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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 LHS801 Microprocessor and LH3811 Peripheral
Control LSI in concern with the PC-1500 system. Because the
text 15 edited on the basis of user questions, 1t may not support
guality as a guidebook. In such an event, vou are suggested to
make reference o microprocessor guidebooks published on
market, in addition to this text.

Your opinions and questions are welcome through our products
distributor.

NOTE: Machine languape program, which controls hardware directly,
gives yvou more various functions than BASIC programs. However, you
should check vour machine anguage program enough o make no error
before exeeuting 1t because single wrong key operation may upset the
program or occasionally make the machine break down.

Sharp Corporation assumes no hability or responsibility of any Kind
arising from the use of programs or program materials or any part
thereof.

SPECIAL NOTICE TO PC-1500A CUSTOMERS

Because the PC-150A provides more RAM than the PC-1500, some of the
descriptions of the CHIP SELECT SIGNAL, MEMORY MAP, and 40-
PIN CONNECTOR (for memory modules) require modilications to sl
the PC-1500A,

A summary of the differences between the PO-15300A and the PCIS00 is
gven i the addendum on the papge 161

lake notice of these differences when wsang machine language,
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1. Machine language

There are many program languages for each purpose, PC-1500, for example, 1s
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 ber translated into machine language.

[EXAMPLE] DISPLAY REVERSE PROGRAM

I. Prepare the program with assemble language consisting of mnemonic codes.
LDI  UH,78H

LDl UL4DH ! prepare for assignment of the first display bulter address.

DEC UH advance the address

LDA U take data in the accumulator
EAl  FFH take the complement

STA U return data into memory

LOP  O6H
CPl UH.77H | make the loop
BCS OEH
RTN rcturn to BASIC
2. Translate the above program mto machinge language. The assembler translates the
assemble language into the machine language avtomatically according 10 the hst.
However, a short program can be translated manually. (hand assemble)
The above program can be translated as Tollows:
68 T8 6A 4D FD 62 25 BD
FF 2E 88 06 6C 77 93 OE
UA
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3. Afier 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.

Fxecute the following program. Y.ou can run the BASIC program with (%] [A] and the
machine language program with (2 ] [B) | Display reverse in machine language program
is faster than that of BASIC. You would know how functional the machine language
program is.

EX. Write the following program after executing NEW &4100 [,

w0 wan WalT O

20 PRINT® sharp pocket computert
I FOR A=0 TO 155

4 GCURSOHR A

50 GPRINT 255-POINT A

B0 NEXT A

0 GOTO 30

B END

100 wBr WAIT O

110 PRINT wsharo pocketl computern

120 POKE &40C5-868+:87866A564D
&FD&6B2 525 5B0D - &FF + B2E + 588 - 5086

130 POKE &4001&6C 877893 80E&9A

140 CALL &40CH

150 WAIT 20:PRINT:GOTO 140

160 END

This manual is divided into three major sections; description of LSI (pp. 5~84: LH3801
Microprocessor & LHSRI0 LHSXTE 1O port controller). PC-1500 hardware description
(pp. B3~ 109), and PC-1500 software description (pp. 111~ 141),

If vou 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 LHE80T Microprocessor 15 a CMOS state B-bit microprocessor that leatures low
power dissipation performance inheremt 1o CMOS 151 and large capacity data
processing. Not only that, it enables to w confligure a variety of svstems with a few
additional chips because such as the 1O backplate signal generator, input port, external
latch clock. and umer are built in the 1LH330T,

Features of the LH5801

(1) 8-bit parallel data processing

() Direct accessing of [2EK byies

(1) Use of a 6-bvie general purpose register. in addition to the accumulator, allows to
comprise three pairs of 2-byvte date pointers.

{4 9-biat timer capability

(%) Three kinds of interrupts
® Non-maskable interrupt

[

& Maskable imterrupt

® [amer interrupt
(8) 82 instruction set
(@ WAIT lunction {memory access contral possible)
(& Clock Pé for input port (8-bit) and external latch
{33 Memory backup funcuion (BEL, BEO)
i@ LCD backplate signal control
1) External crystal connection for clock generation

1@ Reducing program steps by means of 28-Kind single step vector subroutine jump
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2-2. Internal Structure

2-2-1. Block diagram

Fig. 1-1 Block diagram of LH5801
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Fig. 1-2 Internal register & flipflops
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0.0 0H IV ZIEC T: Staws raiister

FH FL F: Program counter

s5H SL 5 Stack pointer

xH° i B ."lregl Data pounter,

yH © ' ‘r'regi Do

ug ® ue  ® Ureg! oeneral purpose reqgister

A7 A Accumulator

™ FOTM: Timer
"Ry
i+ General purpose Tipflop
i Py

DISP; LCDondatf conmeal
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2-2-2. Internal registers

Symhbaol Mame | Bit size Description
P Program counter 16 Indicates the address next to the address the CFLI
15 now in execution. it will be incremanted by "1
when the next instruction 15 letched.
5 Stack 16 Indicates the stack acddress.
pointes
A Accumulator g Lized for retention of operational resull ar for data
transfer with the external memony,
XL B XL, XH. YLYH.UL, UH comprise independent B-
Hreg XH a bt reqisters
L~ | Alzo, wsed as 16-bit data pointers, Xreg, Yreg, and
YL ) [ & Ureg, when wsed in a pair
¥reg Data reqisier ]
| ¥H | . &
U [ &
Ureg [——
UH | | &

Thi | Timer counter g When "0 is set ta the TM, it slops the counter
actan, When anything ather than 07 5 sel, it
puts the counter into action. When the T turng
Tull af 1" with the interrupt enable signal 1E on
CPU executes anointerrupl processing

FL I 1 Gereral purpose (lip-flop

Py 1

sk 1 LED arsolf cantral.
T | Slatus register 8 Low arder 5 bats represent one of five status of
aperational rasull

2-2-3. Status flags

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

Status register T= 0 0 0 H/V 2 IEC

(D) Carry flag C
Carry flag Cis 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 s
(&) Half carry flag H
Halt carry flag H is set when there 1s a carry from the bit position * 3" (digit-to-digit
carry) and reset when there i1s no carry.
(3) Zero flag Z
Zero flag £ s set when the operational result s zero and reset when not.
() Overflow flag V
Overflow fTag Vs set or reset depending on the operational result of “Coor C77 where,
the carry from the bit pasition 6 of a single bvte data s assumed 1o be Céand the carry
trom the bit position 7 1o he C7.

single byte data
ETBE6B5 BAB3B2B1E0
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2-2-4. CPU pin description

CEEEEERRE80388ARNER
Zoaf, of «f & « «f o > o {0 o < & & & o o <
k7 A RR B4 53 52 B 50 40 48 47 46 45 44 43 42 41 40 38
f 38 hF)
P |59 17| o6
PY |60 6| D5
U |61 15| D4
P08 |G M| D3
o g3 33| D2
XL1 54 2 M
TWAIT |85 | oo
IS B& 30 MEQ
NG | §7 LHEBUI_ 23| MEI
NG G8 [TOP VIEW) s8] on
N4 |9 27| O
N3 |70 %/| Hi
Nz |7 25| H2
Nt |2 24| H3
w73 23| H4
NG |74 22| H5
NG |75 21| HB
NG |76 20) W7
1 23 465686 7 8 9101112131415 16171814
=
G oEz825588=Cxa5Ex2
() XLO, XL1

These are external crystal connection pins. X1.0is 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 | 3MHz of internal machine cyele.

() 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 15 supported for direet accessing, but it is made possible to access

even 128K area of memory area when MED and ME are used.

(1) D0O~D7

Bidirectional data bus which is used to write or data to/ from the external memory.

(3 MEO, ME1

Memory cnable signals. As memory arca of 64K bvies isaccessed by MED and another
64K bytes by MEL it pernuts direct access of memory area of 128K byvtes in total.
Since MEQ is used for instruction fetch and stack operation, accessing by means of the
program counter P and stack pointer 8 1s mited to a maximum of 64K buvies,

As for data accessing, both memory areas covered by MEOand MEI can be controlled

by a CPL instructhion.
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& 208
Through this line can be supplied the clock to an external system since the clock in the
same phase as the CPLU mternal basic clock 18 on this hne. Connection of the 2.6M Hy
crystal oscillator to XLO and XL1 will supply the clock of 1.3MHz.
®& R/W
Memory write signal, A low on this line causes the CPU to send data on the data bus,
(@ OD
Output disable signal, A high on this line causes the CPU to prohibit data output to the
external device. 1t 1s used in writing data to the memory.

e . ndt Ny NN LN

|
s —X -
i i

i |
MED or 5 / \ /

1

i

|

|

|

e

MET

R

[(

O B I

e

s U

Ir

|

| _ R s
DO~D7F — { MEMORY DATA M CPU DATA

i

I ]

I Memory read oycle Memong whle cypela
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 ¢xecution from the
address of the program counter.
(3 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 FEFIDH,

10
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@ MI

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

External memory

m
Addiess

[}

E000H

Start address

I"-.-._-__1
by RESET mnput

E171H —

Start address

,..-""'H. by Ml inpunt

F228H

[ 8

| Start address
by WML ingut

E2ZCH -

T Start address
by tmer miemapl

FFFEH ETH I

7H
EH ||
cn |/
E2H |
281 '

o 0O m = W

E EQH |
FFFFM OOH |

11
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(i BRQ
Bus request signal.
@ BAK
Bus request ackowledge signal. When BRQ goes high, the CPU issues a high level of
signal on BAK in response to . The CPU keeps address bus (ADO~ AT S). data bus
(D0~D7), MEO, MEL. R/ W, and OD high impedance when BAK is in high level.
@ OPF
Operation code fetch signal which is sent out when CPU fetches operation code
{instruction code).
OPF is issued only when operation code is fetched and will not be ssued in fetching
address data, immediate data. and second byvte of the two-step instruction,

S S T N B A T
| | !
| | |
| }
A ! |
-~ AD15_| 'r A A
I
! i i
: : h
MED _L._._._/ -
! I I
2 [ 1
OPF ; _ /_ \ :
|
1 | I
) Last ; Operation code I
i ey ' fateh |
10 INO~IN7
Input port through which the CPU receves 8-hit data into the accumulator. As internal

pullup resistor s vsed, the CPL assumes it to be igh level when not connected,
® Po
External latch clock. With high level of this clock. the contents of the accumulator s
sent on the data bus, Addition of IC will comprise an output port.
REFERENCE: ATP instruction.
a8 PU, PV
These are CPU internal thpflop outputs. PU and PV are furnished with set and resct

NS TLCE 0TS,
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i WAIT
CPU want signal. A high on this line stops the clock @ so that the CPU halts its
operation. As soon as WAIT turns low, the CPU resumes the operation.

Basic clock W
$ 05
WaAIT l’ \_

Flipflon E—
WA

NOTE. WA s the fiipflop dedicaled to WAIT, by which the WAIT input is received at the falling
edge of the clock $0S5. Because the CPLI operating clock ¢ stops when WA 15 high, i
makes the CPU stopped. consequently.

@ HO~H7
L.CD backplate signal outpul. As the liguid crystal display (LCD) is driven by
backplate signals and segment signals, the CPU controls the backplate signals.,
(9 VA, VB, VM, VDIS
1.CD backplate power supply inputs.
() HIN
Input signal to the counter from which the LCD backplate signals HO~H7 arc
gencrated. Normally. connected to pin HA of the CPU.
@ HA
CPU internal divider output pin. It is used for the hasic clock that drives the LCD that
connected with HIN and the scgment signal generating LS,
(5 DISP
L.CD on off control signal output which can be set or reset by means of instruction.
@1 BFO, BFI
BE [hipllop ouwtpwt (BF(Q) and input (BF1). The BF flipflop is reset by the OFF
instruction from the CPU, and will be set when the input BF is turned to high level.
BFO is in low level when the BE Mipflop is set and in high level when reset.
As VGG 1s power supply to the BF flipflop. the contents of the flipflop are retained as
long as VGG is in supply.
Normally, it s used for memory backup system,

Do not sale this PDF !

13



14

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

2-3. Functions

2-3-1. Timer

The timer 15 a Y-bit polyvnominal 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 umes, When the counter value reaches 1FFH. it
issues interrupt request o the CPUL IPTE (Interrupt Enable) flag is active at that point. the
CPU jumps to the timer interrupt processing routine whose high order byvte address is
represented by the contents of the address FFFAH and low order byte address by the
contents of the address FEFBH. The timer has to be set to 000H when it 1s not used.,

Since it counts in synchronization with the clock @F, cach one cvele of @F increments the
counter one step.

COzacillator 1/2 | Dhivicicr | PF

When the 4MHz ervsial osallator is in connection, the timer is incremented at cach
F2usec, because & F s 31,255 He,
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"POLINOMINAL COUNTER"

COUNT DATA OF COUNT DATA OF COUNT DATA OF COUNT DATA OF COUNT DATA OF
HUMBER COUNTER NUMBER COUNTER NUMBER COUNTER MUMBER COUNTER HNUMBER COUNTER
sl IFF 458 087 407 1AB 355 QA7 33 1E5
510 OFF 458 058 406 105 354 153 a2 1F2
509 a7F 457 02D 405 DEA 353 0AS 3 1F9
508 03F 456 116 404 075 352 154 300 0FC
507 O1F 455 188 403 03 351 1AA 299 17E
506 QoF 454 1C5 402 1o 350 0Ds 298 1BF
505 107 453 1E2 401 0BE 349 064 297 0DF
S04 183 457 OF1 400 04y 348 035 296 Q6F
503 1C1 451 078 359 123 347 01A 295 137
502 1ED 450 13C 308 191 KL 100 294 098
501 QFD 449 19E 307 nca 345 186 293 a0
500 178 448 1CF 396 064 344 0c3 292 126
499 1BC 447 1E7 395 032 343 161 291 0a3
498 IDE 446 1F3 394 119 34z 180 290 049
497 1EF 445 org 303 08C 341 108 289 124
496 1F7 444 0/C K 046 340 1EC 288 paz
495 OFB 443 13E 391 023 339 OF6 287 149
494 070 442 19F 390 m 338 178 286 1A4
433 03E 441 OcF 389 088 337 0BD 285 Doz
492 1F 440 167 388 044 336 05E 284 169
491 08r 439 183 387 022 335 12F 283 184
480 147 438 0ng 386 o1t 334 197 282 1DA
489 1A3 437 06C 385 008 333 0CE 281 1ED
qBE 101 q36 Q36 384 004 332 165 280 1FG
487 OER 435 118 383 002 331 182 274 1HH
ABE 074 434 08D 382 001 330 163 278 OFD
485 134 433 146 381 100 329 DEC 277 07E
484 190 437 0A3 380 080 328 076 276 13F
483 OCE 431 151 79 040 327 138 275 oar
482 067 430 0AS 378 020 326 03D 274 D4F
481 133 429 054 377 010 325 04E 273 127
480 (h2 ] 428 12A 76 108 324 027 272 193
479 04C 427 095 75 DEA 323 13 2n och
478 026 426 04A a4 042 322 089 270 164
477 013 425 025 373 021 321 144 269 082
476 00g 424 12 72 110 320 0A2 268 159
475 104 423 189 an 168 14 051 267 0AC
4 0RZ 422 1C4 370 0ca 118 078 206 (a6
473 0d1 421 DEZ 365 062 17 014 265 128
472 120 420 071 368 031 16 104 264 1495
471 090 419 038 367 018 315 DES 263 OCA
470 148 418 e 366 10C 314 142 262 065
464 DAd 417 18E 365 086 313 DA 261 132
468 052 416 oc7 364 043 312 150 260 199
467 1729 415 163 363 121 an 148 259 ocC
466 194 414 181 362 190 310 0D4 258 DEE
465 1Ca q13 0ps 361 Ica 309 164 257 033
464 0ES 412 16C 360 0E4 308 0B5 256 019
463 172 411 0BG 358 072 any 05A 255 ooc
462 184 410 153 358 139 306 120 254 006
AB1 ope 409 0AD 357 fac 305 196 253 003
4ED 16E 408 156 A4k 14E 304 1CB 252 101

15
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COUNT
HNUMBER

251
250
249
248
247
246
245
744
243
242
241
240
239
238
237
236
235
234
233
232
231
230
229
228
227
£eb
225
24
223

DATA OF COUNT
COUNTER MNUMBER

180
0co
060
030
118
18C
0c6
063
131

14C
OAB
053
029
114
184
ocs
162
el
058
12C

148
145
102
1E9
1F4
1FA
1F[
OFE
17F
0BF
05F
02F
nz
1212
145
1A2
om

034
1A
18D
1Cé
DE3
L

oB8
15C
1AL
op7
068
135

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

199
198
197
196
195
194
193
192
191
190
189
188
187
186
185
184
183
182
181
180
179
178
17
176
175
174
173
172
171
170
168
168
167
166
165
164
163
162
161
160
159
158
157
156
155
154
153
152
151
150
143
| 148

DATA OF COUNT
COUNTER NUMBER

09A
140
1A
0D3
069
134
194
1CD
1E6
0F3
079

11E
18F
1C7
1E3
1A
OF8
17C
1BE
1DF
OEF
177
OBB
05D
02E
07
008
105
182
ocl
160
0BO
158
1AC
0D6
1668
185
ODA
160
186
108
OED
176
g8
coD
OGE
037
e
000
106
083
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147
146
145
144
143
142
141
140
129
138
137
136
135
134
133
132
131

130
129
128
127
126
125
124
123
122
121

120
119
118
nz?
[
115
14
113
112
i

110
109
108
107
106
105
104
103
102
101

100

97

DATA OF | COUNT

DATA OF | COUNT

DATA OF

COUNTER = NUMBER CWHTEFI: HUMBER COUNTER

141
1AQ
Do
168
0B4
154
1AD
108
1ER
1F5
OFA
170
OBE
15F
DAF
157
oAB
156
DA
0565
0ZA
ms
oA
0B
102
081
140
DAl
050
128

14A
DAS
152

1A9
104
1EA
OFs
O7A
13D
09E
14F

1A7
103
0E9
174

1BA
100
OEE
077

03e
01D

1

85

FLEEEIRLRNGFLESSINUETOINEZEEIR[/ER

55

53

5
al

49
48
47
46
45
44

COE
0o7
102
181
1C0
QED
070
138
15C
ICE
0E7
173
083

12E
097
4B
125
192
1co
1E4
aF2
179
0BC
15
1AF
107
JEB
175
OBA
15D
QAE
057
028
115
08A

122
0

024
m2
109
184
0c2
0g1

130
198
1ce
OES
073
039

43
42

B S RODEAD Lo RNURIABUBRBEUREBRREYEESE 2

O o= bW N = D

0e
10E
087
143
1A1
100
168
OF4
17A
18D
0DE
16F
187
0DB
08D
136
198
0cD
166
083
059
02c
016
108
185
1C2
0F 1
170
188
10¢
16k
0F7
078
030
01E
10F
187
1C3
1ET
IFQ
1F8
IFC
IFE
17§
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2-3-2. Interrupts

There are following three kinds ol interrupt for the LHS801 CPLU.

(1) Non-maskable interrupt
When NMI is turned from low to high level, it sets the flipflop IR0 active, upon which
time interrupt is requested to the CPU so that the CPU starts exccuting the interrupt
processing after completion of current instruction execution,

Since the non-maskable interrupt is given with the highest prionity order. the interrupt

will be acknowledged at once, regardless of its internal state.

TR0 will be reset in a course of the interrupt process,

As the NIM input 1s sampled by the clock @H. it will become 250k Hz when the 4MHz
crystal oscillator 15 connected.

Y oy

puise

IRD —

EAR]

XLl

Synchronzing——

CPU internal

=

Oacillatorn i3 Dirvidear

— —_

I—L\.
|

r’ﬂﬂuaut IR0 |

Intesrenipl

Instruction exesutle acknowlidge

Imtgrrept processing

When NMI is turned high, the CPU creates svnchronizing pulse at the rising edge of the
clock ®H. which sets 1RO active. H 1RO is active when the CPU acknowledged the
interrupt after completion of execution. it goes into the interrupt routine and TR0 s resetin

d COLrse of the

INErrupt Processing.,
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Mon-maskable interrupt processing sequence

Pil—p

[f 3=1003H belare going inta the interrupl
process, the contents of T and P are
stacked, and it becomes S5=1002H after the

lastrucion
fiziah

Insiescinn
R EsTlin

¥ DIQCGESSing.
f—h\______ﬂ_,
[aig Valwe of 5 = 1007H
P after milerrup
S—1-35 1003H ]
-k
i [ 104 FL
PL—(5 Valhue ol 5 = J005H I
o, bedore miermum e
PH e f
5—1—=5
FFFCH|—PH
(FFFOM)—PL /\-J

() Maskable interrupt
When MI s turned from low 1o high level, it sets the flipflop TR2 active, If the
interrupt enable 1E is active at this point, tnterrupt is requested to the CPUL so that
the CPU starts executing the interrupt progessing alter completion of current
instruction execution, 1R2 will be reset in a course of the interrupt process.

When interrupt request is ssued while 1E is inactive. the interrupt will be ignored
even though TR2 is set,

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

Maskable interrupt processing sequence

— PP ——
i
o b ( PR Sl 1"|I
RO Tateh :
r’l;‘ x
..-""H.. L
- 1A = =
"
Lo |
v
o
=%
It

o L B TI T i e
4 i

H='5%
55

FFFEH | «F'H
FRFOM =L

l

18
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(1) Timer interrupt
When interrupt is requested from the umer. it sets the fipflop IR active. Il the
intcrrupt enable 1E is active at this point. the CPU starts executing the interrupt
processing after completion ol current instruction execution, and 1R 1 wall be reset in
a course of the interrupt process,

When interrupt is requested while TF is imactive, the interrupt wall be ignored even
though IR s set.
Timer interrupt processing sequence

B l_ I+ 1==F ‘-—I

Lad U L] B b b
Fasg ulain L

W] =

T =%

i =%
=1 |

LT b
FLosiE

L L |
Pl %

4  b=al
FFFAM s
FFDs it

SPSE——

Return to main routine

The RT1instruction is used for returning from the interrupt processing routing 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 R'TI instruction. Since the interrupt enable flag 1E is contained in the T
register. the contents of IF immediately before the mterrupt returns by the RTI
instruction.

To disable maskable or tmer interrupt by the main routine after returning from the
interrupt processing routine, the bit in the stack corresponding to the NMag [E moust be reset.

Priority order of interrupts

(1) Non-maskable interrupt responds
to the interrupt request whatever
the CPU internal state may be.

Also, 1t responds in the first prionty v - N
even duning execution of interrupt ﬂ P I
romtine by other nterrupt. - ¥ /./"/
T
B
\E e |
i \\\\;

19
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2-3-4. CPU system sequence

Fiynast

prosotig

N
IE ~1
¥
N
IE =1 B
b
k ¥ '
M- rmaskobier :L’:’::"‘“‘" Mamialse | Tienar
Mt silarns Wit
pROCE SRR PrOEG Sy Ty Y
A,
Pilap ]
U Br s Bicsrn
Lip La ]
) Y Y

21
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2-3-5. BF flipflop

The CPU has two supplies of power; VOC and VOG. Asthe BE Mipllop isdriven by VGG,
the state of the BE flipfop is retained as long as VGG is in supply. even if VOC supply is
out. The BF flipflop 1s set when the BFI input is turned from low to high level and reset
when the OFF istruction is 1ssued from the CPU.

Low state of signal is on the BF tlipflop output BFO when the Mipllop is active and high

state of signal when inactive,

e e A o e e S e o M i
GG O :
WEC O IL
I ‘
. [
| BE fiptiop |
1
' '—| 55 ] :
CPY LOGIC | |
| QFF B o Lo arp
{ I- . I\.
|
[
|

GO CO— l _j

e e e e e e s e e e e

BFi

It is poessible o comprise a memory backup system using this BE ihiptlop.
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2-3-6. WAIT function
(interfacing with the slow access time memory)

Because the CPU aceess time 15 very fast, the CPU must be held with the wait signal in
orcer to access a slow access time memory.

Basicallv, the wait signal is created by the externally provided counter, but the 1O port
controller with the programmable wait time control feature (LHE511) is used for this
purpose. For more details of this function, refer to the section discussing the 1O port
controller.

Shown in the next page 5 the connection of the CPU with the 1€ port controller.

