1 :
R N ;
I BE figtop 1
: — 55 0 '
I CPU LOGIC :
| OFF
i R [+ ————LOI BFO
I |
| L I
GND O . i
e e s e Ao e g i O o
Q
BF)

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

Basically. the wait signal 1s created by the externally provided counter., but the 1/ 0 port
controller with the programmable wait time control feature (LH&511) 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 17O port controller.

> [DMED

F——= DN

05—
W ——
MEQ)——— 10 poort
CFU
— ME1 —3 coniealier
e [~ 07—
e—WAIT
L
Wi | w1
MED
—_—  wail
condition|
ME1
wail
candition
ADD—ADIS
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2-4. LH5801 instructions

2-4-1. Qutline

This section deals with function of each instruction,

ADC

Instruction name

| Functional description |

w #

®Format
ADC RL
Operand

@ Operation
A+ [operand] +C — A
' Symbol —Symbol — Symbol

(EX) :/ Example

g o

Symbols used in discussing operand, function, and operation

24

Al

Contents of the accumulator (8 bits)

XL: Contents of the low order 8 bits of Xreg
YL Contents of the low order 8 bits of Yreg
UL: Contents of the low order 8 bits of Ureg

(RL represents either of X1.. Y1, or Ul.)

XH: Contents of the high order 8 bits of Xreg
Y H: Contents of the high order 8 bits of Yreg
UH: Contents of the high order 8 bits of Ureg

(RH represents either of XH, YH. or UH.)

Xreg: Contents of the X register (16 bits)
Yreg: Contents of the Y register (16 hits)
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 8 bits of the program counter

PH: Contents of high order ¥ bits of the program counter

& Contents of the stack pointer (16 bits)

Sl Contents of low order 8 bits of the stack pointer

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

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

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

(ah): Contents of the memory represented by 16 bits of ab(accessed by MEO): where a

represents high order 8 bits of the address and b low order 8 bits
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#(ah):  Contents of the memory represented by 16 bits of ab (accessed by MEI): wherea
represents high order 8 bits of the address and b low order ¥ bits

i: 8-bit immediate data

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

C: Carry flag

IE: Interrupt enable flag

7 Zero flag

Vi Overflow flag

H: Hall carry flag

- Data low direction

) AND

W OR

=+ Exclusive OR

+- ADD

= SUBTRACT

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

(1) 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 ® (Jperation
ADC RL
ADC RH
ADC (Rreg) A + [operand] + C — A

ADC #(Rreg)
ADC (ab)
ADC Hiab)

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

A= [0 0 0 0 0 0 1 O|Execute A=/0 0 1 1 0 1 0 1|

XL=[0 0 1 1 0 0 1 1
c=0

25
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(@ ADI (ADd Immediate)
To either the accumulator or the external memory is added the immediate data. In the
case of ADI to the accumulator, carry is included in the operation.
C, H, Z, and V may change.

e Format ® ()peration
ADI A A+i+C—A
ADI (Rreghd [operand] + 7 — [operand]
ADI #(Rreg).i
ADI (ab).i

ADI #iah)

| (EX) ADI (Xreg), 20H
| 20H is added to the memory represented by X register

Xreg—4FO0H
c R _ Execute
ontents — Contents _
otdrogn 122 1 V00T 1 tamb=l0 1 0 T D T 1

C=0, H=D , Z=0 , V=0

1) DCA (DeCimal Add)
Decimal addition s carried out between the external memory and the accumulator
mncluding carry, and its result is stored in the accumulator,
C, H. Z, and V may change.

¢ Format ® ()peration
DCA (Rreg) 1) A+ 66H — A
DCA #(Rreg) 2) A+ [operand] + C— A

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

HA+TDA—A

Where, DA 1s used for compensation of decimal
number which is dependent on the valuc of flags C
and H in regard to ltem 2),

c | H DA
o | o | oA
0 i AOH
1 0 FAH
1 1 00H

(EX) DCA (Yreg)
Decimal addition is carried out between the memory represented by the Y
register and the accumulator,

Y req = 4700H

li Contents - After execution of DCA

‘ of 4700H C [ : - T " Decimal addition
B | o2 | 0 | 0 | 1 62H 35+27+0-62
35H 27H 1 0 1 B3H 35+27+1=63
35H &67H 0 1 1 02H B+e7+0=102
3BH | BH 1 1 1 03H 3R E1=103
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() ADR (ADd Rreg)
Contents of the accumulator are added to the R register.
C, H, Z, and V may change.

® ['ormat ® (peration
AR 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=[1 1000011 xt={0 1 00 1 0 1 1]

R i Execute ;
)(L--'IOGQ!BUQ__;——rXH—Gﬂ001D1‘I|

1 C=1, H=0, ZI=0, ¥=1
KH=DDUD1U1U_

(=) 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
carricd out including carry, then its result 15 stored in the accumulator.
C, H, Z, and V may change.

® Format ® Operation
SBC RI A — [operand] — C — A
SBC RH (C, H, Z, and V may change.)
SBC (Rreg) or,
SBC #(Rreg) A + [operand] + C — A
SBC (ah) (C, H, Z, and V may change.)

SBC #(ab)

(EX) SBC XL
Contents of XL register are subtracted from the accumulator.

nzr\oulllbﬂu

xL—\ueluou{)i

L]

~0

27
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(&) SBI (SuBtract Immediate) B
The contents of the accumulator are subtracted by the immediate data including C.

C. H, Z, and V may change.

® Format ® (peration
SBI A.i A—i=C—~A
(C. H, Z, and V may change.)
or.
A+TETS A

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

(EX) SBI A, O7TH

A=[0 o1 00100

i=lo 000011 1]

ﬁ=[‘} 010010 0 | Execute .

=1 1111 6___@'_ 0 C=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 ® Operation
DCS (Rreg) 1) A+ [operand] + C — A
DCS #(Rreg) (C. H. Z. and V may change.)

2) A+DA—A

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

c H DA
0 |' 0 9AH
0 1 AOH
1 0 FAH
1 ! 0OH

. (EX) DCS (Xreg)
The contents of the memaory represented by the X register are decimal

subtracted from the accumulator.
Xreg=4/7/00H
" After execution of DCS
Contents c | e_rqen ution o Secimal ibradon
of 47004 C H A
424 31H 1 1 1 11H 42-31-0=11
[ 42m 3IH 0 | | 0H | 2-31-1=10
23H 54H 1 0 0 £4H 23-54—0=69—100
Z3H | 54 0 0 o EEH 23-54—1=68—100
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(&) AND
The contents of the accumulator are ANDed with the value of the external memory.,
and its result 15 stored in the accumulator.
Only the flag 7 changes.

@ Format
AND (Rreg)
AND #(Rreg)

® Operation
A A [operand] — A
(7. changes.)

AND (ab)
AND #Hab)
(EX) AND (Ureg)
Ureg=4700H
A=(1 10101 00 a=[0 10001 0 0
Contents | Execute  Z=0Q
Grmop: (21 1 @ 1L @8]

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

® Format
ANI A
ANI (Rreg).id

® Operation
[operand] A i — [operand]
{Flag Z changes.)

ANI #H{Rreghi
ANI (ab).i
ANI #Hab)d

ORA (OR Acc)
The comtents of the accumulator are ORed with the value of the external memory, and
its result is stored in the accumulator.

Only the flag Z changes.
s 'ormat

ORA (Rreg)

ORA #{Rreg)

@ Operation
A Vv [operand] — A
(Flag Z changes.)

ORA (ah)
ORA Hiab)
(EX) ORA (Ureg)
Ureg=4700H
A=|(0 1 01 1 0 0 0 a=l01 1 1 1 11 1]
' Execute .
Contents 1 ; 2=h
=i |
ofajpon— 10 01 0 0 1 1 1]

29
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() ORI (OR Immediate)
The contents of the accumulator or external memory are ORed with the immediate
data, and its result is stored in the accumulator or the external memory.
Only flag Z changes.

¢ Format ® )peration
ORI AL [Operand] v i — [operand]
ORI (Rreg)i (7 changes.)
ORI #(Rreg).i
ORI (ab)i

ORI #(ab).i

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

® Format ® Operation
EOR (Rreg) A& [operand] — A
EOR #(Rreg) (7 changes.)
EOR (ah)
EOR #{ah)

{(EX) EOR (Xreg)
Kreg= 4700H

A=[0 0 1 1 01 1 OlexecuteA=[0 1 01 1 0 1 1]
1:

1
Contents _ | —- Z=0 B
of 4700H .D 1 1 01 1 0 |

(19 EAI (Exclusive or Acc and Immediate)
The contents of the accumulator are exclusively ORed with the immediate data, and its
result 1s stored in the accumulator.
Only the flag Z changes.

® Format s {)peration
EAL ABi— A
(7 changes.)

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

s F'ormat ® {)peration
INC A [Operand] + | — [operand]
INC RI (C. V. H,and 7 changed.)
INC RH
INC Rreg [Operand] + | — [operand]
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(EX) INC XL
XL=0 0 1 1 0 1

| Execute
T

x=[0 0o 11100 0]
¢=0, H=0 , Z=0, V=0

(3 DEC (DECrement)
The value of the accumulator or register is DECremented by one. In the case of the 8-

it 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.

e Format ® (Operation
DEC A [Operand] — | — [operand]
DEC RL (C. V. H, and 7 changed.)
DEC RH
DEC Rreg [Operand] — | — [operand]

{(EX) DEC Xreg

XL= _u_n_d_d_'d_ﬁ_a_d]E KL= EEEEE EEE]
iecute

XH-D{]€]1ODGI| AH=|0 0 0 1 0 0 0 O

2-4-3. Compare and bit test

{i& CPA (ComPare Acc)
The contents of the accumulator are compared with register or external memory, and
its result 15 represented by flags C, V, H, and Z.

® Format ® ()peration

CPA RL A — [operand] — change in C. V. H, and Z

CPA RH or

CPA (Rreg) A + [operand] + | — change in C. V. H. and 7

CPA #(Rreg) : ;

CPA (ab) . Comparison | C zZ | v H

CPA #i(ab) A>loperand] 1 0 | * | *
A= [operand)] 1 1 * *
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

A= o1 01001 00
EXeCUte, o=t . 2=0
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(i CPI (ComPare Immediate)
The contents of the accumulator or register are compared with the immediate data, and
its result 1s represented by flags C, V. H, and Z.

® Format ® (Operation
CPl RL,i [Operand] — i — change in C, V, H, Z
CPl RH,i
CPlI A

Comparisan
[Operand] =i
[Operand] =i
[Operand] < 0

* . Refer to "CPA instruction”.

- = |
o = 9N

* ¥ ¥|<
* ¥ % |I

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=4F)0H

A= [ 1 0 _U__. o _D _[] g Execute

» I=1

Contents |
Df-‘-lF[](JH_'.U gge1rd l.

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

@ Format ® Operation
BIT A.i [Operand] » i — Z fag change
Bl (Rreg),/
Bll #(Rreg).i
BIl {ab).i
BII #(ab).i
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2-4-4. Transfer and search instructions

@ LDA (LoaD 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
LDA (Rreg) I: when [operand] = O0OH
LDA #(Rreg) (: when [operand] # 00H
LA (al)
1. DA #(ab)
- 1

(EX) LDA XL

=0 0010000/ x-[00010000

R fiadc_r 000 0]
70

@) LDE (Load and DEcrement)
The contents of the external memory (R register) are transferred to the accumulator,

then *17 is decremented from R register.
Only the flag Z changes,

e Format ® Operation
LDE Rreg (Rreg) — A
Rreg — | — Rreg
Flag 7
I: when (Rreg) = 00H
0: when (Rreg) # 00H
(EX) LDE Yreg
Cﬂntentszu—iﬂ]]no A=|/0 1 01100 0O
of 202AH — Execule
Yreg=202AH  Yreg—2029H
=0
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@) LIN (Load and INcrement)
The contents of the external memory (R register) are transferred to the accumulator,
then *1” 1s added to the R register.
Only the flag 7 changes.

® Format ® Operation
LIN Rreg (Rreg) — A
Rreg + 1 — Rreg

Flag 7
I: when (Rreg) = 00H
(: when (Rreg) # 00H

(EX) LIN Ureg

Contents = R e = el
Execute
Ureg=0055H —— Ureg=0056H
Z=0

@) LDI (LoaD Immediate)

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

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

Two bytes of the immediate valuc arc translerred in the case of the stack pointer.

e Format e peration
@O LDLA, i— A
Flag 72

I: when i = 00H
(0 when i # 00H

@ 1L.DI RL.i i—RL

LDI RH.i i—~ RH
(No flag changes)

® LDIS..j i = SH

j —~SL

(No flag changes)

(EX) LDI XH.5AH

Immediate [ — Executy r =
ki :7|I_{J1{II!GID—=KH—I]IEII‘+D1{}

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

& Format ® Operation
LDX Rreg [Operand] — Xreg
IL.DX S
IL.DX P
(EX) LDXS
§=4700H %", xreg=4700H

(# STA (STore Acc)
The contents of the accumulator are transferred 1o the RL register, RH register, or the
external memory.
No change takes place in flags.

® Format’ ® Operation
STA RL A — |operand)
STA RH
STA (Rreg)
STA #(Rreg)
STA (ab)
STA #(ab)
(EX) STA XL 1
a=fo o1 1001 1| a=[o01 10011

@5 SDE (Store and DEcrement)
The contents of the accumulator are transferred to the external memory (Rreg), then

“1" is decremented from Rreg.
No change takes place in flags.

® Format ® Operation
SDE Rreg A — (Rreg)
Rreg — | — Rreg

(EX) SDE Yreg

N F— | Contents _ [, =

A- |iﬂ 1 7 1 1 ]L!Exnculemqm"'” 0 {]_]_ 1 1 1 11
Yreg=46FFH

Yreg=4700H

_ 35
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@) SIN (Store and INcrement)
The contents of the accumulator are transferred to the external memory (Rreg), then
“1™ is incremented to Rreg.
No change takes place in flags.

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

(EX) SIN Yreg

5 1 Conlents
A= _G U | ' 1 1 1 ] Exocute of d?‘:ﬁ“ - 0 01 1 1 1 1 1
Yreg =4700H - Yreg=4701H

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

® Format ® Operation
STX Rreg Xreg — [operand]
5TX S
STXP
@9 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.

® ['ormat ® Operation
@ PSH A A= (S)
Al B
() PSH Rreg RL — (S)
S=1—8
RH = (5)
99— =5
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(EX) g
1 PSH A
A=|0 01 1 §F 1V 1 1 46FDH
i E:Eﬂtes ~ AGFFH 46FEH XH contents
S —4700H 46FFH XL contents |
4/00H A contents
2 PSH X
b E;ZiH EXCUe & aGFDH
S = 46FFH T
G» 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 1s added by one. In the case of the R

register, the stack pointer is added by two.

¢ Format ® ()peration
@ POP A S+1-—-58
(5)— A

Flag Z

l: when (5) = 00OH
0: when (5) # 00H

5+1—15
{S)— RH
5+1—35
(5) — RL
(No flag change)

@ POP Rreg

(EX})
f”'_"'x_‘____'__,,‘
46FOH |
46FEH 20H |
S6FFH | 30M ||
4700H | '!FH |
I J
BT

| POP Xreg

P=46FDH

2 POP A
P=46FFH

Execute

> P=4BFFH

Execule

Xreg=2030H

+ P=4700H

A=001 11111

@ ATT (Acc To T)

The contents of the accumulator are transferred to the T register.

= Format
ATT

® ()peration

A-—T
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@) TTA (T To Acc)
The contents of the T register are transferred to the accumulator.
The flag Z changes.

® Format ® Operation
TTA T—A
Flag Z

I: when 1 = 00H
(r when T # 00H

2-4-5. Block transfer and search instructions

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

® Format ® Operation
TIN (Xreg) — (Yreg)
Xreg + 1 — Xreg
Yreg + 1 — Yreg

(EX) TIN
Kreg=4700H Xreg=470TH
Execute
Yreg=4800H » Yreg=4801H
Contents _ [ o~ 0 Contents _ |
ofqroon=10 0 1 1 00 1 1| Gugeu=10 01 1T 00T 1]

(3 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.

® [Format ® peration
CIN A — (Xreg) —changein C, H, Z, and V
Xreg + 1 — Xreg

Relation between the comparison result (A with
Xreg) and flags (C, H, Z. V) is the same as in (8
CPA.
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2-4-6. Rotate and shift instructions

@9 ROL (ROtate Left)
The accumulator contents are rotated left through the flag C.

* Format ® (peration
ROL
|
!— i !1— = — = — % [ s " =
[
L
(EX} ROL
i Execute | |
I Jleror v re| — fof [1oe1 1 101 1]
Carry A Carry A

@& ROR (ROtate Right)
The accumulator contents are rotated right through the flag C,

e Format ® Operation
ROR
» |: | * . —p — -+ — - —_
A
(EX) ROR
— | Execute [ |
o |1 00 1T 0 0O + | 0 o110 100

Carry A Carry A

@7 SHL (SHift Left)
The contents of the accumulator are shifted left.

® Format ® (Iperation
SHL
(: — | i % . = i . LS
A
(EX) SHL
T Execute —
| |10 011 10 — (1| (D01 1 1 0 10
Carry A Carry A
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SHR (SHift Right)
The contents of the accumulator are shifted right.

® Format ® Operation
SHR
. —
s G —y =¥ w — =% =% n " -4 i
A
(EX) SHR
T = & | Execute P
1T 01 0 0 1 1 { -+ g1 00100 1| 1
A Carry A ' Carry

DRL (Digit Rotate Left)
Left rotation takes between the accumulator and the external memory (Xreg) or
H(Xreg) in unit of digit (4 bits).
In other words, the low order 4 bits of the external memory are moved to the high order
4 bits of the external memory, the high order 4 bits of the external memory are moved
to the high order 4 bits of the accumulator, the lhigh 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 are moved to the low order 4 bits of the external memory at all times,
No change takes place in flags.

® Format = peration
DRL (Xreg)
DRL #(Xreg)

1 T i
A Memory [(Xreg) or $F(Xreg) |
(EX) DRL {Xreg)
Xreg=4700H
A=[06171 0 r1 11 A=[1 01 1 0 01
Execute
—
Contents _ | Contents
ofgrpr =1 2 1 T 001 V] ygpey=120907 70110
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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.

® [F'ormat ® Operation
DRR (Xreg)
DRR #{Xrcg)
+
i S T
A Memory [(Xreg) or #{Xreg)]
(EX) DRR (Xreg)
Xreg=4700H
A=[1 10000 0 1] A=[01 00001 0]
Execute
Contents | 4 .
o=l 00 810 Contemts _ (O O O 1 0O 1 0 O
of 4700H L of 4700H |

2y 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
1 i
A
(EX) AEX
1 Execute f
A=|1 10 0 1T 01 0| ——A=|1 01 01 1 0 0O
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2-4-7. CPU control instructions
@ SEC (SEt Carry)

Sets the carry [lag.
No change takes place in flags,

® [Format e Operation
SEC =€

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

® Format ® Operation
REC B0

@) CDV (Clear DiVider)
Clears the internal divider. In other words, since the CPU clock is supplied through the
divider, 1t makes clock reset by the CDV instruction.

® Format & (peration
Chv 0 — divider

@ ATP (Acc To Port)

The contents of the accumulator are sent on the data bus. As the clock P @ is sent out
[rom the CPU at this moment, 1t may be used for the clock of the latch 1C to comprise

an output port,
No change takes place in flags.

® Format ® Operation

ATP
Y )
Clock P L
i H
[Data bus _& L {High impedance)

Contents of accumulator are sent oul

Address b ¥ b4 u
ress pus
1 I

T Contents of the X register are sent out

H

0D —— = == - L

NOTE: Though data is output with high state of OD (output disable) during memaory write, QD
is low state in the case of the ATP instruction.

Do not sell this PDF 1!



All and more about Sharp PC-1500 at http://www.PC-1500.info

CPu

3 B-bit cutput part

TCA042 % 2
flatch IC)
@e) SPU (Set PU)
Sets the general purpose flipflop PLL
No change takes place in flags.
® lFormat ® (Iperation
sPU | = PU
@ RPU (Reset PU)
Resets the general purpose flipflop PU.
No change takes place in flags.
e Format e Operation
RPU 00— PU
48 SPV (Set PV)
Sets the general purpose flipflop PV.
No change takes place in flags.
® Format ® Operation
5PV [ = P¥
RPV (Reset PV)
Resets the general purpose flipflop PV,
No change takes place in flags.
s [Format ® (peration
RPV 0— PV

30 SDP (Set DisP)
Sets the LCD on/ off control flipflop DISP,

® Format ® (Operation
SDp I — DISP

On pattern signal is generated from the

CPU internal LCD backplate signal lines

(HO~HT).