!' )

R 0s—— ————3= DMED

— W ———y

MEQ— A0 pwort fj——— IME1

CPU

ME1 gonbroksr
e WAIT ' ‘

Wi il

FED
Wil
condition

MET
o —. T
conditicn

ALY~/ G
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2-4. LH5801 instructions

2-4-1. Qutline

24

['his section deals with function of each instruction.

ADC
Instruction name

b
| Functional description |

b -

#Format
ADC RL
Operand

e Operalion
A+ [operand] +0C — A
Symbol Symbol — Symbol

(EX) . Example 1

Symbols used in discussing operand, function, and operation

A Contents of the accumulator (8 bits)

XL: Contents of the low order 5 bats of Xreg
Yl.: Contents of the low order 8 bits ol Yreg
Ll Contents of the low order 8 bits ol Ureg

(RI. 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 cither of XH. YH. or UH.)
Wreg:  Contents of the X register (16 bits)
Yreg:  Contents of the Y register (16 bits)
Urcg:  Contents of the U register (16 bits)

(Rreg represents either of Xreg, Yreg, or Ureg.)

> Contents of the program counter (16 bits)

PL Contents of low order 8 bits ol the program counter
PH: Contents of high order 8 bits of the program counter
S Contents of the stack pointer (16 bits)

sl Contents of low order 8 bits of the stack pomter
SH: Contents of high order 8 bits of the stack pointes

(Rreg):  Contents of the memory represented by Rreg (accessed with MEQ}
atRreg): Contents of the memory represented by Rreg (accessed with MEL)
{alr): Contents of the memory represented by 16 bits of af faccessed by MEO}) where a

represents high order # bits of the address and £/ low order 8 bits
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#Hgh)y  Contents of the memaory represented by 16 bits of ab (accessed by ME@ where o
represents high order ¥ bits of the address and & low order 8 bits

i H-bit immediate data
i ¥ l6-bit immediate data of which high order 8 bits are represented by J and low
arder ® bits by
G Carry flag
1 lnterrupt enable tlag
£ fero Nag
V: Onverflow flag
H: Hall carry llag
i [Data (low direction
A AND
OR
Exclusive OR
+ AL
= SUBTRACT

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

(13 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 s stored in the accumulator.
C. H. £ and V may change,

¢ Format  (peration
ADC RL
ADC RH
ADC (Rreg) A+ [operand] + C — A

ADC #(Rreg)
ADC (af
AL Hah)

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

A= 0 0 0 0 0 0 1 0 Execute A oo 1101 01
3 =0, H=0 ,-Z=0, V=l

XL=10 0 1 1 0 0 1 1
cC=0

25
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(z) 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 15 included in the operation.
C. H, Z. and V mav change.

® Format # (Iperation
AL AL ATi+C—=A
AL (Rreghi [operand] + 7 — Joperand]

ADI #{Rrep)d
ADT (a0
Al ."‘."tf.n'!}!.ll.

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

Xreg—-4F00H
. Execute
Contenfs — ., Contents.
of AF00H o110 1 1 of &FOOH o 10 _'[ D_ 1

0 |
C=0 , H=0 , Z=0, ¥={

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

* lF'ormat ® {)peration
DCA (Rreg) [y A+ 66H — A
DOA # Rreg) 2) A+ [operand] + C — A

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

NAFDA = A

Where, DDA 15 used for compensation of decimal
number which is dependent on the value of flags C
and H in regard to ltem 2).

C H DA
0 0 | OAH
0 1 ADH
1 ] FAH
1 l 0OH

(EX] DCA [Yreqg)
Decimal addition s carried out between the memory represented by the Y
register and the accumulator.

Y oreg = 4700H
Contents After execution of GCA
= G i Decimal addition
of 4700H C H A
35H 27H { i 1 B62H 35427 +0—=062
35H 2TH 1 0 1 G3H B+27+1 =63
35H BrH 0 1 1 02H ILBreTL0=102
A5H BTH 1 1 1 (3H 3BAETHI=103
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(x> ADR (ADd Rreg)
Contents of the accumulator are added 1o the R register,
C. H. Z, and V may change.

# Format

ADR Rreg

e

& ()peration
13 Rl + A — RL
(C. H. Z. and V mayv change.)
2) RH + C — RH

(EX) ADR Xreg

Contents of the accumulator are added to X register,

1 0 0 08 T 1 =142 1 ¢ 001 0 1 1
- — Execute T =
T 0 ¢ 0 1 0 0 0 - ¥H= 0 0 9 0 1 0 1 1

G=1 , H=0, Z=0, ¥=1

() SBC (SuBtract with Carry)

The contents of the accumulator are subtracted by the inmternal 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.
¢, H. £, and V may change.

* Format ® (Jperation
SBC RL A~ [operand] — C — A
SBC RH (C. H, £, and V may change.)
SBC (Rreg) ar,
SBC #(Rreg) A+ [operand] + C — A
SBC (ab) (C. H. Z. and V may change.)
SBC #{ah)
(EX) SBC XL
Contents of XL register are subtracted from the accumulator.
A= (001 11 00 0]
xt=[0 01 0 0 0 0 1|
C=0
A= (000 1 1100 0f .
——— A= 00 0 1 0 1 11
k=11 011110 €=1, H=1, Z=0, ¥=0
L=1

o7
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(¥) SBI (SuBtract Immediate) _
The contents of the accumulator are subtracted by the immediate data including C,
C. H. Z. and ¥ may change.

& Formal ® ()peration
SBI A.i A=i=T=A
(C. H. Z. and V may change.)
Qar,
A+T+C—A
(C. H. Z. and V may change, )

(EX) SEI A, O7TH

A=[0 0 1 0 0 1 0 Ofpcute

—wa=|0 0011100}
=11 111000 C=1, H=0, Z=0, V=0
C=0

(i) 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 15 used for compensation of decimal
number which is dependent on the value of Nags C
and H in regard to item ).

C H DA
0 0 BAH
g ] AlH
1 ‘ 0 FAH
1 1

(i

——

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

Xreg— 4700H
I Contents Alter execulion of DCS
2 2 Decimal sublraclon
af 4700H G H A
4ZH 31TH 1 ] 1 1TH £2-N-0=N
42H NH 1] 1 | 10H 42—31—-1=10
23K RéH 1 ] 0 RAH 23-54-0=£8-100
23H 54H 0 0 [1] EHH 23—54—1=68-100
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(z) AND
The contents of the accumulator are ANDed with the value of the external memory,
and s result 18 stored 10 the accumulator.

Only the flag Z changes.

® Format
ANDY (Rreg)
ANDY #(Rreg)

® (Iperation
A A Joperand] —~ A
{7 changes.)

ANDY (ab)
ANLY #iafr)

(EX) AND (Ureg)
Ureg=47T00H
A=[1 1 01 01 00 a=[0 1 00D o1 0 o0
Execute =0
Contents
of 4700H — _9_]_._.' U _.'_ ...]. ___[?

{3) ANI (ANd Immediate)
The contents of the accumulator or external memory are ANDed with the immediate
data. and its result 15 stored in the accumulator or the external memaory.
Only the llag £ changes.

# Format
AND A
ANT (Rrepls

& (Jperation
[operand] A i — [operand]
(Flag 7 changes.)

ANIT H(Rreg)
AN (ah)d
AN Hrab)i

ORA (OR Acc)
The contents of the accumulator are ORed with the value of the external memory, and
its result 1s stored in the accumulator.
Only the flag Z changes,
s (Jperation
AV [operand] — A
{Flag 7 changes.)

® Format
ORA (Rreg)
ORA #(Rreg)
ORA (ah)
ORA #ah)

(EX) ORA (Ureg)

Ureg =4700H

A=lo 1 01 1 60 0 A=lg 171 119 1 q

Confenls

ol (2 9 1 0173 1

29
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(i) ORI (OR Immediate)
The contents ol the accumulator or external memory are ORed with the imneedate
data, and its result s stored in the accumulator or the external memory.
Only MNag 7 changes.

® I'ormat ¢ ()peration
ORI A [Operand] v 1 [operand]
ORI {Rreg).i {7 changes.)

ORI s Rreghs
ORI {af)d
ORI #ab)

i EOR (Exclusive OR)
The contents of the accumulator are exclusively ORed with the value of the external
memaory, and 11s result is stored in the accumultor.
Only the flag £ changes.

# Format ® {)peration
EOR (Rreg) A = [operand] — A
FOR #{Rreg) (7 changes.)

ECR (afn)
EOR #{afh)

(EX) EOR {Xreg)
Xreg= 4700H

A=(0 0 1 1 0 1 1 Olesecared=[0 1 0 1 1 0 1 1|

Contents _ [~ 1 1 Fig {1
of 4700H — 0 1 1 01 1 0 1_

@ EAI (Exclusive or Acc and Immediate)
The contents of the accumulator are exclusively ORed with the immediate data, and its
result is stored in the accumulator,
Only the flag 7 changes.

® Format » Operation
EAL § A= A

(7 changes.)

(1% INC (INCrement)
The value of the accumulator or the register is INCremented by one. In the case of the
B-bit register (A, RL, RH), it makes Nags C, V. H and Z changed. In the casc of the 16-
bit register Rreg. no flag change takes place.

® Format s (peration
INC A [Operand] + | — [operand]
INC RIL (C. V. H.and Z changed.)
INC RH
INC Rreg [Operand] + 1 — [operand]

30
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(EX) INC XL

Execute

AL oo1T 10011 1| —= I oo 111000

, H=0, Z=0, ¥=0

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

& Format e (peration

DEC A [Operand] — 1 — [operand
DEC R (C. V. H, and 7 changed.)
DEC RH
DEC Rreg [Operand] — 1 — [operand )

! (EX) DEC Xreg

|:-LL=':JG:JD::|D:J|:1' =11 3% 11 1 1 1]

Exzecute
‘ iH= 0 0 0 1 ¢ 0 0 1 H= 10 ¢ 0 1 0 0 0 O

2-4-3. Compare and bit test

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

® Format & (}peration
CPA RL A — [operand] — change in C. V. H, and 7
CPA RH or

CPA (Rreg)
CPA #(Rreg)

A+ [operand] + | — change in C. V. H. and 7

CPA (ah) C.'.:}mpans.un C 7 v H
CPA #{ah) A= [operand] 1 o * #
A= [operand] 1 1 * #*
A< [operand] 0] 0 *: *

# 1 Flags V and H may change according to the
condition mentionad in “Status flag”, but it has
no meaning with the CPA instruction,

(Ex)  CPA XL
i o1 o107 0 0
EIF.'{-I-.EF C=1 . 7=0
XL o1 010000
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(i CPI (ComPare Immediate)
The contents of the accumulator or register are compared with the immediate data. and
its result 18 represented by flags C. V. H, and 7.

®Format ® {)peration
CPI RL [Operand] — 7 — change in C, V. H, £
CPl RH.i
CPl A

[Operand] =i
[Qperand] =1
| [Operand] <i 0
# . Refer to "CPA inﬁtructiun".

Comparison o
1
i

¥ o | =
* X ¥|I

BIT (test BIT)
The accumulator 1s ANDed with the external memory, and its result is represented by
the llag Z.

® Format ® [peration
BIT {Rreg) A A loperand] — Z flag change
BIT #{Rreg)
BIT {ab)

BIT #ab)

(EX} BIT (Xreg)

Krepg=4F00H
A= 1 00 0 0 0 0 0

: Exr:-:;_ujg:_' 1
Contents

e =00 6 9 1 F 1

Bll (test Blt Immediate)
The contents of the accumulator or the external memary are ANDed with the
immediate data, and its result 1% represented by state of the flag 2.

& Format # {)peration
BII A [Operand] ~ i — Z flag change
BIl { Rreg)s
Bl #{Rreg).s
BII {ab).i
BIL #{ab).i
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2-4-4. Transfer and search instructions

(@ LDA (LoaD Acc)
The contents of the R1. register, RH register, or the internal memory are transferred to

the accumulator.
Only the flag 7 changes.

* Format * (peration
LDA RL [Operand] — A
LDA RH Flag £

I: when [operand] = 00H

LDA (Rreg)
0: when [operand]| # O0H

LDA #{Rreg)
1.DDA (ah)
1.DA #(ab)

(EX) LDA XL

xt= 0 0 01 0000 w-0o001000 0

A= 0 0 ¢ 1 0 D O O

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

then “1™ is decremented from R oregister,
Only the flag Z changes,

* Format * Operation
I.LDE Rreg (Rreg) — A
Rreg = 1 — Rreg

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

(EX) LDE Yreg

Contents
=10 1 01 10 6 0 A=10 1 DY 1 @ 0 0
of 202Ah Execute = :
Yrop=202AH Yreg=2009H
=0
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@ LIN {Load and INcrement)
The contents of the external memory (R register) are translerred to the accumulator,
then 17 15 added 1o the R register.
Only the flag 7. changes.

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

Flag £
I: when (Rreg) = (WH
0: when (Rregl) == (OH

(EX) LIN Ureg

Contents

ofposs=9 0 1 1.1 0 1 0 A=(0 0 11 1 01 0O
Execute
Urep=0055H —+ Ureg—0056H
Z=0

@3 LDI (LoaD Immediate)
The immediate data is loaded in the accumulator. RL register, RH register, or stack
pointer S,
The Hag Z changes when transter is d one to the accumulator and no flag change oceurs
n otherwise casc.
Two bytes of the immediate value are tansferred in the case of the stack pointer,

* Format ® Operation
(0 LD A i— A
Flag 7.
I: when i = 00H
0 when ¢ # 00H
& 1LDIRLG =KL
LI RH.q i— RH
(No flag changes)
G LDI S, j i~ SH
F—~ 8k
(No llag changes)

{EX) LDl ¥H.5AH

Immediate
value

__Execute
=01 071 &1 ¢|—XH= ¢ 1 0 1 ¥V 0 1 O
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G) LDX (LoaD Xreg)

The contents of the R register. stack pointer, or program counter are transferred to the
X register.
No change takes place in flags.

* Format * Operation
LDX Rrecg [Operand] — Xreg
LDX 5
IL.DX P
[ (EX) LDXS
l S=4T00H E“:ulg- Xreg=4700H

i STA (STore Acc)
The contents of the accumulator are transferred to the RL register, RH register, or the

external memory.
No change takes place in fags.

*Format & (peration
STA RL A — |operand]
STA RH

STA (Rreg)
STA #(Rreg)
STA (ab)
STA &ab)

(EX) STAXL

Execut
“H=le o1 1 00 1

A—UD'I'ID[F]II

(% SDE (Store and DEcrement)
The contents of the accumulator are translerred to the external memory { Rreg). then

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

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

(EX) SDE Yreg
= e e Contents _ [ 5 |
A= 09111 I 1 ']""Euecutn:“”?WH_'U 1] .1._1_1 1 1__1”
Yreg=46FFH
Yreg—4700H

35
Do not sale this PDF Il




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

@) SIN (Store and INcrement)
The contents of the accumulator arc transferred to the external memory (Rreg), then
*1™ 15 incremented 10 Rreg.
No change takes place in flags.

* Format e O peration
SIN Rieg A = {Rreg)
Rreg + 1 — Rreg

- ]
(EX) SIN Yreg
; Contents e —
A=10 0 " 1T 11 1 1 91 11111
Execute of 4700H .
Yrig—A4700H 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
5TX Rrcg Xreg — [operand]
S5TX S
STX P
3 PSH (PuSH)

The contents of the accumulator or R register are stacked in the memory specilied by
the stack pointer,

In the case of the accumulator, the stack pointer is decremented by one. In the casc of
the R register. the stack pointer is decremented by two.

s [Format & Operation
@ PSH A A = (5)
S§— FE==5
@ PSH Rreg RL = (5)
S-1—§
RH — (5)
5—=1=-8
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(EX) A
1 PSH A
|
A=loo 1 111 46FDH | N
E“wjes_wﬂﬁrm 46FEH | XH contents
5 —=4T00H 46FFH XL ﬂl:‘.llllrl'.l-l_!‘.&-.-_
4700H A contents
2 PSH Xr
: b et o 46FDH
Xreg=2030H N
—
S =46FFH
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 is added by one. In the case of the R
register, the stack pointer is added by two.

*Format & (peration
@ POP A S+El=~S
(S)— A

Flag £

I: when (5) = 00H
(: when (5) # 00H

@ POP Rreg S+1—8
{8) = RH

5+1—5

(5) - RL

{No flag change)

{EX) 1 POP Xreg
e = '
H\”‘-—-”’: p=a6rDH =% _ 46 FH
[ Kreg= 20304
ABFDH 1 POP A
Execut
4EFEN 2 P dGRFH o P=4700H
il -, B A=[G 0111111
AT00H 3FH
'._'_,..-— _\_‘\"\n“_\_ ]

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

* Format ® (Jperation

ATT AT

a7
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G TTA (T To Acc)
The contents of the T register are transferred to the accumulator.
The flag Z changes.

& Format e {)peration
TTA T — A
Flag 7.

I: when T = (0H
{J: when 1T = 00H

2-4-5. Block transfer and search instructions

) 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 flags.

® Format ® Operation
TN [Xreg) — (Yreg)
Xreg + | — Xreg
Yreg + 1 — Yreg

(EX) TIN
Kreg=4700H Krep—4701H
Exetute
Yrog=3800H ¢ Yreg=d4201H
Contents | | Contents
[ of 4700H o011 00 11 | of 48004 g o1 19001

& 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 * Operation
CIN A i Xxreg) - changein CH. Zoand ¥

Xreg + 1 — Xreg

Relation between the compartson result (A with
Nreg) and fags (C. H. 7. V) is the same as in (8
CPA
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2-4-6. Rotate and shift instructions

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

* Format * Operation
ROL
ek p
A
(EX) ROL
Execute
1 181 011 1 Q1 — T o1 1 1 8
Carry &, Carry A

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

* Format * (Jperation
ROR
.
_ _ A
(EX) ROR
= Execute
a 1 ¢ 0 1.0 @ 0 -+ o112 01

Carry A Carry i

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

® Format ® (Jperation
SHL
G TR
iy
(EXy SHL
———————— Execute —
£ 1 00 1 1 1 01 e T (DT 1T 1 D
Carry A Carry A,
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@@ SHR (SHift Right)
The contents of the accumulator are shifted right.

® Formatl * ()peration
SHRE
L |:| 5 — ¥ -3 —h " —k ok - |rl l:
A
(EX) SHR

| Execute
* « |0

[T o 01 00 1 1| 100100 1| [1]
A Carry A Carry

DRL (Digit Rotate Left)
Left rotation takes between the accumulator and the external memory (Xreg) or
#{Xreg) in unit of digit (4 hits).
In other words. the low order 4 bits of the external memory are moved to the high order
4 bits of the external memory, the high order 4 bits of the external memory are moved
to the high order 4 bits of the accumulator, the high order 4 bits of the accumulator are
moved to the low order 4 bits of the external memory. and the low order 4 bits of the
accumulator are moved to the low order 4 bits of the external memory at all tmes.
Mo change takes place in flags.

® Format * peration
DRI (Xreg)
DRL #(Xree)
A Memory [(Xreg) or =iXreg) |

(EX) DRL {Xreg)

Hrep=4700H
A= 10 1-1 o1 1 11 A= _'I a1 1 0 01
Execute
Contents Contents
ofdzoon— 1 2 V1 0011 ofdsoon— (0 ¢ 1 1 01 10

40
Do not sale this PDF !!!



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

DRR (Digit Rotate Right)

Right rotation takes between the accumulator and the external memory (Xreg) or
#(Xreg) in unit of digit (4 bits).
In ather words. the low order 4 hits 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 memaory, and the high order 4 bits of the
external memory are moved to the high order 4 bits of the accumulator memory at all
times.,
No change takes place in flags.
* Format & (dperation

DRR (Xreg)

DRR #{Xreg)

A bomary [(Xreg) or 2 Xreg)]
(EX) DRR (Xreg)
Xreg=—d4700H
A=[1 1 000 0 0 1] A=[01 00001 0]
Execute
Cantants _ | 0 10
=(0 1 0 0 0 0 1 D Contents _ (O @ O 1 0O 1 0O 0
of 47004 of 4700H 4

@) AEX (EXchange Acc)
The high order 4 bits of the accumulator are swapped with the low order 4 bits.
Mo change takes place in flags.

* ["'ormai * (peration
AEX
A
(EX) AEX
—— Execute

A=[1 1001010 —a=[1 0101100
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2-4-7. CPU control instructions
@ SEC (SEt Carry)

Sets the carry flag,

No change takes place in flags.

& Format & {)peration
SEC I=C

@) REC (REset Carry)
Kesets the carry flag.

No change takes place in (lags,

® Format * {)peration
REC 0—-C

@i CDV (Clear DiVider)
Clears the internal divider. In other words, sinee the CPU clock is supplied throwgh the

divider, it makes clock reset by the CDV instruction.

* Format ® {}peration

CDV U — divider

@) ATP (Acc To Port)
The contents of the accumulator are sent on the data bus. As the clock P is sent omt
from the CPU at this moment, it may be used for the clock of the latch 1C to comprise

di outpul port,

No change takes place in flags.

# FFormat * Operation

ATP
1\ H
Clock P 4{ L
— = — i H
Data huS——‘C }7 [High impedande|
T L

Contemts of accumulator are sant oul

H
Address bus W, 4 ><
L

i Contents of the X reqister are sant out

H

— L

an

MOTE: Though data is output with high state of 0D (output disable) during mamaory write, OD
is low state in the case of the ATP instruction.

42
Do not sale this PDF !!!



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

Diata bus I
CPU 3-bit oulput part
P
™ Clock
TCAMAZ =2
tateh 1)

4e) SPU (Set PU)
Sets the general purpose Thipllop PU.
No change takes place in ags,

® F'ormat & (Iperation
SPU | w1k

45 RPU (Reset PU)
Resets the general purpose fliptlop PUL
No change takes place in flags.

* ['ormat ® (dperation
R 00— PU

SPV (Set PV)
Sets the general purpose flipflop PV,
No change takes place in flags.

* [Format ® (Jperation
2PV L —=FP¥

{3 RPY (Reset PV)
Resets the peneral purpose Mipllop PV,
No change takes place in {lags.

* Format & (dperation
EPY 0— PV

&) SDP (Set DisP)
Sets the 1LOTY on off control thptlop DISE,

* Format # ()peration
shp | — DISP
On pattern signal 15 generated from the
CPU internal LOCD backplate signal lines
{HO~HT).
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Gi) RDP (Reset DisP)
Resets the LCD on) off contral thptlop DISP.

* Format s peration
RDP 0 — DISP
Off pattern signal 15 generated from the
CPLU internal LOD backplate signal lines
{HO~HT).

&3 ITA (In To Acc)
The contents of the input port (INO~INT) are transferred to the accumulator,
Only the Hag £ changes.

* Formit s Operation
I'TA INO~T = Accumulator

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

® Format o {)peration
51k L —1k

9 RIE (Reset IE)
Resets the interrupt enable tlag 1E. After this, maskable interrupt and nmer interrupt
are disabled.
No change takes place in other Mags,

® Format & {)peration
RIE 0—1E
&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 # bits of the register and “0™ is entered in the highest order bit.

No change takes place in other flags,

® Format o {}peration
AMO A= TM (TMO~TMT)
0— TME
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G AM1 (Acc to Tm and 1)
Same as AMIUO, but “1” is entered in the highest order bit.
Mo change takes place in other flags.

® Format # {()peration
AMI A= TM (TMO~TMT)
| — TME

& NOP (No Operation)

HLT (HalLT)
Stops CPU operation. (Only the divider is in operation.)
Released from stop by mterrupt.
No change takes place in flags,

G 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 byies of the
immiediate data 1, /.
Mo change takes place in tlags.

® Format ® (peration
JMP i § 1= PH
f== PL
| (EX} JMP 41H,00H .
4000H JMP .
| Jump
Pi=ATH Exdouly. PH=#IN 4001H 4TH | instruction
PL=03H PL=00H A002H = | (3 bytes)
A003H
Jump "’_‘%""‘»__../'
"ﬁ\‘___rﬂ,a-
—== 4100H
#_.__\,_‘_._,_.JJ
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BCH (BranCH)

Jumps to a new program step which is indicated by the program counter of which value
15 added subtracted by the value of the immediate data 7 . [t will be possible to jump
within a range of —255< f<Z 255,

Mo change takes place in flags.