Do not sell this PDF 1!
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() RDP (Reset DisP)
Resets the LCD on/ off control flipflop DISP,

e Format ® ()peration
RDP 0 — DISP
Off pattern signal is generated from the
CPU internal 1.CD backplate signal lines
(HO~H7).

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

Only the flag Z changes.

® [F'ormat ® (dperation
ITA INO~T — Accumulator

() SIE (Set IE)
Sets the interrupt enable flag 1E. After this. it becomes ready for maskable interrupt
and timer interrupt acknowledge.
No change takes place in other flags.

® Format ® Operation
SIE l.— IE

59 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,

& F'ormat ® (Iperation
RIE 0—IE

&5 AMO (Acc to Tm and 0)
The contents of the accumulator are transterred 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 ® {peration
AMO A—TM (TMO~TMT7)
0— TME&
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AM1 (Acc to Tm and 1)
Same as AMO, but *1™ is entered in the highest order it
No change takes place in other flags.

® Format ® Operation
AMI A— TM (TMO~TM7)
| — TM8

& NOP (No Operation)

@& HLT (HalT)
Stops CPU operation. (Only the divider is in operation.)
Released from stop by interrupt,
No change takes place in ags.

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

2-4-8. Jump instructions

JMP (JuMP)
Jumps to a new program step represented by the second and third bytes ol the
immlediate data i, /.
No change takes place in flags.

® Format ® Operation
JMP g i—PH
F—=PL
(EX)  JMP 41H 00H f’_‘\\.\\_j
4000H IMP "
Jump
PH=40H Execute PH=41H ADQTH 41H l instruction
PL=03H PL=00H P e | o
4003H
—= 4100H
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BCH (BranCH)
Jumps to a new program step which is indicated by the program counter of which value
is added/ subtracted by the value of the immediate data i, j. It will be possible to jump
within a range of —255</<C255.
No change takes place in flags.

® Format ® (Jperation
BCH+/ Pri=FP
BCH—/ F—i— P
e
(EX) BCHt5
Execufe ey |
P—4002H » P=4007H g P
AN o5H T Pre en
-
As soon as the BCH instruclion is read, | o
the program counter becomes L
"P=4002H", and after execution of the ‘ P
BCH instruction, the next program ey
execution starts from the address 4007H. : —
.—"_'\-\.\\- ____‘

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

® Format ® (Jperation
BCS+i {,_[E:P+i—*!‘
0: P not changed.
BCS—/ CF[I:P i—P
0: P not changed.
(EX) BCS+5 -
o
Execute
P = 4002H » P=4007H woon | sost || scs
=1 i 400TH 5 H | instriction
As soon as the BCS instruction is read, '§[IG.2H
the program counter becomes It C=1 ;
"P=4002H". If C=1 at that point, nex!
program execution starts from the
address 4007H. If C=0, it stars from :
4002H L e
AOTH
e
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BCR (Branch if C Reset)
If C=0, it jumps by relative address.
If C=1. it executes the next program step.
No change takes place in flags.
® Format
BCR+i
BCR—i

& BHS (Branch it H Set)
If H=1, it jumps by relative address.
If H=0, it executes the next program step.
No change takes place in flags.
& Format
BHS+i
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
BHR—{

& BZS (Branch if Z Set)
If Z=1, it jumps by relative address.
Il Z=0, it executes the next program step.
No change takes place in flags.
® F'ormat
BZS5+i
BZS—i

&0 BZR (Branch if Z Reset)
If Z=0, it jumps by relative address.
If Z=1, it executes the next program step.
No change takes place in flags.
® | ormat
BZR+i
BZR—i

& BVS (Branch if V Set)
If V=1, it jumps by relative address.
If V=0, it executes the next program step.
No change takes place in flags.
® Format
BVS+i
BVS—
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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

(9 LOP (LOoP)
If borrow is not produced after subtracting “1" from the UL register, the program
counter is subtracted by the immediate data. then it jumps to relative address for next
program execution.
If there is borrow, (UL<Z0), it proceeds to the succeeding program step.
No change takes place in flags.

® Format ® Operation
LOP § UL—1—UL
0:P—-i—=P
Borrow = ! :
I: To succeeding step
(EX) LOPS i ™
> 4000H
P=—4005H P 4000H :
UL=05H UL =04H
When UL=0 B LOP
4004H 05H
4005H
il -
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2-4-9. Subroutine jump instructions

(@D 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 i and j of the 16-bit immediate data.

No change takes place in flags.

@ Format ® Operation
SIPi,j PL. — (5)

oy =a ]

PH — (5)

S -1
i— PH
i—PL

(EX) SJP EOH, 00H

4003H i5 stored in the stack pointer by
the execution of STP instruction and
jumps to the subroutine of EQDOH.

With the RTHN instruction of the
subroutine, the control returns to 4003H
1o resume previous program execution,

A000H
4001H
A00EH

003H

EDO0H

L
o

H"_‘“\_\-
Instruction
Eaictulsan

EOH

R

Ingiructson

&

Subrautine
ProgGess :I1u

| 5JP instruclion
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(3 VEJ (VEctor subroutine Jump)

One step subroutine jump mstruction 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 Z is reset.

There are 28 kinds of VEJ operand within two bytes range of 11000000 (COH) to
THHTOTTO (F6H). Theretore. the vector address table contains the address area of
FFCOH to FFFG6H.

® [F'ormat ® (peration
VEJ | PL — (S)
5= =5

PH — (S)

S—1=5

{(FFOOH+/}) — PH
(FFOOH+i+1) — PL

MOTE: 1 has 28 kinds of VEJ operands.

(EX) VEJ CAH g
4000H VEJ instruc tiga
_%aJ-H lﬁ?‘.’u:hm LI

| execulion
The contents of FFC4H and FFCSH are Vector l
' subiroutene
!nterm«gated at the gddress 4000H and gt Lo s | Retur
jump to the subroutine of 4500H. L
With the RTN instruction of the 45000 | Subroutine
subroutine, the execution resumes from PRREETG
the address 4001H again. |
Because it permits subroutine jump by a F:TN
single byte of instruction, it helps to

i ==

reduce program steps, when applied to = Y
too often appearing subrouline,

FFC4H 45H
FFCASH O0H
e
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@D 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 is reset.
Vector address table contains FFOOH thru FFF6H. Immediate value i may take even
number of 00H thru FOH.

* Format ® Operation
VM i PL — (S)

§=1—=85

PH — (S)

S$=1—=3

(FFOOH+#) —~ PH
(FFOOH+i+1) — PL.

(EX) VMJ COH

} W ensiruchan

The contenis of FFCOH are interrogated
by the VMJ instruction and jump to the
subroutine of EOCOH.

With the RTN instruction of the 1 99
subrouting, the execulion resumes from r‘x’.__’

the address 4002H again /l

Because it permils subroutine jump by | e a1
two bytes of instruction, it helps to ot

reduce program steps, as compared with

the SJP instruction. rm—
e

e

now| 1on |

L=l :. I_R_)“_

=
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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 VM. instruction.
If C=0, the control proceeds to the succeeding program step.

® Format
VCS i
—~—
(EX) VCS COH =1
AD0OH | 'I'C?i.- 7]
00014 L
4002H B
The contents of C are interrogated by the £=1
VCS instruction and perform the vector |
ne | & A
subroutine jump, if C=1. |
If C=0. it conlinues to axecule the . = 1
program in the address 4002H. T o
RTN
S
FFCOM | EDM
FFCIM | COM
.-»"""\-_-_}

@9 VCR (Vector subroutine jump if C Reset)
It C=0, it performs the vector subroutine jump. the same as in the VM instruction.
If C=1. the control proceeds to the succeeding program siep.

® Format
VCR i

(1% VHS (Vector subroutine jump if H Set)
If H=1., 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 i

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

® Format
VHR i

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

® Format
VZS i
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(3 VZR (Vector subroutine jump if Z Reset)
If Z=0, 1t performs the vector subroutine jump, the same as in the VM. instruction.
If Z=1. the control proceeds to the succeeding program step.

e Format
VZR |

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

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

® Format ® Operation
RTN shl =5
(S) — PH

2 Sy gt i

(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.

e Format ® Operation
RTI 547 =8
(S) — PH
e il QRS
(S) — PL
St 1—=35

(3) =T
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2-5. Command list

List of LH5801 Microprocessor will be shown in pages to follow. There are following nine
types ol commands.

Single byte command

{1} [ op code

Two-byte command

@ (11111101 opcode
(3) op code immediate
| (i
Three-byte command
M 11111101 | op code [ immediate
TR | (i
(5) op code immediale H immediate L
0 ebis ()
(6) op code address H address L
| ' (a) ' ()

Four-byte command

11111101  opcode | address H address L
' (a) (h)

(8) op code address H address L_ immediate
B | (a) | (6) (0

Five-byte command

9 11111101 op code address H address L immediate
{a) (f) i

54
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8-bit CPU command list (1)

Arithmetic/logical
STATUS | MACHINE LANGUAGE [ |
MNEMONIC SYMBOLIC OPERATION - ——{ BYTE | owus | COMMENT
CYHZIE 76543210
ADC R A+RA+C—A |ooo0- oo o010 1 .
| ® B5BL R Re W
H AERusC=A 10Rs 0010 1 & =
00 | X X X
R A+(RI+C—A GCR 0011 1 7
Cilm WY
bl Abla@4C A 10100011 | il a
10k WU
|
11|(= %= =
£R At BIRI+CA D 2 n )
OOR 00611 |
Slab |A+ZiabiCoA o ¢ |
¥ i 1e100011 [
@ Address of [ab)
ADI Ay Adi+C—A [1o110011 2 7
| Fﬁ_‘“'"'“a? ......... 0
@ b
1Rk LRI 4 j=s( R) Q1R 1111 2 13 ’ —_
(High order) (Low order)
) . 1110111 |
La.bl, L) b il ] 19
GRl e ) ‘ ‘ ®(R}-MED accessed
= #(H)MEl accessed
B8Ry | BIR s v B(R) 01T R 1111 3 17
Blabi | Blad dietiad o 5 | 2
i ' BRETIERE
|
OCA R A+(R|+C—ABCD) - 10 R 1100 1 15
#(R) A+ (R +C—ABCD] o | 2.
1O R 1100
ADR Ry ARy 3] 2 | n
[ 16-tut ter |
ORI . 11T R1010
operation) | |
| RHtY *RH- if C7 | [ |
=== —t § 1 T T
SEC R A=Ri-L—~A COOO- |00k 0000 1 6
Ry A—Ru—C—+A 10R« 000D | 1 B
R A—(R —C—A 00 R OOD1 1 7
= [
L abl A—iabl—C—A Toloo0oal 3| n |
= FD
2R A— 2RI —C—A 00 R 0001 2 | n
= FD i
Biah |A—iab—C=A 10100001 4w '
SBI . A A=i=C-eh 10110001 2| 7
Des (R A~(RI-E~ABCDI | 00 R 1100 1o
B FI
BR A= %R ~C +AMHCD) loo R 1100 2 17
| |
AND (R AATR) A ——=0= |00 R 1001 1 7
) A AL b A 10101001 | 3|13
| FD
#(R) AN EIR) —=A |00 R 1001 2 | n
FD
giod |[ANAElab A 10101007 4 | 17
AN A Al ok 1111061 2 !
Ry, (RIA ¥R o1 R 1001 2 | 13
b, (g A ab 11101001 4 | 19
FD
SRL iR A~ B(R) S1 R 1001 3 | 17
FD
glabl.i | BlablAi=Siab 11101001 5 |
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8-bit CPU command list (2)

MNEMONIC | SYMBOLIC DPERATION Sl MACHNELAMRINGS BT | orote COMMENT
CYHZIE|76543210 |
ORA (R) AVIRISA ———O— |00 R 1011 1 | 7
[ h! AW w bl A 10101011 3 13
#(R) AV E(R) A 00 Rﬂﬂun 2 1 n
Blabl | AV Elab—A 10100 VR 4 |17
ORI A AV ik 101110711 2 | 7
(RY (RIV F(R) 01 R 1011 213
lwdli | Cabi il ab) | 11101011 4 18
BRLi | $IRIVi= 2R 01 Hm1 R 3|7
$labli | #labVi-sfiad | 11101071 5 | =
EOR (R ADIR) ~A ~——0- |60 R 1101 N
i a.h) A bl A 10101101 K]
#R) Ad IR A 0o Rm1 101 2 | n
1 wbl A Hab A IIL‘:III.‘EE]I 101 4 17
EAl i AD A 10111101 2| 7
INC A Thacrr-oa CO0G— 11011101 15
A Rutl+Ru | u1mﬂgnuu 1|5
R Ri+1 R {01 RuODOO 2 | s
R R+1-R ' ————— IﬂTHU!ﬂﬂ 15
DEC A [ A—1-A OOO0— (11011111 1 5
R Ri—1—R. I 01T R 0010 1 &
| F
R Ri—1—+Ru 01 ReQO010 2 9
R R—1-R | ————— iﬂ'l RO110 1 5
Compare and bit test
CPA o A—H OOD0O= [00 R D110 1 i
Ru A—Ru IIDRHU!H} 1 &
iR A= (R) ' loo RoO111 t | 7
fa.b! A—(ab) 10100111 ER |
BRI | A-2R) G0 RO111 2z | n |
#labl | A—Eiah 1015%:11 4 |7
CPl Rui Ri-i g1 ROT110 2|7
R, Ri= i 61 Re1100 z |7
A A=i ' RCARLARENS _g_ﬂ'_?l
BIT (R ANRL S F ——== [ PE R 1111 1 T
Lahl AN b 2 101011711 i
8(RI AN RIR =T 00 nn:] 111 2 | n |
Slabl | AA#lab =2 10101111 a |
Bl A ANi~T 10111111 z | 7|
IR (RIAi=Z 01 R 1100 2 ||
labli | labAi=E 11101101 4 |16
BIRLE | HIRIAi=T 0] ﬁ'ﬁ 101 ERNIRT
E_'f‘_“_!fﬂ_ f_'_"_'f_"'"';"z : . 111 551 101 5 20
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8-bit CPU command list (3)

Load and store
| STATUS | MACHINE LANGUAGE
MMNE MONIC SYMBOLIC OPERATION | BYTE | CYTLE COMMENT
CVHZIIE| 76543210
LDA R R+ A | ===O=|00R 0100 1 5
Ry RH— A | 10RMDIOD 1 §
(R} (Ri—A GO RODTOT 1 8
b1 ol —A | 10100101 3 12
FO
£IR HR) A 00 R 0101 p 10
FO
Flab | gleb-a 10100101 4 16
LDE R (RI~AR—1-R ' 01 R OT11 1| 6
LIN R (RI=AR+]1—R 01 ROTO1 1 g
LBl Rui i—Re -——— |01 R 101D ? 8
Rin,i iR 01 Re100D0 ? &
1
A A ——=O— 10110101 2 | 6
8.5 TH L i — S 10101010 3 12
Fo
LDX R | RaX 00 R 1000 2 1"
. FD
5 50X 01001000 2 | n
FO
P [ 01011000 2 1
STA Ry AR - OO0R 1010 1 5
R‘ll '.ﬁ.—'ﬂu ﬂﬂﬂulﬂﬂﬂ ! 5
IR AR o0 R 1110 | 6
{ayb | A=l bl To101110 k| 12
| Fb
£{R) A BIR) Do R 1110 2 10
FD 1
Hlab | A-iah To101110 4 18
SDE R A—(RIR=1 R D1 ROOTY | [
SIN R A RIR+] R (61 R oo | 6
D
STX R xR ‘o1 R 101D z | n
FO
5 X5 [o1001110 z | n
D
P X—P lo1o011110 2 1
o
PSH A A58~ 28 !11001000 2 1
3]
R R +(SLRH=(5—1), 10 R 1000 2 14
=25 .
| FD
FOP A (541 *AS5 128 ———0— 10001010 2 | 12
FD
R iS4 11 >RH(S+2)~RL, — 00 R 1010 2 15
S+2+5 ! |
| O
ATT A—=TISTATUS) OOOOO (11101100 2 g
| FO
TTA TISTATUS) +A ! -==0= (10101010 2 g
Block transfer and search
ey XET=X
TIN (¥l iy | T111g e 1 7
CIN A= X1 X41—% QoO0- 11110111 ; 1 7
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8-bit CPU command list (4)

Rotate and shift

STATUS MACHINE LANGUAGE
MKNEMONIC SYMBOLIC OPERATION (—--ee————— T { BYTE | CYCLE COMMENT
CY¥HZIE 76543210
ROL [ = QOO0 [11011811 1 8
Hepr=a}
ROR L’M"?““g 11010001 i 4
SHL lcl[7c0)o0 11011001 1|8
SHR 0~ 740 4c 11010107 1|9
| "
—r0
DRL 1T 1 1T 11010111 1 12
At T o o
DRL = ME1 Area 101071179 2 | 8
5 22
DRR JiE=T === 11010011 1| 12
| & 1 T W I .
DRR = | ME] Area T101001) Z 16
i —
AEX o — 11110001 1| s
A
] |
CPU control
AMD A-TIMERITO~TTI 0 —T8 110 :ﬁ 110 2 9
o
AMI . 1+T8 11011110 2 9 -
FO
cov divider clear 10001110 2 i
ATP A= Qutput port 11 ‘Jffl?l oo ? 9
[Clock output) Fo
50P 1~Disp 11000001 2 | 8
FD
ROP 0—Disp 11000000 2 8
5PU 1L—=PU 111006001 1 4
RFU 0—PU 11100011 1 4
SPY 1-+PY 10101000 1 4
RPY 0-+PY 16111000 1 4
FO
ITA [TV OD-|10111010 2 | 9
FO
RIE 0—IE = - (10111110 2 &
g ) FO
SIE 1=IE —===0 10000001 2 | &
FO
HLT - - 10110001 2 | 9
FO
OFF 01001100 2 | 8
NOP 0O111000 | 5
SEC 1=t G IREERE AR | 4
REC DG O - [11111001 1| 4
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8-bit CPU command list (5)

Jump
STATUS MACHINE LANGUAGE i
MNEMONIC SYMBOLIC OPERATION T BYTE | CYCLE COMMENT
CYHIIE|76543210)]
. - I
NP f— —————=l10111010] 3 | 12
I a=0" +i
BCH !S_CI: P+i—+P 10051110 2 I B g=1l =i
s=1" P—i=P | & | (Inciudes one more
| cycle)
BLS |i,fC=I.Pt4*F 10050011 2 |=mm
if C=0. continue |
BCR fC=0,PL;~P 10050001 o lgggn | BREED Condition
| 000 | NG non carry
if L=1, continue | DO | L eany
BYS ifV=1,PLi~P 1ﬁ{i.-=1lll| 2 |Enoar| 010 | NHRon had
| 2 | 011 H hat
:I‘I"—I].-CGH]-F‘-LI& T 09| N2 non zero
BVR V=0, Pti—p 1001101 2 lamm| 101 aen
| af V=1 cantinue | 110 | P o, onat o
P11 ¥ overflow
BHS |1,FH--—-:I.F_tr'—-P 10050111 2 |8
[ if H=0.continue = |
BHR | if H=0, P Li-P 10050101 2 IE,‘I'ﬁﬂ
| i H=1[. continue
BIs if =1, Pxi=F 1001011 2 |emm
;‘f’]’rﬂ,ccr.hnw |
BIR if Z=0, P2j=P 100=1001 2 | BT
if £=1. continua |
LOP UL UL —1 UL 10001000 2 |BMm
if Borrow=0,P—i—P I
if Borrow= 1, continue
Call
== e = = —_— —
SAF PL(B).Pu—+5—1), [————— 10111110 3| 19
| ® Vector address (9)
8—2—8, ij-P
YEJ: FF —qu
VEJ PL—=(S).PH-+5—1) —==0—=| 1= i =0 1 17
_ Ni0-a
828 qi—+Pnig+])—Py
| VM J: FF =gy
ViS5 HC=1lq)=Pu—={S—1] 11000011 2 |82 ele,
gL
(g+1)1—+PL.—+3)5—2-3
VCR ifc=o, s 110000071 2 s/
VHS ifH=1, * 11000111 2 |EL-’21
VHR if H=0, - 117000101 i |EL-‘2‘:
VIS ifZ=1, - 11001011 2 |3,"'21
VIR if =0, # 11001001 2 lBa‘Ei
VY5 ifv=1, - 11001111 2 |8/
¥MJ fgl =Pu-+{5—1),5§—2-—+8 11001101 2 20
[q+1]-+PL(5) l
Return
RTN (S+1)+PH(S+2)+PL, | ————— 100711010 Y
542-5
RTI [S+11=PH(S+2)=+FL | OOOOO | 10001010 1 14
[S+31—+T5+3~+5