* Format * (Jperation
BCH-+¢ P+i=P
BCH-+ P-=j§f=P
- - s Tt
(EX) BCH-+5
Execule ey I e e
P —A4002ZH . P—4007H RS ey =
I_T_..-1II. |
Ag soon as the BCH nstruction is read, - !
the program counter becomes P
"P=4002H", and after execution of the “E ————
BCH instruction, the next program — —
exaculion starts from the address 4007H. f g
L --\-“'\-\.__ P

BCS (Branch if C Set)

Conditional relative address jump.

When C=1. 0t jumps to a program step represented by the program counter of which
value 18 added subtracted with the value of the immediate daa.

I C=0. the control proceeds direetly to a next program step without causing jump.
No change takes place in [lags.

* Format ® (dperation
BOSH L Pk f =
'0; P not changed.
iR =iF=PF
(: P not changed.

BCS—i c=|

(EX) BCS+S
f_\-hhk\""h\_,-ﬁ"'
Execute
F=4002H —— P=4007H A000H BCS 4 | Bes
: =" | Bl
c-1 0014 L H | insinachion
; 40
As soon as the BCS instruction 15 read. i
the program counter Becomes il C=1
"P=4002H". If C=1 at that poinl, naxt ;
program execution starts from the R
address 4007H. 1 C=0, it starts fram ‘
i A006H
40024, & s
L007H
e Mo
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BCR (Branch if C Reset)
If C=0, it jumps by relative address.
If =1, it executes the next program step.
No change takes place in flaps.
& Format
BOR A+
BOCR—§

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

& BHR (Branch if H Reset)
If H=1), it jumps by relative address.
[f H=1. it executes the next program siep.
No change takes place in flags.
& Format
BHERA+
BHR—f

& BZS (Branch if Z Set)
If Z=1, 1t jumps by relative address,
If £=0, it executes the next program step.
No change takes place in flags.
® Format
BLS+]
BLs—i

& BZR (Branch if Z Reset)
[T Z2=0, it jumps by relative address.
If Z=1. it executes the next program step,
No change takes place n flags.
® Format
BAR A+
BAR—i

& BVS (Branch if V Set)
I V=L, 1t jumps by relative address.
If V=0, it executes the next program step.
Mo change takes place in flags.
® [Format
BVE+T
BVS—i
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& BVR (Branch if V Reset)
If V=0, it jumps by relative address.
If V=1. i executes the next program step.
No change takes place in flags.

® Formal
BY R4
BYR-—f

) 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<I0). it proceeds Lo the suecceding program step.
No change takes place in flags,

e Format . ﬂpﬂ'rﬂtiun
LOP ¢ UL-=1— UL
:P—i—P
il { I: To succeeding step
(EX) LOPS o
> 4000H
== 4005H P—4000H :
UL =054 UL=04H
b 4003H LOP
A004H C5H
S005H
S Y,
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2-4-9. Subroutine jump instructions
(@ SJP (Subroutine JumP)

The contents of the program counter, which show the next program executing address,
are stored in the stack pointer. then the control jumps to the subroutine address
represented by 7 and j of the 16-bit immediate data.

No change takes place in flags.

& Format # (Jperation
SIP . j PL — (S)
S - |
PH — (S)
§ -1
i— PH
i— Pl
(EX) SJP EOH, 00H e

i SAP g Riuchinen

4003H is stored in the stack pointer by

the execution of STP instruction and v

jumgs to the subroutine of EQDOH.

With the ATM instruclion of the

subrouting, the contral returns to 4003H

1 i i I"':-'\-_,-*

o resume previous program execution. T
LA e

o e L
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(i VEJ (VEctor subroutine Jump)

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

The flag 7 is reset.

There are 28 Kinds of VEI operand within two bytes range of 100000 (COH) to
LEEIONIO (F6H), Therefore, the vector address table contains the address arca of
FFCOH to FFFaH.

& Format & Operation
VED § PL —{5)

§—=1-=15

PH — (5)

S8

(FFOOH+1) — PH
(FFHIH-AH) — PL

MOTE: 1 has 28 kinds of VEJ cperands.

(EX) VEJ C4H T~
RLEACT e P ]
AD00H CAH VE I msbrueinsa
T
£001H I L"’E’:"f’j“'
The contents of FFC4H and FECSH are Vector il
inlerrogated at the addross 4000H and v e L— ,J Retun
: g ==
jump tg the subrautine of 45008, r
With the RTM instruction of the v E——
4 b Ou T
subrouting, the execution resumaes from ProREF¥Ing
the address 4001H again. 1 |
5 2 . | []
E_EWUSE it []'E‘I'-IT':IIS supruu.ilne jump by a TI
single byte of instruction, it helps to J
reduce program steps, when applied to iﬁ_x
100 often appearing subrauling,
FECAH Lt
FECAN woH | |
.-"_"'l\.\_\___j
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(3 VMJ (Vector 2 byte Subroutine Jump)
Jumps to the address indicated by the two-byvte vector address, whose high order
address byte is represented by FFH and low order address byte by the immediate data.
The flag Z is resct.
Vector address table contains FFOOH thru FFF6H. Immediate value i may ke even
number of 00H thru F6H.

* Format ® Operation
VA Pl. = (5)

g=] =5

PH — (8)

S=1=8

(FFOOH+7) — PH
(FFOOH+i+1) — PL.

(EX) VMJ COH |
rm.

The contents of FFCOH are interrogated
ey the VR instruction and jump to the
subrouting af EQCOH,

With the BTN instruction of the (.
subrouting, the execution resumes from B

the address 4002H again
Because i permils subrouting jump by

two bytes of instruction, it helps to e

reduce program sleps, as companed wilth |

the SJP instruction. I w1 }
——
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() VCS (Veclor subroutine jump it C Set)
Conditional vector subroutine jump instruction,
If C=1. it performs the vector subroutine jump, the same as in the VMJ instruction.
If C=0. the control proceeds 10 the succeeding program step.

® Format
VUS|
T
(EX) VCS COH 1
s s 1
SO0 | Crs4 |
— — — — &
S |
The contents of C are mterrogated by the 2=t
VESE instruction and perform the vecior /"‘\H/J
subrouting jump, if G=1. =y
I G, il eontinues to execute the — -
program in the address 4002H. EOCEH | eeessons
BN i
Xt
FFCOM | BOM
FFCIH | COH

@ VCR (Vector subrouline jump if C Reset)
I C=0. it performs the vector subroutine jump. the same as in the VMU instruction.
If C=1. the control proceeds to the succeeding program step.

® Formal
VCR

(% VHS (Vector subroutine jump it 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 succceding program step.

® Format
VHS §

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

& Formal
VHE &

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

® Format
VIS 1
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VZR (Vector subroutine jump if Z Reset)
It Z=1), it performs the vector subrouting jump, the same as in the VM instruction.
It Z=1, the control proceeds to the succeeding program step.

& Format
VAR §

VVS (Vector subroutine jump it V Set)
If V=1, it performs the vector subroutine jump, the same as in the VM. instruction.

I V=), the control proceeds to the succeeding program step.

e Format
VWS

Return instructions

RTN (ReTurN from subroutine)

The instruction used to return from the subrouting to the mam routine.

No chanpe 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 & (peration
RTN < o gt
{5} — PH

S ol R

(=] — Pl

RTI (ReTurn from Interrupt)

The instruction used to return from the interrupt service routine to the main routine.
After exeeuting the same procedure as in the RTN instruction. then the contents of the
' regisier at the time of interrupt are goiten from the external memory stack to be
transferred to the T register, Flags are also set 1o their previous states,

& Faormat ® (Jperation
RTI S+ =5
(%) — PH
S+1=5
(5) — PL
S+1l—5
(5 —1T
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2-5. Command list

List of LH3801 Microprocessor will be shown in pages to follow. There are following nine

tvpes of commands.

Single byte command

(1} ap code

Two-byte command

2) 11111101 opcode

(3 op code immediate
L)
Three-byle command

4 11111181 op code immediate
i)
(=) ap code immadiate H immediate L
i) 16 s e
(8] op code address H address L

fa) | (6]
Four-byte command

{(fy (11111710 ap code address H address L

(e} ()
(8] op code address H address L immediate

(a) ih {i)
Five-byte command

@ 11111101 ap code address H address L immediate

)] (4] i
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8-bit CPU command list (1)

Arithmetic/logical
STATUS MALCHINE LANGUAGE
M RO SYMBOLIC OPERATION - - BYTE | COliE | COMMENT
CVYHZIIE 76543210
ADC R ArRi+C—-R -:-!.;.!.\-;':-.-- ﬂ'l.“h ﬂu‘q 1
* BLR4 By R R
s | A+Ra+C—A 10 OO140 1 T
00 (% X X
¥ ] :-t!‘ﬂ' b= iy {GOR Q0T 1
| g1 M ™ X
La,bt R R Y 10100011 3 13
[ | | | Lot e
11 |4- O
2R At SIRI+0 A L 2 | n
|Q0R QG171
Siadl | A+Ziaki 1C-A l“ﬂn“ 4 | 7
@ Addreas of (ab)
Al A A+i+C—A 1g110011 2 T
15 savenvans T ssnavecns
] 13
R.i R+~ R IR 1511 2 13 —
Hagthy oeder] [Low oider |
[ a8 ad) b i L ARE SRS 4 19 _
®(R)MED dccossed
[ - S RMEl accessed
H IR, iRyt i v &R lgt R 1111 k| 17
[
i ) ()
Blabig | Slab #iv8iah | 5 73
AARERRRE
DCA R A+ R +C—=p BEDI 108 1100 1 15
E - A= =R +C—ARCD i} 2 9
10 R 1100
ADR A o z n
I reguite
sl 4 11 RI101D
e ATe
RH:1 «RH- ¢ f CT
SEC A A—R—C—=4A o (00R. 0000 | &
P A=Ru—C=A 10R= 0000 i
R A—IRI—C—A 00 R 0001 1|7
b A1 abl—=C =& fnt1oaanl 3 13
- Fi
] A—EiRI=C—h 00 R G001 2 (mn
e FD
Slob | A—Biaki—C-A bO100001 4| 17|
[
S A | A= =LA 10116001 2 7
BCs (R A— R —C =& BCO) o0 " 1100 | 13
i
=R A=z R ~C <A BCD oo R 1100 ? 17
AND R AR —A ——=Cl= 08 R 1001 1 7
b ANl =R iglot1001 3 1
1]
=R AnZiR—=A 0o R 1001 2 it
FD
Siah AN Tiadl A 12161001 4 17
ANl A ASgh 16111001 2 7
1B RiMg =R 61 R 1001 2 13
Lakir O T R 11id10461 4 i
Fo
BRM | BIRAGER 01 R 1001 | 17
FD
#rabid | Blab Sj-=Blab | | 111001007 | 5 23
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8-bit CPU command list (2)

STATUS MACHINE LANGUAG [
MNEMONS STMBOLIC OPERATION | | w1 | o | COMMENT
CYHZIE 76543210
oRA R AVIRL A ===0=100 R 1011 1 ?
bl A as) +A ioi1GiIand 3| 13
FD
S0 A SR vk 0O R 1011 Z | n
D
Eiak AV Elali=A ipi0ioii 4 | W7
oW A Aol teit1iaii 3 7
R RIi-+R 01 R 1@811 7z | 13
adii lad! V= ak 11101811 & 15
FO
£1A,i BiRIVI~SR 01 R1G11 3 | ¥
D
2 abla Sia b Vi 3lab 11181611 g e}
EOR IR [T I O oo R Y10 1 7
b Ad g b —A 10101101 3|13
D
2 ATBRI-A (00 R 1101 2 | n
I
Blab | ADB(wbi~A 10101101 "WET;
EAl i ia-&--'«a 10171101 2 | 7
NG A |i.|l'.l. QOOC= 110111401 1 3
By | Ry 01 RoOBDD 1 5
Fi
i | Rio b+ 1 == Ra G RmO0ODO 7 & |
] Rl ===== |0} R OTG0 1 5 |
BEC A li-—1--A O0Q0—= | 11010111 1 5
& Ri=1-R 01 ROGTD | 5
- o
Ry Rii=1 == Rn 01 ReOG1D z 4
R R=1-R 01 ROTI0 1 5
Compare and bit test
leea w =Ry OO0~ |00 & 0110 I &
R A= Rw IOR=G110 I [
] A= H QO R G111 1 7
fabl A= g 1610C111) a | 13
(3]
=R A-SiR o0 R D111 F L1
[ {+]
=iwd A= nb 10106111 & | 17
CPl R Ri=1s 01/ 1110 2 7
L O R =i D1 R« 1700 2 7
A A= 10110111 7
BT iR AR F === |00 R 1171 1 7
™ AN adn =2 LA EERE 3 13
FO
=R/ A E M e 00 R 1111 z | 1
For
g iak AA B abi =T 1o1e11ii 4 7
B Ay Adi—Z L AREENE z 7
R (RIS = 01 B 1101 7| in
fa bl gl A d 11101101 5 | 16
FD
2R BIRIAIT 61 R 1101 | M4
Fi
Blabi | Blah Al 11101101 5|2|:|
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8-bit CPU command list (3)

Load and store

STATUS HMACHINE LANGUAGE
MNEMONIC SYMABOLIC OPERATION . BYTE | CHTLE COMMENT
CVHIIE 7543210
LA Ry =+ & e Q0 R 0100 | 5
Eu RH-rA ||:| RII u]uu 1 5
B [F) == A o0 R O101 i G
o adi A 10100101 3 12
Fh
=] TR A o0 ® D101 2 10
o
=il Ziah A 10100101 4 16
LOE R IR —=AR—1-+R gF B 01101 I (0
LBy B Ri-=&R+1-—+R gl R 0101 | B
LDl R i= Ry Q1T R 1010 2 B
B, ¢ ¢ Ry Q1 Ba 1000 2 &
L VR c=m == | TD110101 2 b
Sohg g+ | —_——— — (101010790 3 12
Fb
LOX R’ HorX o0 B 1000 2 11
+ EQ
5 5—+X Q1001000 £ 11
Fl
P Poek Qlol1io00 2 1
STA M ARy — - DO R 1070 1 i)
Fim A o0 R 1000 1 5
R Ao R o0 R 1110 1 i
b A 101208110 3 12
FDr
2R A-r SR o0 R 1110 g 10
Fl
2l A-rdiah 120100110 a [ &
SDE R I N T 1 R OO11 1 ]
|
54 R A-+[RIA+T R g1 R OOQQ% 1 L
Fiy
5T% R iR 01 R 1010 i 1
Fl |
5 A-+5 glrooryin 2 iR
Flx
f X grovriei1o ¢ "
FIr |
(PEH A A GE -] 5 1001000 2 "
FIx
R Fiy ol S1RH =5 1], 10 R10DOD 2 4
5-215
; Fiz
| P A 541 A5 ] 5 ——== 10001010 P 1
FQ
R S+ 11 RHIGH 2 BL, | ————= oG R 1019 2 15
§+2-%8
i FQ
ATT AT ETATUS QOO (11101100 2 ]
Fo
TTA TESTATUS! A | 9] Fg101010 2 q
Block transfer and search
L
TiN W Yy | =——== 1118100 1] 7
CiN A-rl XK+ oS0 0 Y B 1 Fi
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8-bit CPU command list (4)

Rotate and shift
STATUS MACHINT LANSUAGE
MKEMDNIE SYMBOUIC OPERATION b . | aTE | oo COMMENT
CVHIE 76%43210
ROL 1 e | OoOC EEEEE-BE] 1 B
HeH 70}
ROR Licld 70 1te10001 i ]
SHL -_i':_'i- 70 k0 118131001 [ B
SHR 0 70 |c] 11010101 19
. E 1l | |
BRL LT 1 11616111 r |2
AT I i iy
bRL & ‘Hllhu IR RN ERE | i8]
i |}y
DRR W 1) S 1161001 SRR T
a1 1 0
DRR 2 | MET Area 1101001 R [
[ P
AEX [T 1 FE110001 i | o8
| A
|
'CPU control
AMO A—TIMER(TO~TN.O=TH | — - — A 2|9
Fi
AMI . LeT8 BESHERE ¥ 2| 9
12
cov divider cleae | 1unnqnu z i
o
ATF Ao Qutput podd 2 5
Clock oulpt) ¥ “'L;: A
sor | =Diip 11000801 Z | B
o
ROP O-Disp 11000000 | 8
sry I =PU 11106801 1 4
RPY g—py 11100011 1 4
sPY I+PY 1s101006 1 4
APV o=Py 16111000 1 4
o
iITA A o1l iote 2 | 8
FO
RIE Q-=If ===={3 fEI13110 2
. 0
SIE I =IE TV | VOG0B0 | s
FO '
HLT —_— AR T TN 2 | 5
Fo
OFF clio01100 2
HOP fa111000 I 5
SEC | i === 11111911 1 i
REC [ -t Q=== | 111 F 100 i 1
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8-bit CPU command list (5)

Jump
. | STATUS MACHINE LANGLAGE
MMNEMONIC SYMBOLIC QFERATION | - T 1 BYTE | CrCLE COMMENT
| CVHIIE 76543210
IME ij—+F 1011178410 3 12
a =0, +u
R =0 ‘PP 1051110 2 g E e B
gmis Peip [ & | lIndludes ong more
eycie)
[ZRe ifC=1, PP To0Gs00 110 2 |&Wm
if © 0. continue
BCH fo=0,P2i~P 10g=0001 o gy | mEE Coneiion
| 009 | Koo cary
,_,rc 1. conbnue o0 ceery
BVS if¥=1,PLi~P T0Gs1111 2 lwanar| © 60| e non nar
0N 1| H ohad
A 100 | RE: non zern
BYR if =0, PZi—=P 1031107 20 (8008 107 | M aern
if V=T cominu 1 ¥4 Ny onon oeerliows
11V owerflow
HHS if H=1, PEi—~P 10g0111 2 | a0
[ U’H 0. eentines I 3
BHRE ifH=0, PLs=F IDd=0101 2 |80
;;f' H=1, continue
BZ% if£=1, PLy=F 10821011 £ | &
‘-F F=0. canbnug
BIR if =0, PLi—P 1081001 2 [aien
if I=1.coniinus
LEF Ul | U= =LAl 10c01000 2 | BN
if Borrow=0,F— - F
af Borrew=1_continee [
Call
1P P~ S P51, |—-———- 181111189 3 19
# Yecior address [9)
3—2-8, tj—F
WEJ: FF v
YEJ Po—+ 51 PH=5—1) ——==X—= |14+ & = 1 17|
[ il =g
S—2-5ig—+Pulg+l =Py
[ WML FF —gm
-4 fe=1 g —=Pr—5—1) Tieogdi 2 | B2 ele.
1L
g+ —+PL—+ 515 —2—+5
VER ifEen, P1anaoa 2 |'Bf2
VHE ifH=1, = 1100a@1 11 2 | B
VHR if Hes[), * L O R 2 | B2
Vi5 if =1, * P1¢01011 2 | B2
LFd if Ze=1), Tranroon 2 B2
VS if¥=1, . T1e011 11 R -
|
VM i —=Pu-i5—10, 525 P120110)0 z 20
q+1 P &
Relurn
|rTN S 11 aPHIS § 2) +PL, : (10011010 1| n
G5i-5
| &7l S+11-+PHIS F2E+PL 00 (10001010 1 EE

5+ —-T5+3—+5

MOTE: P in above list indicates a succeeding byte, For a command accompanying the immediate valea, it
indicates the byle that follows o the immediate value.
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LHES01
MNEMONIC  MACHINE LANGUAGE | MNEMONIC  MACHINE LANGUAGE| MNEMONIC | MACHNE LANGUAGE |
ADC | XL | o2 Tam Teat) |e3abé  |ewR |- |oDq
w12 L #x DM BZS |88 i
w2 | T#v |rosaq | - leBi J
XH o 82 1 20 FDES 'BzR |+ 894 |
H 92 _ | %(ad) |[FOEQabi | | Y
L | AMO FD CE :ﬂD‘-' | FO 8E
|lxa 03 AM1 FD DE CIN F7
|13 LaTP ED CC lera [xL o6 |
THRE ATT FD EC ' KRR
(ab) |A32b | BCH |+ |BE; o w
(X1 | FD O3 - e XH | 8 ,
£0v) FD 13 BCS |+ | 83i | Y %
ETRE | = i | [wm |#e
—— . T T
| | Alabl | FD A3 ab BCR  + Bl . (x| o7
'aDl (A B3 ' E 9 v
i |aFi lens |+ | a7 ] [ |2z
[tv |sFa ECE lad) | AT |
o |eFi [ewr [+ [851 #(x) | FDO7 ]
[(ab) |EFabi i Bl v | FD17
CE(X) | FD4F § ‘Bl A | BFi S0 FD 27
' (Y | FDO&F | ' I .4 :dﬂ- f Ziab) D A7 a b
| iUy | FD &F & = 1Y) 50 CPl A& BY i
(b |FOEFabi w |epi XL | 4E i
| ADR | X FDCA [tab) | ED ok (v |56
¥ FD DA #(X) |FOAD UL BE
| u FD EA #(Y) | FD 5D ¢ XH | 4C i
AEX | F [#(0) |FO6D¢ YH | 50
a0 o009 |l [FDEDGb . UH GG
' lv |19 BIT |ix} | oOF DCA | (X} | BC
' LS ' | ' | ec
labl |AZab m oF | ac
| (%) | FD 09 ltaby |AFas =% FDEC
FURCE | 20X | FDOF 40v | FDYC
U | FD 28 £(Y) | FO1F 20 | FD AC
Ziab) | FD A9 a b 20U FD2F pcs | (x| oc
A (A e £ab | FOAF @ b VLT
o |ae: BVS |+ BF i R
| , Fir i A | [ : ]
| YED = oF E3
! | |69 (BWR |+ 8D 1Y) | FDIC
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=