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 | MACHINE LANGUAGE | MINEMONIC | MACHINE LANGUAGE  MNEMONIC | MACHINE LANGUAGE
ADC | XL | 02 [AM [(at) |[E2as:  |BWR |- |9
w2 l #(x) |FD40;  |B2s |+ 8B
TR ' #(Y) | FD59 i = o8
XH |8 f #U) |FD69 i BZR  + |89
| @ : #(ab) |FDE9 a b R
UH | A2 | AMO FD CE | cov FD 8E
(x) | o3 AM1 FD DE CN 7
v |13 | aTP FD CC CPA | XL | 06
w23 | ATT FD EC LT
(ab) |A3ab BCH | + | BE i uw | o
#(x) | FD 03 | — leer XM 8
20 | FD13 'BCs |+ |83 L
#(u) | Fo 23 - Jei ] UH | Ag
#(ab) | FD A3 a b BCR |+ |81 (x) |o7
ADI | A B3 i N v |7
0 |4 BHS | + | 874 - w2z
ln  |sri = [a7i (ab) | A7 ab
r@ | &F i _ BHR | + |85 #(X) | FD 07
[ w0l EEacaa N T 20Y) | D17
#(X) FDAF BI | A BE 20 |Fo 27
' #iY} [rosFe (X) 40 § Hiah) [FDAT a b
#U) |FOGFi | ) |sDi cPl | A B7 i
| #(ab) |[FOEFabi | W |eoi XL | 4E i
| ADR | x FD CA () |EDadi YL | 5E
b FD DA .#{JU_“FD 40 i UL BE
‘U |FDEA #(Y) | FD 5D ¢ XH | 4C ¢
AEX o #(U) | FD 6D ¢ YH | 5C
AND | (X) -09 Ziab) | FODED @ b UH BC
v |1e BIT | (X) |OF DCA | (X) | 8C
w . N | ec
(ab) | A9ab (| 2F - (| Ac
£(X) | FD 09 (ab) | AFab 20X | FD8C
s D19 #(X) | FDOF 2v) | FD9C
£(U) |FD 29 80Y) | FOIF #(U) | FD AC
#(ab) | FD AQ a b #(U) | FD 2F Dcs | (X) | oc
TRISEY: #(ab) | FD AF a b REE
X 49 BVS | + | 8Fi W |2 ]
) 59 — |ors #(x) [fOC
w69 BVR | + | 8D %0V |f1C
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MNEMONIC | MACHINE LANGUAGE | MNEMONIC | MACHINE LANGUAGE = MNEMONIC | MACHINE LANGUAGE
DCSs #(U) FD 2C LDA UL 24 ORA #(Y) FD 1B
DEC | A DF XH | 84 #(U) | FD 28
XL | 42 Yo 94 #(ab) | FD AB a b
oo |s2 UH | A4 ORI | A BB : R
U |62 x) |05 (X |48 i
XH | FD 42 Y |15 () |58
YH | FD 52 L (W 6.
UH | FD B2 (aB) | AS ab (ab) |EB abi
| X 46 #0X | FD 05 #(X) | FD 48
¥ 56 £0Y) | FD 15 #(v |Fo 5B
I U 66 #(U) | FD 25 #(U) | FD 68
'DRL |(X) |D7 #(ab) | FD AS a b #(ab) |FDEBabi |
$(X) | FO D7 o (A Tess POP | A | FDBA ;
DER Eﬁ' 03 XL - 4A ¢ l; X FD OA '
#(X) | FO D3 YU 5A '_ ¥ FD 1A
lea | BD i UL eA | u FD 24
EOR | (X} | 0D XH | 48 | PSH | A fDCE
v |1 YH (587 r X FD 83
w20 Ui 68 r Y FD 98
(ab) | AD a b s A i j | u FD A8
4(X) | FDOD e [x |4 | RDP FD €O
4(Y) | FD1D v 5 Trec | o ]
#(U |FD 20 u e RIE | FD BE _
#(ab) |FDAD a b DX |X | FDoO8 | RoOL bB
CHLT | FD B1 Y D8 'ROR | DI
INC | A DD U FD28 | RPU E3
XL | 40 s |F48 | RPV B8
woolso P FD58 RTI BA
uL |60 N | X 45 |RTN 9A
XH | FD 40 | Y |5 sBc | X |00 ]
YH FD 50 u 65 '_ YL 10
UH | FD 6O P UL 88 ol L |20
X 44 ' nop | 38 XH |80
¥ 54 | oFF FD 4C YH |90
U 64 LoRrA | (X0 [0 UH | A0
1A FD BA ' v |18 | x) |0
CImp BA i j l e [
‘oA | xL | o4 '| [ (at) 1 AMBab w2
e | e | Foos (ab) | Al @b
61
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MACHINE LANGUAGE

Do not sell this PDF 1!

MNEMONIC | MACHINE LANGUAGE | MNEMONIC | MACHINE LANGUAGE | MNEMONIC
SBC | #(X) | FDOI TTA FD AA
#(v} |FD 11 VeS C3:
#(U} |FD 2 VCR Cli
| #(ab) | FD A1 b VEJ |co  |co
SBI Bl i 2 |e2
SDE | X 43 ca  |ca
Yy |s3 c6 |8
U |3 c8  |cs
SDP el CA | CA
SEC FE ce cC
SHL D9 Rl CE | CE
SHR | | Ds po | oo
SIE FD 81 b2 |02
SIN bt 41 D4 D4
¥ 51 D6 | D6
u 61 D8 |08
S51IP BE ¢ ; DA DA
SPU £l pcC | bC
PV A8 DE | DE
STA | XL | oA 0 |eo
L[ 1A g2 [e2
U |24 Fd | F4
XH |08 E6 | E6
i |18 EB | E8
UH 28 EA EA
X | oE Ec | Ec
v |1E i EE | EE
W |2 FO | FD
(ab) |AEab F2 | F2
#(X) | FD OE 4 |Fa
v/ |FDIE 6 | FB
#(U) | FD2E WMl CO
#(ab) | FD AE a s WS CF i N
STX | X FD 4A VZ5s CB «
Y FD A VIR C9 ¢
u FD GA VHR c5 i
5 FD 4E VHS c7 i
F FD 5E
TIN F5 B
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2-6. Electrical characteristics and timings

Absolute maximum ratings

Paramefer Sy;b; Limits Unit
Supply voltage Vee ~0.3 to +7 v
Input voltage Vi 0.3 to +7 v
Output voltage Vour 0.3to +7 ]
Operating temperature Topr 0 1o +40 °C
Storage temperature Tstg 55 to +150 et 5
Electrical characteristics
DC characteristics {Ta=0D to 40°C, Vec=Vea=4 5Y +0.5V)
Parameter .-Symbnl i | T Max. | Unit el | A ;{:able ins
d ¥p- i conditions PP P
Supply ker 7 15 mA 3.80MHz
current crystal in
during connection
operation
Supply I b 4 ma,
current
during halt |
Input voltage | W Wee=1.00 W I DO--7, BFI, RESET, HIN, |
1 WAIT, NMIL. ML, ING-~7
Wi n4 W |
Output Vo 2.4 Vv bows = 4008 A ADO~15, OFF, BFQ, R/'W,
woltage & T OD. MEO~1, P®, PU, PV,
Wi | 0.4 ' l =1.6mA POS, HA, DISE, DO~T
Input current | bl 1.0 LA Input pins ather than
| i RESET, BFI
I | | Wi = Ve
| [ 50 | wpA RESET, BFI
1.0 F77. Input pins other than
' Ve =0 INO~7, RESET, BFI
| - N s =
30 | 60 | pa INO-7
Power switch I Fa 300 VA
ON resistance - o
Rua 300 VB .
LCD drive ON R 35 kil He~—Vee HO~7
resistance [ . 2
| R | | 35 | k0 Hi— Vu
| Ry —T 5.0 k{1 Hi—Vps
Supply . lsy 5 LA, Vee =0V
current | Voo =55V
during |
standby l I
3-state output | |1l ] 1.0 i) ADO~15, DO~T7, R/W,
leakage MEO~1, OD
current
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AC characleristics
Parameter | Symbol Min. Max. unit | Test conditions
Tc 667
i & Ci : 20pF
¢0S i % nS tro (Vee 0. 1)V=2{Vee X0,9)V
t (Vee X090V (Ve X011V
b 220
to 250 Ci : 20pF
ADD~15 tr 80 ns Vo - (Vec X 0.5V
Vou © 0.4V
G
to 260 oy
MED,1 ns Vo - (Vee @ 0.51¥
r 80 175 ,
Yoo @ D.4¥
o 250
C.: 20pF
tne 170 ;
oD ns Vo © (Vee X 0.8}V
tosi 370
Vo : 0.4V
tm 100
C:
—-30 50 i
R/W ns Vow (Ve X 0,81V
t 200
Vou © 0.4V
to 600
g 20 Co . 20pF
Do~7 ns Vews [ Vee X 0.8V
ts 170
Vou © 0.4V
s 100
to 350 e
P nS Vo © (Wec % 0.8V
tr 100
Vo © 0.4V
g 186 Ci : 20pF
NO~7 nS Voo ! (Vee —1.00V
tw 30
Vo 1 0.4V
[
1s 130 oo
WAIT nS Voo : (Vee—1.00¥
" 20
Va @ D.4V
C. : 20pF
to 340 P
PU, PV ns Vow + (Vec <080V
tr 50
Voo § 0.4V
Ci : 20pF
o 310
OPF nS Vew © (Vec 0.8V
b 180
Ve D 0.4V
RESET tw 2 mS Cu : 20pF
BFI tw 250 nS Cu : 20pF
Ci 2 20pF
ty 150
BFO ns Vowr & (Vee X 0.8V
ty 360
Vo : 0.4V
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Timing (1)

eos—/

MEDME]

B

ISP o

Timing (2)

w____ |~ e W o At 1 | SN
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3

LH5810/LH5811 1/0 PORT CONTROLLER

B7
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3-1. Outline

The LH5BI10 1.H5811 is a single chip CMOS static LS] that features the following
functions:

(1) 1wo pairs of 8-bit bidirectional port
(2) one pair of &-bit output port
(3) two interrupt request inputs (one of them port input)

(4) one interrupt reguest output
(5) CPU wait control
() serial data transfer control

3-2. Fuantions

68

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

(@ 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 from the CPU.
(3 As there are two interrupt request inputs of IRQ 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 betorc using PB7 for the interrupt
input.

(& Since there 1s the CPU wait control circuit. two memory cnable signals can be out put to

the memory of slow access time. Besides, it has two inputs of wait conditions. Up to B

vanieties of access time can be programmed.
® 1t has the following lunctions to handle serial data transfer.

A.

Serial data transmit

Serial data transler takes place in a format of a start bit, & bits of data, and two stop
bits. Transmission clock is selectable by means of internal and external clock select
program, as well as the clock rave {1/ 1, 172, 1, 128, 1,256, 1/512, 11024, 1/ 2048,
and 1 4096 ol the basic clock).

Serial data receive

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

Pulse waveform

It 15 possible 10 have continuous output of pulse waveform. Frequeney is
programmable to eight kindsof | 1,172, 1/ 128,1 256, 1/512, 11024, 1/ 2048, and
| /4096 of the basic clock.
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. 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.

5X0
MNormal serial data transfer 1 o D‘ 1 1 ‘ 0 | 1 0 0 0 1 :

o soo ([T OO

START

Assume now that normal serial data output is to be SXO, the modulation clock to
the data | to be FX, the modulation clock to the data 0 to be FY, and audio cassette
tape data output to be SDO, then the following equation comprises:

SDO = S8XO - FX + SX0O - FY
Whereas, FX and FY can be set independently to 1/64, 1/128, 1/236, 1/512 or

1/1024 of the basic clock by means of programming.
The serial transmit clock CLO can be programmed as discussed in Item A.
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3-3. Internal structure

3-3-1. Block diagram

The 1/ O port controller consists of nine internal registers, wait controller, serial 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

wT G #05  Cin 1= SEx =] SDF_ WRET DAET
r T e T e =R L T e T R RN P S T & oetr Rebaidcs
| .
' | [—k
1 . £
! | [DATA | B __[ T '.] = :
WO e & clock BLS I I = - —
] i cnbrod COTH T ri| il
VERR— :_:,::::fl | fransmid Ve 'ﬂl.:l;l' k il W
| cantral contral contee :
YRR — — 7 T s BAED
: G ¢
: [Msr‘lkm'an:er v | IF registgr G regisier J-v | F register h ]- L }h i u ] '— ::\']
- i | L] 7 7 —
: Wiw
: . + r fe L+ 1 :“\]
: [ i3 i’I}. | - Chip & IKS.l
i — T 'T'— Fing i8ter B
I l_ I i L siiet =y E;:I
[} | l| conlrgl s :,_-_fl
I - . 28 | V52
| eaz| | (A1) Lr . ]
I PRl L P
i i
1 . | v LY, | DATA BUSL 1
¥ DDA QUTPUT nooeE [+ ltul‘ll'ml .
1 register | control regisier regkster 7 g '
] | | |
] i
: ] < 1
i I o . e S e o e e e B g ] Ly T AP S,
PBO-7 D=7 Fa -7

VER] —WEL2 = GND
VOO - 4.5 710,5¢

3-3-2. Internal registers

{1} G register {(RS3~0-1001)

67/ 6] 65) 64| 63| @) o | 0]
[ —

—= G| Description

kS
O
8
L
%
8
&

1 | @=exlermal clock |
® Internal clock

Clock defivad from
¢

= C':D 0 B

& Extemal clock
Clock dirieed from
CLO

(% Every clock rate is dete-
mined by GO--G2

I— | Description

0 'Clock output innibited

] Clock culpul poit g
T G7 | GE G | tPrprecharge ma ] bA {acoms i)
*® Elfective only m (e o t 0 D- 3 g - -W_
internal clock mode [ . .
of GI=0 0 0 2.51 1 G5t
[o[1]o] 2.t 3.5t
Jon i 2.5 T
1jojol 15 ;125
ol 7.5¢
1110 1.5t 4.5t 1 2P oparating
Ml ns 3.51 trequency

The G register can read /write data when register is selected (1001).
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(7) MSK register

[ Interrupt mask bit for IRQ |

‘—J Interrupt mask bit for PBY B
Interrupt mask bit for receiver flag RD

»|  Interrupt mask bit for transmitter flag TD !

Interrupt enabled when the bit is “1".

The MSK register can read /wnte data when register is selected (1010).

NOTE: When the contents of the MSK register are read, the contents of CL1, SD1, PB7, and
IRQ are stored in high order digit positions.

% |CLI|SD PB?|IRD|M§K‘M§K|M?K 5l

Contents of MSK read

(3} IF register

IF
7.6 5 4 3 2 1 B
[¥[x[x[x]m[ro] %
‘ | L——»|Set at the rising edge of IRQ input. =
Set at the rising edge of PBY input. |
Set upon completion of serial input receive. |
RED is reset when the CPU received data is
read or the contents of the U register are read.
Set upon completion of serial data [
[transmission.

Reset when the CPU load the transferring
serial dafta to the L register,

R

IFO and IF1 can read/write data when register 1s 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 which an 8-bit data is in reception, with the start bit excluded.

(1) DDA register

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

i=th bit of the DDA register

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

DDA can read/ write when the register is selected (1100).
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(z) 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.
DB can read/ write data when the register is selected (1101).

(5} OPA register

0PA
2 0
|

BEREREE D

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 1™ (output mode) and the register must be
selected (1110), then the data on the bus line is loaded intoOPAI, to be output on PALL
In the case of input, DDAJ must be set to “0” (input mode) which prohibits output from
OPA;, then the contents of PA/ are loaded into OPAJ and the data is sent on the bus
line.

(i) OPB register
The OPB register 1s the buffer for input and output of data to the port PB.

It has the same function as the OPA register.
OPB can read/ write data when the register is selected (1111).

@ OPC register
The OPC register can read/ write data when the register 1s selected (1000).
Also, the contents of the data bus can be latched to the OPC register at the falling edge
of the external input clock P& .

(3) F register
The F register can read/ write 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 || |rales| /] a]rl
: i = Determines the modulation clock rate of FX.
Determines the modulation clock rate of FY. |

I _C}_IDEE rate [
0|00 64
& 001 =128
Change of SD0O output mode 0110 ¢ 256
.[.:}]-N_or;al_ser'tal data transfer o1t ¢ =+512
|1 | Modulated serial data transfer 1]o]o ¢ +1024
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3-3-3. Pin description

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

Mo. Si;\!i Function
name
1 PAY Port input/output
2 PaZ Port input/output
3 PA3 | Portinpulfoutput
4 Pad Port input/output
5 FAS Fart input/output
& PAE Part input/aut put
7 PAT Fort input/oulput
8 | GND | Power source
9 FBO Port inpul/output
10 PBE1 Port input/output
11 PBE2 Fort input/output
12 PE3 Port input/outpul
13 PB4 Port input/output
14 PBES Paort input/output
15 FBE6 Port input/output }
16 PB7 Porl input/output, Interrupt input
17 P Part PC latch clock
18| PCO | Port outpul |
19 PC1 | Part outpul
20 FC2 Port output
21 PC3 Port output
| 22 PC4 Parl output
23 PCa Port output
24 FC6 | Port oulput
25 PCT | Port output
26 Cs0 | Chip select input
27 Ccs1 Chip select input
28 | CS2 | Chipselect input
29 RS0 | Register select input
30 RS Register select input

3

| a3

MNo.

3z

34
35
36
37
38
Kl
40

41 |

42
43
44
45
46
47
a8
49
50
51

52 |
53 |
54
55
56
57
58
59

Signal
name

R32
R53
R/W
MED
ME1
Wi
Wi
GND
Ve
DMED
DMEN
WAIT
INT
HESET
IRQ
P08
cL1
s
LG
CLD
sDo0

D1

PAD

Function

Fte;gister select inpul
Register select input
Read/write input
Memaory enable input
Memory enable input
Wait condibon input
Wait condition input
Power source

Power source

Memory enable culput
Memory enable output
Wait output

Interrupt output

Initialize output

Interrupt input

Basic clock input

Senal receive clock inpul
Serial receive input

Mot used

Serial rec/trn clock input/output
Sernal rec/trn input/output

Data bus input/outpul

Data bus input/output
Data bus input/output
Data bus mput/output
Cata bus nput/ouiput
Data bus nput/output
Data bus input/output
Data bus input/output

Port input/cutput
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3-4. Functions

3-4-1. Operation

1/O port controller operation

cs2

cs

cso

5o ]
0

RS2

RS1

RW

Operation

Resets the divider inlernally contained in the 170
port chip.

- —

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

—

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

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

The contents of the data bus are stared in the
OPC register,

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

The contants 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 |F register are sent on the data
bus.

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

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

The contents of the dala bus are stored in the
DDB register

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

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

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

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

The contents of the PBi are sent on the data bus.
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3-4-2. Wait control

(1) 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 *17 is entered to the wait condition inputs W0 and W1. W0 is
the wait condition input which is applied to place wait to the memory area controlled
by MEQ, while W1 is the wait condition for the memory area controlled by MEI.
When the wait condition is established, that is, when *“WQ-MEOH-WI-MEI=1" is met,
the WAIT signal is issued to the CPU. As the wait control counter is provided
internally, it releases WAIT to the CPU when it is counted to the value set by the
program, then the CPU proceeds to execute a next machine cycle.