MNEMONIC | MACHNE LANGUAGE | MMEMONIC | MACHINE LANGUAGE | MNEMONIC | MACHINE LANGUAGE |
DCS | (U | FD2C oA | UL |24 ORA | #(Y)  FD18 '
DEC A | DF ' XM 4 £ | FD 28
XL 42 T | £labl | FOAB G b
e 82 iuH A4 ]r::m A j?B:’
. L ,.52.-. |-:1r.| ol | [ X . 4B :‘_
(XH | FD 42 : |i¥) 15 ; v 5B
s |z v |68
UH D G2 ltas} |ASas (ab) |EB abi
E 1 E';s'ii | FD 05 £ FD 48 |
Y 56 | #1¥YI | FD15 £yl FD58
U |es | s s "#(U) | Foe8
oRL (X O7 : Elab) | FD AS a b #lab) |FDEB a b i
=0 FDO7 o A BS i FOP A FD8A
BRR | X/ 03 ' i X dA | X | fDOA
? #=1%) ‘FD D3 ! : Y J-Eﬂ i'- | .'F' ! FI} 1A
Ea | BD | ‘UL leas ] u FD 24
EOR | (X1 | QD x4 'psH A |FDC8
o [ ! ETRREY ' x | EDes
ICRRE" T v |rw
(ab) | AD a b ' |5 AR 1 u | FDAS
2(%) | FDOD Twe [x @ RDP | D CO
2 | FD 1D | Iy s 'REC | Fo
=z P20 v e RIE | FD BE
| #iab) | FD AD b WX | X | FDO8 ROt o8
CHLT | FD B1 ' Y Fo18 R | |m
NG | A | DD | |u |rozs RPU €3
;_HL !am s an a8 '_f:fi -_ ie.a
'y |50 P FD 58 CRTI 84
|60 luw [x  |4s RTN | aa
:_.:':H |FD 40 I -‘I" *55 JSHC ‘KL !l}:l
YH | FD S0 v 65 o0
‘i [FD60 LOP UL B8 [T o
| x a4 NP E xH |80
v 54 | oFF | FD 4c YH | %0
v 64 ORA (X} 0B UM | Ao
ITA | FD BA ST o 1
NP BAj |28 o n
oA o b |ABeb T
s =0 FDOB (tabl |A1 ab
61
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| MNEMONIC | MACHINE LANGUAGE | MNEMONIC | MACKNE LANGUAGE | MNEMONIC
'SBC | #(X) | FDO1 TTA FD AA
L [z fon = =Y
| zu o2 (ver | (ot
[ 2iab [FOAIab VEJ (CO |0
| 58I | BY i | c2 c2
'sDE (X 43 'cd |ca
| Y s | los |cs |
| v s . les cs
"sop | fpCI CA | CA
' sec | 7B ' cc e
15HL_]_ 9 J ICE  |CE
SR | D5 . (o oo
SIE FD 81 | o2 D2
SN | X 4 pa | D4
51 DE DB
u 8 b8 | 08
SJP CBE 4 DA LA
sPU El pc | OC
spY A DE | DE
STA XL 0 0 | EO
YL 1A E2 E2
UL 2n Ed Ed
XH 08 le6 | €6
i YH 18 EB | E8
| UM |28 EA | EA
| I |oE EC | EC |
L") 13 EE EE |
w2 . O FO |
b (AEab F2 | F2
' gix) | FDOE | F4 F4 !
s TFI'.I'IE B FB '
2w | FD2E 'mx_i CD i .
| " Ziabl | FDAF as ‘_ws CF | '
STX (X | FD4A Vs CB i |
¥ ]Fﬂ&n VIR | c9 i
U DA viR [c5i
5 FD 4 VHS | C7 i _
P FDSE i N |
TIN ¥ : |
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2-6. Electrical characteristics and timings

|
Absolute maximum ratings
i Parameter -..*-‘;ymbcrl Limits Unit
I Supply vollage Ve =03+ Vv 1
| Inpul voltage Ve =03 1o +7 W
: Output voltage LT =03 10 +7 W
Operaling temperature Topr 0t +40 =G
o i 1J' a
_E.t?:.rage temperature = .‘!‘s..tg. 55 10 #1350 G
Electrical characteristics
DC characteristics (Ta=0 1o 40°C, Vor=Vas—=4.5V £0.5V)
[ Tast - .
L _J?aiameler Symbol| Min, | Typ. |Max.| Unit condilions Applicable pins
Supply ket 7 15 ma 3. 80MHz
current | crystal
during CoOnnNection
Dperdtion
Supply bas 4 ma,
currant [
during halt
Imput voltage Wi Woc-1.0 v Do~7, BFI. RESET, HIN,
= i I— WAILT, MBEAL ML, INO-~T
L 0.4 L)
Dutput Wew 24 y ks = 4000 & | ADO~15, OPF. BFO, B/W,
voltage : - f . Q0. MED~1, Pd, PU, PV,
Vix | 0. y ke =1.6mA | TOS, HA, DISP, DO-7
Input current ] 1.0 HA Input pins other than
Vo — Ve RESET. BFI
L | | L [w o
5.0 f RESET. BFI
10 | pA Input pins other than
| . INO~7. RESET, BF|
L | Ve =0 ezl
30 | &0 A INO--7
Power switch Fra o0 0 WA
M resistance ! _ ' —
Raa | | 300 J L | VB
LED drive ON| R | 35 |k Hi~Vee | HO~7
resistance | — . —
| R 35 | k0 Hi~Vu |
1= + 4 H
R 3.0 Kk Hi == Yms
Supply lsr 5 A Wee =0V
current Vez=5.5V
during
standby |
; [ l —
S-state qutput | [lal 10 i ADO-15, DO~7, RAW,
leakage I MED~1, QD
current
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AC characleristics
Paameter | Symbol | Me | M | Ust | Testcondtos |
Te 667 ' .
| G ¢ 20pF
tr 150 |
P0S " " NS AT (Ve X0 DV Vee K 0,91
LD (Vee X OOV = {Vee X011V
twis 220
_I.IF_ 'S e — =
to 250 €. 20pf
 ADO~15 b 20 . s Vase © (Ve X0, 50V
Voo D 0.4V
e
| ® %0 | R ed
MED, | NS | VoD iVex 0.5V
v 80 175 !
] _ Vo 0.4V
i 250
" - C. . 20pF
on s 0S| Voo (Ve X0.B)V
Lowi anm |
. Voo | 0.4V
L k_" Im 1 l
| I El:
o | = | % | -2
R/W s Von - (Vee X 0.8V
b 200 |
Voo S 0.4V
p - €. 200
DO~7 i i s ?uu..'w 0.8V
" 170 ey e
| L 1
| b 100
CL : EﬂpF
to | 350 |
P | ns Voo & (Ve X081V
" 100 :
Vo I 0.4V
Ce o 20pF
& 190
o~ AS | VellWe— 1.0V
b 30
' Ve 0.4V
C:
WAIT . 4 § | Ei:PF 1.0V
& 20 | n W - L Nes 8 )
| llE_: 0.4V
C. @ 20pF
tn 340
PU, PV ns Vi T (Ve %0.8)V
v 50 |
b | BT
i | 1 &: F
| 310 oy
OPF | | nS Vo - i Wee X 0. BV
b | 190
- - Vo o 0.4V
RESET v s . mS Co? 20pF
EF " 50 . n§ Co @ 20pF .
. . C. @ 20pF
BFO | ‘ ng Vou © (Vee X0, BIV
b 360
_ | Vex T 0.4V
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Timing (1)

-

N e e

“' 1 ] I = I
2 J—‘| = | i |
| _'! - |
Timing (2)

05 I\me

BFD

| TR =2
g __“:}
EE SET——_{ 1.= “P‘
S fa
B [
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3

LH5810/LH5811 1/0 PORT CONTROLLER

67
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3-1. Outline

The LHS810 LHS811 s a single chip CMOS stane LSI that features the following
lunctions:

(n
(2)
(3)
(4)
(5)
(6)

two pairs of B-bit bidirectional port

one pair of 8-hit output porn

two interrupt reguest inputs (one of them port input)
one nterrupt reguest outpat

CPU wait control

scrial data transier control

3-2. Functions

68

() Ports PAD~T and PB0~7 can be programmed of their data Mlow direction in bit unit.

Also, it can be accessed as one location ol the memory, as seen from the CPLU.

(@ Latch clock P#® can be directly given trom the external source through output ports

PCO~7. Also, n can be accessed as one location of the memory, as secen lrom the CPLU.

(3 As there are two interrupt request inputs of 1RQ and PB7, interrupt request can be

issted 1o the CPU at the rising edge of the input when the corresponding bit of the
MSK register s “ 17 PB7 must be in the input mode before using PBT lor the interrupt
input.

(@ Since there s the CPU wait control circuit, two memory enable signals can be output to

the memory of slow access ntme. Besides. it has two inputs of wait conditions. Upto 8
varicties of access time can be programmed.

(& It has the following lunctions 1o handle seral data transfer.

A. Serial data transmit

Senal daa teanster takes place in a format ol a start bit, 8 bits of data, and two stop
hits. Transmission clock is selectable by means of internal and external clock select
program, as well as the clock rate (1 1, 1 2, 1 128, 1 256, 1 512,11, 1024, | 2048,
and | 4096 of the basic clock),

Serial data receive

When the start bit 15 reccived in an ke state, the senal data following to s
received. Alter receiving the data comprised of 8 bits, itis then stored in the internal
register and the interrupt request flag is set active, Receve clock is Turnished from
the external source which becomes the receiving clock by itsell, It must be in
synehronization with the serial data input.

Pulse waveform

[t is possible 10 have continuous output of pulse waveform. Frequency s
programmable toeight kindsof 1 1.1 2,1 1281 256, 1 512, 1 1024, 1 2045, and
1. 4096 of the basic clock.

Do not sale this PDF !



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

D. Data transfer to the audio cassette tape
Format of data transferred to the audio cassetie tape consists of a start bit, 8 bits of
data, and two stop bits, with the modulation signal penerated from the S0

output.

5x0
Mormal serial data transfer 1 a0 1 i 0 1 g a0 1 1

500, (1L LA LEEL YRR

Audio cassetie data transier

— € DATA > S5TOP
START

SENRAN SN

 ————— e —

Assume now that normal serial data output is to be X0, the modulation clock to
the data | to be FX, the modulation clock to the data 0to be FY . and audio cassetie
tape data output to be SO, then the following equation comprises;

SD0O =58X0 - FX + SX0O - FY
Whereas, FX and FY can be set independently to 164, 1 /128 17256, 1/512 or

11024 of the basic clock by means of programming.
The serial transmit clock CLO can be programmed as discussed in ltem AL

BY
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5—3. Internal structure

3-3-1. Block diagram

The 1O port controller consists of nine internal registers, wait controller, serial controller,
and interrupt controller, and cach of internal registers can be accessed as one location of

the memory as seen from the CPLU.

1/O port controller system block diagram

il i #05. Cin L 00

A Y I ==y

Thwiadend | TDaTa |
& tloch " BUS [

Am | vl A1
2 -

]

| [ :_H'!In'_:lll g
i it

¥
" -J---:
X 3
-

i BEir L | conie
e |l e | Lo [ o | s
i b corarnl
= — r
k]
l 0 regiater }" [ F rogasnr h |_ i
+1 | | Y 5]
| |
| 8o Lk
s T (2% || F |
| | | I
| | 1 |
1 Lk
: Tl J,L | ‘
1 |
i .?'El.?l | oFs | i
] | requiter |
DATA BLE

L ]
i ] L]
1 o+ S 1 — s M J— - 1
. DA SUTPUT | [T [Taec cwired | :
: Earral 1 regizier catoed ] register | régizier =
= = | —] ]‘ :
e h g ]L R e SRR, L UREe | | B L e a

I-m r

PRl =7 = B Fd m-7

VRN =VELD - GND
YOC -l 5 5y

3-3-2. Internal registers
1) G reglster (RS3--0=1001)

GG M @ Gl al
e

5 . 1 | g TP
> @|ei @ Clock rane
— —» (33 Descoplion 0100 ¢+ _-I
[ 0 g=interna chack olol . ¢ -'_'J
1 genlerndl clock o1 § o $olzE
* Inlerral clock Ol
nilerral o | Bt
Clock derived fromt : 1 i D" - T:l,l?
&0s 11011 1024
1011]a & 2048
| 1 ' - 3
® Esteantl alsck T a0

Cladk g Iram
CLo

¥ Eviry clock rale i dedet-
mired by GO-G2

L Dschiplion
) Chock pasSoal pnbs bk

1 L= wl;’.rl.'! e el o
e GT GRS P peecharge 1imer] | (A e tene)
® Ellectivoe only o (he = £

inbernal clecy Mmoo paid b £l -

spbiarh QOl1 25 B
o 1ol z& 3.51
R E 2.5t 2.5
1 0|0 1,5t 12.50
101 1.5t A S
111a i &k a5t L CPU opaerating
i . 13 T 'l _EE_ o i 3.5 freguesrcy

The G register can read /' write data when register s selected (1001
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Do not sale this PDF !!!



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

() MSK register

MaK
7B 5 R e el | i

x[x]x[x] |
Interrupt mask bit for IR0

i .
‘ |—> Interrupt masx bit for PEY
Interrupt mask bit for receiver flag RD

Interrupt mask bit for transmitter flag TD

Interrupt enabled when the bitis "17

The MSK register can read  write data when register 1s selected (10107,
MOTE: When the contents of the MSK register are read, the contents of CL1, SB1, PBY, and
IRC are stored in high arder digit positions,

S ELI|$EJ1|PE?§ IR Miqﬂ_"“g}{im_-?-ﬁgmgﬁ!

Cantents of MSK read

{i) IF register

IF

_?_H_ﬁ_ﬂ.3.2_1_ﬂ-__
X | x| x|x|To|RD ":”*

|__:.,. Set at the rising edge of IR input, ——)
= | Set at the rising edge of PBT input, |
-»| Set upon completion of serial input receive
RO is reset when the CPU received data 15
'read or the contents of the L register are read.|
5[ Set upon completion of serial data

fransmission,
Reset when the CPU load the transferring

|serial data to the L register,

IFO and 1F1 can read  wnte data when register 1s selected (1011

RD and TD are dedicated to read only.

MOTE: During receive of serial data, RDis reset. Term “serial data receive” means the period
during which an B-bit data is in reception, with the start bit excluded.

) DDA register

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

i=th bil of the DDA register

When O | PAr 15 10 the input mode.
| When 1 | PArisin the output mode and outpuls the contents of OPAr

DDA can read write when the register is selected (1 100).

71
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%) DDB register
The register used to determine the direction of the port PBE.
Selection of the input output port is the same as in the DDA register,
[DDB can read write data when the regster is selected (1101).

(i) OPA register

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

In the case of output, DDA must be set to *17 {output mode) and the register must be
selected (1110). then the data on the bus line is loaded intoQOPAI, to be output on PAL
In the casc of input. DDA must be set to *07 (input mode) which prohibits output from
OPAJ, then the contents of PAJ are loaded into OPAJ and the data is sent on the bus
line.

{7) OPB register
The OPB register is the buffer for imput 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 s selected (1111).

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

(@ F register
The F register can read | write data when the register is selected (0111).
FO-2 determines the clock rate of the modulation clock FX and F3-5 the modulation
clock of FY.

| x[es /5| Fa|ra]r2| P o

i T— = Determines the modulation clock rate of FX,
Determings the modulation clock rate of FY.

Clock rate |

lo]o]o] b +64 |

Change of SDO output mode lol1|0 0 -+ 256 !

| D] Mormal serial data transfer _ \I:I 1 _1 |. lil:f:ll’_ .
:r | | Modulated serial data transfer | 1{0]0] 1024
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3-3-3. Pin description

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

Mo.| Signal -I;;.Jn.r;‘.li;.:m Nao. S-Ignal.- | Funclion
name nama |

i PAT Fort input/outpul 31 RS2 EFls:{;nsmr select imput

2 FPAZ FPorl imput/cutpul 32 RS3  |Register select input

a FAJ Parl input/culpul 33 R | Read/weibe input

4 Pad Part input/output 34 MED  |Memory enable inpul

a FAS Fart input/output a5 MIET Memaory enable inpul

[ PAG Part input/output J56 Wi Want condition ingut

| 7 FAT Fart input/output 37 W1 Wail conditian g

8 GHD | Power source 28 GHNDO  |Power sowrce

g FBO | Portinpul/outgut | 30 VD | FPower sowrce
10 FE1 Fort input/output [ A DMED | Memory enable output
11 FEZ Forl input/outut l 41 DME1 :Mernur}l enable aulput
12 FEZ | Porl inpub/output I 42 WAIT [Wait cutpun
13 PE4 Porl input/awt put 43 IMT Interrupt cutpat
14 PBS | Porl inpub/ouwtput 44 | BESET | Imtialize cubpot
15 PBS | Porl inpub/oulput 45 IRG Imiermipl input
16 PBr | Part input/cuipul, Inlerrupl imput || 46 $05 !Easic clack mput
17 ] Port PC latch clock 47 CL1 Senal receive clock input
18 FCO | Port outpul [| 48| sD1 Seral reccive input
18 FC Part autpul al | L Mot used
20 PC2 | Pert output g0 CLD Senal recrirn clock input/output
21 PC3E | Port ouipul Il 51 500 Sarial recSrn input/Sutput
22 PC4 Fort oualput 52 oD Data Bus mputsoutpul
23 PCH Fort oulput 53 M Data Bus inpul/outpul
A4 PCE Fort oulpul 24 D Data bus input/output
25 PCT | Port oulput 55 D3 Data bus input/output
26| CS0 Chip select input S8 [ Datz bus input/cutput
27 -5 Chip selact input | 57 [ Data bus inpul/output
28 G52 | Chip select input 58 D& Data bus mmpul/oulpu
28 RSO | Register selecl mput L8 o7 Data bus input/outpul
30 R&1 Register selecl mput &0 i Fad E]—'Grt inpulfoutput
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3-4. Functions

74

3-4-1. Operation

I/0 port controller operation

-F]

C51

50

RS3

RS2

R&1

RS0

]

1

o

R/

Operation

Resets the divider internally contamed in the 170
port chip.

Aeads the contents of the U register and sends
them on the data bus, At the same time, the
receve flag RG s reset

The contenls of the data bus are canverted into a
seral data signal of stary/dolasslop structure. At
the same time, the trangmil lag TR s reset,

The contents of the data bus are storeg 1in the F
rEGEE1er

The contents o the data bus are siored in the
DPC register.

=

The cantents al the OPC register are sent an the
dala bus,

The contents of the data bus are storad inthe G
recister

i _—

The conterts of the G regisier are sent on the
data bus

The contents of the data bus are storec in the
MEK register

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

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

e —

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

The contents of the data bus are stored in the
DA ragister

The contents of the DDA register arg sent on the
data bus

The cantents ol the dala bus are stored n {he
DDE register

The contents of the DDE regisier are sent on the
data bus

The contents of the data bus are stored i the
OPA registor

The comtants of the PA: are sent an the data bus,

The contants of the data bus are stared in the
OPB register

The comtents af the PB/ are sent an 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 unul a complete access is done to the slow action
memaory. When the CPU makes access to the address where slow action memory is

assigned. the condition 17 is entered to the wait condition inputs WO and W1, Wi s
the wait condition input which is applied to place wait to the memaory arca controlled
by MED, while W1 is the wait condition for the memory area controlled by MEL
When the wait condition 1s established, that 1s, when “W0- MEMM-WI-MEI=1" 15 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 exccute a next machine cycle.

T R
w o \_

e pnopements counfer = WWAIT reloased
DMED )/ II".'
TR NS T R SN
e P —Im ia :

Since a slow access memory usually consists of dynamic logic, it needs a precharge tme
{tr). Thus, the 1/O port controller issues the memory enable signals DMEQD and
DMEI to the dvnamic memory. including the precharge time. DMEO is for MED
and DMET is for MEL

When the CPU accesses the 1O port controller, the signal WAIT is issued without
the wait condition in W0 and W1,

(z) Wait time

Wait time can be programmed by means of bit positions of G35, 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 1/O port controller itself
When the CPU accesses the 1O port controller. wait of a single CPU machine eyele s
automatically appled.
If the WO and W is in the wait state when the CPU accessed the 1 O port controller,
wall ends in one cycle.

MOTE: When there is no wait condition in W0 and W1, the same waveform as MEQ ancl ME1
are senl on DMED and DMET.

! i
=

: [l
; 1
1 1 ; 7
PPIOTSE U0 o il e T i P s D g T s T e 2 s
L C
] 1 : ! i B
| 0 1 [ |
" T | | % ="
i : |8
| : i (-
1 1
i T T
MEDS] ‘—:I 1 by 1 :]—
i = e m —}: iai- 1%
R . ]
L]
L P e [ J) S—
" " I
1 i 1 [} : '
"y [ i
| [N i N
[ — — 4§ s )
] i 1
! i ! | ®
A e A r
' (| il
I 1 i
'_‘ 'I.:‘ ' ]
[ 1o ; i
2, i
! Actual I Agtual T
' pecharpe time seEEid Nime

tr’ and ta” for actual ROM is as follows:

tP = tAP + 1P + 1D

A" = tA — Lt — L5

15 = 20005
Since tAp and tD differ depending on the peripheral circuit configuration. they s hould
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 wransfer clock.
The 10y port controller reads the -]

imput data at the rising edge of CL1, = =
p_ : BN - M X
Senal data goes into the receiving

A A

mode when it changes from an idle
state (SDI=1) to low state and reads £

[ l [ I J 1

data from a next clock.

When the 8-bit data s received, it sets the receive and (lag RD active. [f the mask bitis onat
this point, interrupt request is issued to the CPU, RD will be reset upon reading the 8-bit
data,

R will be reset in a course of serial data receiving, which is the period that the 8-bit data is
being received, without including the start bit.
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CL

s

RD

S 5 1525 4 O e e 0

In senal
receve

_—

TiZ
t Reset as it went
it serial data
receive.

- ke

Hoeset as the
CPLU read the
sarial data,

3-4-4. Reset

When the RESET line is kept in *17 at least for three @035 clock eveles, it causes internal
reset, by which all internal regsters are cleared to *00" and ports PA and PB go into the
input made, The divider, however, will not be reset.

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

Fin name InfOut State after reset
[ Do~D7 In/Out | High impedance
[ PAD~PAT "
| PBO-PB7 :
| Pco-PCT Out | Low tevelt
WAl R r[NDTE}
= 'Dr.h'.ﬁ.E:_} =2 e
DME? BN
T INT Bk : =il Law E‘uel 3
SDO In/Cut High level
CLO E | Low level S

MOTE: WAIT, DMED, and DMET are output dependent of WO, MEOD, W1, and MET and do not
have any connection with resel

Do not sale this PDF !l

77



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

3-5. Specification

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

Voo

L3
©

Applicable terminals : RESET, Pg, B/W, RE0~3, C30, C51, €52, MED, ME?,
WO, W1, CLY, 801, 0S5, IRQ

(@ Input/output

° S

Voo
: 5 CQuiput hegh impedance
contral sgnal
O 1 4 Culput
/I _‘.ldn.’l
o]

e
Applicahie termnals ; PAD~T7, PBO~7, DO~7, 500, CLO

(1) Output
Vee
Applicable termimals @ WAIT, DMED, DME]
(3) Output

Voo
P e

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

Sl l=lzlg] | -
JHBEHEEHEHEEEEEHE
05 | 45 a0 a5 0| RS
et | Rso |
S0l | G52 |
i | cst |
cLe | 50 £S0
S0 25| Per |
0o | LH5810 or LHSEN PLE
0| (TOF VIEW) _—
02 | PCa
D3 |ss PC3
(1] PC2
D5 & BT
06 PCO
o7 P
PAD | 5 10 1s| ea7 |
z|2|2|2|2|2|2|8/2|z|¢ sz |2| g
3-5-3. Electrical characteristics
{1y Absolute maximum ratings
Parameter l Symbol Limits Unit
Input apply voltage (*1) I ¥ 03165 N v
Input apply voltage I!.'I;.‘.] i Vo 0.3 mir_n: +0.3 v
Oparating lamperal-u-re Topr -5 1o +55 "
I Starage temperalure Tatg —-55 jg +160 i &

1. Applicabla to Voo and with respect to GND.
*2: Applicable to other than Voo, GND, and with respect to GND
(2) Operating condition
Parameler | symbot | Limits Unit
Supply voltage Ve [ 4010 50 v
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(1) Electrical characteristics
(1) - 1 - DC characteristics

Ta=—5=~55TC
Vee=4.0~5.0
i = =i | Limils N == 1]
Parameter Symbol : TT?P x| Unit | Test condition  Note
Input vallage . —-—I 2  — -E'E 1 IE ----- 1 1
Yo | 2.4 | Vo ¥ |
| Ma 0.4 | V¥ lw=1.6mA
| Dutpul voltage 1 l Vo | 24 1 TR ?—I— l:u=lJ4mA_-' 2
Outputvoltage2 | Voe | 1.5 | Ly =1, 5mA 3
_Qu':&ullmawtutrmll Ihal . 1.0 . I | . 4_.
| Inpul current T E | 1.0 | sA | Ve=OVorVee 5
Mormal power T ke | 0.4 | 0.9 | ma $0S=2MHz 6
dissipation leet | _, |5 | A ws=0v | 7
NOTES: For Note number, refar 10 the list below.
[ Maw | - - Applicable terminals -
| PAD~7, PBO~7, DO~7, R/W, RS0~3, CSO, CS1, C52. MEO, ME1, WO, W1, SD1,
CL1, #08, SDO. CLO, IRQ. RESET.
2 | PAO~7. PBO~T7, PCO~7, DO~7, DMED, DME1, WAIT, CLO, INT
| s PAO~7.CLO,SDO. ' M

4 All input terminals.
All output terminals

. —

The term “normal” applies 1o the resel state that the 1Y0 port contraller is not
selected and the 2MHz clock should be supplied through the @08 pin. The
following input terminals should be connectad to OV excepl CS2.

PAD~7, PBO~7, DO~7, CS0, CS1, E52=Vcg, R/W, RS0~3, P, MED, ME1,

W0, W1, CL1, 5D1, IRG.