AD ]{
mo

)
(o

WAIT

——ncrements counter— > WAIT released

DMEO f

——P—>= 1A

T

Since a slow access memory usually consists of dynamic logic., it needs a precharge time
(tr). Thus, the 1/O port controller issues the memory enable signals DMEO and
DMEI to the dynamic memory, including the precharge time. DMEQ is for MEO
and DME]! is for MEL

When the CPU accesses the 1/ O port controller, the signal WAIT is issued without
the wait condition in- W0 and WI,

(2) Wait time
Wait time can be programmed by means of bit positions of G5, 6 and 7 of the G
register. Relation of G5, 6,7 with ta and tr refer to page 70.
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(3) Wait time of I/0 port controller itself
When the CPU accesses the 1/ O port controller, wait of a single CPU machine cyele is
automatically applied.
If the W0 and W1 is in the wait state when the CPU accessed the 1/ O port controller,
wait ends in one cycle.

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

1 :
13| ! .
! i ¥ i
P05 5 B U i I G T A LA g B . S M T g S
L i
P : L
e ENE N
" 1

MED/T

DMEDST

=

Actual
Bcoess hme

Aclual

I
i
I
- y
P 1 LA
i
i
precharge time 1

tp" and ta’ for actual ROM is as follows:

tF" =tAP + P + 1D

tA" = 1tA — LD — IS5

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

3-4-3. Serial data input

SD1 is a serial data transfer input and CL1 serial data transfer clock.
The 1/O port controller reads the | =
input data at the rising edge of CL1. ==

"- o gl — X
Serial data goes into the receiving

mode when it changes from an idle
state (SDI=1) to low state and reads ely—3 FE 1 [ ]

data from a next clack. |
When the 8-bit data is received, it sets the receive and flag RD active. If the mask bit is onat
this point, interrupt request is issued to the CPU. RD 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 1s
being received, without including the start bit.
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cn

sD1

RD

Juuuuyuyuurunyrure

L Lo X XXX EX T
In serial
receive

—

T

4 Reset as it went
into serial data
receive,

Ik

Reset as the
CPLU read the
serial data.

3-4-4. Reset

When the RESET line is kept in “17 at least for three @0S clock cycles, it causes internal

reset, by which all internal registers are cleared to *0” and ports PA and PB go into the
input mode. The divider, however, will not be reset.
Terminal states after the reset are as shown in Table below.

Pin name In/Qut State after reset
DO~D7 /Ot High impedance
PAD~PAT 2 7
PEO~PB7 |
" pco~pc7 | out | Low level
WAIT | | inoTE)
DMEO | 1 ¥ |
DME1 "
IrziT - L;:rw I;euel _
sDo | In/Cut High level
I G_LU L i Low reum_

NOTE: WAIT, DMEQ, and DME1 are output dependent of W0, MEO, W1, and ME1 and do not
have any connaction with resel
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3-5. Specification

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

Voo

O

Applicable terminals : RESET, P, R/W, RS0~3, CS0, CS1, C52, MEO, ME7,
W0, W1, CL1, SD1, #0S, IRQ

(@) Input/output

__ ______%

Voo
R 1 Cutput bigh impedance
=i oy contral signal

N [

O

4 Cutput
| signal

o]
b

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

(3) Output
Vee
Apphicable terminals | WAIT, DMED, DME]
(1) Qutput
Vee
P

O—

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

HY | e
gg ;llﬁ' %LL{:[EIE :ia n;: Eig
$0s |45 40 30| rs1
CL1 I H:"'TJ.'.I
sDI | Cs2 |
LC | cs1
CLO (50 C50
SDo 75| PC7
Do LHS810 or LH5A11 FCE
m (TOP VIEW) PCH
o2 PC4
03 55 PC3
D4 | P2
5 T PCI
o6 | PCD
o7 P
PAD 5 10 15| Pe?
2|22 2| 2| 222 8[e ¢ e e e s
Electrical characteristics
(1) Absolute maximum ratings
[_ Parameler Symbol Limits Unit |
Input apply—mltage "1 - Vou 03tob.5 v ]
-_Inpu! apply voltage {"2) Vi 0.3 to Vec +0.3 v
Opearating mmperalure Topr I 5 to +55 °C
Stnraqp temperature Tstg ~55 to +150 "G
App?cable to Voo and with respect to GND
2 Applicable to other than Vee, GND. and with respect to GND.
(2) Operating condition
Parameter ] Symbol  Limits Unit
Supply voltage o vee 40t0 50 v
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(i) Electrical characteristics

() - 1 - DC characteristics

Ta=—5~55C
Vec=4.0~5, 0V
r Paramete | bol | —_— L Unit Test condition ?Hotei
rameter | Sym ’ Min Typ | aax | UP ‘est con
Ve 0 | o8 v
Input volt e R 1— 1
e l_ Vi 2.4 |  Vee v
o Ip x volta 1 Vst 044 v la=1.6mA 5
o 1
a Var 2.4 v los=0, 4mA
 Output voltage 2 Vae | 1.5 | Vv low=1.5mA 3
Qutpul leakage current [ el 1.0 wh 4
Input current [ul 1.0 A V=0V or Vee 5
MNormal power lcca 0.4 0.9 ma P05 =2MHz 6 |
" o - —_ - — e —4
dissipation lecb 5 uh $0S=0V | & |
NOTES: For Note number, refer to the list below.
[ o] Applicable terminals ]
T - e — N

. PAO~7, PBO~7, DO~7, R/W, RS0~3, CS0, CS1, CS2, MEO, ME1, WO, W1, SD1,
CL1, #0S, SD0, CLO, IRQ, RESET.

2 PAO~T, PBO~T, F’C_{J"-T. DO~7. DMEO, DME1, WAIT, CLO, INT

3 | PA0~7.CLO.SDO

4 All input terminals.

5 All output terminals. |
The term "normal” applies to the reset state that the 1/O port controller is not
selected and the 2MHz clock should be supplied through the #0S pin. The

6 following input terminals should be connected to OV excepl CS2.

PAD~7. PBO~7, DO~7, CS0, CS1, CS2=Vec, R/W, RS0~3, P¢, MED, ME1,

W0, w1, CL1, SD1, IRQ.

Applied to the state that no clock is supplied to the #0S terminal in the normal
condition.
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(3) - 2 - AC characteristics
(Ta=-5 to 55°C, Vo=4.0to 5.0V)

Limits
Parameter Symbaol Unit Test condition
Min Tyvp Max
80, €81, €82, to 230 ns
RS0~3 e 80 ns
MED, ME1 te 240 ns
tr 80 175 ns
tww 250 ns
WAIT tws 150 ) ns C.=50pF
twr 50 200 ns
DO~7 {input to 500 ns
mode) b 130 -
tio 100 ns Ven—0.B Vo
' tr 300 ns
|
| DO~7 {output ts 200 ns |
| mode) b 50 it
tim ns
| 150
tir 100 ns |
— !
RW to -30 50 ns Vo —0.8Vce
tr 150 ns
$0OS tae 500 ns
L 150 | ns 0.1—09Vee
te 40 ns 0.9—-0.1¥ee
PAD~T, PBO~T toa | 1 | S Ci=100pF
(output mode} |
: wl .
PCO~T {register tow 1 HS Ci=100pF
select) I
Po to | 350 ns Vow=0.8Vee
15 | 100 ns
PCO~7 (P tor 1 5 C.=100pF
latch)
SDO {input ts 100 ns
de
QEC;1 :' tu 50 ns
SO0 {output to 100 ns Coe=100pF
mode)
DMED to 120 ns C.=50pF
OMET tr 120 ns
spo tz 200 ns Co=100pF
CLO t, 100 ns 0.1-0.9vce
Cuo=50pF
| t 100 | ns [0.9-0.1vee
] C.—50pF

(#): Unless otherwise specified, the criterion shall be V=20V, VYo=04V
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(3) - 3 - Timings
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1]
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|
<

|
|
_X i
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PC-1500 hardware description
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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
variety 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 Carrying Case, CE-155 8KB Memory Module, CE-158 Serial and Parallel
Interface, and CE-159 Program Module,
(0 PC-1500 Pocket Computer
It 1s a pocket computer that features high speed processing with the CMOS E-bit
microprocessor in use, and it has memornes of 16KB ROM and 3.5KB RAM on
standard. It also permits expansion by the use of options.
Four pieces of Type AA drv batteries are used {or its power source and the 7> 156 dot
L.CD 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 pieces of Type AA Ni-Cd batteries. It also has the cassette
interface built in the unit.
(3) CE-151 4KB Memory Module
It is a 4KB option memory umt i which two chips of 2KB RAM are contained.
(©) CE-152 Cassette Tape Recorder
It 15 a cassette tape recorder dedicated for use with the PC-1500 system. It is driven by
four pieces of Tvpe AA dry batteries.
() CE-153 Software Board
It has 140 keys arranged on the keyboard and cach key assignment is defined by means
of programming. As it does not have power supply by itself, it 1s supplied {rom the PC-
1500.
(&) CE-154 System Carrying Case
The carrying case exclusively designed for carrving of the PC-1500, CE-150, CE-152,
CE-153.
(1) CE-155 BKB Memory Module
It 1s an 8KB option memory unit in which four chips of 2ZKB 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. It will be
possible to interface with a normal tvpe printer, computer, instrument, etc.
(3) CE-159 Program Module
It 15 a detachable memory moedule that consists of four chips of 2KB RAM. of which
area can be parually or entirely used for the read only area. The contents of the memory
can be retained by means of the internal lithium battery even if it was detached from the
PC-1500.
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4-1-2. Block diagram

4K ]
Memory R5-232C
y Pocker Computer i
?u;fu;ug{ PC-150 b-s:-*..uf-ur-.- Bodrd & Faraliel
- CE-153 Intertace

CE-158
aKB
Plemiory | i
Module [
CE-155
or
Frogram — -
Bodule 1 = l st
CEILG api niq:rmr Bt
Color Graphie Printer CE-152 Tape
CE-150
— o e CE-153
Cassetie Drperating
g . =1 | System
Tape Recorder | Brogram Tape
GE-152

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

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

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

(2) 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, 1t drives the driver of the printer and remote control
relays.

(3 The Ni-Cd battery of the CE-158 drives the driver and receiver of the R5-232C 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-13500.
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NOTE: VGG is always output.
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4-2. PC-1500

4-2-1. Qutline
(0 CPU
The LHS5801 CMOS B-bit Microprocessor is used. As it is operated by the clock
frequency of 2.6MHz from the crystal oscillator, its internal machine cycle is 1.3MHz,

BEFE oo Depression of the [ key turns it to high level so that VCC 15
supplied from BFO.

INO~INT . .....Input port for other than the [ key.

DO~D7........ Bidirectional data bus which 1s used to write and read data to/ from

the external memory.,
DO; 1.SB
D7: MSB
ADO~ADIS. ... Address bus.
AD(: LSB
ADI5: MSB
XLO, XL1......External crystal connection terminals, through which the 2.6MHz
crystal is connected.
XLO; Input
XLI1: Output

@ IO PC
Either LH5810 or LH5811 1s used. The same chip is used for 1/ O of CE-150, CE-153,
and CE-158.
PAO~PAT ..... Key strobe output
PR oo o8 key input

ADO~3, ADI12~13, DMEI
...... Address of 1/O port is set within FOOOH to FOOFH of the MET area.
(1) Timer IC
uPD 1990AC 15 used and connected with the 32,768k Hz crystal.
(1) Chip select decoder
It consists of two chips of TC40H 139F and TC40H 138F and it 1s used to select chip by
(5) Display chip
Because 4-bit SC882G is used. chip 1 is used in pair with chip 3 and chip 2 with chip 4.
Select signal is commonly used by chip 1 and chip 3 or chip 2 and chip 4. Data bus is
therefore divided into DO~D3 and D4~D7 in order to handle compatible with the 8-
bit RAM,
Address is within 7600H to 77FFH of the MEO 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 16K SC61328F
is used. Address is within CO00OH to FFFFH of the MEQ area.
() System RAM
Because the 4-bit X 1K bytes TCS5514 is used ina pair, the data bus is divided into two of
DO~D3 and D4~D7 and the select signal S7 is commonly shared so as to be
compatible with the 8-bit RAM.
Address is within 7800H to 7BFFH of the MEQ area which is used for the system
memory area and for the fixed variable area.

89
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User RAM
It is the user RAM for which 8-bit X 2KB HM6116 is used. Address selected by S0 is
within 4000H to 47FFH.
(%) 40-pin connector
It is the connector used for the connection ol one of optional memory modules and
program module, on which provided signal terminals for address bus, data bus, and
chip select.
(9 60-pin connector
It is the connector used for the connection of optional printer and interface. on which
provided signal terminals of address bus and data bus for the control of peripherals.
i) LCD
The 7> 156 dot LFBOR2GE multi-display is used.

4-2-2. Block diagram
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4-2-3. Chip select circuit
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ADIS . L 24 - C Y1 —» 51
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® 1Y0D~1Y3 is selected by the decoder IC (TC40H139F) when the gate signal

input BFO (1G) is low.

j | SEER With low state of ADI14 and ADI5, the Y0 output goes low so as to select the

(1Y0) user memory area of the module unit. (Address assignment of
OOH~3FFFH)

1 I—— With high state of ADI4 and low state of AD15, the Y| output goes low so as

(1Y1) to select the gate (G2A) of the IC (TC40H 138F). (Address assignment of
4000H~TFFEFH)

Y2iivie With low state of AD 14 and high state of ADI15, the Y2 output goes low so as

(1Y2) to select the optional ROM area of the module unit. (Address assignment of
ROOOH~BFFFH)

¥Y3......With high state of ADI4 and ADI5, the Y3 output goes low so as to select

(1Y3) the system program ROM (SC61328F) and the 1/O port (LH5811 or
LLH5810). (Address assignment of CO0OH~FFFFH)

S0~S7 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 ADI1. AD12 and AD13 in low state, the S0 output goes low so as

(YD) to select the user RAM (HM&61 16). (Address assignment of 4000H~47FFH)

S With high state of ADI11 and low state of ADI12 and ADI3, the SI output

(Y1) goes low so as to select the optional user RAM area. (Address assignment of
4300H~4FFFH)

o ANERINRR With low state of ADI and AD13 and high state of AD2, the S2 output

(Y2) goes low so as to select the optional user RAM area. (Address assignment of
S000H~57FFH)

53 ...... With low state of ADII and ADI12 and high state of ADI3, the 83 output

(Y3) goes low so as to sclect the user RAM area. (Address assignment of
S800H~5FFFH)

S4....... With high state of ADII and ADI13 and low state of ADI2, the 54 output

(Y4) goes low so as to select the user RAM area. (Address assignment of
6000H~67FFH)

L R Do not use.

S0 v With low state of ADI11 and high state of AD12 and ADI3, the S6 output

(Y6) goes low so as to receive on the [/ O port the data from the display chip RAM

or interrupt input from the option. (Address assignment of 7000H~77FFH)
- 5 (A Withall of ADI1, ADI2, and ADI13 in high state, the 57 output goes low so
(Y7 as to select the system RAM (TCS5514) (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).
N2 e 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 1 and
3.(Address assignment of 7600H~T76FFH)
V3 ......With high state of AD§ and DMEQD, 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)
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Chip select signal

| 0000H
Y0 |
- OPTIONAL USER MEMORY
{1Y0)
|
3FFFH
50 4000H
= STANDARD USER MEMORY
(¥a) 47FFH
51 4800H
(1) AFFFH
52 5000H
(y2) 57FFH
53 5800H
32 OPTIONAL USER MEMORY
(Y3 BFFFH
54 BO0OH
- (4} 67FFH
=l '_ 85 B800H
(1Y) o
{¥5) GFFFH
7000H |
INHIBITED
75FFH
56 1
= V2 7600H
(6] _
(2v2) 76FFH
Vi T700H STANDARD USER AND
(2Y2) T7FFH SYSTEM MEMORY
57 TE00H
(¥7) TEFFH INHIBITED
AOOOH CE-150
SYSTEM PROGRAM, |/0 PORT
CE-153
Y2 I/0 PORT
{1Y2) CE-158
SYSTEM PROGRAM
BFFFH
CO0OH PC-1500
SYSTEM PROGRAM
I/O PORT
CE-158
3 /O PORT
UART
(1¥3}
FFFFH
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4-2-4. PC-1500 system memory map

(1) In the MEO area is contained such as the system program and user RAM area and the
MET is used for such as [/ O port,
Memory bank is assigned by PV and PV for the MEO area of 8000H thru BFFFH. and
PU and PU are used to assign the PV area of 8000H thru 9FFFH. Address 0000H thru
TFFFH is used for the user arca and 8000H thru FFFFH for the system area,
The systemn area is used by the mnemonic programming system by which the CPU, 1/ O
PC, etc. are controlled, and the user area is used to store the program written in
BASIC, mnemonic programming language, and data.
With the PC-15010, MED memory area 4000H thru47FFH and 7600H thru TBFFH 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/ O port, and RAM
are arranged as shown in the next page.

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

i

CE-160

—

2000H

CE-159 (ROM/RAM)BKB ‘

=
u — -
E EWD'H.
E 4000H |STANDARD USER MEMORY (RAM) 2KB
= 4800H | op 151 (RAM) 4KB
- S
NOT USED
TEOOH | 51
TRFFH
—1 BO00H
NOT USED
AODOH |
GE-150
< e GRM | NOT uSED
E BEB
= | — =_
W CO00H
wy
-
oy
PC—1500
SYSTEM PROGRAM
(ROM)
16KB
|
4 FFFFH - I
L PU -| PU *
N —e— N —
L.

T — — = ‘

NOT USED

NOT USED
CE 150 170 PORT 68

NOT USED '

-

NOT USED

NOT USED

— MED e MET— -

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

connected

® Refer to "Memaory map Il and 111" for

® PV and PU are bank select signals.
@& Shadowed area can not be used.

-
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MEMORY MAP I

Note: For MEMORY MAP when

the CE—161 is used,refer
MEMORY MAP when the CE-155 is used. ( to page 160. /
“3000H o " [
_SEIDH . _' CE-155 (RAM) 2KB |
4000H STANDARD USER MEMORY (RAM) 2KB
FTrr —— — AKB IN TOTAL
CE-155
(R AM) GKB
SFFFH . D |
NOT USED |
BEOCH |
L ME 0 o

MEMORY MAP M

ME 1

. MEMORY MAP [V STANDARD USER & SYSTEM MEMORY

J600H—~T76FFH

HH]

I\ |0123456789ABCDEF

Lo {LOW,
0 [ 0
2 2
4 ! 4
6 | DISPLAY EFIGHIJKLMND B
8 | BUFFER $$1$$$$$$$$$ 8
A | A
C | | | C

LE | .Y EREEEE L E

7800H~78FFH 7900

B |

{1123456?39AB(1DEF

[ =]

BICD
$%53%%

| SYSTEM
STACK

SYSTEM
MEMORY

Al

MmO D> ooomsamn
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7AOOH~7AFFH 7BOOH~7BFFH
1GH | I 167 B —
0123456789ABCDEF 0123456789ABCDEF
LOW ™, N M | |Low
2 L | 9
2 || 2 o
a XYV 5 . 15
. =
' I TP INPUT
6 BASIC STACK = STRING | OUTPUT u
| 2 8 Z BUFFER | BUFFER | BUFFER
| & |, A5
c [Zjuw c |3
el | . | e || &

o A~Z (T900H~T79CFH) are fixed numerical variables.

e AS~7% are hixed character variables.

e The arithmetic registers X, Y, V, S, Z, U and W (7JAOOH~7A37H) are different from
fixed numerical variables.

e BASIC stack includes stacks for FOR—NEXT, GOSUB, DATA, FUNCTION,

e See the next page for details of the display buffer.

e For system memory, reler to MEMORY MAP VIL

MEMORY MAPV

/0O port

.' ] pcosoo | ce-150 | ce-1s3 | cE-1s8 |
Do not use FOOOH BOOGH 8000H ,‘ DOOOH
Do not use FOOTH BOOTH [ 8001H DOOTH
Do r:ot use ) | FOO2H EO0ZH 8002H DOG2H

_ Do not use | FOO3H | BOO3H 8003H DOC3H

| Divider FE;Bi FOO4H BOOAH BC;‘#H | DO04H
U register output FOD5H BOOSH BOOSH . DOOSH
Serial transfer B I:D(;EH BOOGH | BOOGH DODGH
Load divider to F register o | BOOTH R HDD?H_ DO0/H
F‘c;rt C input/output FOOBH BOOSH 8008H | DO0BH
G register input/output FOOAH . BOOAH 1 EED‘BI-_I 1| _ DO0SH
MSK register input/output FOOAH | BOOAH . BODAH DODAH
IF register input/output FODBH BOOBH BO0BH DOOBH
Specify port A /O direction FOOCH BOOCH 800CH DOOCH
Specify port B 1/0 direction FOODH | BOODH E-DODH | D-IU(]DH
Port A-_inputfcutput FODEH | BOOEH E:DUFH DOOEH
Port B input/output FOOFH BOOFH : J00FH | DOOFH
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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, ete.), each
dot is allocated with a corresponding bit of the memory in order to control activation of
dots. Address is represented by the hexadecimal notation and “H™ is used to represent high
state and “L” to represent low state of segment drive signals.

LCD
0 1 2 3 4 5 WIS 1R 1 1%
wots| |2 |88 IR 88 |/ g%g'%g'&
| \
| |
| \
w2612 28 |8 PHHOEE
.
| 7e0- 761 | 7e2- - 764~
S Pt e P i Pt P N
0 | s | s | s | s | sesL | st | sws | sest | st | s3n
1 | s794 | SIH | sem | son | s3sH | SI7H | SI03H | S25H | SIITH | S3IH
2 [ssor | s | T |
3 | ssom | som [
4 81 3 [
5 | 81 3 |
6 | 82 a I
7 | 8 4 |
B8 | m 5 T 1T 1T 1
g | m 5 | '
A 84 6 -'
B 84 6 | ,
c | s 7 sN7L | s3sL
D r Eﬁ ? b - L
E | s8L | SBL | SeL | SI6L | SI02L | s24L | STIOL | S30L
F | S86H | S8H | SO4H | SIBH | SI02H | S24H | SI10H | S30H
| i %
J! ADDRESS HIGH ORDER 4 BITS LOW ORDER 4 BITS
[ JB4EH DEF ] I ’ 1l ‘ m SMALL SML ‘ SHIFT BUSY
i J64FH |NOT USED  RUN ‘ PRO IRESEH\'E —— ‘ G |l DE
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— 1
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! 3 - 4
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SN — " -
5 |
6
= | |
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9
|
A 1 |
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c J
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F 5125!_1 S4TH

Memeory Map VII

MEMORY SYSTEM DETAIL

FEXX

e

5

whi
OFN DV COumTEN n

LINE TYPE

Doy IHI'."
COUNTE®

- RGBT R R T N

TRl
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A e g |
FREVCLS | i e
ADURESS H 0P H
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T o e
m" Cl m\ﬂ! |
RFFFR Is’m =
— . LSE H
USING F/F | TEEY 4
| SEamrn
asd MOORYSS M Lo B
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SEARDH oM ERROR
U Ao 55 4
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Address  Name Function
786BH | RMT/BEEP ' Remote and beep on/off pointer
78T1H | WAIT Y/N WAIT(0), WAITO(3). WAIT1(2)
78672H | WAIT COUNTER H WAIT counter .
7873H | WAIT COUNTER L
78744 | CURSOR ENABLE (OTH) if used. (0OH) it not.
7875H | CURSOR POINTER Cursor pointer (0~155)
787DH | BLINK CHARACTER Character code to be blinked.
7B7EH | BLINK CURSOR H Blinking cursor position (address of the display buffer)
787FH | BLINK CURSOR L
TEBDH TRAGCE 'I:hra{:e on/off pointer
788EH | TRAGE CONDITION Status when trace on.
788FH | OUTPUT BUFFER POINTER Output buffer pointer
7890H | FOR POINTER FOR-NEXT stack pointer
| 7891H | GOSUB POINTER GOSUB pointer
7B94H STRING BUFFER POINTER String buffer pointer
7895H USING F/F Using lormat (presence of decimal point, comma, etc.}
7896H | USING M integer part of Using
7897H | USING & Using of character string
7898H LISING m Decimal part of Using
| 7899H | VARIABLE POINTER H Variable pointer
789AH | VARIABLE POINTER L
789BH ERL Error number when occurred
| 7BCH | CURRENT LINE H Current line number
| 789DH | GURRENT LINE L
| 7B9EH | CURRENT TOP H Leading address of program of the current line
789FH | CURRENT TOP L
TBADH PREVIOUS ADDRESS H Address of immediately preceding line
TBATH PREVIOUS ADDRESS L
| 78824 | PREVIOUS LINE H Line number immediately preceding
| 78A3H | PREVIOUS LINE L
78A4H | PREVIOUSTOPH Leading address of program of the line immediately
78ASH | PREVIOUS TOP | preceding
TaAGBH SEARCH ADDRESS H Address of the line found during search
78ATH | SEARCH ADDRESS L
78A8H SEARCH LINE H Line number found after search
| 78A9H | SEARCH LINE L
?BAAH Sé;\ﬁCH TOPH Leading address of the searched program block
7BABH | SEARCH TOP L
78ACH = BREAK ADDRESS H Address of breakpoint
TEBADH | BREAK ADDRESS L
78BAEH | BREAK LINE H Addruss of breekpoint line number
78AFH | BREAK LINE L
| 78BOH | BREAK TOP H Top address of the program block to which break is
TEBIH | BREAK TOP L applied.
| 78B2H | ERROR ADDRESS H Address where error is met.
7883H | ERROR ADDRESS L
78B84H | ERROA LINE H Line number where error is met.
78B5H | ERROR LINE L
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Address Name Function
7886H ERROR TOP H Leading address of the program block in which error is
78B7H ERHOH TOP L met.
FaBaH ON ERROR ADDRESS H Address lo which program jumps when an error s met.
78BSH ON ERROR ADDRESS L
788AH ON ERROR LINE H Line number to which program jumps when an ernor is
78BBH ON ERROR LINE L met.
FBECH ON ERROR TOP H Leading address of program block in which an error is
TREDH ON ERROR TOP L met.
TEBEH DATA POINTER H Pointer for data statement
| 78BFH DATA POINTER L
79D1H OPN DV Peripheral device select
79E0H USER COUNTER XH Counter by which X-coordinates of the pen are
79ETH USERCOUNTER XL indicated.
TOE2H USER COUNTER YH Counter by which Y-coordinates of the pen are
T9E3H USER COUNTER YL indicated.
79E4H SCISSORING COUNTER YH | Y-direction scissoning counter
T9ESH SCISSORING COUNTER YL
FOEEH ABSOLUTE POSITION X X-direction absolute point counter
TBETH SCISSORING COUNTER XL X-direction scissoring counter
TOEBH SCISSORING COUNTER XH
TOEAH LINE TYPE Kind of line
TIEBH DOT LINE COUNTER Dot line counter
TOECH LR/ DOWN Pen up/down position salect
TYEDH X MOTOR HOLD COUNTER X motor hold counter
TOEEH POHRT C Indicates current motor phase
TIEFH ¥ MOTOR HOLD COUNTER ¥ motor hold counler |
FOFOH GRAPH/TEXT . Frinter mode select (graph=255, lext=0) |
T9F2H ROTATE Printing direction select
TOF3H COLOHA Color select
TOF4H CSIZE Printing character size select
TOFFH LOCK Lock/uniock salect
TBOOH AND NUMBEH Random number
TBOH AND NUMBEH
TBOZH RND NUMBER
7BO3H RND NUMBER
7BO4H AND NUMBER
7BOSH AND NUMBEH
TBOG6H RND NUMBER
TBOTH AND NUMBER
TBOAH AUTO P-OFF COUNTER U Auto power off counter
TB0BH AUTO P-OFF COUNTER M
TBOCH AUTO P-OFF COUNTER L
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4-3. Connector signals/LSI signals

102

MNote 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 L. H3511 or
LH3810 is used for the 1/O PC. The LLH5811 is an upgraded version of the 1. H581().

4-3-1. 40-pin connector

Pin no. Signal name Description .
1 VCC VGO
2 PV Chip select
I PU " Chip select - iy
4 Y Address designation of 0000H~3FFFH
E 54 Address designation of 6000H~6700H
& DMED Chip select with WAIT condition in consideration {(MEOD area
assignment)
7 D7 Data bus |
8 D& Data bus =]
9 D& Data bus
10 4 Data bus |
11 D3 Data bus
= I Deas N AnUaschas BN S G T a0 B B
13 1 Data bus |
14 'Dr:: Data bus ..
[ 15 INHIBIT Prohibits RHOM select of the PC-1500, when connected to GND. |
16 &1 Address designation of 4800H~4FFFH
17 52 Address designation of 5000H~ STFF_Ij_ =
18 53 Address designation of 5800H~5FFFH
19 Y2 Address designation of 8000H~BFFFH | | |
20 VGG VGG
1 GHND GND
22 ) AD15 Address bus
23 AD14 Address bus
24 AD13 Address bus
25 AD12 ~ Address bus
B 26 AD11 Address bus N
27 AD10 Address bus
28 AD9 Address bus
29 ADS Address bus
30 ADT Address bus o
K| ADS Address bus
L a2 ADS Address bus
| a3 AD4 Address bus
34 AD3 Address bus
35 AD2 Address bus o
36 At Address bus
a7 ADD Address bus
38 ap Output disable
59 R/wW Memaory read/write
40 GND GND

MOTE: S4 of No. 5 may be NC, depending on production month
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4-3-2. 60-pin connector

Pin no. Signal name Description
1 AD? Address bus
2 ADE Address bus
3 ADS Address bus
4 AD4 Address bus -
5 AD3 Address bus
[ ADZ Address bus
7 ADH Address bus
8 ADO Address bus
9 | PHO Nat used
10 PC? Not used =
11 VCC ~ VCC
12 vec | veC
13 NC NC
14 NC NC
|15 PV Chip select
16 Y] Chip select
17 D7 Data bus
18 [8]:] Data bus
19 Ds Data bus
20 D4 Data bus
21 D3 Data bus
22 D2 Data bus
23 D1 Data bus
24 |« Data bus
25 INHIBIT Prohibits ROM select of the PC-1500, when connected to GND,
26 WEX External WAIT signal
27 CMTIN Cassette data input
28 w1 WAIT condition input
28 CMTOUT Cassetle data output
30 INT Interrupt request to CPU
H ADA Acddress bus
32 AD9 Address bus
33 ADTD Address bus
34 AD11 Address bus
35 AD12 Address bus
36 AD13 Address bus
37 AlD14 Address bus
38 AD1S Address bus
29 P81 Mol used
40 NG NC
41 vCC vCC
42 vCC VCC
43 F-GND Frame GND
44 VBAT VBAT
45 VBAT VBAT
4B VBAT VBAT
47 VBAT VBAT
48 VBAT VBAT
49 NC NC
50 BFO VCC oulput
51 $05 Clock in the same phase as the LS1 internal clock
52 GND GND
53 GND GND
54 GND GND
55 GND GND
o6 DMED Chip select taking consideration of WAIT condition (MED area
designation)
57 R/W Memary read/write signal
58 DME1 Chip select taking consideration of WAIT condilion (ME1 area
designation}
EE) ME1 ME1 area designation
60 cD Outpul disable

NOTE: PBO of No. 9 may be NC depending on production month,
FB1 of No. 29 may be NC depending on production month
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4-3-3. LH5801 Microprocessor

Pin no. Signal name Description
1 RESET Reset input
2 NC NC
3 BRO Fixgd to0 GND level
4 HFI E kery inputl signal
5 VGG VGG
[ BFO VCC output
7 OPF Mot used
B BAK Not used
] VGO VOO {4.0-4.7V)
10 VGG VGG (4.0~4.7V)
11 WM LCD power supply
12 VDS LED power supply
13 VA LCD power supply
14 VEH LCD power supply
15 MM GMND
16 [T]] Mask able interrupt input
17 HIN LCD backplate signal
[ HA LCD backplate signal
19 DisSP LCD on/off control
20 HT Not used
Fll HE Backplate control
Fr] H5 Backpiate control
23 H4 Backplate control
24 H3 Backpiate control
25 H2 Backplate control
2% M1 Backplate control
27 HO Backplate control
1) on Output disable
29 MED MED area designation
a0 ME1 ME1 drea designation
31 Do Data bus
32 D1 Data bus
33 D2 Dala bus
34 D3 Data bus
as D4 Data bus
36 D5 Data bus
a7 06 Data bus
38 o7 Daia bus
a9 ADD Agdress bus
40 AD1 Address bus
41 AD2 Address bus
42 AD3 Address bus
43 AD4 Address bus
a4 ADS Address bus
45 ADB Address bus
46 AD7 Address bus
47 GND GMD
48 ADB Address bus
49 VGG VGG
50 AD9 Address bus
51 AD10 Address bus
52 AD11 Addrass bus
53 AD12 Address bus
54 AD13 Address bus
55 AD14 Address bus
56 AD15 Address bus
57 NG NC
58 RAW Memory read/wnte
59 PO Mol used
B0 PV Chip select
&1 (&l Chip select
[iva +05 Clock which is in the same phase as the LSl internal clock
63 XLO 2.6MHz oscillator input
Gd xL1 2.6MHz oscillator ouiput
(i WAIT CPU WAIT signai
66 INT Key input port
67 IMNB Key input port
68 I1N5 Key input port
&3 N4 Key input port
70 NG Key input port
A N2 Key input port
72 [ Key input port
73 INO Key inpul port
74 NC NC
75 NC NC
76 NC NC
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4-3-4. 1/0 PC

When the pin No. 34 {(MED) of the 1, O PC is connected with ME1 of the CPU. it will be

accessed as the MEI area.

(1 PC-1500 1/O PC

Pin no. Signal name Description
1 PAT Key strobe )
2 PA2 a Koy strobe
3 PAZ Key strobe
4 PAd Key strobe
5 PAS Key strobe
B PAG Key strobe
F i PAT Key strobe
8 GND GND
) PBO Not used

10 Pt Not used

11 PB2 Serial data input from the cassetie tape

12 PE3 VCC (export model). GND (domestic model)

13 =L GND

14 PBS Timer control

15 PBE Timer control

16 PRT ON key input

17 Pty GND

18 PCO Timer control

19 PGt Timer control o

20 PC2 Timer control B

21 PCa Timer control

22 PCa Timer control

23 PC5 Timer control

24 PCE Buzzer on/olf control

25 PC7 Mot used

25 CSo Chip select (AD12}

27 cst Chip select (AD13}

28 (017 Chip sefect

29 RS0 Chip select (ADO)

30 RS Chip select (AD1)

31 RS2 | Chip select (AD2)

32 RS3 Chip select (AD3)

33 HwW Memory read/write

34 MED MED area designation

a5 ME1 ME1 area designation

36 Wi WAIT condition input

37 Wi WAIT condition input

38 GND GND

39 VCC Tolw

40 DMED Chip select taking consigeration ol WAIT condition {assignment of
MED area)

41 DME1 Chip select taking consideration ol WAIT condition {assignment of
ME1 area)

42 CWAIT “WAIT to CPU

43 INT interrupt to CPU

44 RESET I/Q port reset input

45 IRCQ Interrupt input

46 POS Basic clock inpul

a7 CL CMT demodulation clock input

48 SD1 VCC level

49 LG Not used

50 Lo CMT signal

51 SD0 Serial data outpul to casselte tape

52 Do Data bus

53 D1 Data bus o

54 D2 Data bus

55 D3 Data bus

56 D4 Data bus

57 D5 Data bus

58 D& Data bus

59 nr Data bus

60 PAD Key strobe
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() CE-150 I/O PC

DMED Not used

DME1 Not used

Pin no. Signal name Description
1 PAT Remote 0 control
2 PAZ Remote 0 control
3 PA3 Remote 1 control
4 PA4 Remote 1 control
5 PAS Manual print mode assignment
6 PAS Not used
7 PAT Mol used
8 GND GND
9 PBO Pen ascending signal
10 PB1 Pan descending signal
11 PB2 Color deteclion
12 PB3 Mot used
13 PB4 Not used
14 PBS Not used
15 PB& Low battery
16 PB7 Paper feed key input
17 P& Nol used
8 PCO X motor control = =
19 PC1 X mator control
20 PC2 X motor control
21 PC3 X motor control
22 PC4 ¥ molar contral
23 PCSH ¥ motar control
24 PCE ¥ motar contral
25 PCY Y maotor control
26 CsS0 | AD13 input/output
27 C51 ADI2 input/output
28 ©s2 I/0 port address designation
29 RSO ADO
30 RS1 AD1
N RS2 AD2
32 RS3 AD3
33 R/W Memary read/write
3 MED MEO area designation
as ME1 GND
36 WO GND
a7 W1 WAIT condition output
38 GND GND
39 VGG vCC
40
41
42

WAIT WAIT condition output

43 INT Interrupt request to CPU

44 RESET LH5811 reset

45 IRQ Interrupt request from external source

26 $0s internal clock having the same phase as LSI
a7 CL1 GND

48 sD1 GND .

49 LC Not used

50 cLo Mot used

51 SDo Not used

52 0o Data bus

53 m Data bus

54 D2 Data bus

55 D3 Data bus

56 D4 Data bus

57 Da Data bus

58 D& Data bus

59 D7 Data bus

60 PAD For stable inpul level when CMT 15 nol in use
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) CE-153 I/O PC

Pin no. Signal name Description
1 PAT Kay input port
2 PA2 Key input port o
3 FA3 Key input part
4 PAd Key input port
5 PAS Key input port
6 PAB Key input part )
7 PAT Key input part
B GND GND . B
] PBO Key inpul-{j;:l:r‘t
10 PE1 Key input port
R PBE2 Key strobe
12 PB3 Key strobe
13 PB4 Key strobe
14 PBS | Key strobe
15 PB6 Key strobe —
16 PR7 Key strobe
17 Po_ |GND
18 PCO Key strabe
19 PG Key strobe
20 PC?2 Key strobe
21 PC3 Key strobe
22 PC4 Key strobe
23 PC5 Key strobe
24 PC6 Key strobe
25 PCT Key strobe
26 Cs0 AD15
27 51 AD14
28 | Cs2 |AD13
| 29 RSO ADOD
30 RSt AD1 Sl
31 RS2 AD2
32 RS3 AD3
33 R/wW Memory read/write
34 MED MED area designation
35 ME1 GND
| 3% | W0 |GND
37 W1 GND
38 GND GND -
39 _ NGCC VYOG (4 7040.02v)
40 DMED Nat used
41 DMET Mot used
42 WAIT WAIT condition
43 INT Not used — =
44 RESET | Reset
45 IRQ | GND '
46 $0S Internal clock having the same phase as LSI
47 CL1 GND o )
48 501 GND
49 LC Mot used
50 CLO Not used )
51 S00 Mot used
52 DGO Data bus
53 1 Data bus
54 Dz Data bus
55 [BX] Data bus
56 D4 Data bus
57 D& Data bus ——
58 D6 ‘Data bus
59 o7 Data bus
B0 PAD Key input port
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(® CE-158 I/0 PC

Pin no. Signal name Description
1 Pa RS232C I/F send request
2 PAZ R5232C I/F ready to receive
a PA3 | RS232C I/F carrier detect
4 Pad RS232C I/F data set ready
5 ~ PAs Low battery e
5 PAB Baud rate select
7 PAT Baud rate select
8 GND GND ) S
9 PEQ Centronics parallel I'F DATA 2
10 PB1 Centronics parallel I/F DATA 2
11 PB2 Centranics parallel I/F DATA 4
12 PB3 Centronics paraliel I/F DATA 5
|13 PB4 Centronics parallel I'F DATA 6
|14 P85 | Centvonics paraliel VT DATA 7
15 PB& Centronics parallel I'F DATA 8
16 FPET | Centronics paraliel I/F BUSY input
17 Pé  |GND
18 PCO Baud rate select
19 PC1 Baud rate select
20 PC2 Baud rale select
21 PC3 Baud rate select
|22 | PC4 |Baud rate select
23 PC5 | Centronics parallel I/F DATA 1
24 PCR Centronics parallel I'F STROBE
25 PC7 Centronics parallel I/F INIT
2 Cs0 VCC (4.7040.02V)
27 CS1 VCC (4.70+0.02V)
28 Cs2 GND
29 RS0 ADO -
30 RS1 AD1
31 RS2 ADZ2
32 RS3 AD3 ]
33 R/W Memory read/write
34 MED MED area designation
35 ME' GND -
36 WO GND
37 Wi [GND
38 GND | GND
38 \Ueie VCC (4. 7010.02V)
40 DME0 | Not used T
41 DME1 Not used
42 ~ WAIT [ Not used
43 INT___ | Interrupt request to GPU =
44 RESET | LH5811 reset |
45 IRQ | Interrupt request .
46 $0s Internal clock having the same phase as LS1
47 CL1 GND
48 SD1 GND |
49 LC | Neotused |
50 CLD Mot used ]
51 sD0 Naot used
52 DO |Databus 2
53 D1 Data bus B
54 D2 Data bus
55 D3 Dala bus
56 D4 Dala bus
57 D5 Data bus
28 D Data bus
59 D7 Data bus
60 PAD RS232C I/F terminal ready
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4-4. Key matrix and key code chart

Key matrix

BF

Key code chart

N @|1]2]3|4]5]
%) swlo | P
1 slrt] [1]alal
2 lsmlFe| |2]B|R]
a| [ra] [3|c]s]
'a| [ra| [a|D[T]
‘5| |r8| |8|e|u]
'e| |F8| |8|F|[v]
2l | | [7clw]
8|4l c|8|H]x]
QI:IRCII) QII-Y.
Al 1 * N E:
.Bll :'EFl*i* IK-
e
e
— — =
'[_'_} 'f ID- | NOTE: For ON key. refer to "KEY SCAN" of “SYSTEM

SUBROUTINE”
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PC-1500 software
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5-1. BASIC command related PC-1500 machine language

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

5-1-1. NEW

112

Format (PRO mode)
NEW - expression ¢
(D) NEW expression (—0)

Clears program and all data areas and secures the BASIC program area following to

the reserve program area.