] | _— -
7 Apphed to the state that no clock is supplied to the $0OS terminal in the normal
condilion,

o
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{#) - 2 - AC characlerislics
(Ta=—5 1o 5570, Vee=4.0 10 5.00)

R

Parameter Symbol = Lo Unit Test condition
Min Typ Max
Cs0, €51, €S2, to 230 ns
RS0~3 o 1o EIJ:] ns
MED. MET L t:? 240 ns
t a0 175 | ns
b 250 ns
WAIT tws 150 | ns | co=50pF
i 50 200 | ns
D0~T finput to 500 ns
| made) T =
B ta B 100 T X nﬁ_ Vo =08 Vee
te | T a0 | ns
DO~T {output o 200 ns
mode) = b 50 | ns
Lru 150 ns
1 100 ns
R tu =30 sl ns 1 Ve =0.8Vce
tr 150 ns
$O5 tee 500 ns
L 150 | ns | 0.1-09Vec
e Y 40 | ns | 0.9-01vee
PAD~T, PRO~T tos 1 [s Ci=1i00pF
(ouiput mode) L
PCO-T (register tos :' 1 | ws | Ci=100pF
select)
=1 to 350 ns Vee=0LB¥oe
te 100 ns
PCQ-~7 [P tee 1 HE Co=100pF
latch)
SD0 (input ts 100 ns
glgf;‘ie:l t 50 ns
SO0 {oulpul to 100 ns Co=100pF
mode) .
DMED to 120 ns Co=50pF
OMET tr 1 . 120 i ng |
SD0 I 200 | ns C.=100pF
i_C‘,II i L, B - ;IGD ns U.:[—_-Dghrcc
| Co=50pF
| b 100 ns 0.9—0.1Vce
| Co=a0pF

(%) Unless otherwise specified, the criterion shall be Va=2.0V, Va=04V
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i1 = 3 - Timings

| I m " | | I !
i ! - le te e i 1
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) I . i
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I 1 1 ! . P —
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PC-1500 hardware description
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4-1. PC-1500 system configuration

8B

4-1-1. QOutline

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 Carrving Case, CE-155 KB Memory Module, CE-158 Serial and Parallel
Interface, and CE-159 Program Module,
(1) PC-1500 Pocket Computer
It 15 a pocket computer that features high speed processing with the CMOS 8-bit
microprocessor in use, and 1t has memores of 16KB ROM and 3.5KB RAM on
standard. 1t also permits expansion by the use of options.
Four pieces of Type AA drv batteries are used lor its power source and the 73X 156 dot
L.CTY 1s used for the display.
{(z) CE-150 Color Graphic Printer
It 15 & ball-point pen tvpe lour color printing X-Y plotter. It has BKB ROM tor the
memory and is driven by five pieces of Type AA Ni-Cd batienies. It also has the cassctic
interface built in the unit.
(3 CE-151 4KB Memory Module
It is a 4KB option memory umt in which two chips of 2KB EAM are contaimed.
(*) CE-152 Cassetle Tape Recorder
It is a cassette tape recorder dedicated for use with the PC-1500 svstem. [tis driven by
four pieces of Type AA dry batteries.
{v) CE-153 Software Board
It has 140 kevs arranged on the kevboard and cach key assignment is delined by means
of programming. As it does not have power supply by itself, it 15 supphed from the PC-
1500.
(&) CE-154 System Carrying Case
The carrving case exclusively designed for carrving of the PC-1500, CE-150, CE-152,
CE-153.
(7} CE-155 BKB Memory Module
It is an 8K B option memory unit in which four chips of 2ZKB RAM are contained.
() CE-158 Serial and Parallel Interface
It has the RS-232C sernal interface and the Centronics parallel interface with the built-
in [6KB ROM. It 15 driven by four pieces of Tvpe AA Ni-Cd bauteries. It will be
possible to imterface with a normal 1ype printer, compuier. instrument. ete.
() CE-159 Program Module
It is a detachable memory module that consists of four chips of 2KB RAM. of which
area can be partially or enticely 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
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4-1-3. Power supplies
(PC-1500, CE-150, CE-158, CE-159)

(1) PC-1500 and its peripheral units (CE-150, CE-138, CE-159) are driven independently
by dry battery, Ni-Cd battery. or hithium battery.

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

() When the Ni-Cd battery of the CE-1501s charged capable to drive the PC-1500, power
is supplied rom the CE-150 to the PC-1500 and therefore the battery of the PC-13500
does not consume. In addinon, 1t drives the driver of the printer and remote control
relavs.

(1) The Ni-Cd battery of the CE-158 drives the driver and receiver of the RS-232C senal
mterface and the Centromies parallel interface.

(%) When the CE-139 15 in connection with the PC-1500, 1t s operated by VGG of the PC-
1500, and its memory contents can be retained by the internal lithium battery when
disconnected from the PC-1300,
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MOTE: VMGG is always output,
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4-2. PC-1500

4-2-1. Qutline

) CPU
The LH3801 CMOS 3-bit Microprocessor is used. As it 18 operated by the clock
frequency of 2.6MHz from the crystal oscillator, its internal machine cvele s 1L.3MHz.
BEL v Depression of the [ key turns it to high level so that VOC 15
supplied from BFO.,
By bl o SR lnput port for other than the (= key.

IN~=I27 ... .. Bidireetional data bus which is used to write and read data to/ [from
the external memory,
DO: LSB
D7 MSB
ADO~ADIS. . ... Address bus.
ADO: LSB
ADI5: M5B
XL, XL1ivns External erystal connection terminals, through which the 2.6MH:
crystal 185 connected.
XL Input
XL Output
(&) YO PC
Either LHSE10 or LH5811 15 used. The same chip s used for 1) O of CE-150, CE-153,
and CE-158.
PAO~PAT ..... Key strobe outpul
PB?........... 8 keyinput
ADO~3, ADI2~13, DMEI
...... Address of 1O port s set within FOOOH 1o FOOFH of the ME area.
(1) Timer IC
pP I 1990AC 15 used and connected with the 32768k Hr crystal.
(+) Chip select decoder
It consists of two chips of TC40H [139F and TC40H 138F and 1t 15 used to select chip by
means of S0~4, $6. 57, 2Y2 and 2Y3. For more details, refer to *Chip select circuit™,
(+) Display chip
Because 4-bit SCEE2G is used. chip | is used in pair with chip 3 and chip 2 with chip 4.
Select signal 1s commonly used by chip 1 and chip 3 or chip 2 and chip 4. Data bus is
therefore divided into DX~13 and D4~D7 in arder to handle compatible with the 8-
bit RAM.
Address is within 7600H to 77FFH of the MEQ area and is used for the fixed variable
ared, in addition to the display buffer,
(&) System ROM
It is the POC-1500 system program residing ROM for which the 8-bit > 16K SC61328F
Is used. Address 1s within COO0OH to FFFFH of the MEO area.
(7) System RAM
Because the 4-t = TK byvtes TCS514 15 wsed ina pair, the data busisdivided into two of
DO~D3 and D4~D7 and the select signal 57 is commonly shared so as to be
compatible with the 8-bit RAM.
Address is within 7800H 10 7BFFH of the MEO arca which is used for the system
memory area and for the fixed vanable area.
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(£) User RAM
It is the user RAM for which 8-bit 2 2K B HM61 1615 used, Address selected by S0 is
within 4000H 1o 47FFH.
(3) 40-pin connector
It s the connector used for the connection of one of optional memory modules and
program module, on which provided signal terminals for address bus, data bus. and
chip select,
(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 LFSOS2GE multi-dsplay s used.

4-2-2. Block diagram
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4-2-3. Chip select circuit
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® 1Y0~1Y3 is selected by the decoder IC (TC40H139F) when the gate signal

input BFO (1G) is low.

1 R With low state of AD 4 and ADIS, the Y0 output goes low so as Lo select the

(1Y0) user memory arca of the module unit. (Address assignment  of
MK H~3FFFH)

Y. 0 With high state of ADT4and low state of AD3. the Y1 output goes low so as

(1¥1) to sclect the gate (G2A) of the IC (TC40H 138F). (Address assignment of
HMOH~TFFFH)

j With low state of ADM4 and high state of A5, the Y2 output goes low so as

(1Y2) to select the optional ROM area of the module unit. {Address assignment of
S000H~BFFFH)

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

(1Y3) the system program ROM (SC61328F) and the 1O port (LH3811 or
LH3810). (Address assignment of CO00H~FFFFH)

S0~357 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).

|| Withall of AD1. ADI2 and AD13 0 low state, the SO0 output goes low so as

(Y1) 1o select the user RAM (HM6116). (Address assignment of 4000H~47FFH)

ol PR With high state of AD1I and low state of ADI2 and ADIL3, the 51 output

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

e With low state of ADI and AD13 and high state of ADI2, the 52 output

(Y2) goes low so as 1o select the optional user RAM arca, { Address assignment of
SO00H~57FFH)

o T (. With low state of ADIT and ADI2 and high state of ADI3, the 53 output

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

¥ FIPRRE, With high state of ADMIT and ADI3 and low state of ADI2, the S4 output

(Y4) goes low so as 1o select the user RAM arca, (Address assignment of
GOOOH~6TFFH)

S5 L. Do onot use,

S P With low state of ADII and high state of ADI2 and ADI3, the S6 output

(Y6) goes low so as to reccive on the 1 O port the data from the display chip RAM
or interrupt input from the option. (Address assignment of TO000H~77FFH)

o e Withall of ADILADI2, and ADN3 in high state, the 57 output goes low so

(Y7) as to sclect the svstem RAM (TCS514) (Address assignment  of

TROOH~TFIFFH)
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).
V2...... With low state of ADR and high state of DMEQ, the 2YZ output goes low and
(2Y2) makes the NAND gate output V2 high so as to select display chip 1 and
3 {Address assipnment of J600H~T6FFH)
it PR With high state of ADS and DMEO. the 2Y 3 output goes low and makes the
(2Y3) NAND gate output V32 high so as to seleet display chip 2 and 4, (Address
assignment of 7700H~77FFH)
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Chip select signal
i | oW
1
Yo |
i OPTIONAL USER MEMORY
f1vo) |
| .
] 3FFFH |
' so A000H l
i STANDARD USER MEMORY |
(Y0) 47FFH
51 4800H
¥i) , 4FFFH
52 o 5000H |
{¥z) | SIFFH -
z3 BEOOH
. OPTIONAL USER MEMORY
(v3) SFFFH
54 BOOOH
G (¥4) E7FFH |
35 BAOOM
vty |
[vg) GFFFH
7000H
' INHIBITED
. 75FFH
S8 -
o vZ T600H
¥6)
2¥2) T6FFH
i | T700H | STANDARD USER AND
| @2) | TP SYSTEM MEMORY
57 | 7m00M |
(Y7 ' TFFFH INHIBITED
BOOOH CE-150 |
SYSTEM PROGRAM, 1/0 PORT
CE-153
Y2 /0 PORT
(v CE-158
SYSTEM PROGRAM
|
BFFFH 1
COO0H [ PC-1500
SYSTEM PROGRAM
1/0 PORT
CE-158
Vi /0 PORT
UART
(v .
FFFFH J
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4-2-4, PC-1500 system memory map

(0 In the MED arca is contained such as the system program and user RAM arca and the
MED s used for such as [/ O port.
Memory bank is assigned by PV and PV for the MED 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 area and 8000H thru FFFFH for the svstem area.
The svstem area is used by the mnemonic programming system by which the CPUL 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-1500, MEQ memory arca 4000H thru47FFH and 7600H thru 7TBFEFH are
used for the user memory and COO0H thru FFFFH for the svstem program.
When the CE-150 or CE-138 1s 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 {or peripheral units according to
the svstem program residing in the swstem arca, and the user area ROM and RAM are
checked. then it becomes ready for a kev entry.
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MEMORY MAP T

—e—— —— 1

: CE-160
2000H o
J CE~159 (ROM/RAM)BKB
(-4
ad
g 3BO0H
i 000N |STaRoARD usés MEMORY (r) e e
= ABOOH | cp_15] (RAM) 4KB
|
. 5800H
NOT USED ‘
GE0OH i
“FEOH | STANDARD USER  SYSTEM MEMOHY
FBRFFH iRaN) 1,580
8000H | :
| CE-158
SYSTEM PROGRAN B9
NOT USED ot
1GKB
AODOH | [
| CE~1%0 NOT USED
SVETEM PROGRAM |
o o MOT RED 20 L0 PCAT 1ER
ac EMEB : e 2R :
L o
= | — —
W CO00H
g NOT USED
m I
1 ' — . DO00H
Fe-1300 | NOT USED " _D3FFH
SYSTEM PROGRAM R OO
ROM) DFEFH
¢ NOT USED
16KB
FOO0H
' . FOOFH
¢ FFEPW G FFFFH
| =
IH'—F'LI = P

— W ——— P —

~MEQ— ME1— 2 |

® Area reserved for option will become unused. in case the respective oplion 15 nol
connected

& Refor o "Memory map 1 and 1117 Tor *

® PV and PU are bank select signals,

® Shadowed area can not be used,
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MEMORY MaP I Mate:

MEMORY MAP when the CE-155 is used.

(

Far MEMORY MAP when
the CE—161 i= uud.rel'u)
1o page 160

000N l
L — " — - N}
JBOOH CE-B55 [RAM) 2KB
4000H STANDRSD USER MEMORY (RAW) ZKE
CE-155
[RAM) EKB
_H!FH W |
BOT USED
P  —

|

. MEO .

F_ i s R — S ——— T

¢
b BKE M TOTAL

MEMORY Map [N

e

i -

[t

204N
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C C
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7AGOH~7AFFH JBOOH~7BFFH
LG — PRI
“\ 01234567 89ABCDEF 01234567 B809ABCDEF
L0 Sy 1 (LW
| [ o
2 2w
XY VS =
4 | 4 |5 |
-,
6| |f 1] SRR 6 i! STRING OUTPUT INPUT
8 8 & BUFFER  BUFFER | BUFFER
- A=
| =
o ZuUwW .3
E E

& AZ (TOOOH~TICFH) are fixed numerical variables.

& AS~/S are hixed character vanables.

¢ The arithmetic registers X, Y, V. 5, Z, U and W (TADOH~TA3ITH) are different from
lixed numencal variables.

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

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

* For system memory, refer to MEMORY MAP VI

MEMORY MAPY

I/O port
] | PC-1500 CE-150 | CE-153 CE-158
Do not use FOOCH BOCIH BOOOH | DOOoH
Do not use | FOOTH | BOOTH | B001H - DoOTH
il _D{J r:nt use - FI}!JEH_ BOGZH EEI'D;-I j D0PH
Do ned use - FOO3H BO03H BR03H D3H
Divider reset FOO4H | BO0SH HiBC4H DO04H
U reguster output FOOaH E:.:J‘{JEH | BOOSH DO05H
Senal lransier | FOOEH T BOOGH BOOEH BO0EH
Load divider to F register FOOTH BIOTH | g007H CO0vH
FPart C input/output 1 FOODEH 1 BOOAH ' S008H - CO0EH
G register input/oulpul | FOOAH | BOOSH 008 CooaH
MSK register input/outpul FODAH | BOOAH BO0AH [I;EIAI-E
IF register mput/oulpet | FOCEBH BOOEH BI0BH CaoeH
Spelci{y porl & 11O direction FORDCH BOdCH E0OCH CAOOCH
Specity port B /0 direction | FOODH . BOODH 2000H CO0DH -
Porl A input/output | FOOEH F HEIEIEH EOOEM COOEH
FPort B input/output | FOOFH ' EICIﬂFI-; - BLOFH | COOFH
a7
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Memory map Vi

Display buffer

since there are 7 136 dots with 14 additional dots of symbols (DEF, 1. PRO. etc.), each
dot 15 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 amd =17

to represent low state of segment drive signals.

LCD
0 1 2 3 4 5 R O - T
] T # . i Z e
| I// Illlllr
| | 1 P |t | e
angts| 2 E|§'El§§l | 2i8igl2|g |8
| | | o S £l ol I ol B
| || \ \ |
| \\_1"' \ T I
[ B T 7 [P R ]
E L oy L ta [r] | _.‘ —_— | — e - e e
WOTS| (2 (R || 2| |2 /I /J‘% Blwle o
760 - 6] — 62— 63— 76q —
HiGH DHDER | LOW ORDER H-E-Hﬁﬁ‘ll"‘ﬁ‘ LOW GREER |{'2'-H ORTER | LOW ORGER m} OROER | Low DROER | Hice 030ER | LoW ORODER
4 BITS | 4 8ITS 4 BITS III BITS _-r BITS 4 BITS 4 BITS 4 BITS 4 EITS |4 BITS
0 | S79L | SIL | S87L | S9L | S85L | S17L . SI103L | SSL | SUIL | s3n
. 1 - '] .
1 8794 | SIH | SEIM ' S9H | S95H | SITH | S103H | S25H | SI11H | S3IH
] B pe i
2 | ssoL | saL | ] f I
R (U _——— 4 4 4
3 | SBOH | SoH ! | ' '
4 81 3 || |
5 Bt 3 ||
| I
& 87 4 ‘
— 1
7| e 4 | ' '
B B3 5 |
g | 83 | 5 ||
A B4 | 6 '
B B4 5 '

e | ' 1 - .
C i 7 SN7L | S38L
D 85 | 7 | l S117H | S38H

+ | ! A W S -
E | s86L | 3B S94L | SI6L | S102L | s24L | S110L | S30L
Fo| sssH | SBH | SB4H | SI6M  S102H | S24H | S1I0H  S30H
ADDRESS HIGH ORDER 4 BITS LOW ORDER 4 BITS
[ | '

‘ TB4EH DEF | I 1 m SMALL | SML SHIFT | BUSY

| jestn NOT usml RUN PRO | RESERVE NOT USED  RAD G DE
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Memory Map VI

MEMORY SYSTEM DETAIL
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Address  Name Function i
766BH | AMT/BEEP Remote and beep on/off pointer
TBTIH | WAIT Y/N WAIT(D), wmmm WAIT1(2)
7872H | WAIT COUNTER H WAIT counter .
FETAH WAIT COUNTER L
TBTAH GLIRSGH EMABLE [1'}1I'I:I i used, (O0H) il not.
78TEH GUHBGH POIMTER Curmr painter {0-155)
7870H | BLINK CHARACTER Characler code 1o be blinked.
TBTEH BLINK CURSOR H Blinking cuar position {address of the displey buller)
787FH | BLINK CURSOR L
788DH | TRACE Trace on/olf ponter =
7BBEH | TRACE CONDITION | Status when trace on.
788FH | OUTPUT BUFFER POINTER Output buffer pointer |
78%0H | FOR POINTER FOR- NEJH' stack pointer
TagTH GDEUE P’DiHTEH GGEUE pointer
| 78894H STRING BUFFER POINTER String buller pointer
TRAEH USING FF thng tarmal (presence of decimal point, comma, ofe.)
TéseH USING M Imleger part of Using
 T637TH | USING & Using of character string
T898H | USING m Decimal part of Using .
TESaH \FﬁﬂlﬂE POINTER H Vanable posntor
TEIAH WVARIADLE POINTER L
780BH | ERL Error number when occurred
THACH CUBRRENT LINE H Current line number
7880H | CURRENT LINE L
7B9EH | CURRENT TOP H Leading address of program of the currant line
783FH CLURREMT TOP L
7BADH | PHEVIOUS ADDRESS H Address of immediately preceding hine
78ATH | PREVIOUS ADDRESS L _
78A2H | PREVIOUS LINE H Line number immediately preceding
78A3H | PREVIOUS LINE L
TBAAH PFIEWL'ME TOF M Leading address of program of the ing immediately
FBASH | PREVIOUS TOP L proceding
TBAGH SEARCH ADDRESS H Address of The line found dunng sea rch_'-
TBATH | SEARCH ADDRESS L
78ABH | SEARCH LINE H Line numbar found after search
78A9H | SEARCH LINE L
THAAH SEAHEH TOP H Leading address of the searched program bBlock
78ABH | SEARCH TOPL
THACH | BHEAK ADDRESS H Address of breakpoint
| 78ADH | BREAK ADDRESS L
| 7BAEH | BREAK LINE H Address of breakpoint line number
TBAFH | BREAK LINE L
TEBOH | BREAK TOP H Top address of the program block to which break is
7881H | BREAK TOP L applied.
| 78mzH | ERROR ADDRESS H Addross where error is met.
7883H | ERROR ADDRESS L
TEE4H ERACA LINE H Line number where ermor is met
78B5H | ERAOR LINE L
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] Address Name - Function
! ?EE.EH ERAOR TOP H Leading address of the program block mowhich error 5
TBBTH ERROR TOP L met,
.' THRBH _Dh.i ERROR hDDﬁESS H Address o which program iu;;u}s when an errgr 15 mel.
| 78E9H ON ERROR ADDRESS L
788AH ON ERROR LINE H Ling number 1o which program (Lmps when an eror is
TE8EH M ERRQOR LINE L .
EECH : __'D'N _'_EHHDH TOP H Leading address of program block in which an error is
LiHEDR. | G EREDETTORL g
TEBEH  DATA POINTER H FPoimer for datz statement
E"éEFH _D-A_I.;PUIN1EH L
T9D1H_r GPN I:IU Feripheral dewvice select
THEOH USER COUNTER XH Coumer by which X-coordinales of tha pan are
FIEIH USER COUNTER XL indicated.
FEESH USER COUNTER YH Counler by which Y-coordinales of the pen are
TOESH USER COUNTER YL indicated,
TAE4H SCISS0RING COUNTER YH Y-irechon SCISSonng counter o
FOESH SCISSORING COUNTER YL
EEEH -"_'nflgﬂ'LUTE POSITION X H-cirection absalule pant countar
78ETH SCISSORING COUNTER XL | X-direction scissoring caunter
TAEEH SCISSCRING COUNTER XH
TaEAKF LIME TYPE Kind of line
TOEBH | DOT LINE COUNTER Dol line counter
T9ECH UP/DOWN Pen up/daown position salect
TSEDH X MCI;DF'I HOLD COUNTER X rnutn:-r_hnjd counter o
TOEEH PORT C Indicates current motor prase
TOEFH | YMOTOR HOLD GOUNTER | ¥ motor hold counter
"j"EFﬂH | -f:‘.Fl-;F;I-’TEKT Fn-nt-n}r mode select [graph=25%5, text;ﬂi
TTBFEH | ROTATE — Frnting direction ;E!Ect
79FAH | COLOR Calor select
TOFdH CSIZE Frinting character size seloct
(TOFFH | LOCK Lock/unlock select
TE0oH RMC MUMBER Random number
7BOIH RND NUMBER -
TBOZH HP:\I-D MNUMBER
TEOIH |  RND MUMBER
TBO4H FMD MUMBER
TBOSH RMD MUMBER
TEOGH RND NUMBER
TBEofH RMO MLUMBER
TEUA_H_ AUTO P-OFF COUNTER U Aulo power off counter
TEOBH AUTO P-OFF COUNTER M
TBOCH ALTO P-OFF COLUNTER L
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4-3. Connector signals/LSI signals

102

Note that there may be a different kind of connector used for the 40 and 60 pin connector
of the PC-1300 on account of product revision. The 64-pin connector on the back of the
CE-150 15 compatible with the 6G0-pin connector of the PC-1300. Either the 1 H3811 or
LHSS 10 15 used for the 1O PC. The LHSE1] s an upgraded version of the T.H3810.