[ =y Top of the BASIC program

|_Oﬂeratmn ot the PC-1500 only 40C5H
|

Operation in conjuction with the CE-155 38C5H

See (System memory)

() NEW expression (#0)

Effective when there 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 1s valid within an address range ol RAM

area except the reserve area.

(& NEW

Clears BASIC program and all data areas without affecting the BASIC program area.

When executed in the reserve mode, 1t clears the reserve area.

5-1-2. STATUS

Format
Status — expression —
(1) STATUS 0

Similar to MEM, the sum of unoccupied memory size and data memory size is given in

terms of bytes.

(1) STATUS 1

Size of the memory used lor the BASIC program s given in terms of bytes.

(1) STATUS 2

The last BASIC program address plus one address (next to FFH) is given.

(1) STATUS 3

The smallest address where data stored 15 given.

() STATUS 4

When BASIC program is in execution, the line number executed immediately before.
When program execution 1s at halt, the current line number.
In otherwise condition, *07. Same for STATUS 5 thru 255,
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ROM siormaton

Reserve ares

Machine language
program ares

HASIC program arés l
l STATUS 1

User area

J
STATUS 2 3
SE | (RAM)

Unoccuped area

STATUS 3 — STATUSD

|
[ Data area [

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

5-1-3. PEEK

Format
PEEK - # + expression —
(1) PEEK expression
Recalls the data in MEO arca whose address is represented by the expression.
(z) PEEK # expression
Recalls the data in the ME| arca whose address is represented by the expression.

5-1-4. POKE

Format

POKE - # ;- expression-1 *- » — expression-i -

(i) 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, ...

(i) POKE # expression-1, expression-2, expression3, ...
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/O port controller is in the ME1 area for the PC-1500, care must be
taken not 1o have a wrong use of this command, as il may possibly result in
deslruction.

(EX): POKE &4700, 801, 802, &03

Address -Dltl
4700H MH

4701H 02H
| oam
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5-1-5. CALL
Format
CALL — expression |- » — variable
(1) CALL expression
Machine language program starts to execute starting from address specified by the
expression.
Progam returns from the machine language routine by the command.
(z) CALL expression, variable
I) When the variable is a numerical variable (within a range of —32768 thru 32767)
I, The value of the variable is transterred to the Xreg.
2. Machine language program is executed from the starting address represented by
the expression,
3. Il there is a carry when returns, the value of the Xreg is transferred to the variable.
2) When the variable is a nonnumeric variable
I. The leading address of the nonnumeric variable is transferred to the Xreg and the
size information of the nonnumeric variable is transferred to the accumulator,
2, Machine language program is executed 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 transferred to the variable from the address represented by the
Xreg,

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

5-1-6. CSAVE M

Format
CSAVE M - 1 4 “file name”; + expression-1, expression-2 - , expression 3
(1) CSAVE M expression-1, expression-2, expression-3

Data residing from the address represented by the expression-1 to the address

represented by the expression-2 is recorded on the tape as the machine language
program.
When the expression-3 s 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 also be recorded on the tape, when there is a file name.

(z) CSAVE M-1
Tape control will be set to the REMOTE-] side.

5-1-7. CLOAD M

Format
CLOAD M 1 —1 y “file name”; ;- expression +
() CLOAD M

The machine language program recorded on the tape is loaded into the same memory

area as when recorded.
When the expression is given, program load will 1ake place from the address
represented by the expression.
If 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, automatic execution will not start if the
eXpression 18 given.
(z) CLOAD M-1
Tape control will be set to the REMOTE-] side.
114
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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  [NTERNAL CODE| | COMMAND  INTERNALCODE |  COMMAND  |NTERNAL COD]

ABS F170H||LCURSOR |[E683H| | SETCOM E882H
ACS F174H | |LEFTS F17AH||SETDEV EBB6H
AND lF150H||LEN F164H||SGN |[F179H
AREAD FIB8O0H | |LET FI98H|[SIN | F17DH
ARUN FI1IB81H||LF FOBEH | SORGN E68AH
ASC F160H |LINE FOB7H| | SPACES FOB1H
ASN F173H||L1ST FO9O0H || SQR F16BH
ATN F178H||LLIST FOBSBH | [STATUS FIGB7H
"BEEP [ F182H || LN F‘?EH"STE" | FTADH |
BREAK FOB3IH ‘Lﬁﬂﬂ [FIBSH | | sTOP FIACH
CALL ‘rlﬁﬁﬁ' LOG F177H| sTRg F161H
CHAIN FoBzH |LPRINT | FOB9H '7aB FOBBH |
CHRS F163H MEM F158H| TAN F17FH
CLEAR F187H |MERGE FOBFH| TERMINAL [EB8B3H
CLOAD Fnngliﬁlﬁi_ _ _JF17BHI|TEST FOBCH
CLS ‘FUBEH[ NEW F19BH | I TExXT E686H
CoMms Eg58H| NEXT ‘FIBAHl THE N F1AEH
CONSOLE |FOoBIH |NOT [F160H | 1 iMmE F15BH
CONT F183H | |OFF FISEH || 10O FIBI1H
COLOR FOB5H | ON FISCH| TRANSMIT EB85H
cos FI17EH| | OPN F19DH | | TROFF FIBOH
| CSAVE FO95H | |OR FI151H| TRON FIAFH |
CSIZE EG8OH||OUTSTAT EBBOH| UNLOCK |F1B6H
CURSOR F034H|.PAU5E 'F1A2H| usiING |FOBSH |
'DATA |F18pn | |PEEK FI16FH | TvAL TF162H |
DEG FI65H| |PEEKS (F1BEH | IwalT [F1B3H |
DEGREE F1sCH||P! FISDH|[ZONE FOB4H
DEVS EBS5T7H POINT FI168BH B [ )
DM F18BH POKE F]A]HI
DMS ‘FIEGH |POKE# F]ﬂiUHI
"END -FIEEﬁi'RADIhﬁ__'FIAAH'
ERI FOS53H RANDOM F1ABH
EBN FOs2H READ F1AGH
ERROR FIB4H | REM FI1ABH
EXP F178H |HESTDHE FII&:-’HI
"EEED "FoBoH| | RETURN F199H
| FOR FI1ASH | |RIGHTS F172H |
GCURSOR |FO093H||RINKEYS$ |E85AH
GLCURSOR|E682H | RLINE FCBAH
GOSUB F194H | RMIT E7A3H
GOTO F192H | | RND F17CH
GPRINT FOOFH| | ROTATE E6B5H
GRAD !FiBSH _RUN (F1A4H
| GRAPH |E6B1H |
I F F196H
INKEY S FISCH
INPUT FO91H
INSTAT EBS9H
[ INT F171H |
115
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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™ 10 + 9.999999999 < 10™ and are composed of the exponent part.
mantissa sign and mantissa part.
| [ T 1 ] | Exponent part: expressed in a binary number.
_t i ‘ Megative number is represented by

_' — 00H complement.
Mantissa sign: 00H {Positive)

l — Mantissa :
L [ Mantissa sign BOH {Negative)

Exponent

(Example when numeric is stored from 7AQO0H to 7AO0TH)

_ JADOH JAO7H

03H 00H|[15H[00H |[00H |00H[00H|0OH |50

00H 00H|[12H[34H [56H | 00H 00H|00H | 1.2385%
(FOH | 0O0H [ 12H |34H|56H|78H S0H | 00H  0.00123456789012

08H | B80H 12H 34H | 00H 0O0H 'UE]H OO0H | —1.234x10°

5-3-2. Expression of binary number

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

|k | %k | % | * LA | Negative number is expessed by a complement

Invalid data BZ2H [ i Invalid data

- Binary number

(Example when numeric is stored from TADOH to TAO7H)

~ 7AC0H 7A07H
* | * [ % '* [B2H[05H|DCH| x 1500
* * o o | lEazH |FFH[FBH| % | -5
N k |B2H|[7FH|FFH| % | 32787
* * * ¥ |B2H soHlo0H| % - 32768

NOTE: Noted with an asterisk () indicates invalid data.

5-3-3. Expression of character string

Character string information s composed of eight bytes (with four byvtes of valid data) and
it resides in the address contained in the character string information.

[ * * * * I DOH | ADDH | ADDL |LENGTH Size of character string: 01H thru 50H
I | | | e M Redatiiield ) Leading address of character string

0000H thru FFFFH

Invahd dam DO0H Leading address l--—_Size of
of character charactor
string string

Example that the character string information resides in the arithmetic régister and the
character string "SHARP" resides in the string bulfer.

7A00H . _ FADIH [

*-“_ * | % % | pow | 7BH | 100 | 0SH

7BI0H 7B14H !
53H | 484 | 41H | 52H | 50H
S M s R P
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5-3-4. Structure of variable name

Vanable name Lield 1s made of two bytes which consists of variable name composed of
ASCII character, distinetion of numeric and nonnumeric vanable, and presence of array

assignment.
———High order Byte Low order Byte
(T T[T T 1]
l | L | — | ! | |
I | I '
First ASCl character | | Second ASCI character
; . ' - ' {low order 5 bits)
Variable name | Code | ]
| A l4100H | ——| 0: Numeric variable
B T 4211H ! | I Nonnumeric variable
! i e
| = e i i > Tth bit from the LSB of the|
|DD (1) |[44C4H| second ASCII code
|E$ 4520H | . ,
[ — 'l O Not array variable nor @
;L. ? E? aH | I 1: Array variable or @
|GG (2) 47E7TH
| @ (3} 40B0H
| ZZ % (4) |SAEAH |

(EX) When array declared to “A3(1,2) % 3
2Byte 2Byte 3Byte 3Byte IByte

| ' [
41la0loo0l1s5loz2lo1 03

AS 0.0 |AS 01)

— Data— —Data—
A | | 1 = N —
Variable Byte count Second Size Data
NaAMme of whole subscript of

memory +3 character
First string
subscript (88 for

nUMmeric)

5-3-5. Structure of program

Each of program lines 1s composed of the line number, line size, program code..and end

code.
T N T ] T I I
! I\ | ODH | : | ! {
— i . —1 = S 1 ¢ — L —t er ]
Line number  Line size  Program code C/R Ling number  Line size
10 PRINT A
20 END The above programmed lines will be as follows (without (module)
Address | Data |
40CHH 0O0H | 4,4
40C6H [ BAH |/
40C7H (0 1 - BRRRELE Line si2e
40C8EH FOH |
} PRINT
40CaH | 37 H !
SOCAH § AT ] oeh
40CBH | ODH [« C/R
40CCH | 00H lag
40CDH | 141 |/
| 40CEH | 0 3H |- =Linesize
ADCFH F1H |
40D0H | gan | | EAP
40D1H [ 0DH |--C/R
400D2H FFH | - Code to indicate end of BASIC program
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5-3-6. Structure of reserve area

(D Leading address of the reserve area

| System configuration  |Leading address|
| PC-1500 ONLY 4000H
| PC—1500+CE-15] 4000H ‘
|  PC—1500+CE-155 2B00H
| PC-1500+CE—159 20004 |

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

—Jo]1]2[3]als]s]7]8]a]a[B]c[D]E]F] (3) Reserve key code
134 . e ——°[ 1 [0 | O

| 401 Key symbol of the reserve number | {26 bytes) | E o1l 111 pan
402 Key symbol of the reserve number 11 {26 bytes) F 3 2 > o
,l,“'ﬁ—l,=r'|‘_||||r . LA O 5 HAH |

| ! . . | 1 F3 B3H|1T3IH|O0BH
404 Key symbol of the reserve number 1 {26 bytes) -

:'.195 ] | [ I | l I | | I T F 4 O4H|14H | DCH
406 | The contents of reserve keys are stored in | | ', FS 1 i 5 H|T15H)0DH
407 l order of registration (111 bytes) | | | F £ ﬁﬂ 16H|OEH

| 408 | | r l e Reserve key contents are stored

| 409 | | | [ following 1o the key codea,

40048 | | ® Reserve programs are stored in
408 | | | order of registration, Inthe case
400C I Machine language | of re-registration, the previous
40D | I [or l B program is deleted and the new
40E | | BASIC program | F:rugram s added following to
T T 1 it.
NOTE: When NEW [»#] is executed in the

RESERVE mode. address area from 4008H to
40C4H is filled up with “00H".

(i) ROM status information

ADDRESS

DESCRIPTION

1st Byle in the ROM

55H

2nd Byte in the ROM

High crder one byte of the ROM lop address

Ird Byte in the ROM

High order one byte of the top address of the BASIC program,
assuming the ROM top address to be "0000H"

4th Byte in the ROM

Low order one byle of the top address of theBASIC program,
assuming the ROM top address to be "0000H"

gth Byte in the ROM

6th Byte in the ROM

Write the following code according to the ROM size
1KB:"04H" 2KB:"08H" 4KB:"10H"
EKB:"?DH" 16KB:"40H"

Undefined

7th Byte in the ROM

Undefined

gth Byte in the HOM

To inhibit “"LLIST" command, write "“00H"
To effect "LLIST" command, write "FFH"

Mote : The ROM address is 0000H~3FFFH.
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(An example of registration)

Key symbol

Reserve Mo [ PIRT I|H|P

Reserve Mo Il | 5|0 || |ClO|S

Reserve Mo @ | [RILN| GIT|O

T T I ]
GiT 2 Gis|e iRZEll
L

|
[

Reserve contents

_g_r!;::rwam" Key Repstered conlents
[ 1 I F1 | PRINT
2 1| F3 | GOTO
L3 I| F2 | INPUT
.4 I| F4 | GOSUB
5 I| F5 RETURN
& M| F1 SIN
i o0 F3 TAN
8 M| F2 | GOTOW@
9 m Fi RUNG@
10 I| F2 | cos

e |o[1]2[3]4]s][e]7]a]a]a]B]c]D]E[F
400 2050 52/54/20 49/ 4€ |50
401 |20047/4F|54]20147 [53147|20/52|45|54(20/00/00/00
402 |000of20[53|49|4E120]43/4F 53120(54/4114€[20/00
4 03 |oojoojpoloo|oo]ooloo|ooloo]oo|oojoo|zo]s2]s5]4E
4 04 [20i4754(4F) 20| 00(CH3| 00[ 00 00|00| 001000010000
405 0000 100{0o]oojoofor [rols7 03fF 1 [sz]oz rolan o4
406 [F1[34osF1199]11]F1|7013(F1|7F|0OAF1 52 40|03
40 7 [F1)A40[12(F1 ?Emmmgmmmmmwm
408 |00/00/oc/0c|ooioo|on|oo0o00looloioo nojoc|oo
409 |00/oo/oo/oojoojoolnoloolonlooloolnoleoloolocieo
40 A looloolooloc]ooioolooloolooioslo|oolooloolocio
408 oojoojocjoc|oo|oo]oo]ooocjoojoo]vo|nalosjocleo
40C 0000000000 | | | I
40D 1 | 1
40E
40F | !

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 0
Version 1

(1) Character function

Addre_e.s AEO{]_H is 44H
Address ABOOH 15 BEH.

Combination of character | D925H | | VAL | pep7H
CHRS D9B1H LEN. ASC DSDDH
STRS | D9CFH RIGHTS, MIDS, LEFTS D9F3H |
() Arithmetic operations
Substract EFB6H 100 FID4H |DEG | F531H
Add EFBAH cos F391H | DMS | F564H
Multiply FO1AH TAN FA9EH ABS F597H
Divide FOB4H SIN | FaazH SGN F59DH
LN F161H ACS | Fao2H INT FSBEH
| LOG ~ F165H ATN F496H Power raise FBICH
| ExP F1CBH ASN | F49AH ,
(1) Compare

[ Numerical comparison

(1) Search

Line number search

—

| KEY scan (I}

(&) Display

Auto-power-oft

_Prugram Hisal.é.w
Graphic display

Hexadecimal {2 byles --'1

l byte)

]

DOD2H ‘[ Character sl_ring co?par'rsun

DOF9H

D2EAH Variable search T D46 1H

F42CH KEY scan (Il) [ E243H

E33FH | Ef:;ne cﬁaractér cﬁs.piay ED5STH

EE—CAH “n“'-:-:haracter ﬂléplé'y ED3BH

EDEFH Cursor move afler one ED4ADH |
character display

EDSSH || Cursor move after "n” EDOOH |

i characler display
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(&) Printer related

Color designation ] AS19H(A4FTH) | Pen up/down AAE3H(AABDH)
Print | A781H(ATSBH) Motor dl_'_i?e_ ASDDH(ASBTH)
Linefeed | A9F1H{A9CBH) || Motor off ATBOH(ATATH)
Paper feed AADAH(ASDEH) | Get GRAPHIC mode | ABEFH(ABCS6H)
Get TEXT mode ready | ACBBH(ACBFH) | "€2dY
~ (Figures in parentheses indicate version 0.)
{(7) Cassette tape
Remote on | BF1IH Header input/output BCESH
Remote off - BF43H | CMT 1/O control BBFS5H
One character save BDCCH »‘.:.:r;a?a header BBDGH
| One character load BDFOH Transter file ] BD3CH
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5-4-1. Character functions

H Combination of character string
Combination of character string-1 and character string-2
(1) ENTRY PREPARATION
e Preparation ol character strings
Character string information of the character string-1 15 stored in the arithmetic
register (7TAOOH~T7AOTH).
Character string information of the character string-2 is stored in the arithmetic
register (TAIOH~7AITH).
e |OH is stored in the string buffer pointer (7894H).

(z) ENTRY ADDRESS
D925H
e Subrouting is called in the following format:
SJIP (Address where PSH Xreg is written)
DB DATA (Error return address)

PSH Xreg
PSH Yreg ¢ Write in other addresses.
IMP D925
. — > PSHXreg i
i PSH Yreg 1'
Data i !
€ JMP el }' DassH
Byte count . -
of data Pk
b Pt L e - — gy
At errgr T T ==":x RTN

(1) EXIT STATE

¢ When no error
Returns to the address next to the data. Resultant character string information will
then be stored in the arithmetic register X (TAOOH~TAOTH) and the combined
character strings will be stored in the string butfer (TBI0H ~).

e ‘When error
After storing the error code in the UH register, it returns to the data stored address
plus one.

NOTE: For details of character string information, refer to the paragraph discussing the
structure of variable and program.
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H CHRS
(1) ENTRY PREPARATION
® Preparation of numeric value
An integer of 0 thru 255 is stored in the anthmetic register (TAOOH~7A07H) in
decimal or binary figure.

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

(22 ENTRY ADDRESS
Do9B1H

(3 EXIT STATE

® When no error

UH = 00H

Address

7AD4H
7AO5H
7A06H

l

TAOTH
JB10H

10H

O0H or 01H

ASCII code

When ASCII code 1s 00H. the contents of TAOTH become 00H or 01 H when other than

O0H.

e When error
UH # 00H (Error code is stored in UH)

| STRS

(1) ENTRY PREPARATION
e Number to be converted is stored in the arithmetic register (TAOOH~7A07H) in
decimal or binary figure.

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

() ENTRY ADDRESS
DICFH
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(3 EXIT STATE

e When no error

UH = 00H
Address Data
7A04H DOH '
TEFI_ -] _Le.at.ding address of character string (high order one byte)
[= TAOEH Leading address of characler string (low order one byle)
TAOTH Size of char:'zlzter string 4 -

For an actual character string, the string buffer (7BIOH~7B5FH) can be used.
® When error
UH # 00H (Error code will be stored in UH.)

N VAL
(1) ENTRY PREPARATION
e Character string information to be converted is stored in the arithmetic register X
(7TA00OH~TAQTH) in character string format.

(1) ENTRY ADDRESS
D9D7H

() EXIT STATE
® When no error
UH = 00H
Result is stored in arithmetic register X (FAO00H~7A07H) in decimal figure.
e When error
UH # 00H (Error code will be stored in UH.)

B ASC, LEN
(1) ENTRY PREPARATION
o Character string information to be converted is stored in the arithmetic register X

(7TADDH~TAOTH]).
Address Data
7TAO4H DOH
7A05H Leading address of character string (high order one byte)
T A0BH Leading address of character string (low order one byte)
TAOTH Size of character string
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® Sctup of function

Function I YL
ASC &0H
LEN 64H

(2) ENTRY ADDRESS
DSDDH

(i) EXIT STATE
* When no crror

LIH= 00H
Result 15 stored in anthmetic reister X (JADOH ~ TAOTH) in decimal ligure.

e When error
UH= 00H (UH=¢error codc)
B RIGHTS (Character string, numeric value-1)
LEFTS (Character string, numeric value-1)

MIDS (Character string, numeric value-2. numeric value-1)

() ENTRY PREPARATION
e Sctup of function

Function YL

RIGHTS 02H

LEFTS 7TAH
. miDs | 7BH

o Lxistence of availability for 8 bytes in the BASIC stack (TA3SH~TAFFH) 15
checked. :
® [n the case of RIGHTS, LEFTS
{Data of T8Y0OH) <7 (data of 7T891H) — ¥
e |n the case of MIDS
{Data of 7890H) << (data of 7891H) — 16
Since re-write of 7890H and 7891H 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)

Function Data
 RIGHTS | (cata of 7890H) + 8 |

LEFTS

MIDS {data of 7B90H) + 16

e Preparation of character string

= Address [ Data
{Data of 7T890H) + 4 DOH
{Data of TE90H) + 5 Leading address of character string (high order ane
byte}
I {Data of i-"BQ-GIH} + & . Leac.i'ing address of charanler- sir'rng (low order one
Dyte)
B (Data of?EEil}H} + '? 1 éize ot character striﬁg . ]

NOTE: High order byte of address is TAH.
For actual character string, the string, the string buffer (7TBIOH~7B5FH) can be
used.

e Preparation of numerical data
Numeric-1 is stored in 7TA00H~TAOTH in decimal or binary figure.
(In the case of MIDS, the numeric-2 is stored from the address of “data
of 7890H™ plus eight to the address “data of 7890H" plus fifteen.)
Stored in the above address in a decimal or binary format.

(z) ENTRY ADDRESS
DSF3H

" (1) EXIT STATE

® When no error

UH = (0H
Address Data
TADAH DOH
- 7AO05H Lc;':.ding addresé of character string (high order one byte)
TAOGBH Leading address of character striﬁg {low order one byte)
- 7AOTH | Size-ol character string - |

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

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

NOTE: | I
z =
(= =
el = =] 53T
Stack of | § I z Stack of
FOR A GOSUS
Hepresented © @ Represented
by the g 2 by the
pointer ':3 E‘é’ pointer
Z {TBOOH) (78O91H)
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5-4-2. Arithmetic subroutines
(1) ENTRY PREPARATION

e Preparation of numceric value
Numeric value should be prepared in the arithmetic register X (7TAOOH~TAOQTH)
and the anthmetic register Y (TAIO0H~TALTH).
(In the case of a single variable, only the arithmetic register needs to be prepared.

{7y ENTRY ADDRESS

[ Operation Address
o | s _ X+Y —X EFBAH
S.? | Suntract =Y =X EFBEH
EF I — T Y
: Multiphy }Hr-‘t’ - ): FUIAH |
‘ ::1: [hrwnddi | X f'll ¥ =X Fﬂa"H
2 Power rase | XAY =X l FRACH i
! | 1 - ! ¥
SOR X+ X | FOE9H
i Squinre root LN X — X | F]EI H |
| +
| LOG X —+X F165H
EXP X— X FICBH |
Logarithm = |
‘ 10X —X F1D4H
“ SINX —= X F3A2H
f}- Trhgnometnc = | :
ﬁr:.i Iunt-.:ﬂ:on | M_ | FSQ‘ H
g TAN X— X - F39EH
d ASN X— X FA9AH
= Inwirse ——
a Ingnaormetric ACS X—X F492H
l’-: fu e lecn -
ATN X—=X F496H
Degree 10 mingta DEG X—X F231H
4 | —— '
:::o."d COMvarsion DMS X—X FE64H |
| Absolute value | ABS —=X FROTH
Sigh SGN X— X F5a0bH
| e wrxex | FsBEn

(3) EXIT STATE
e Result will be stored in the arithmetic register X (TAQOH~7AOTH).
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5-4-3. Comparison

H Comparison of numeric
(Numeric 1) O (numeric 2)
3 Indicates the operand.

(1) ENTRY PREPARATION
e Sclup of operand

Operand ' Accumulator data

‘ 00H
, O1H
| : ' 02H
= 04H
<= | 05H
_ 06H

® [he numeric is stored in the arithmetic register in a format of decimal hgure,

Numeric 1 Arithmetic register X (TAQOH~TADTH)
Numeric 2 | Ari_thmettc register X (TA10H~T107H)

(2) ENTRY ADDRESS
DOD2H

(3) EXIT STATE
& When the operand is established
The flag Z 1s reset to “07 and the arithmetic register turns to 1%,
7ADOH TAO7H
OH | oOH | 1o | oow | ooH | ooM | ooM | GoOM

e When the operand is not established
The flag Z is set to 17 and the arithmetic register turns to 0™,
TAQOH TAO7H
00H oo | oM | eom | oow | oo | oo | coW

B Comparison of character string
(Character string-1y 0 (character string-2)
7 Indicates the operand.

() ENTRY PREPARATION
® Designation of the operand

Opera-nd © Accumulator data
<> [ 00H
01H
0ZH
04H
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o Preparation ol character string

e _— A&d}e;s— B -_E:hamcter Character
Contents - string-1 string-2
DOH 7AQ4H TA14H
Leading address of l (high order) 7AD5H TAISH
the character string I {low order) TAOBH TA16H
Size of the character string TAQTH TATTH |

For the address where the character string is stored, the string bufter (TBIOH~7B5SFH)

can be used.
o |0OH is stored in the string bulfer pointer (7894H).

() ENTRY ADDRESS
DOFSH

(1) EXIT STATE
e When the condition for the operand 1s established (Z=0)

7AQ0H FAOTH
{oH 00H 10H 0oH | 0OH | OOH 00H 00H

e When the condition for the operand is not established (Z=1)

7AO0H ' 7AQ7H
00H DOM 00H COH 00H |  OOH 00H 0OH

5-4-4. Search

B Variable address search
(1) ENTRY PREPARATION
e [esignation of varable name
The variable name is stored in the Urepg.
e Whether array is one dimension or two dimension is stored in parameter F/F
(TRECH).
one dimension; 01 H
two dimension: 02H
® Subscript is stored in the arithmetic register X (7TA00H~7AQ7TH).
When one dimension array: the first subscript
When two dimension array: the second subseript
® Subscript is stored in the arithmetic register Y (TAIOH~7AI1TH).
When one dimension array: No need
When two dimension array; the first subscript
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(z) ENTRY ADDRESS
D461H
® Subroutine must be called in the following format:
SJIP DdslH
DB FAH
DB DATA ...... { Decides the address to return when an error is met.)

(& EXIT STATE
e When no error
The leading address of the variable is stored in the Ureg. and the variable name and
the data stze 1s stored n the anthmetic register X, Then. it returns to the address that
follows DB DATA,

FA05H FAEH JRAGTH
UH UL 10001000 Mumeric variable
|  UH | UL OXXXXXXX | Nonnumeric variable

Leading address Size secured
ot variable for the variable

* When error
Returns to the address that data plus one is added to the "data written address™ alter
storing the error code is stored in UH.

H Key scan (I)
(i) ENTRY PREPARATION
e None
{z) ENTRY ADDRESS
E42CH
(3) EXIT STATE
e The key code of the key that depressed at that time is stored in the accumulator.
If there is no key depression, “00H™ will be stored in the accumulator.
H Key scan (Il)
{0) ENTRY PREPARATION
s None
{z) ENTRY ADDRESS
E243H
(i) EXIT STATE
e The key code of newly depressed key is stored in the accumulator. Although it does
not return until a next key is depressed, it may end in auto-power-off unless a key is
depressed within seven minutes, (However, the previous state resumes with
depression of the H‘_Lr‘_l key,
When the [0n] key is pushed, PB7 of the PC-1500 IF register (#FOOBH) will be
Set.

NOTE: So long as PBY of the address #FODBH is set, "0EH" will be stored in the
accumulator.
PET of the address #FOOBH will be reset when “ANI #FO0BH, FDH" is executed.
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B Search of program line
(1) ENTRY PREPARATION

e Ling number is stored in the Ureg (0001H = Ureg = FFFFH).
() ENTRY ADDRESS

D2EAH

e Subroutine is called in the following format:
SIP D2EAH
DB DATA

@ EXIT STATE
o When the specified line 1s found
Returns to the address that follows DB DATA after storing the data in SEARCH

(FTEAGH~TEABH).
[ fBABH Leading address of the line
TBATH Leading address of the line
fEASH Line number
FEASH Line number
f_ 7BAAH Leading address of the line plus 3
?BAEI;A Leadiné address of the line ;‘.-.Ius 3 ]

o When the specified line is not found
Returns to the *data written address™ plus one after storing the error
cade in UH.

Carry Condition
! 0 Mo specified line found, and search is made o the last of the program
| 1 Found the line larger than the specified line.

5-4-5. Display

B One character display

(1) ENTRY PREPARATION
e Display start position is stored in the cursor pointer (7875H). Cursor will be effective

within a range of 00H to 98H.

e (Code of display character is stored in the accumulator.

() ENTRY ADDRESS
EDS57H
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() EXIT STATE
e No change takes place in the cursor pointer.

e (Change will be met in carry depending on the cursor called.

| Cursor _Carr:,'
' 00H~95H 0
96H~9BH 1

e (One character will be displayed on LCD.

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

Cursor position when called
00H~95H Previous cursor position +6
96H~9BH 00H

Cursor position after return

F—

® One character will be displayed on LCD.

B Auto-power-off
(1) ENTRY PREPARATION
o None
(z) ENTRY ADDRESS
E33FH
@ EXIT STATE
e When power is turned on once after auto-power-off, no printer initialization takes
place.

e When power is turned on by means of the o) key once after auto-power-off_ it
needs to push any key, except  [547] , [smi], and [ | key, as subroutine 1s in
execution.

MNote: An example of manual operation

Example of manual operation

Key operation Desplay

CALL & E33F CALL&EZ3F
NEE (OFF state)

(o) _ | .E%SL.;L"& E33F |
Any ey except [SHFT, [SML| and i >
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B “n" character display
{1) 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 |eading address of the character string s stored in  the Ureg
(0000H = Ureg = FFFFH).

(» ENTRY ADDRESS
EDOOH

(3) EXIT STATE
e Change will be met in carry.

Carry Cursor position ]
0  Next to tht—:-"ri_ghtmnm posmﬂn_éﬁhe character string on display.
1 | Indicates the last character on the display, in case display should end
at 26th digit or exceed 26th digit.

MOTE. When display exceeds 156 dots, the contents after this dot position will be ignored.

B Output of “n” characters from the top of LCD
*n” characters will be displayed unconditionally from the left side of 1.CD,
(1) ENTRY PREPARATION '
e The leading address of the character string is stored in the Ureg
(0000H = Ureg =FFFFH).
e Size of the character string 1s stored in XL (01H = Xreg = |AH).

(2 ENTRY ADDRESS
ED3BH

(3) EXIT STATE
s (Change will be met in carry,

Carry Contents
0 Character string within 25 characters.
1 Character string more than 26 characters,

B Hexadecimal (2 byte — 1 byte)
ASCII code of two bytes is assumed to be a hexidecimal figure and is changed into
numeric of one byte,

(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
e |n Xreg is stored the value of previous Xreg added with 02H.
& The one byte of the derived data 1s stored in the accumulator,

B Graphic display

() ENTRY PREPARATION
® Output pattern is stored in the accumulator.

() ENTRY ADDRESS
EDEFH

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

{Reference)
__lCL“.I
" D wm
2 % - __”%__ _
wH SAH

‘B Program display
() ENTRY PREPARATION
A. In the case of numeric
Data is stored in the arithmetic register (TAH~TAOTH).
B. In the case of character string or program
Data 1s stored in the input buffer (TBBOH~7BFFH).
Cursor position 1s stored in Yreg, (In the case of program. 7BH s stored in YH.)
C. Parameter F/F (7880H) 15 set,

Data of 7880H Display contents

40H Character siring is displayed according o Yreg.

00 Character string is displayed from the top, regardless of Yreg
contents,

20H Mumerical value of the arithmetic register X is displayed.

10H Line number, space, and program are displayed from the top.

14H Ling number, colon, and program are displayed from the top.

50H Line number and space are displayed in a middle of program
according to Yreg.

94H Line number and colon are displayed in a middle of program
according to Yreg.
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(@ ENTRY ADDRESS
E8CAH

@) EXIT STATE

¢ Displaved on LCD according to direction.

NOTES:1.
side of 2 bytes.

In the case ol an internal code, the cursor must show the code position on the lower

2 MNumeric is displayed in right justified manner and character string in left justified

mManner
3. Numeric has no concern

with USING.

4. Only 26 characlers will be handled for a character string exceeding 26 characlers,
5. ODH is reguired at the end of character string for the input butfer,

5-4-6. Printer

MColor designation.
() ENTRY PREPARATION

e The specilied color code (0~3) is stored in the UL,

() ENTRY ADDRESS

A519H (A4FT7H for the version 0.)

(@) EXIT STATE
e Return with the motor on.

(Motor off routine must be called after EXIT.)

(EX)

LDl UL, color code
SJP AS19H

SIP ATESH

ETH

B Motor drive
(1) ENTRY PREPARATION

e 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:

Address shown by Xreg+1 AYH:

| S

Address shown by Xreg +2 AXL:

Address shown by Xreg+2 | AYL:

() ENTRY ADDRESS

High order 8 bils of the relative movement value
towards the X direction.

High ordér 8 bils of the relative rnmr;.-mcnt value
towards the ¥ direction.

Low order 8 bits of the relative movement value
towards the ); Eiire-::_'nnn.

Low order 8 bits of the relative movemeant value

towards the ¥ direction.

ABDDH (AEB7H for the version 0.)
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(3) EXIT STATE
® The motor is on. (Motor ofl routine must be called after EXIT.)

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

H Motor off
() ENTRY PREPARATION
®* None
(z) ENTRY ADDRESS
ATBESH (AT47H for the version 0.)
(3) EXIT STATE
o Notor off

E Pen up/down
{3 ENTRY PREPARATION
e Either 00H or FFH is stored in the PEN UP/ DOWN F/F (79E9H).

up ~ 00H
DOWN FFH

(z) ENTRY ADDRESS
AAE3H (AABDH for the version ()
() EXIT STATE

® Pen ascends or descends then solenoid turn inactive,

® GRAPHIC mode preapration
() ENTRY PREPARATION
e None
(@ ENTRY ADDRESS
ABEFH (ABCAH for the version ().)
(3) EXIT STATE

Line (7O9EAH) I D_fDH_
Raotate (79F2H) 00H
Lser counter (79EQH~TYE3H) | 00H

MOTES:

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

3. Scissoring counier does not change
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B TEXT mode preparation
(13 ENTRY PREPARATION
e Nonc
(z;) ENTRY ADDRESS
ACBBH (ACBFH for the version 0.)
(3) EXIT STATE

Line (79EAH) oo |
G/T (T9FOH) ' 00H
Rotate (79F2H) 00H

NOTES.

1. When the scissoring counter YH and YL {(79E4H~T9ESH) exceeds 0200H, it makes 79E4H
turned to 01H and 79E5H to FFH. When (79E4H~79ESH) is below 01FFH, it causes no change
in Y9E4H and J9ESH

2. CSIZE does not change.

B Paper feed
1) ENTRY PREPARATION
e Paper feed count is stored in the address represented by the Xreg, ( Negative number
is indicated by a complement.)
(z) ENTRY ADDRESS
AADLH (AYDEH for the version 0.)
7y EXIT STATE
e [he motor stays on. (Motor off routine must be called after EXIT.)
NOTE: Paper feed count may change after selling the CSIZE.

@ Linefeed
() ENTRY PREPARATION
e |ine kind (79EAH) must be reset to 0,
® Address area that can be destructed should be stored in Xreg, (X—10 ~ X+1 will be
destructed.)
(O ENTRY ADDRESS
ASF1H (A9CBH f{or the version ().)
(1) EXIT STATE
® The motor stays on. (Motor off routine must be called after EXIT))

NOTES:

1. When the contents of Xreg is TA22H, data in 7A18H thru 7A23H will be destructed.
2. Paper feed count changes after CSIZE

137
Do not sell this PDF 1!



All and more about Sharp PC-1500 at http://www.PC-1500.info

B Print
(1) ENTRY PREPARATION
e (0H is stored in LINE TYPE (T9EAH).
® Print code storing address must be stored in the Xreg.
(When 7A20H is stored in Xreg, it affects the data in 7TAO8H 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
AT781TH (AT5BH for the version (1)
() 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
() ENTRY PREPARATION
® Scts the PARAMETER F/F (7879H).

Contents of 7879H Remote | CMT input port
(104076 8.6 4 0 ' Close
OXXTXXXX ' 1 (CMT output) ‘
S L0 S Open
1XX1XXXX 1 (SaTnpot), J

- () ENTRY ADDRESS
BF11H
(» EXIT STATE
e REMOTE 0 or | 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
() ENTRY PREPARATION
e RMT/BEEP (7T86BH) must be set to control REMOTE 1.
(Preparation is not required 1n the case of REMOTE (.

Ennt_ents of TBEBH Remote
OXHHNKNX OFF
| TXXHXAXX ON
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() ENTRY ADDRESS
BF43H
() EXIT STATE
e REMOTE 0 is off.
e REMOTE | will be in accordance with RMT/BEEP (786BH).

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

B Save of one characler
(1) ENTRY PREPARATION
e Data 1s stored in the accumulator,
(2 ENTRY ADDRESS
BDCCH
(3) EXIT STATE
* None.
MOTE: This system call must be executed after saving of the synchronizing header.

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

Ca; ] Condition
4] End of data read,
| 1 Depression of the [BREAK] key.

B Creation of header
(1) ENTRY PREPARATION

o File mode 1s set in the accumulator.

[ File mode | ~ Contents ]
00H Machine language
o | BASIC program
B 02H . Reserve -
04H | Data I

Use another code to avoid confusion, as the lile mode for other than PC-1500 is used,
e File name is stored in TRBOYH ~TB78H of the output buffer,

() ENTRY ADDRESS
BBDEH
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() EXIT STATE
o Header is established in 7TB60H~TBETH of the output buffer.
Address - Contents .
7BBOH~7BBTH | Synchronizing header 4
7868H File mode '

7B69H~TB7EH File name
7B79H~7BBTH All 0OH

B Header input/output
() ENTRY PREPARATION
o Parameter F/F (7879H) is set.

Contents of 7879H In/Out Remote
OXX0XXXX 0 side
- Out — -
OXX1XXXX 1 side
1XXOXXXX | 0 side ,
- - n 1
1XXTXXXX 1 side |

e RMT BEEP (786BH) is set.

Contents of 786BH | BEEP

CXXXXXXXO OFF |
KXXXXKNA ON

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

BCESH
(3) EXIT STATE

e Carry changes.

Carry Condition '
.o Broken in a middle.
[ 1 Input is complete,

® [n the case of input
The read data is stored in the output buffer of 7B91H~7BAFH.

7BITH ~ JBAQH 7BAIH ~  T7BAFH

File name

Data of 7TBT9H~7BETH at
the time of header output.

s |n the case of output
Stop bit modulation signal stays on.

NOTES: 1. BEEP will be in accordance with T86BH.
2. Paper feed operation 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 1s searched until found

Do not sell this PDF 1!