4-3-1. 40-pin connector

| _Pinno. | signal name | Descripton |
1 VGG VOO
2 Py | cnipselect o
3 PU Chup select ]
P Yo Address designation of 0000H~3FFFH
=i 54 Address designation of G000H- BFO0H
G DMED Chip select with WAIT condition in consideration (MED area
assgnment)
[ 7 D7 Data bus ]
g De Data bus
] D& Data bus
10 D4 Data bus
11 03 Data bus
12 D2 Data bus
13 D Data bus . |
14 {4} Data bus |
15 INHIBIT Prohibits ROM select of the PC-1500, when cannected to GND. _!
% g1 Address dn::-s:'gﬂmic-r'l of 4BOOH - 4FFFH |
17 52 Address designation of S000H-STFFH B
18 = Agdress designation of 5800H- SFFFH
19 Y2 Address designation of 8000H - BFFFH 1
20 VGG VGG
21 | GND GND
il 22 AlE Adddress hus |
| = AD14 Address bus
24 ADTE Address bus
'_E'b A2 Address Dus -
| 26 Al fddress bus =
L 27 ADI0 Address bus
|_:}EI_ I ,-_Adclress bus
| 29 ADB | Address bus
30 AD7 Address bus
31 AL Address bus
a2 ADS Address bus
33 Al Address bus
3 | AD3 Address bus
35 | AD2 Address bus
36 ADT Address bus
37 A0 Address hus
:33 a0 Dutput disable
39 RAW “I'nl'i{'rﬁ{:-r}' re=adwerite
40 GND GMD

MOTE: 34 of Mo. 3 may be MNC, depending on production month
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4-3-2. 60-pin connector

Pin no. [ Signal name Descriplion . |
1 | AT Address bus
2 ADG Addross bus
3 _ADS Address bus
I AD4 Address bus ]
| 5 AD3 L Address bus
| i ADz? Address bus
7 AT Adirass bus e
& ADO Address bus
PED Mot used
10 PCT Mol used
11 veoo | VCC
BEES Voo VCO
13 N ME
14 NC NE
15 Py Chip select
18 PU Chip select
17 Dy ~ [ata bus
18 (B[} Data bus
18 D5 Data bus —
2 | D4 Data bus
I | D3 | Data bus
22 0z Data bus
23 D1 Data bus
24 0o Data bus
25 INHIBIT Prohibits AOM select of the PC-1500. when connected to GND. |
26 | WEX | External WAIT signal |
{ 27 ERTIN ! Cassette data nput ——
28 W1 WAIT condition inpul
28 CMTOUT Cussetle data output =
0 IMT Interrupt request to CPU
3 ADB Address bus - il
a2 ADG Address bus
- o AD1IO Address bus
34 ADT1 Agdress bus
35 AD12 1 Address bus
16 AD13 Address bus
ar A4 Address bus
T aj ADTE | Address bus -
| it ] FR1 Mot used
an NG MNC
41 YCO VCC
42 VCC VG
43 F-GMND Frame GRND
44 VBAT WEAT
45 VBAT VBAT
46 | VBAT VBAT
iy VBAT VBAT
45 VBAT vBAT
49 NG NC - .
50 RFQ VOO oulput
51 BOS | Clock in the same phase as the L3 internal clock
52 GMD GHND
[ GND GND ==
54 GND | GND -
85 GND EMD -
S DMED Chip selecl faking consideration of WAIT candition (MED area
designation)
57 B tMemaory read/ wite signal
LT DME1 Chip select 1aking consideration of WAIT condilion (MET area
desigration)
] ME1 ME1 area designation
| 2] oD Dutput disabkle

MRIOTE: PBO of Mo, B may be NC depending on production month,
PE1 of Mo 39 may be NG depending on production month
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4-3-3. LH5801 Microprocessor

Pin no. Signal name Description
1 RESET Aesen input
2 NE NG
3 BARG Fixed 1o GND lovel
F HF [od kery inpul s:gnal
5 VGG VGG
i BFC WCC oulgut
7 CPF - Mot Lised
[ HAK Nat uged
B VEC WCC 404 7wy
Hy Wi VGG (404 V)
11 VM "LCD powst supply
12 wDIs LED power supply
13 VA LCD povimet sugspy
14 v LCD power supply
15 LY GHND
16 M Ktask atle inierrepl g
7 HiN LCD backplaie sgnal
] HA LED Backphile sipnal
19 [+IETH LCD an/olt contiol
20 HT Mel s
21 Hii Backplate contiol
22 HE Bachkplate egntiol
3 e Backplate contol
21 Hd Backplate control
5 e Backplate canirol
5 H1 Backplale control
27 o Backpiate control
% oD Cutput disabie
e MED MED area desgnalon
30 MET ME1 area designation
a2 #}] Diata bus
a3 [ Data bus
a4 [ Data bus
35 sl Data bus
36 ] Data bus
i ar (¥ Data bus
a8 or Data bus
| 30 ADO Address bus
[ % T ADY Adaress bus
4% .m'.'" | Address bus
42 AR Aodress bus
43 e Address bus
FT] ALS Address bus
25 ADS Address bus
36 ADT Andross bus
a7 GMED GO
48 Al ; Addross bus
49 WGEG VGG
50 ALS Address bus
51 AD1D Address bus
52 Al Addross bus
53 A2 AdCress bus
54 AD13 Address bus
55 ALY Addniss bus
56 ADNS Addnes Bus
57 NG NC
) W Memory read wile
|38 L] Not used
&0 PV Chip saleel
Gl LT Chip sthegl
- #0085 Clock which 15 in the same phase as the LSEinternal cleck
&3 xLo 2GhHz ascillalor inpul
G XL1 2 BMHz croillalor aulpul
[ WAIT CPU WAIT sighal
55 L L By irvput pork
67 NG Kiey inpul port
6a 1S Koy input port
&8 (L Key input peort
ri] NG _Ew inpul port
Fi] Ng Ky input port
72 IH_'I__ | ey irput port
73 IND Hey input por
74 K NG
Fi=] L M
Ti i M
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1/0 PC

When the pin No. 34 (MEO) of the I O PC is connected with MEI of the CPU. it will be

accessed as the MED area,

(3 PC-1500 IVO PC

Pin no. Sigmal name ) Description
1 PA1 Key strobo = )
2 PA2 Key strabe
_ 3 PA3 Koy strobe
“ FaAs Key sirobe
5 PAS Key sirobe
6 PAG Key slrobe
7 PAT Key slrobe -
8 GND GHD
9 PRO N used =
10 PBY Mot used
11 PB2 Senal data input Trom the casselte lape
12 PR3 VEE {export medel), GND (damestic madel)
13 PE4 GND
14 PRS Timer control
15 PBA Timer control
[ . Pa7 ON key input
17 Po GND
18 PCD Timer control il
19 PCH Timer control
20 PC2 Time: control
21 PC3 Timer camrd I
22 PC4 Timer control
23 PCS Timer control
24 PCG Buzzer on/afl contral
25 PCT Mot used
26 C50 Chip select (AD12)
27 [#3:]] Cmp seleet (AD13)
28 [ol:F] Chip select
29 RS0 Chip select {ADO)
30 RS1 _ Chip select (AD1)
31 RS2 Chip select MD?I
32 R53 Chip solect (AD3)
33 R Memory read/wnile
24 MEOD MED area dasignalion
35 ME1 ME1 area dogigration
36 WO WAIT condition ingpu
a7 W1 WAIT condition input -
38 GND GHD N _
39 Voo vee —
40 DMED Chip select taking consideration of WAIT condition [assignment of
MEQ area) -
41 DMET Chip seiect laking consiceraton of WAIT condilion (assignment of
ME area) B
42 | WAIT WAIT to CPU
43 INT Interrupt ta CPU
44 RESET 110 port reset mput
45 IR() Interrupt input
A6 Pios Bagic clock inpul ]
a7 CL1 CMT demodulation clock mput
48 s VEG level
[~ an _LE_::_ Mol used
50 CLD CMT signai
51 SD0 Senal data outpul 1o casselie tape
52 Do Dala bus
53 D1 Data bus
54 D2 Data bus = |
55 D32 Data bus )
56 D Data bus
57 D5 Data bus —
58 D6 Data bus
59 07 Data bus .
G0 FAD Hey strohi
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(z) CE-150 1/O PC

Pin no. Signal name Descriplion
1 PA1 Remoate 0 control
z PAZ Remote 0 control
3 PA3 Remote 1 cantrol
4 PAS Remote 1 centrol
5 PAS Manual prinl mede assignment
' i FAG Not used
7 a7 Not used
A GMND GHD
) = Pan aseanding signal
10 PE1 Pan desconding signal
11 PE2 Color detection
12 PB3 Mot used
13 PB4 Mot used N
14 PES Mol used
19 PEE Low battery
16 PET Paper feed key input
17 Pd Mol used
L 18 PCO X motor contral
19 PC1 X motor control
20 pC2 X molor contral
21 PC3 X molor control
22 PG4 ¥ molor contral
23 PCS ¥ motor control
24 PCG ¥ motor control
25 PCT ¥ mator cantrol
26 Ccs50 ADNS inputioutput
27 £51 AD12 inpul/output
28 52 110 port address designation
29 ASD | ADD
an H5Y AN
n RS2 Anz?
a3z As3 AD3
| da Rrw Memary read/write
LM MED MEQ area designation
| a5 MET GND
| 38 Wi GMND
i W1 WAIT condition output
a8 GND GND
an wCC vCC
40 DMED | Not used
a1 DMET Mot used
42 WAIT WAIT condition ulpul
43 IiNT interrupt request to CPL
49 RESET | LHS811 resel
45 IRC Interrupt request from external source
48 @05 | Intenal clock having the same phase as LSI
47 CL1 GHD
48 sD1 GHND
44 LC Mot used
50 CLO Not used
51 sDo Mot used
52 0 Dala bus
53 m Data bus
54 o2 Cala bus
55 03 Data bus
o6 4 Data bus
&7 D5 Cata bus
A D6 Data bus
59 (r Data bus
60 Pan For stable input level when CMT s not in use.
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(z» CE-153 I/O PC

P na. Signal mame Descriplion
1 Pat Koy input port
2 PaZ _If.pi-' input port )
3 PAZ ey input port
4 Pad Key input port
5 AL ey inp-..'ui porl - S ]
6 Pag Ky ainpul port
[ T ) PAT Key input port i
& | GND GND
g ' EIEN Key input gport
10 [ PE1 Key input port
I PEZ | Key strobe i
12 PR3 Koy strobe
13 PRa | Key strobe
14 PBS | Key strobe
1 PBS | Keystrobe
16G FBET | Key strobe
17 Pa GND
14 FCO | Hey sirobe
149 FCH iy sirobe
20 POy Key sirobe
21 PC3. | Key strobe
22 FC4 Ky strobe
[ 23 PCS Key strobe ===
24 FCE Key strobe ]
5 ~ PCT Key strobe )
2B Cs0 ADE
T AD14 )
28 LoEiFd AD3
2 RSO | ADO.
an ~_ Rs1 An1
T T i - S M D S )
32 AS3 AD3
33 | RMW | Memory readiwrile — "
34 BMED MED area designation
35 MET GHND
38 WO GND
a7 wi GND =
38 GND GND
39 VCC VO (8 702002V
g DED Mot used
A | OME1 | Wotused .
a2 T WAIT | WAIT condition
43 INT Mot used e |
44 RESFT | Aeset |
45 Ao GO ]
46 POS Internal clock having the same phase as LS
a7 CL1 GND =
48 s GRD
49 L Mot used -
50 LD Mol wses
B sho Mok used
ae 0o Data bus
33 ) Dala bus
54 (W) Canta bus
| 55 Bk Data bus
56 D4 Data bus
[ &7 it Data bus =
58 CE Data bus
59 o7 Cata bus
(] Ban Key input port
107
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(1) CE-158 I/O PC

Pin no. | Signal name Description
1 PAT RAS232C I'F send request
2 PA2 RS5232C I/F ready 1o receive
3 PA3 RS232C I/F carrier detect
4 _ PAg HS232C IF data set ready
] FAS | Low battery -
£ FPAG an:l rate select -
7 PAT Baud rate seleat
& GMND GND
9 PED Centronics parallel |/F DATA 2
10 FR1 Cenltronics parallel I/F DATA 3
11 PR2 Centromics parallel I'F DATA 4
12 PE3 Centronics parallel IIF Dﬁ'li'.-'h 5
13 FBE4 Centronics paral lel I/F DATA B
14 FB5 Cenlromes parallel I'F DATA 7
15 FEE Gentr‘an:c; parallel |F Dﬁ.T,ﬁ. E-
16 _PBY | Centronics parallel |'F BUSY inpul
17 Fai GND
18 PCO Baud rale select -
19 FEI E:aut! rafe selr;'e:t
- PC2 , Baud rale select
21 PC3 | Baud rale select
22 PG4 | Baud rate select
23 ~ PES GEntranlc5 parallel 'F DATA 1
24 PCE | Centronics parallel UF STROBE
23 PCT Centronics parallel VF INIT
26 CE0 | VCC 4. 704005\
27 CS1 | VCC (4.70=0.02V)
28 Cc52 T GND
29 RSO ADO
@ RST | ADI
K3 RS2 | ADZ
a2 ~ RSZ | aDo ] 7
| a3 RAW - Memory read/wrile 5 B
24 KED | MED area designation
a5 ME] | GND o
26 Wi | GND
a7 w1 | GND
a8 GND | GND
aa Voo VCC {4704 0,02}
40 DMEC | Mot used
41 OME1 | Mot used B
4z CWAIT | Mot used
| 43 INT ' Interrul:li regquest to GPL
44 RESET  LH5811 reset =5
45 1RO Interrupt request
46 Q3 laternal clock having the same phase as LS1
47 Cl:i GNIj- N
48 5mM GMND
48 LC Mot used
i 50 CLo Motused
51 =8| Mot used
52 Do Data bus
53 D1 Data bus
54 B F Data bus =
55 D3 Data bus =t
56 D4 Data bus
57 05 Data bus
58 D Data bus
59 or Data bus
60 Pad RS2220C I'F terminal ready
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4-4.

Key matrix and key code chart

Key matrix

Key code chart

e~ @|1(2|8|4]5
o v B P
11 [smlF1] [1]AlG
s lswle2l | 2|B]R
lal [eal [slcls]
a| [ral |alolT]
5] [fs |s8|E|U]
6| |esi |s|r|v
Z, | TG W
gl 4|c! (| 8]H[x
o $.4<JL“J gl 1|y
alt] %] |w|zZ]
B |or|+| [K]
cly| L
Dloe| |=|=|M
2| N
E Lo | / -D- MOTE: For ON key, refer lo "KEY SCAN" of "SYSTEM

SLUBROUTIMNE"
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PC-1500 software
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5-1. BASIC command related PC-1500 machine language

112

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

5-1-1. NEW

Format (PRO mode)
NEW - expression
(1) NEW expression (—0)

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

the reserve program area.

= —— _ o Top of the BASIC program
Cparation of the PG-1500 only 40aH

Crperation in conjuction with the CE-155 JBCoH

See {System memaory)

{23 NEW expression (#0)

Effective when there 15 no user ROM arca.
Clears BASIC program and all data arcas and sets the BASLIC program arca [rom the
address represented in the expression, which s valid within an address range of RAM

arca excepl Lhe reserve arca.

(3} NEW

Clears BASIC program and all data arcas without alfecting the BASIC program area,

When executed in the reserve mode. it clears the reserve arca.

5-1-2. STATUS

Format
Status - expression -
{1 STATUS O

Similar to MEM, the sum ol uncccupied memory size and dala memory size is given in

terms of byies.

(L) STATUS 1

Size of the memory used for the BASIC program s given n terms of byies,

() STATUS 2

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

(3} STATUS 3

The smallest address where data stored 15 given

) STATUS 4

When BASIC program is in execution, the hine number executed immediately before.
When program execution s at halt, the current Iine number.
In otherwise condition, “07, Same for STATUS 5 thru 255,
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R imdmr e giann |
kr'l.l""\-l‘ oy 1

Ws heree language

PYOEram aica
BASIC program area 1
i STATUS |
STATUS ? \ _” S L Lser arda

o N | RAM

Unoceuped area

TAT
STATUS 3 ',:'U | 5 Ls G

Dty area |

NOTE ROM information 15 8 byles and the reserve area is 189 byles,

5-1-3. PEEK

Format
PEEK - # - expression —
(1} PEEK expression
Recalls the data in MEO arca whose address is represented by the expression,
(i) PEEK # expression
Recalls the data in the ME1 area whose address is represented by the expression,

5-1-4. POKE

Format :
POKE - # y expression-1 *- + - expression-i -
(1) POKE expression-1, expression-2, expression-3, ...

Starting from the MEQ arca address represented by the expression-1. it begins Lo store

successive data in order of the expression-2, expression-3. ...
(23 POKE # expression-1, expression-2, expression3, ...

Starung [rom the ME| area address represented by the expression-|, it bepins to store

successive data in order of the expression-2, expression-3, ...

CAUTION. Since the 11O port controller is in the MET area for the PC-1500, care must be
taken not 1o have a wrong use of this command, as 1k may possibly resull in

destructian,

(EX): POKE &4700, &01, &02, 803

T . I 1

Address Data |
4700H | oH |
4701H I oam
i 4703H | o3 |

13
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5-1-5. CALL

Format
CALL -+ expression 1+ » — variable
(1) CALL expression
Machine language program starts 1o execute starting from address specified by the
EXPIessIon.
Progam returns from the machine language routine by the command.,
(Z) CALL expression, variable
1} When the variable 15 a numerical variable (within a range of —32768 thru 32767)
I. The value of the variable s transferred to the Xreg,
2. Machine language program 1s executed from the starting address represented by
the expression,
3 Ithere is a carry when returns, the value of the Xreg is transferred to the vanable,
When the vanable 15 a nonnumeric variable
|. The leading address of the nonnumeric variable is transferred to the Xregand the

2

—

sire information ot the nonnumeric vanable 15 translerred 1o the accumulator,
. Machine language program is executed from the starting address represented by
the expression.
3. I 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,

MOTE: Itwill resultin ERARORA 7 for a two-nonnumeric variable whose vanable has not been
defined,

5-1-6. CSAVE M

Format

CSAVE M - —1 4 "file name”; 4 expression-1, expression-2 - , expression 3

(1) CSAVE M expression-1, expression-2, expression-3
Dhata resuding from the address represented by the expression-1 to the address
represented by the expression-2 1s 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 - “file name"; .- expression +
) CLOAD M
I'he machine language program recorded on the tape is loaded mto the same memory

area as when recorded.
When the expression s given, program load will take place from the address
represented by the expression.
If there have been the expression-3 during data save, program execution will
amtomatically take place from the address represented by the expression-3 upon
completion of program load. However, automatic exccution will not start if the
CXPression is given,
@ CLOAD M-1

lape control will be set to the REMOTE-I side.
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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  INTERNALCODE| | COMMAND  NTERNALCODE = COMMAND  INTERNAL CODE
ABS F170H| LCURSOR  EG6B3IH| SETCOM EBBZH
ACS F174H | [LEFTS F17AH | |SETDEV EBBEH
AND FISCH LEN F164H | SGN F179H
AREAD FI1E0H LET F198H SIN F17DH
ARUN FIBIH | LF FOB6H SORGN E6GB4H
ASC F160H LINE FOB7H SPACES FODEIH
ASN F173H| LIST FO2O0H SOR F168H
ATN FI75H LLIST FOBSH | |[STATUS F167H
'BEEP 'F182H | |LN F176H  sTEP F1ADH
BAFAK FoB3H | LOCK FIB5H | sToOP F1ACH
CALL lE18AH || LOG FI1I77TH||sTRS F161H
CHAIN FogzH | LPRINT  FOBSH| TaB "FOBBH |
CHARS Filesd MEM FI158H |  TaAN F17FH
CLEAR F187H | MERGE FOBFH | TERMINAL [ EBB3IH
CLOAD Fogan MIDJ (F17BH | TEST FOBCH
CLS FoesH NEW F19BH | | TEXT E6BEH
COMS EgseH | NEXT FI19AH | THEN FI1AEH
CONSOLE FOoB1H | _NOT : L F16DH | | T I1ME FI15BH
CONT F1a83H4| OFF FI13EH | | T0D FIBI1H
COLOR FOoBsH ON FI13CH | TRANSMIT EBBSH
cCOs F17EH||OFPN F19DH | TROEFF FIBOH
CSAVE FpasH OR F151H |  TRON F1AFH
CSIZE EGBQH | |OUTSTAT | EBBOH "UNLQCK |FIBGH
CURSOR Fog4aH |PAUSE FIA2H| |lus I NG FOB5H
"DATA riepon FPEEK F16FH | [vAL F162H |
DEG F165H PELC K= FI1GEH WAL T FIBAH
DEGREE F18cH| P FIS5DH  ZONE FOB4H
DEVS Eas7H (| POINT F168H B
O FI1BBH POKE F1A1H
DMS F166H POKES FI1AOH
DTE Eg84H | | PRINT RS9 7R |
"END 'F18EH |  RADIAN F1AAH
ERL Fo53H | (RANDOM F1ABH
ERMN FOsR2H READ F1AGBH
ERROR F1B4H | REM F1ABH
EXP F178H RESTORE FI1ATH
"FEED FoBOH RETURN F199H
FOR FI1ASH RIGHT$ FIT2H
GCURSOR FOo93H RINKEYS EBSAH
GLCURSOR E682H  RLINE FOBAH
GOSUB F194H |  RMT E7ASH
COTO F192H ARND F17CH
GERINT FDoFH  ROTATE E685H
GRAD FlgsH _RUN F1A4H
GRAPH EGE1H
-3 F196H |
INKEYS FI5CH
IHPUT FO91H
INSTAT EB50H
_INT F171H
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5-3. Expression of variable and program

116

5-3-1. Expression of decimal number

Decimal number consists of eight byvies which are used to represent number within a range
of —9,999999999 > 10" 1o + 9999999999 10" and are composed of the exponent part,
mantissa sign and mantissa part.

Exponent part expressed in a binary number,
Megative numbar 15 represented by
complément.

Mantissa sign: 00H {(Positive)

BOH (Megalive)

H

| |— Mantissa
- Mantissa sign

— Exponent

(Example when numeric is stared from TAODH to 7AO0TH)

A __TADMH

03H|00H 150 00H [0o0H|00H [ OOH |0OH | 1500

|QO0H | 00H[12H|34H|56H |00H | 00H | 00H | 1.2345

FDOH | ODH | 12H | 34H 56H | 78H | 90H | 00H | 0.00123456789012
'haH'§UH 12H | loonH |

Ll

AH | 00H 0O0H| 00H 00H | =1.23dx10"

5-3-2. Expression of binary number

Binarv 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 Megative number s expessed by a complement

Invalid data BEH |_ L Imvalid data
Binary number

(Example when numeric is stored from 7AOOH to FAOTH)

FADOH TATH

* | * k | % |B2H|[DS5H|[DCH| =% 1500
* ¥ | %k | * |B2H FFH|FBH € % | -5
¥ | k | %k | % |B2H|TEH|FFH| * 32767
X | k | %k | % |B2H|BOH|[0OH| % 32768

MNOTE: Moted with an am::-rif;l:c_{':;}: m:‘lic'm:as nvalid data,

5-3-3. Expression of character string

Character string information is composed of eight bytes {with lour byvtes of valid data) and
it restdes in the address contained in the character string information.

R T = 3y oy . T " [
+§ + * e DOH  ADDH  ADDL LENGTH Size of character string: 01H thru S0H
— ] Leading address of character string
e e 1 FEF
DUH Leading address -~ Size of BE0FEUahryFREREH
al charagter characier
string slring

Inwahd data

Example that the character 5lrin_g_;'irll'r':rrm'atl¢n resides in the arithmelic register and the |
character string “SHARP" resides in the string buffer.
7A0OH FALTH

* k4 * = DOH | 784 | I0H | O5H

TBITH TE14H
BIH | 4AH | 41H | B2H | saH
5 I IS B P
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5-3-4. Structure of variable name

Varable name held s made of two bytes which consists of vaniahle name composed of
ASCH character, distinction ol numeric and nonnumeric variable, and presence of array

assignment.
High order Oyle Low arder Byle
. = e i s
First ASCIH character Second ASCIH L:haracler!
; P N (low arder 5 hits]
Yarizble name Code B i
=N 4100H 1 | : f—— 0 Mumeric vanable
[ Ei 1 ] 4211H 1! Monnumeric variable |
cC Ji 3 de_. —* Tth bit fram the LSE of the
DD (1) 44C4H secand ASCH code
EZ 4520H
S i ' Mot array vanable nor
FFs | 2 dh 1 Arr&y vanable gr @
GGE (2) 47ETH
@ (3) 4080H

| Z28% (4) [SAEAH

{EX) When array declared o “"A5(1,2) % 3"
2Byie 2Byte 3Byte AByle 3Byte emeeen
| AS (0,00 | AS (0.1)
4 1|AD 0Q |15 (D2 <01 |03  Data— i
Warable Byte count Second |  Size  Data -
name of whole  subscripl ol
memory +3 characiar
First ~ siring
subscnpl  (BE for
MLETIETIE)

5-3-5. Structure of program

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

code,

p
i

f " ODH |

—
\
.