All and more about Sharp PC-1500 at http://www.PC-1500.info

B File transfer
(i) ENTRY PREPARATION
1) Parameter F/ F (7879H) is set.

7879H ‘ Contents
EJ}_(KK KK:-_C_ In t-he case ot Ir::a_d -
OIXXXXXX In the case of verification
L_ OXXXXXXX In the case of save B

2) Leading address of input/ output data is stored in the Xreg.
3) Byte count of the data minus one s stored in the Ureg.
(z) ENTRY ADDRESS
BD3CH
(3) EXIT STATE
e In the case ol save
(Carry changes)

Carry _ Condition :l
1 Broken in a middle. |

(1] Input/oulput is complete.

M Termination of CMT I/O control
(1) ENTRY PREPARATION
® Parameter F/ F (T879H) is set.

Contents of 7879H | Data input/output

_ IXXXXXXX L input [
) GKXHKK_XX_ ~ Output
(i) ENTRY ADDRESS
BBFSH

(3) EXIT STATE
s Senal port is reset.
* PAPER FEED key of the CE-150 becomes operative,
® Motor drive turns ofl.
® In the case of load
Change is met in carry, H, and V.

Camy | H |V | State
0 ENE Load and veritication are com_piete:
1 I 1 - T_ In t:rr!.;ak Slate._ ) il
3 1 0 N 1 [ Error occurrence during venhcatiqp.—
_'I I a __E 'E-j'_-f.‘_?}xi_rence of check sum error.

NOTE: The last transfer “address plus one” is stored in the Xreg

5-4-8. Caution for system subroutine call

1. Printer related system call
Although the error code is put on the display when an error such as low battery
occurred during execution of printer related system subroutine, it is not possible to
check the error linc using the [1!key.
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Machine language programming examples

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

143
Do not sell this PDF 1!



All and more about Sharp PC-1500 at http://www.PC-1500.info

6-1. Binary to hexadecimal conversion

The binary number stored in the Xregis converted into hexadecimal equivalent and stored
in the hixed nonnumeric variable Y$. Binary number within a range of —32769 < a <2 32708
1s applicable.

ADDRESS | MACHINE LANGUAGE - MNEMONIC
A0Ch ' 68 77 LD UH 77H ]
7 6A ED LD UL EOH
9 B4 LDA %H
A BE 40 EO SIP O
D 61 SIN U
E 84 LDA XH
. F ; BE 40 E1 | SJP (2
i D2 61 I SiN U
3 04 LDA X
' 4 ' BE 40 EO ' SIP (1)
7 ' 61 SIN U
8 04 LDA XL
q BE 40 E1 SJp 2
c &1 SIN U
n 69 00 ANI 1), DOH
F A RTN
1) F1 1 AEX
1 B9 OF 2 AN A, OFH
3 B7 0A CPl A, OAH
5 83 03 BCS (3
i B3 30 ADI A 30
9 ap RTN
A B3 36 3 ADIL A, 30H
C

A RTHN
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6-2. Display inversion

The current display conltents are inverted.

¥ - ——

ADDRESS MACHINE LANGUAGE MNEMONIC
- 4005 | 68 78 ' LDI UH. 784
! 7 6A 4D LDl UL 4DH
' 9 FD 62 DEC UH
B 25 LDA U
C BD FF EAl FFH
E 2E STA U
F . 88 06 LOP O6H
D1 6C 77 CPlI UH, 77H
93 OF BCS. — OEH
5 9A RTN
| . I
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6-3. Single display dot left shift

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

| ADDRESS

MACHINE LANGUAGE

40C5

M m @ W~

D1

m O m v o o ¢ M

ED

=i h b & W M

m 0 P @

FO

m O 2 =~ G O k>

4100

FD
FD
FD
A5
F1

B9
0A
AD
Fl

B9
08
68
FD
BA
Bb
65
1A
25
18
84
63
04
2E
FD
88
6C
93
04
Fl1

AE
84
Fl

AE
FD
FD
FD
Fa

9A

88
98
AB
76

OF

76

OF

78

62
4D

18

77
15

7

77
28
1A
0A

0o

01

4E

4F

MNEMONIC

P5SH
P5SH
PSH
LDA
AEX
ANI

STA
LDA
AEX
AN

STA
LDI

DEC
LD1

DEC
LIN

STA
LDA
STA
LDA
SDE
LDA
STA

7600H

A, OFH
XL
/601H

A, OFH

XH

UH, 78H
UH

UL. 4DH

YL

YH
XH

XL

LDX ¥

LOP

CPI

BCS
LDA
AEX
STA
LDA
AEX
STA
POP
POP
POP
REC
RTN

UH, 77H
@

XL

774EH
XH

774FH
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6-4. Single display dot right shift

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

ADDRESS |

40C5

- m 0 O =~

Q
m m O 0 @ & & & N o~

m
[=]

m O > & O 00 & W N o=

-
o

m O m @© ~ h M b W K =

I

MACHINE LANGUAGE

FD
FD
FD
A5
Fl

B9
oA
A5
Fl

B9
08
68
6A
64
65
1A
25
18
84
63
04
61

FD
6E
91

6C
91
64
04
F1

61
84
F1
2E
FD
FD
FD
F9
9A

88

98

AB

77

FO

77

FO

75
FF

41D

77
15

2A
1A
0A

4D

|
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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
LDI UL, FFH
INC U

LIN U

STA YL

LDA U

STA YH

LDA XH
SDE U

LDA XL

SIN U

LDX Y

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

LDA XL

AEX

SIN U

LDA XH
AEX
STA
POP
POP
POP
REC
RTN

» - - =
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6-5. Conversion of USING format expressed
numerical data into character string

() ENTRY PREPARATION
e 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 durning conversion.)
() ENTRY ADDRESS 40C5H
(3) EXIT STATE
® (Character string is stored in the fixed nonnumeric vanable AS. However, A% can be
anything when in error.

() PROGRAM
ADDRESS MACHINE LANGUAGE . MMNEMONIC
40C5 I 48 79 ' [ LDl XH, 79H

7 4A 00 LDI, QOH
g9 58 TA L ¥YH, 7AH
B BE F7 3F SJP F73FH
E BS 01 LDl A, O1H
DO CD 96 VMJ 96H
2 DF DEC A
3 2A STA UL
4 58 78 LDl YH
6 5A CO LDl YL
8 F5 TIN
9 88 03 LOP 03H
B 14 LDA YL
C BS OF ANI A, OFH
E 88 02 BZS. +02H
EO 59 00 ANI (Y), OOH
2 9n 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 alter
power was turned off, the same manner as in the case of | OFF  to | ON .

ADDRESS MACHINE LANGUAGE MNEMONIC
40C5 AA 78 4F [ [ LDl S, 784FH
8 BE CF CC SJP CFCCH
B BE DO 7B 5JP DO2BH
£ B5 3E LDl A, 3EH
Do 1E STA Y
i E9 78 B8A EF ANl 788AH, EFH
5 E9 76 4E FE ANI 764EH, FEH
g B5 00 LDl A, OOH
B AE 78 80 STA 78BOH
E AE 78 aC STA 789CH
E1 AE 78 9D STA 789DH
4 BE E8 CA | SJP EBCAH
7 48 CA LDl XH, CAH
9 4n 92 LDl XL, 92H
B FD 88 PSH X
D BA E3 3F _ _ JMP E33FH
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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
e 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.

e How 1o store
Assume now “x7 is the number that the byte count of array and two-character variable

deducted from the last address of the {ree arca.

a= x [256
b= x—25%aq
Where,

a.  High order two digits when x is displaved in hexadecimal figure.
#: Low order two digits when x is displayed in hexadecimal figure.
Whereas, store @ in the variable pointer 7899H and £ in 789AH.

e last address of the free area

System configuration | Address
PC-1500 only ' 4800H
i PC-1500 + CE-151 | sgooH
[ PC-1500 + CE-155 | 8000H
[ PC1500+ CE-153 | 4800H

& Number of bytes used for the array and two-character variable
Numeric array variable:
T bvtes + B bytes ¥ size of array
Nonnumeric array variable:
T bytes + character length *size of array
{Character size is normally 16 characters,)
Numeric two-character variable:
7T bytes + B 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 AODOH thru BFFFH 15 accessed with the CE-150 not
connected to the PC-1500. If connected, the contents of AGOOH will fetch COH.
NOTE: PV must be reset.
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4. CMT format

CMT FORMAT—1

LEADER

INFORMATION

FILE

T OBJECT  FILE
e 3 (] 0 = 2881 ms e e A 7 W0cbme =
OTHER © 260ms
|
{ BLANK r\ w1213 14]15)16 {17 0 &0 | 00 | o0 ioa | 00 06 | 00 |00 BLANK {
/ \ A N Aoy i i, by /
HEADER MODE FILE NAME NULL DADRS JADRS
1 16 (BYTE) 2 32 (16BYTE) 18 {9 BYTE) SIZE A CSUM
RMT 0N 4 4 44
]: ¢ MACHINE © 00 MACHINE ! TRANSFER ADDRESS AFTER LOADING DATA
L | PrOGRAM © 01 PROGRAM
RESERVE @ 02 RESERVE 0O00
DATA DM DATA
e MACHINE
PROGRAM DATA(BYTE)-1
RESERVE
DATA 000
OBJECT — ’ STARTING ADDRESS IN CLOAD M |
b 262ms —=]
/ by
TEXT g BLANK 515
MACHINE :
PROGRAM / P4 N A e — l FILE EN
BESEREE 160(80BYTE) CSUM 160(80BY TE) csuM C5UM  REMAINED  csuy i) R DD
DATA
Ist DATA UNIT
/ DATA CSUM| S5 /{/._
. 10 b S
DATA STATUS ™y ;
ard " /1
BLANK DATA FILE BLANK 2nd DATA UNIT BLANK i) 7 AN -
: n ! DATA UNIT BLANK |55
] /! [
= 1026 ms -~ = 1 (125 — e 22ms —=
I FILE END
DATA UNIT
DATA FILE
VARIABLES [A, B--]  |oofosfoofoo|asioo| e VARIABLE DATA 8
P ; DIM{ & L %) STRIN Ta
STRINGS [AS, B$ -] [00]13]00 [0 10|00 23 S * STRING DATA 16
AIDATA SIZEIBYTE)+3 DIM{ % ) @ %) 208
pATA | @ix) 00 (D3} 19 [0o 88 01| 74 : FIRST ELEMENT i @si%) ald
Vi C 1 SECOND ELEMENT
2 @K ot (43|19 foo 10 olch B C DIMENSIONING VARIABLES
D: VARIABLES : 828 . S
DIMENSIONING b STRINGS  * LENGTH OF STRING [B1]x[C+1]%8
VARIABLES(AX )] leamp|c| |lep - : x DIMENSIONING STRINGS
DIMENSIONING -
STRINGS[AS!% )] D [BH+1]%[C+1]%[THE LENGTH OF STRING WITHIN THE ARRAY)
™ e ok = =11 AL ISIST™ 10 151
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5. Circuit diagram

Circuitry subject to change without notice.
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MEMORY MAP when the CE-161 is used. (FOR PC-1500)

0000H
0100H

3FFFH

CE—161 (ROM/RAM} 16KB

AD00H

STANDARD USER MEMORY (RAM) ZKB

BE00H

NOT USED

*RESERVE AREA (RAM)

MEMORY MAP when the CE-161 is used. (FOR PC-1500A)

% RESERVE AREA (RAM)

0000H
0100H il o e e e e A S o e
CE—161 (ROCM/RAM} 16KB
FFFFH
AD00H
STANDARD USER MEMORY (RAM) BKB
E7FFH
ROT USED
GEOOH
ME ©
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MEMORY MAP when the CE-161 is used. (FOR PC-1500)

0000H
0100H

IFFFH

CE—161 (ROM/RAM} 1G6KB

AD00H

STANDARD USER MEMORY (RAM) 2KB

GE00H

NOT USED

*RESERVE AREA (RAM)

MEMORY MAP when the CE-161 is used. (FOR PC-1500A)

% RESERVE AREA (RAM)

DOO0H [
0100H i e CEl e SEE
CE—161 (ROM/RAM} 16KB
IFFFH
4000H
STANDARD USER MEMORY (RAM) 8KB
S7FFH
ROT USED
£300H
- ME @
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ADDENDUM

Differences between the PC-1500A and the

PC-1500

Take notice of these differences when you use the machine language for the PC-1500A.

Page
#Y

PC-1500

| (¥) Chip select decoder
...and it 1s used to select chip by
means of S0~4. $6.57.2Y2and 2Y3.

(7) System RAM
Because the 4-bit X K bytes TC5514
is used in a pair, the data bus 1s

PC-1500A
(¥) Chip select decoder

...and it is used to select chip by
means of SO~7, 2Y2 and 2Y3. ...

(7) System RAM

divided into two of DO~D3 and |

D4~D7 and the select signal 87 1s
shared so as to be

compatible with the 8-bit RAM.

commonly

of the MEO area which is used for the
system memory area and for the

‘ Address is within 7800H to 7BFFH |

fixed variable area.

(¥) User RAM
It is the user RAM for which 8-bit X
2ZKB HM6116 is used. Address
selected by SO is within 4000H to
‘ 47FFH.

4-2-2. Block diagram

g1 | 4-2-3. Chip select circuit

Address 15 within 7800H to 7FFFH
of the MEOQ area which is used for the |
system  memory area, machine ‘
language area (7CCIH~7FFFH)and
for the fixed variable area.

(#) User RAM
It is the user RAM for which 8-bit X
2KB HMa6l16 is used. Address |
selected by SO~82 is within 4000H to
' S7TFFH.

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 to 4-2-3 circuit for the PC-1500A.
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4-2-2. Block diagram for the PC-1500A
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4-2-3. Chip select circuit for the PC-1500A

TCA0HT 3G circut
L cucuit

Do

i oo

Truth table
INPUT
EMNABLE| SELECT
G | A| B
H # #
Lt |
L H L
[t [w]w

# =lrrelevant

CPU
ADR
A . T 1
8FO CA0H1 39F ADTY TCAQH 38F
BFO 1G Voo | A VOO M Vun
ADI4 — ADI2 - i3
A0 & (A 26 B Yo = 50
! N D AD13 - [
ADTE 8 28 |- c N == si TTu User RAM
il — —— i
|—g- -4 1Y0 28 G2A ¥? p—» 52
i — =1
v o — GZB ¥Yi H—® 53
110 PC 2 e M Gl ¥é }— 54 ) To Module Uit
¥ - —
I—j' 173 M2 Y7 ¥y p— 55
OMED Yo 7vi Veu 6 56
DMEC ——
MEQ V.
MED |— - a—— To /D Port
i
Lr
D—* To Display chig 1, 3
Vi
ﬂ:)y—r To Display chip 2, 4
= To System HAM
——& To /O PORT (LHG&I1)
L—D To ROMICS513128F)
o = Tp Modubs Limt
- —&= T Module Unil
TCAE(H! W wiwinal fogs
] s e
| - pg — 1
& | A _epyr .
—‘D"& T T e o
| L ﬂ_l_ LI:'.:!"' CJR| 0 _\"‘ L L4 ] v L L] L
b - [ 0] * * Ml W ow H H ¥ H
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OUTPUT

THERES
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b H | H

1 H | H

H|L|H
KRR
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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 (TC40H138F) 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).
<} With high ..., lowso asto | SI ...... With high ..., low so as to
(Y1) select the optional user RAM | (Y1) select the user RAM area. . .. |
area. ...
Be rrarine With low ..., the S2 output | S2 ......With low ..., the S2 nmput|
(Y2) goes low so as to select the | (Y2) goes low so as to select the |
optional user RAM area. . . . user RAM area. ... |
|
B wpvnan With low ..., the S3 output | S3 ...... With low ..., the S3 omput|
(Y3) goes low so as to select the (ﬁ} goes low so as to select the
user RAM area. ... optional user RAM area. ...
M e With high ..., the S4 output | S4 . ... .. With high ... the S4 output
(Yd) goes low so as 1o select the | (Y4) goes low so as to select the
user RAM area. ... optional user RAM area. ...
5 RN Do not use S nrns Optional user RAM area
(Y3) (Address  assignment  of
6800H~6FFFH)
Bl v s0 as to select the system | S7 ......s0 as to select the system
(YT) RAM (TCS514) ... (Y7) RAM (HM6116) ...
93 Chip select signal Chip select signal for the PC-1500A
| Refer to following chart for the PC-
1500A.
164
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Chip

{1Y0)

Y3
(1v3)

select signal for the PC-1500A

e

‘_ } 0000H
|
i OPTIONAL USER MEMORY
|
IFFFH
S0 4000H
(YD) 47FFH
S 4800H
an | AFFFH STANDARD USER MEMORY
r
52 | S000H
{¥2) 57FFH [
53 S800H |
(¥3) SFFFH
S4 B000H
OPTIONAL USER MEMORY
(Y4) 67FFH
S5 6800H
(¥5) | BFFFH
T = ¥ T ——
7000H .
INHIBITED
715FFH
Sﬁ - -
- V2 7600H
(Y6} -
(2v2) 76FFH
V3 7700H STANDARD USER AND
(2v2) JIFFH SYSTEM MEMORY
57 TB00H
- MACHINE LAMGUAGE AREA
Y7 TFFFH B (7CO1H-TFFFH)
BO0OH CE-150
SYSTEM PROGRAM,1/0 PORT
CE-153
I/O PORT
CE-158
SYSTEM PROGRAM
BFFFH
COO0H PC- 1500A
| SYSTEM PROGRAM
I/0 PORT
CE-158
. ' 1/0 PORT
| UART
FFFFH
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Page PC-1500 PC-1500A
94 l 4-2-4. PC-1500 system memory 4-2-4, PC-1500A system memory
map map
(® ... With the PC-1500, MEO memory | () ... With the PC-1500A, ME0
area 4000H thru 47FFH and 7600H memory area 4000H thru 57FFH
thru 7BFFH are used for the user and 7600H thru7FFFH are used for
memory and COMH thru FFFFH the user memory and CO00H thru
for the system program. ... FFFFH for the system program. . ..
95 MEMORY MAP 1 | MEMORY MAP |
Refer to following MAP 1 for the PC-
| 1500A.
96 MEMORY MAP 11 MEMORY MAP 1l
Refer to following MAP 1l for the PC-
IS00A,
166
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MEMORY MAP | for the PC-1500A

OD0OH |
CE-160 |
|
2000H |
CE—153 (ROM/RAM)SKE
o
1*] ]
E 3an0n_
T 5]
&5 4000H |STANDARD USER MEMORY (RAM) £K8 NOT USE
= S800H | cE_151 (RAM) 4KB
GROOH |
NOT USED
o MACHINE LANGLUAGE AREA
JEO0H j (FCO1 H~TFFFH)
e TEOTH !
¥ 8000H | i : ' GE 153 /0 FORY 168 TBO00H
| | CcE-158
SYSTEM PROGRAM
| NOT USED | (ROM)
| 16KE
| :
AOOOH | |
| CE-150 | NOT USED
SYSTEM PROGRAM
= | ™ o | NOT USED
E i aKB |
= 1
W COOOH
% | NOT USED
£ .
= ——w = 1 DO0OH
PC—15004A NOT USED ‘\_._ D3FFH
SYSTEM PROGRAM
(ROM) NOT USED
16KE . o |
PC—1500 I/0 PORT 168 FOOOH
L FFFFH
H__
- ME O - ME1 -

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

® Refer to “"Memaory map Il and 1" for *

® PV and PU are bank select signals.

® Shadowed area can not be used.
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MEMORY MAP Il for the PC-1500A

MEMORY MAP when the CE-155 is used.

3000H
3800H | CE—155 (RA M) 2KB b
4000H STANDARD USER MEMORY (RAM) GKEB |
1 | — BKB IN TOTAL
5800H
CE-155 ‘
(RAM) EKB | B
GFFFH |
NOT USED
TB00H
" ME 0 i
|
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
& 54 Address designation 5 NC NC
of 0000H~ 3FFFH
16 &1 Address designation 16 53 Address designation
of 4800H~4FFFH of 5800H~5%FFFH
17 52 Address designation 17 S4 Address designation
of 5000H~57FFH of 6000H~67FFH
18 53 Address designation 18 55 Address designation
of S800H~5FFFH of 6800H~6FFFH
The above portion should be changed.
154 5-1. PC-1500 Circuit diagram 5-1. PC-1500A Circuit Diagram
For the PC-1500A, refer to the circuit
diagram on the next page.
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