Line number  Line size  Pragram code C/R

10 PRINT A

Line numbear

Line size

B el The above programmed lines will be as follows (without {module):
Address | Data
40C5H [ QoOH I.II:}
40CEH | DAMH
40CFH BaAH sessnsLine Si2e
AOCEH FoH >
d0CHH | 97H | PRINT
40 CAH PR
[ 40CEH | BBH - ooR
i CCH o0H
A0CDH | 1 4H 20
40CEH | 03H | o bine size
A0CFH | FIH
A0DAH g AH LMD
40D1H | OOH R
2o 2, [ 2 T R Code to indicate end ol BASK progeam
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5-3-6. Structure of reserve area

(1) Leading address of the reserve area

{¥) ROM status mfcrn‘latlnn

System confipuration

PC-1500 ONLY

Leading address
A000H

PC—1500+ CE=151

AOH

PC—1500+ CE—15h
PC—-1500+ CE-159

JB0OH
2000H

(Z) Reserve memory configuration {when nnI}-‘ the PC-1500 is used)

——_Jol1]2]3]als|6|7|e|a[Aa|B|C|D[E|F O] Reserve key code
400 2 53 1 || e
401 Key symboo! ol The reserve numBber | (26 byles) e

| a o2 1 lll;n:!,r syminl of the reserve nurmber I(ZE bytes)
¥ i 1 ] ¥

F1 EI.!.HjIIH,IJEH

i i RS | i_:_nl_'\.lu_l | F': |:I?H|I?H DJ:'.H:

4
|2 | F 3 03H| 13H | OBH
d 04 Koy symbal of the resarne number 1 (26 bylis) ! e o ccin
Fa08 1 1 1.1 1.1 { F 4 QaH| 1 4H | 0OCH
':| .I_'| & The contents ol resere ke :.r:-: are slq:lrLlu T F3 ] 05H 1 15H | .U_E_.
407 order of registralion (111 bytes) L__EE& DBEH | 1TBH | DEH
404 . ® Heserve Koy contents are stared
409 fallowing 1o the key code.
40A ® Rescrve programs are stored in
A 0B [ arder ol regustratiaon. In the case
doc | Machine language of re-registration, the previous
200 [ [ IR program is deleted and the mew
a0 | | 11 1| |easie program | | program 15 added lollowing to
I_E_E-J_P -l _| = | L | 4 PERFINL S P 4 4 1! It 4 |t-

NOTE: When MNEW

[ s execuled n the

BESERVE made, address area tram 4008H 1o
A0C4H 15 filled up with “00H".

ADDRESS

st Byle in the ROM |

" DESCRIPTION
H5H

2nd E-':,HF' in the ROM

3rd Byte in the ROM J

Hugh order one b',nE ol the ROM top address

High order one b'g." e of the top address of the BASIC pragram,
assuming the ROM top address to be “0000H"

~ 4th Byte in the ROM

5th Byle in the ROM |

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

Write the following code accnfdmg o the ROM size
1KB:"04H" ZKB:"08H" 4KB:"10H"
EI{B:"?DH" 16KE:"40H"

I
L

gih Bytein the ROM
7th Byte in the ROM

~ gth Byte in the ROM

Undefined
Lndefined
To inhibit "LLIST" command, write "00H™
Toeffect "LLIST" command, write "FFH"
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(#An example of registration)

Key symbaol
= T T el TR o] —
-If-uewr-l-:-l FIRIT I'iF'.‘{'_‘T-l:li .(EE.D. :H;L;TI. ,_;' X -l.'-l I E‘ 3 -1'5 E '.r E 5 n, E C- D F F
IhnrNoiJ slufn| femois| |rhaiw| | | | [ 400 7T | [ 9(]5..3'5;1'5_'90'@14;:,?
Bl 6 5 T - L | I I B ol S
Rmmm.n' r-:ll_m G-TI::- | 401 | 20470F|5420 47 5342 F62 45|58 20 D0 00 00
oot e . 402 _ﬁl:ljl:l:l?ﬂ:ﬂidﬂ:dE'Eﬂlﬂ_dF_Ed'E_-H Al a2t g
4 0.3 000000000 Day0g DO 0000 0T 0] DC{E"!_}EE 5?4!"_.
Reserve conlents | 404 _mq?qum'mmmmmmmmmmw
R = e |05 cojoo0aoooa/coforro e 03F 52 02]vo0la1 04
arcer B 406 FIB405F1 S 11FT 70 13F1 7FOAT 9240 03
1 I |:F1 FRINT 407 [F1la40012]F1 7600 00,0000 0010000 00100 00
2 1 F 3 GOTO | 104 mmmmmmmmmmmmmmmm
4 I E g GOSUB 4 0A ‘Lﬂ:ﬂmmmmmmmmmmmmmm
| I [ 408 _WJ:G{FJEGWMWMDED:WEEDDDEDDDG
5 1| F% RETURN "dhh"mﬂmmm |
6 | E1 | 81N 40D [ '
| ' ||
7 I F3 | TAN i . - |
410F | |
B m F 2 GOT O =2 ; 2o
q I F | B Ll M i Characters arg Etnre_d in Iq:urrn_ ot character
code and commandsin form of internal code.
10 m F 2 COs

“O0H" 15 for the end code of data,

119
Do not sale this PDF !l



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

5-4. System subroutines

120

Svstem 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

ARODOH.

—

Yergion |

-
Version 1
L 'E-'FSIGI'I_ !

(1) Character function

Address ABDOH is 44H

Address F-uEGIEIH 15 BEH.

I - ¥ e A I o 1
Combination of characler Da25H " | WAL DBDIH_I
CHAS D9B1H | LEN. ASC DIDDH
[ STRS | DacFH | RIGHTS, MIDS. LEFTS DOFIH
(@) Arithmetic operations
Substract | EFBBH 100 F104H DEG F531H
Add EFBAH cos F391H DMS F5B4H
_ Multipty | FO1AH TAN FISEH | ABS FS97TH
|' Divide FOB4H SIN  F3A2H SGN FS90H
| LN F161H ACS Fag92H INT FSREH |
_ LOG F165H ATN F496H Power raise FBICH
~ EXP FiCBH [ ASN F49AH
() Compare
l MNumerical companson DoOD2H | Characler string companson 1 DOF9H ]

(1) Search

B Ling number search
I — -
| KEY scan (I}

(s) Display

Auto-power-off

Program display
i —
Graphic display

He:m::ler.iimal {2 bytes — 1
byle)

 E33FH

D2EAH
E42CH

EBCAH
EDEFH

ED95H

r

characler display

Cursor move after “n”

Varabhle search

KEY scan {11

1 One character display

“n” character display

Cursor mowe after one

4

— |

Daﬁm_l
2431

——

EDSTH |

| ED3BH |

ED4DH

| character display
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(&) Printer related

Color designation AS19H(A4FTH) || Pen up/down AAEIH(AABDH)
Print ATBIH{ATSBH) | Motor drive ABDDH{ABBTH) |

| Linefeed AIF1H{ASCBH) || Molor off ATHAH{ATATH)
Paper feed AAD4H(ASDEH) | Get GRAPHIC mode ABEFH{ABCEH)
Get TEXT mode ready | ACBBH(ACSFH)| ready

(Figures in parentheses indicate version 0.)

(7) Cassette tape
Remote on BF‘I 1H Header input/output BCEAH
Remole off BFa3H f:!ujT 170 control BEF5H
One character save BDCCH Create header BBODEH
One character lpad BODFOH Transfer file BD3ICH
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5-4-1. Character functions

B Combination of character string
Combination of character string-1 and character stning-2
() ENTRY PREPARATION
o Preparation ol character strings
Character string information ol the character string-1 is stored in the arithmetic
register (7ANH~7ADNTH).
Character string information ol the character stning-2 1s stored n the arthmetic
register (TATOH~TATTH).
e [0OH 15 stored in the string buffer pointer (7894 H ).

() ENTRY ADDRESS

D925H

s Subrouting 15 called in the lollowing [ormat:
SIP {Address where PSH Xrep 15 written)
DB DATA (Error return address)
PSH Xreg
PSH Yreg [ Write in other addresses.
IMP D925

- = F PSH¥rep

o

i
|
BIP ~ ==~ i
PSH Yrep ]
Data . !
 _ Y gl > DazsH
2y b
Byle cound i
of dala o
L 'ﬁ: et Ik Ty -
At gprgr T =Sk RTN

{2} EXIT STATE
o When no crror
Returns to the address next to the data, Resultant character string information wall
then be stored an the anthmetic vegister X (TAMH~TAOTH) and the combined
character strings will he stored n the string buffer (TRIOH ~).
* When error
After stonng the error code in the UH register, it returns to the data stored ad dress

plus one.

MOTE: For delails of character string information, refer 1o the parageaph discussing the
structure of vanable and program.
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B CHRS
(i» ENTRY PREPARATION
o Preparation of numeric value
An integer of 0 thru 255 is stored in the arithmetic register (TAOOH~TA07H) in
decimal or binary figure,
® J0H is stored in the string bulfer pointer (7894H).

{2» ENTRY ADDRESS
D9B1H

@') EXIT STATE
® YWhen no error

UH = 00H
A::Idre-.s_s Conlenls
| 7AD4H ' C1H |
TAOSH BH
TAOBH | 10H
TAOTH ' OOH or 01H |
| 7B10H | ASCll code |

When ASCH code 1s Q0H, the contents of TADTH become 00H or 01 H when other than
O0H.
& ‘VWhen error

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

W STRS

(12 ENTRY PREPARATION
o Number to be converted is stored in the anthmeue register (TAOOH ~TAOTH) in

deamal or binary figure.
e 10H is stored in the stning bufler pointer (7T894H).

(i) ENTRY ADDRESS
D3CFH
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(1) EXIT STATE
* When no error
UH = (OH
[ Address Data
| TAD4H DOH -
|. TADSH Leading address of character string (high order one byte) |
! TADEH Leading address of character string [low order one bylg)
l

For an actual character string, the string butter (7BI0H ~7B3FH) can be used.

TAOTH

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

B VAL

(1) ENTRY PREPARATION

Size of character string

o Character string information to be converted is stored in the arithmetic register X
{TADOH ~TAOTH) in character string formant.

(Z) ENTRY ADDRESS

D8D7H

(3) EXIT STATE

& When no error

UH = 00H
Result 15 stored in arithmetic register X (TADOH~TAOTH) in decimal figure.

e ‘When er

ror

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

B ASC, LEN

(1) ENTRY PREPARATION

s Character string information to be converted is stored in the arithmetic register X

(TAOOH~TANTH).

Address

o

o

—————

TAd4H
FANSH
TAODGH
TAQTH

Data
DOH

Leading address of character string (high order one byte)

Leading address of charactar string (low order one bye)

Size of character string
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o Sctup of function

Function
A5G
LEM

{z) ENTRY ADDRESS

DaDDH

(» EXIT STATE

& When no crror

UH= 00H

¥L
GOH

fidH

Result is stored in arithmetic reister X (TAGOH ~ TAO0TH Y in decimal ligure.

* When error

UH= 00H (UH=error code)

B RIGHTS (Character string, numeric value-1)

LEFTS (Character string, numeric valuc-1)

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

(13 ENTRY PREPARATION

* Sctup of function

— e

ey

Function YL |
RIGHTS 02ZH

LEFTS 7TAH |
MIDS 7BH |

o Existence of availabilitv for 8 bytes in the BASIC stack (TARH~TAFFH) is

checked.

® I the case of RIGHTS, LEFTS
{Data of 7890H) <7 (data of 7891H) — &
o |n the case of MIDS
{Data of 7890H) < (data ol TR9ITH) — 16
Since re-write of 7890H and 7891 H is not permitted. it must be avoided to call this

subroutine, unless the above condition s satisficd,
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® Change of the data pointer (7892H)

Funclion
BIGHTS

LEFTS

Data
(data of 7890H) + 8

MIDs

| (oata of TBO0H) + 16

s Preparation of character string

A:_:!_dress ] = Cata |
| (Dataof TR9OH) +4 | DOH
I (Data of TEAOH) « 3 ‘ Leading address of charactar string (high arder gne
byte |
I (Cata of TEADEH) - 6 Leading address of charactar string (low order one
byte )

(Data -::fm?.'E-éh;Jl'I} 1 -.'r‘. Size of character string

= |

MOTE: High order byte of address is 7AH,

For actual character string. the string. the string buffer (FTBI0H~7TB31'H) can bhe
uscd.

o Preparation of numerical data

Numeric-1 is stored in TANH~TAOTH in decimal or binarv ligure,

(In the case of MIDS, the numeric-2 15 stored from the address of “data
of 7T8O0H™ plus eight to the address “data of 7890H™ plus fifteen.)
Stored i the above address in a decimal or binary tormat,

{z) ENTRY ADDRESS

DAF3H

) EXIT STATE

¢ When no error

UH

= (OH

Address
TAD4H

| Data
DoOH

7ADSH
7AOGH

' Leading address of character string (high arder one byte)

Leading address of character string {low order ane byte)

TADTH

Size of characier string

For an actual character string, the string bufler (7BIOH~7B3FH) can be ased.

s When error
UH # 00H (UH 1s substituted with error code.)
MOTE: © 1 | T T

=

— .| Ej

Stack of | &
=

FOR L
Repriosentod ™
by the =
poinier E

{TBEOH)

Do

=

é A

2 Stack of

)

3 GOSUB

= Aepresented

%’ by the

z pornter
(Fa%1H)
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5-4-2. Arithmetic subroutines
{17 ENTRY PREPARATION

# Preparation of numeric value
Numeric value should be prepared in the arithmetic register X (TAOOH~TAOTH)
and the armbhmete register Y (TAIOH~TALITH).

{In the case ol a single variable, only the arithmenie register needs to be prepared.

() ENTRY ADDRESS

Operalion I Address
P | o I XA =X EFBAH |
| swmer | X=Y X ' EFBEH
B | amaony ' XY — X FO1 AH i
E | owee | x/¥Y =X B FOB4H
Sl e i—— ' LAY —X FRGCH
' [ SOR X— X  FOEGH
st | KR h FI61H
LOG X — X | F165H
. EXP X=X ' FICBH
S 1K —= X ' F1D4H
I SIN X — X ' F3AZH
2 | Trmemens ] COS X X ' PalM
: ' TAN ¥— X ' F39EH
3 ASN X~ X ' FASAH |
S | e ] ACSX=X | F4g2H 4
2 || ATH XX | FASEH
Deiies 10 Wity I DEG &— X ] - FR31H T
seeand chmaial NS KX Fa6AH
Ansnlie vl ] ARS =X | FEaTH
sran | SGN X— X FEaDH
e INT X = ¥ | FEBEH _B

(3) EXIT STATE
® Result will be stored in the arithmetie register X (TADOH~7AOTH).
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5-4-3. Comparison
B Comparison of numeric
(Numerie 1) O {numenc 2)
"1 Indicates the operand.
() ENTRY PREPARATION
* Sctup of operand

Dperand  Accumulator data
0OH
01H
(2H
04 H
0sH
QeH
® | he numeric is stored in the arithmetic register i a format of decimal higure.

.Numerlu 1 .-A;ithmetir;: registar X (FADOH~TADTH) 1
Mumeric 2 Arithmetic register X (TA10H~7107H) |

() ENTRY ADDRESS
DODZ2H

(1) EXIT STATE
o When the operand is established
The flag £ is reset to 07 and the arithmetic register turns to "1™,
TARO0H TROTH
(I QOH 10H 0o ¥IH (H DaOH (H

# When the operand is not establhished
The Mag £ 1s set to "1 and the arithmetic register turns to 0.
TADOH Ta0TH
O0H 00H 00H 00H DOH 00H OCH O0H

B Comparison of character string
(Character string=1) ©0 (character string=2)
¢ Indicates the operand.

() ENTRY PREPARATION
¢ [Jesignation of the operand

Operand Accumulator dala
' 00H
O1H
02H
= | 4H
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e Preparation ol character string

info

o . Address | Characler Character
Conlents Bmss I —— string-1 string-2
DM I FADAH FAT4H

-_I:eaﬂing address of | (high order) 7 AO5H ZA15H
the character string | (low order) T ADGH TAIEH
Size of the character string TADTH TAITH

For the address where the character string 15 stored. the string bufter (7TBI0H~TRB3FH)

can be used.
s [OH s stored in the string bulfer pointer (7894H).

(z) ENTRY ADDRESS
DOFSH

{33 EXIT STATE
¢ When the condition for the operand s cstablished (Z2=0)

JACOH FAQTH
KH QoM 10H 00H DOH DaH DOH H
o When the condition for the operand is not established (£=1)
TAQOH FA0TH
Q0K 00H LA 0aH Q0H Q0H [OH COH

5-4-4. Search

B Variable address search
(1) ENTRY PREPARATION
s [Jesiznation of varable name
The varable name 15 stored v the Urcg,
e Whether arrav is one dimension or two dimension is stored
(THECH).
one dimension: O1H
two dimension: 02H
o Subscript is stored in the arithmetic register X (7TAQ0H ~T7A07
When one dimension array: the first subscript
When two dimension arrav: the second subsenpt
o Subscript is stored in the arithmetic register Y (TAI0H~TALT
When one dimension array: No need
When two dimension arrav: the first subscript
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(z) ENTRY ADDRESS
D4a61H
® Subroutine must be called in the following format:
SIP 0 DaslH
(B13) FAH
DB LT Ao s { Decides the address to return when an crror 15 mact.)

(3) EXIT STATE
* When no error
The leading address of the variable is stored in the Ureg, and the vanable name and
the data siee 15 stored in the arithmetie register X0 Then, it returns to the address that
follows 1IB [DAT A,

FANGH FADEH FAOTH
LH uL 10001030 Mumeric variable
LH L -.;}}d}d}{b{b{:{;_ Monnumeric variahle

Leading address  Size secured
of variable for the variable

s When error
Returns to the address that data plus one is added to the “data written address™ alter

storing the error code 15 stored e UH.

B Key scan (1)
(1) ENTRY PREPARATICN
® None
() ENTRY ADDRESS
E42CH
(1) EXIT STATE
o The key code ol the key that depressed at that time s stored in the accumulator,
It there is no key depression, “00H™ will be stored in the accumulator.
B Key scan (II)
(1) ENTRY PREPARATION
s None
() ENTRY ADDRESS
E243H
() EXIT STATE
e The key code of newly depressed kev is stored in the accumulator. Although it does
nol return until a next kev s depressed, it may end in auto-power-ofl unless a key s

depressed within seven minutes. (However. the previous state resumes with

g A

depression of the |0 | key,

When the (o] ke is pushed. PBT of the PC-1500 1F register (#FUOBH ) wall be

et

MOTE: So long as PBY of the address #FOOBH is set, "DEH” will be stored in the
accumulator.

PET of the address #FOOBH will be reset when AN sFOOBH, FOH is executed.
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W Search of program line
(1) ENTRY PREPARATION
® Line number s stored in the Ureg (0001H = Ureg = FFEFFH).
(z) ENTRY ADDRESS
D2EAH
e Subroutine 1s called v the following format:
s D2ZEAH
L3 IATA
(3) EXIT STATE
e When the spealied line s found
Returns to the address that tollows DB DATA after stoning the data in SEARCH
(78A6H~TRABH).

[ fEAGH ! Leading address of the ling

i TaaYH Leading acddrass of thea line

i TEABH Line m__umber

i TEASH ‘ Ling number

|_ fEAaA- Leading address of the line plus 3
| ?Eﬁ-r:ﬁ-t. | Leading address of the hine 1:J|us:_1

o When the specified line 15 not found
Returns to the “data written address”™ plus one after storing the error

code i UHL

1

Carry | Caondition
0 Mo specified line found, and search is made to the last of the program. |
1 Found the ling larger than the specihied ling |

5-4-5. Display

B One character display
(i) ENTRY PREPARATION
s Display start position is stored in the cursor poanter (TRT5H . Cursor will be effective
within a range of 00H o 95H.
& (Code ol display character 1s stored 1in the accumulator.
() ENTRY ADDRESS
ED57H
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{1} EXIT STATE
* No change takes place in the cursor pomnter.
s Change will be met in carry depending on the cursor called.

-

Cursar | Carr.;f
QOH-~95H |
B5H~88H 1

o Onc character will be displayed on LCTD,

B Moving cursor after displaying one character
() ENTRY PREPARATION
o [ Msplay start position s stored in the cursor pointer { 7875 H ). Cursor will be effcetive
within a range of 00OH 10 95H.
o Code of display characier 15 stored in the accumulator.
(z) ENTRY ADDRESS
EDADH
(3) Change will be met in the cursor pointer.

! Cursor posilion when called Cursor posilion after return |
QOH~895H Pravious cursor position —6 |
96H~98H | D0 o
e (ne character will be displaved on LCD.

B Auto-power-off
(1) ENTRY PREPARATION
s None
{z) ENTRY ADDRESS
E33FH
(3) EXIT STATE
e When power is turned on once after auto-power-ofl, no printer initialization takes
place,
® When power 15 turned on by means of the 4 key once after avto-power-ofl, it
needs to push any key, except  [507) | [swi), and [ 225 ] key. as subroutine s i
eXecution,

Mote: An example of manual operatian

Example of manual operalion

Key aperabion Dusptay
CALL & E33F CALL&EZSF
_____ OFF stafe;
HUSY B
CALL & E33F
Any key excepi E_‘::.--E 7], (SHAL),and [ [ | »
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B “n" character display
{1 ENTRY PREPARATION
e [Jisplay start position is stored in the cursor pointer (7875H).
o Size of the character stnng is stored in the accumulator (01TH = ACC = 1AH).
o lcading address of the character string s stored in the Ureg
(D000H = Ureg = FEFEFFH)

(z) ENTRY ADDRESS
EDGOH

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

Carry 1 Cursor position |
EJ_ [ Mext to the rightmost position of the -::.hga.r.acler string an display
1 | Indicates the last character on lhe display. in case display should end
at 2Gth digit or exceed Z6th digit.

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

B Qutput of “n” characters from the top of LCD
“n” characters will be dispiaved unconditionally from the left side of 1.CD.
(1) ENTRY PREPARATION
¢ The leading address of the character string s stored in the Ureg
(0000H = Ureg < FFFEFH).
® Size of the character string 15 stored i XL (01 H = Xreg =< LAH).

(2} ENTRY ADDRESS
ED3EH

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

Carry Conlents
1] Character string within 25 characters.
1 Character string more than 26 characiers.

B Hexadecimal (2 byte — 1 byte)
ASCI code of two byvtes 1s assumed to be a hexideamal figure and is changed ine
numeric of one byte.

(1) ENTRY PREPARATION
e [ cading address of the ASCII code 1s stored in the Xreg.
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() ENTRY ADDRESS
EDS5H

(3} EXIT STATE
o In Xreg is stored the value of previous Xreg added with 02H.

o [he one byvie of the derived data 1s stored 1in the accumulator.

B Graphic display

() ENTRY PREPARATION
o (utput pattern is stored in the accumulator.

(z) ENTRY ADDRESS
EDEFH

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

(Reference)

LCD
g

¥l
R -
i
s W
§ - Wy
i i
SHH 5AH

B Program display
() ENTRY PREPARATION
A In the case of numeric
Drata is stored in the arithmetic register (TAKH~TADTH),
B. In the case of character sinng or program
Diata is stored in the input bufter (TBBOH~7BFFH).
Cursor position 15 stored in Yreg. (In the case of program. TBH 15 stored in YH.)
O Parameter F/OF (TREOH) 18 set.

Data of ?BﬁDH - N Display cantents
-rl[JI-I . Character string is displayed according o Yreg.
ﬂ-[:l:l--.l-_ _'"C-f;;;_r-é_-:-:-n-:-: slring is displayed [mmi_het-::-p re-gardless cf ¥reg E
contents,
20H Numerical value of the arithmetic register X is displayed, _I
1OH Ling number, space, and program are displayed from the tap. J
i4H Line number, colon, and program are displayed from the top, _.
50H | Line number and space are displayed in a middle of program 1l

according ta Yreqg.

s — g

S4H Lime number and colan are displayed in a middle of program
according to Yreg.
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() ENTRY ADDRESS
ESBCAH

(&) EXIT STATE
¢ Dsplaved on 1.CD according to direction.

MOTES: 1. In the case of an internal code, the cursor must show the code position on the lower
side of 2 bytes
2 Mumeric is displayed in right justified manner and character stnng in lefl justified
manner
3. Numeric has no concern with USING
4. Only 26 characters will be handled for a character string exceeding 26 characters,
5. 0ODH is required at the end of character siring for the input butler,

5-4-6. Printer

EColor designation.
{1} ENTRY PREPARATION

¢ The specificd color code (0-3) is stored in the UL
(2} ENTRY ADDRESS

A519H (A4FTH lor the version (0.)
() EXIT STATE

* Return with the motsr on.

{Motor off routing must be called alter EXIT.)

{EX] LOM UL, color code

SJP ASIGH

5JF ATEEH

RTH
L |
B Motor drive

(1) ENTRY PREPARATION
® 5S¢t the address pomnter in the Xreg to indiweate the value of relative movement, then
store the value of relative movement alter that address pointer,

Address shown by Xreg | AXH: High order 8 bits of the relative movemoent value
towards the X direction.

| Address shown by Xreg- 1 A¥H: High order & bj.ts of the relative movemanl value
lowards the Y direction,

- S— — - N A T e
Mddress shown by Xreg 2 AXL: Low order B bits of the relative movemant value '
lowards the X direction. N
Address shown by Xreg+2 | AYL: Low order B bils of the relative movement value
iowards the Y direction.
{(z) ENTRY ADDRESS
ABDDH (ASBTH for the version 0.)
135
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(1) EXIT STATE
& The motor 15 on. (Motor off routine must be called after EXIT))

MOTE: Megative movemen! must e indicated by a complement.
Relative movemeant must be within a range of 32768 thru 32767,

B Motor off
(1) ENTRY PREPARATION
* None
() ENTRY ADDRESS
ATEEH (AT47H for the version (1)
(1) EXIT STATE
® Motor off

B Pen up/down
1) ENTRY PREPARATION
e Fither 0OH or FFH &5 stored 1in the PEN UP DOWDN FOF (T9E9H).

up T oo

DOWN | FFH |

() ENTRY ADDRESS
AAEZH (AABDH for the version (1)
() EXIT STATE

& [en ascends or descends then solenoid turn mmactive.

B GRAPHIC mode preapration
{1n ENTRY PREPARATION
s None
{z) ENTRY ADDRESS
ABEFH {ABCHH for the version (1)
(1) EXIT STATE

| Line (T9EAH] coH |
Rotate (79F2H) o0H |

User counter (79E0H~TIE3H)  00H |

LS

.,__.‘ _

MOTES:

1. Bocause (3/T (7O9F0H) 1= not changed, it neads to store FFH in GT (79F0) after return.
2 CSIZE does not change

3. Scissonng couniar does not change

136
Do not sale this PDF !!!



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

B TEXT mode preparation
1) ENTRY PREPARATION

e None
{7) ENTRY ADDRESS

ACBEH (ACBEFH for the version (0.)
(1) EXIT STATE

Line [TIEAH) i OH l
G/T (T9FOH) E 00H '
| Rotate (79F2H) | Q0H

NOTES

1. When the soissonng counter YH and Y1 (7SEAH~79ESH) exceeds D200H, it makes 79E4H
turned to 01H and T2ESH to FRFH. When (TO9E4H~TIESH) is below 01FFH, it causes no change
in FYE4AH and TU9ESH

2. CHIZE does not changes

B Paper feed
(1) ENTRY PREPARATION
e Paper leed count s stored in the adidress represented by the Xreg. { Negatve number
15 indicated by a complement.)
(z) ENTRY ADDRESS
AADAH (AYDEH for the version 0.)
() EXIT STATE
® | he motor stavs on. (Motor off routine must be called after EXIT))
NOTE; Paper feed count may change after selting the CSIZE

@ Linefeed
() ENTRY PREPARATION
# [Line kind (7T9EAH) must be reset to ()
¢ Address area that can be destructed should be stored in Xreg, (X—10 ~ X+1 will be
destructed. )
(z} ENTRY ADDRESS
A9FTH (ASCBH lor the version (1)
(1) EXIT STATE
# The motor stavs on. (Motor ofl routing must be called alter EXITT))

MOTES:
I When the contents of Xreg is TAZ2H, data in TATEH thru 7AZIH will be destructed
2 Paper feed coun! changes after CSIZE
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B Print
(1) ENTRY PREPARATION
e O0H is stored in LINE TYPE (T9EAH).
e Print code storing address must be stored in the Xreg.
(When TAZ0H is stored in Xreg, it affects the data in TAO8H thru TA3TH. Sao, care
must be exerted not to destruct address arca of the Xreg represented address minus
ten and plus one,
o Print code is stored in the address represented by the Xreg,
(23 ENTRY ADDRESS
ATEBIH (ATSBH for the version (1.3
(@) EXIT STATE
& Stavs on.
* The value of 6XCSIZE will be added to the contents of CURSOR (T9E6H ). { Motor
off routine must be called after EXIT))

5-4-7. Cassette tape

B REMOTE ON

() ENTRY PREPARATION
® Scts the PARAMETER FF (THTYH).

Contents of 7T879H Hemole CMT input port
DXXOXX XX 0 ' Close |
OXX1KAKK 1 i (CMT output)
TXHOX0XX 0 Open
1HEKIKEEN Il 1 i ._ﬂf_—lMT input)

() ENTRY ADDRESS
BF11H
() EXIT STATE
= REMOTE 0 or | turns active according to the conlents of the
PARAMETER F/F (T879H).

MOTE: This system subroutine drives the relay in the CE-150, regardless
af the REMOTE switch position,

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

Conlents of YEEBH Remote
| DXXNKHAX OFF
i TXXAANHKN ON
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() ENTRY ADDRESS
BF43H
(3) EXIT STATE
* REMOTE 0015 ofl.
o REMOTE 1 will be in accordance with RMT BEEP (786BH).

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

B Save of one characler
() ENTRY PREPARATION
e Daa is stored in the accumulator.
() ENTRY ADDRESS
BDCCH
(3 EXIT STATE
* None.
NOTE: This system call must be execuled after saving of the synchronizing header

B Load of one character
(i) ENTRY PREPARATION
e None
{z7 ENTRY ADDRESS
BDFOH
(1) EXIT STATE
o [Jata has been sent in the accumulator,
e Change takes place in carry.
| Camry Condition 1
[ Q End of dala read. 1

1 Depression of the [BRHEAK ]| kay.

| = =

B Creation of header

1) ENTRY PREPARATION
o File mode s setin the accumulator,

File mode Contenls
- N—
00H Man_h_u_uf language
01H BASIC program
02H | Reserve
I 0daH | Data e

ise another code to avoid confusion, as the file mode for other than PC-1500 is used.
o File name is stored in TRB69H~THTSH of the output buffer.

{z2 ENTRY ADDRESS
BBD6H
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(2) EXIT STATE
¢ Header is established in TBOOH~TBRTH of the output buller.

Address Contents
FBEOH~7B&TH Synchronizing header
| 7B68H File mode
TBEIH~TB78H File name .
| 7B79H~TEETH | AIOOH B

B Header input/output

(I) ENTRY PREPARATION
& Parameter B {(7R7T9H) 5 se

Contenls of 7B79H InfOut | Remote '
OXHONK KK 0 side
— 4 Out =
S8 B | 1 side
TRHOKX KK 0 side
In : St
1XXTXEXX 1 side |

e RMT BEEP (786BH) is sct.

Contenls of FTHEBEH - BEEP
L KXW ED OFF
MM M

e Header 15 created in the case of ouiput
() ENTRY ADDRESS

BCESH
(3} EXIT STATE

® Carry changes.

Broken amoa middle.

|_ Carry Condition
| o

1 Input 15 complete.

e |n the case ol mput
The read data s stored in the output buifer of TBY1H~7BAFH.

TEITH ~ FBAGH JHAIH  ~  TFBAFH

File nama

Data of TB7SH~7BETH at
the time Gf header output,

® In the case of output
Stop bit modulation signal stavs on.

MOTES: 1. BEEFP will be in accordance with T6BH,
2. Paper feed aoperation slays prohibited for the CE-150.

3 In the caze of mput, the fle name coincident of the header and lile mode s
displayed on the LCD. In case the file name is specilied, it s searched until found.
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M File transfer
(1) ENTRY PREPARATION
1} Parameter F F (T87T9H) 15 set.

[ TeTH _ Contents

'___ QOXXXXXX | In the case of load _I
n_@_gmxxx_ | In the case of ve:_'il_u:_almn
OXXXNAAX In the case of save 1

2) Leading address of input output data is stored in the Xreg.
3) Byte count of the data minus one i stored in the Ureg,
() ENTRY ADDRESS
BD3CH
() EXIT STATE
* In the casc ol suve
{Carry changes)

- Carry . Condition tl
l Emhelin a middle. )

[ | Inputfoutput is complete.
B —

—

B Termination of CMT I/O confrol
(1) ENTRY PREPARATION
o Parameter F F (T8T9H) 1s set.

’ Contents of 7879H Data input/output |
_1}{}(?':){:-:}:}( - I_ Inpul
DX XXX KK Quiput
() ENTRY ADDRESS
BBFSH

() EXIT STATE

& Senal port is resel.
PAPER FEED key of the CE-150 becomes operative,
Motor drive turns olf.

In the case ol load
Change is met in carrv. H. and V.

Carry H l v [ State
| l L - Load and ur.-nm:mi'iam complete ‘
1 1 T In break slate - o |
1 I 0 1 1 -' Error occurrence durnng verification. 1
j_ 1 0 ]__D | Oceurrence of check sum error |

MNOTE:The lasi transier “address plus one” is slored in the Xreg

5-4-8. Caution for system subroutine call

1. Printer related system call
Although the crror code 15 pul on the display when an error such as low battery
occurred during execution of printer related svstem subroutine, it s not possible 1o
check the crror hine using the 1 key.
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Machine language programming examples

"Machine language program discussed is assumed to start from the address 40C5H.
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6-1. Binary to hexadecimal conversion

The binary number stored in the Xregis converted mto hexadecimal equivalent and stored

in the hixed nonnumeric vanable Y3, Binary number within a range of — 32769 < 5 < 327658

15 applicable.

ADDRESS

ADCS
7
9
A
D
E

bz

har B = R B

CE 5

b

144

MACHINE LANGUAGE

63 17
6A E0

84

BE 40 EQ

EBE 40 EO

al

BE 40
al
a4 [0
9A
F1
B9 OF
ES OA
83 03
B3 30
9A
B3 &
A
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MMEMONIC

LBl UH TiH
LDl UL EOH
LDA XH
5dP 11

SN U

LD XH
SIP (2

S L

LDA XL
SJP 01

SIN U

LDA XL
S1p 2

SIN U
AN U, OOH
RTN

AEX

AME A, OFH
CPL A, 0AH
BCS 3
AN A& 30H
BTN

AL A, 30H
BTN
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6-2. Display inversion

The current display contents are inverted.

ADDRESS

MACHINE LANGUAGE

40C5

mom W oW

D1

68 78
BA 4D
FO 62
25

ED FF
2E

BE 06
6Cc 77
93 OE
9A
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LDl
LDI
DEC
LDA
EAI
STA
LOP
CPI

BCS.

RTM

MNEMONIC

UH, 78H
UL 4DH
UH

u

FFH

OEH
UH, 77H
- OEH

145
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The current display contents are shifted to the left by one dot position.

ADDRESS

40C5
7
=]
B
E
F

D1

- O m W 0 mom R

m
=

m & = 0 o~ O b W

il
R = |

{5 T ]

m O > ~

4100

MACHINE LANGLIAGE

Fi
FD
FD
A5
F1

B9
(1)
AS
Fl

B9
0z
63
FD
G
BE
1]
14
25
18
24
63
04
2E
FD
BE
6C
93
04
F1

AE
84
Fl

AE
FD
FD
FD
3:]

a4

ag
98
AB
76

OF

TG

OF

78

a2
4D

18
oD
77
15

e

T
20
1A
DA
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01

4t

aF

MNEMONIC

| PSH X
PSH Y
PSH U
LDA 7600H
AEX
ANI A, DFH
STA XL
LDA 7601H
AEX
ANI A, OFH
STA XH
LDI UH, 78H
DEC UH
LDI UL, 4DH
DEC U
LIN U
STA YL
LDA U
STA YH
LDA XH
SDE U
LDA XL
STA
LDX Y
LOP 2
CPl UH, 77H
BCS 1
LDA XL
AEX
STA 774EH
LDA XH
AEX
STA 774FH
POP U
POP Y
FOF X
REC
RTH
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6-4. Single display dot right shift

I'he current display contents are shifted to the right by one dot position.

ADDRESS

4005
7
9
B
E
F

T om O D@ w o & kg E

m
L - R = |

m oy 2 O o WU A&

_,_I
Lo B = |

T T

L

m OO o @O =~ o,

MACHINE LANGUAGE

FO
FD
FD
A5
Fl

B9
DA
AL
F1

B9
08
BE
BA
64
65
14
25
18
a4
63
04
61

Fi
BE
a1

aC
91

64
04
F1

&1
B4
Fl

2E
FD
FD
FD
Fa
Gh

BE
S8
AR
77

FO

77

FO

75

18
40
OF
7
15

2R
14
O&

4

4ah

MHNEMOMNIC

' PSH X
PSH ¥
PSH U
LDA 774CH

AEX

AMI A, FOH
STA XL

LDA 774DH
AEX

ANl A FOH
STA XH

LD UH, 75H
LDI UL, FFH
INC U

LIN U

5TA YL

LDA U

=T8S YH

LDA XH
SDE U

LDA XL

3N U

LDX ¥

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

LDA XL

AEX

SN U

LDA XH
AEX
5TA
POP
POP
FOF
REC
RTM

» = = &
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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 1s specified by means of the USING statement.
(Format is within 16 characters and no error is detected during conversion,)
(i) ENTRY ADDRESS 40C5H
(1) EXIT STATE
® Character string 15 stored in the fixed nonnumenic variable A5, However, AS can be
anything when in crror,

(¥ PROGRAM
ADDRESS MACHINE LANGUAGE MNEMONIC
40C5 ' 48 79 ' [ LDl XH, 79H

7 4A 00 LOI, OOH
g 58 7A LDl YH, 7AH
8 BE F7 3F SIP F73FH
E BS 01 Lol A, Q1H
Do o 96 VM1 96H
2 DF DEC A
3 2A STA UL
4 58 78 LDl YH
6 54 CO LDI YL
8 F5 TIN
g 88 03 LOP 03H
B 14 LDA YL
C B9 OF ANI A, OFH
E 38 02 BZ5. +02H
EQ 59 00 AN (Y}, OOH
2 aA RTN

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

With the following program, the printer will not be activated when power is turned on after
power was turned off. the same manner as in the case of | OFF 10 ON |

ADDRESS MACHINE LANGUAGE MMNEMOMNIC
4005 AA TR AF ' LDl S, 784FH

B BE CF CC SIPF CFCOCH
B RE DO 2B S5IF DOZBH
E B: 3E LDl A, 3EH
Do 1E 5TA ¥
1 E9 78 BA EF &ML 7BBAH, EFH
5 E9 76 4E FE AMI 7edEH, FEH
2 BS 00 LDl A, OOH
B AE 7B 80 STA JBBOH
E AE /8 9C 5TA 7BOCH
E1 AE 78 9D 5TA /830DH
4 BE EB CA SJP EBCAH
7 48 CA LDl XH, CAH
0 48 92 LD XL, 92H
B FO 88 PSH X
O BA E3 3F JMP E33FH
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REFERENCE
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Determining printing character size and
direction

s Specifyving printing character sizc

Print character size (1~9) must be stored in the character size memory (T9F4E).

» Speciiying printing direction

Print direction (0~3) must be stored in the print direction memory (795 2H).

Restoration of array and two-character variable

o Array vanable and two-character variable that cleared by means of RUN operation or

CLEAR command can be restored by operating the variable pointer (T899H, 789 AH).
Number of byies dominated by the arrav varable and two-character variable should be
deducted from the last address of the free area, then store it in the variable pointer,
How Lo store

Assume now “x" 1s the number that the byvte count of array and two-character variable

deducted from the last address of the free arca.

a= xy 256
h=x—-25%a
Where,

. High order two digits when 15 displaved in hexadecimal ligure,

b Low order two digits when x s displaved in hexadecimal ligure.

Whereas, store @ in the variable pointer 7899H and b in 789AH.
Last address of the Iree arca

Syslem configuration Address
PC-1500 only | 48ooH
PC-1500 + CE-161 S800H
PC-1500 + CE-155 . BOO0H [
PC-1500 + CE-159 | 4800H

Number of bytes used for the array and two-character variable
Mumeric arrav vanable;
7 byvtes + B bytes 3 size of array
Nonnumeric array vanable:
7 byies + character length = size of array
{Character size 1s normally 16 characters.)
Numeric two-character vanable:
T byvtes = B byvies
Character two-character variable:
7 bytes + 16 bytes

3. Knowing the use of CE-150

150

Because the system program ROM of the CE-150 resides in the CE-150, FFH will be read
when a MEO address range of ANOH thru BFFEFH 5 accessed with the CE-150 not
connected to the PC-1500. If connected, the contents of ANOH will fetch COH,

NOTE: PV must be reset.
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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)

———

T 22 ; *RESERVE AREA (RAM
n10oH B S A e o B P o s i

CE— g1 (ROM/RAM] 1EKE

2FFFH
4000H
STANMDARD USER MEMORY [RAM] 2HA
AB00H
MNOT USED
EE00H
ME (

MEMORY MAP when the CE-161 is used. (FOR PC-1500A4)

COCCH * * RESERVI AREA (RAM)
0100H e e R W S —— =
CE—16] (ROM/RAM) 16KE
AFFEH
A000H
STANDARD USER MEMORY (HAM) KB
5JEFY
NOT USED

g800H

- ME 0 -
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MEMORY MAP when the CE-161 is used. (FOR PC-1500)

(O00H
0100H

IFFFH

CE—181 (ROM/RAM] 1EKE

A000H

E.'IJH

STANDARD USER MEMORY (RAM| 2HB

E200H

MEMORY MAP when the CE-161 is used. (FOR PC-1500A4)

MOT USED

ME [——————————

*RESERVE AREA [RAM)

QO0CH
0100H R T L L L T T T —————
CE—16] (ROM/RAK) 18KA
AFFFH
ED00H
STANDARD USER MEMORY [RAM) SKE
SIFFH
NOT LSED

GE0IH

L0 -

# RESERVE AREA (RAM)
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ADDENDUM
—

Differences between the PC-1500A and the

PC-1500

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

Page PC-1500 ~ PC-1500A
H9 (¥) Chip select decoder (¥) Chip select decoder
‘ c.and it s used to select chip by ccoand i s used o select chip by
| means of SO~4, $6.57.2Y2and 2Y3, means of S0~7, 2Y2 and 2Y3. ...
(7) System RAM (7) System RAM
Because the 4-bit > 1K bytes TCS514
is used in a pair, the data bus is
divided into two of DO~D3 and
D4~D7 and the select signal 57 15
commonly shared s0 as w be
compatible with the 8-bit RAM.
Address is within 7800H 1o 7BFFH Address is within 7T800H to TFFFH
of the MED arca which is used for the of the MED area which is used for the
system memory arca and tor the systerm  memory  arca,  machine
fixed variable area. language area (FCOIH~7FFFH)and
for the fixed vanable area.
0 (£) User RAM (&) User RAM
It is the user RAM for which E-bit % It is the user RAM for which B-bit %
KB HMG6IG6 s used. Address 2KB HMALI6 45 used. Address
selected by S0 is within 4HKH 1o selected by 50~52 15 within 4000H 10
47FFH. 5TFFH.
4-2-2. Block diagram 4-2-2. Block diagram for the PC-
1500A
| Refer to 4-2-2 diagram for the PC-
1500A.
9] 4-2-3. Chip select circuit 4-2-3. Chip select circuit for the PC- |
1500A
Refer to 4-2-3 circuit for the PC-1500A. |
161
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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
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PC-1500A

Page . ~ PC-1500
92 ® 5057 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).
S1......With high ..., low so as to
(Yl select the optional user RAM
| area, ...
| 82 ......With low ..., the S2 output
L (Y2) goes low so as to select the
optional user RAM area. . ..
53 ..., With low ... the 53 output
(Y31 goes low so as to select the
user RAM area. ...
L R With high . . .. the 54 output
(Yd) goes low so as to select the
user RAM area. |
52 ...... Do not use
| 57 ......s0 as 1o select the system
(Y7) RAM (TC5514) ...
93 Chip select signal

R

® S0~-57 is selected by the decoder
IC (TC40H138F) when the gate
signal input MEO (G1) is high, ¥1
(G2A) low, and G2B is low
(normally low).

S gnond With high ..., low so0 as to
(Y1) select the user RAM area. ...
AR, With low ..., the 52 output
(Y2) goes low so as to select the

user RAM area. ...

S3......With low ..., the 83 output
(Y3 goes low so as to seleet the
optional user RAM area. . ..

T With high . ... the 54 output
(Y4) goes low so as to select the
optional user RAM area. ...

oo RN CRENE Optional user RAM area

(Y3) (Address  assignment  of
6R00H~6FFFH)

o b T 50 as to select the system

(Y7 RAM (HM6116) ...

Chip select signal for the PC-15004A
Refer to following chart for the PC-
1500A.

164
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Chip select signal for the PC-1500A

(1Y)

¥1
1YL

Y3
{1Y3]

0000H

|

|
[ | IFFFH
so | AODOM
(Y0) | ATFFH
s | - ag0oM
(¥1) AFFFH
52 S000H
73 SIFFH
53 I SBO0H
[Y3) SFFFH
54 | BOOOH
(¥4) BIFFH
5 BBOOH
(Y5, GFFEH
7000H

I

- | T
Y6 lﬁ roton
2 TeFFH
V3 T700H
22 TIFFH
s7 | TB00H
(¥7) FFFFH
''''' BO0CH

|
BFFFH
CO00H
FFFFH

OPTIONAL USER MEMORY

STANDARD USER MEMORY

OPTICNAL USER MEMORY

NOTE S0~57, W2, and
INHIBITED V3 are applicable anly

far MED arca

STANDARD USER AND
SYSTEM MEMODRY

MACIONE LANGUAGE AREA
TCOTH -~ FFFFH
CE-150
SYSTEM PROGRANMED PORT
CE-153
I/ PORT
CE-154
SYSTEM PROGRAM

PC- 1500A
SYSTEM PROGRAM
10 PORT
CE-158
10 PORT
UART

Do not sale this PDF !l

165



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

Page PC-1500 PC-1500A
94 4-2-4. PC-1500 system memory 4-2-4. PC-1500A system memory
map map
(1 ... With the PC-1500, MEO memory | (D ... With the PC-1500A, MED
area 4000H thru 47FFH and 7600H memaory areca 4000H thru 57FFH |
thru 7BFFH are used for the user and 7600H thru 7FFFH are used for
memory and CO0OH thru FFFFH the user memory and COO0OH thru
for the system program. ... FFFFH for the system program. . ..
95 MEMORY MAP I MEMORY MAP |
Refer to following MAP 1 for the PC-
1500A.
26 MEMORY MAP II MEMORY MAP 11
i Refer to following MAP 11 for the PC-
I S00A.
166
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MEMORY MAP | for the PC-1500A

DOD0H
CE-160
20004
CE—159 (ROM/RAM)EKH
T
=
e .'!E!-!}I.'!IH|
<k
% A000H | STARDARD USER MEMORY (RAM) BKE ThilDak
= SBOOH | cp_151(RAM) 4KB
BEOOH | .
. NOT USED |
|
| TR : g T MACHINE LANGUAGE AREA
B0 | STANDARD USEH J}Rﬂlﬁj T.Fi.hr}nﬁ I‘J TE0 - TFFFH
¥ FCOTH == . |
L BOOOH 153 10 FORT § BLO0H
CE 188
ATSTER PROGHAM
NOT USED i
|6KRB
ADDOH | '
| CE~150
< ST PRIGRAM | noT UsED
E : A
e a
= ]
, W CO00H |
' 0 MOT USED
m r -
| pe 5 S DOOOH
PLEIRROA NOT USED D3FFH
| SYSTEM PROGRAM SR A DCOOH
' (ROM) I\DFFFH
i NOT USED
16KB , P
| L1500 1-0 PORT 160 FOOOH
| . FOOFH
I FFFFH FFFFH

* MED- o

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

connected.
® Heter to "Mamaory map || and 111" for
® PV and PU are bank select signals.
® Shadowed area can not be usedd,

i

ME 1 T
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MEMORY MAP Il for the PC-1500A

MEMORY MAP when the CE-155 is used.

PC-1500A

Descriplion
MG

Address designation
of SBO0H~SFFFH

Address designation
of BOOOH--E7FFH

Address designalion
o BBOOH~BFFFH

The above portion should be changed.

5-1. PC-1500A Circuit Diagram
For the PC-1500A, refer to the circuat

3000H
ECGE CE—155 (R A M) 2KB f—
4000H | STANDAAD USER MEMORY (RAM) 6KB
[ — KB IN TOTAL
SH00H
CE-155 | |
R A M) EKE
BFFFH
WOT USED
TEOOH
ME 0
Page PC-1500
102 4-3-1. 40-pin connector 4-3-1. 40-pin connector
Pin no. Signal name Descriptlon Pin no. Signal name
5 54 Address designation & NG
of 00DOH~ 3FFFH
16 51 Address designation 16 53
of 4B00H ~4FFFH
17 23] Address designation 17 54
of 5000H~57FFH
18 53 Address designation 18 55
of S800H~5FFFH
154 5-1. PC-1500 Circuit diagram
diagram on the next page.
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