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MICROPROCESSOR BASED CONTROL AIR CONITIONER

WICHAD SRISAWAT
PHAKRON HUTASANGKAT  ADVISOR
GRADUATE YEAR 1987

ABSTRACT
INORDER TO USE THE MICROPROCESSOR FOR CONTROLING AIR CONDITION
SYSTEMM , THE AIR CONDITION SYSTEM CAN BE OPERATED WITH HIGH EFFICENCY
AND WE CAN SAVE MORE ENERGY TOO , THIS PROJECT WHICH USE THE 8035 MICRO-
PROCESSOR FOR TO BE THE CPU , THE FUNCTION OF IT IS REFER TO PROCESSING |,
DECISSION IN ORDER TO CONTROL THE COMPRESSOR OPERATION AND INDOOR FAN OF
AIR CONDITION SYSTEM . THE OPERATON OF AIR CONDITION SYSTEM 1S DEPEN ON
THE USER WHICH CAN USE REMOTE SWITCH FOR CONTROLING THE SYSTEM,
THE PRINEIPLE THAT USE TO CONTROL THE COMPRESSOR AND INDOOR FAN
IS THE RELATIVE OF TEMPERATURE DIFFERENCE (BETWEEN ROOM TEMPERATURE AND
SETTTNG~TEMPERATURE ) AND OPERATING TIME. )
THE OPERATION OF THE COMPRESSOR 1S DEVIDED INTO ZONES , EACH
ZONE WILL CONTROL THE STATE (ON/OFF) OF THE COMPRESSOR BY USING INTERVAL
“TIME DIFFERENCE . .
SO THAT THE USER CAN CONTROL ROOM'S TEMPREATURE THE WITH HIGH

EFFICIENCY AND SAVING MORE ENERGY THAN THE OTHERS.
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NI 1IN

1
4
X1 ——{ 40 Ve (+5v)
. X2 ——d{ 2 39 ——— HOLD
RESET OUT —p——uoi 3 38— HLDA 4
SO0 ———of 4 37 p——g—  CLOCK (OUT) ,
SI0 ——ped 5 36 }eg—— RESET IN !’f'
TRAP ———pq 6 ¥
RST 7.5 e pud 7
RST 6.5 ~———={ 53— T
RST 55 ———@mt 9
INTR =i 10
INTA ~—— 11 8085A
ADO et 12
< AD1 —~a—ii 13
AD2 —a—dq 14
AD) g~ 15
AD4 ~a—pq 16
ADS —ag—pn] 17
AD6  —eug—png 18 .
AD?  g—pd 19
Vss T —————— 20
PIN NAME DESCRIFTICN TYPE
ADO - AD? Address/Data Bus Bidirectional, tristate
AB- A15 Address Bus Output, tristate
ALE Address Latch Enable Output
RD Read Control Output, tristate
WR Whnte Control Output, tristate
IO.lﬁ ol 1/0 or Memory indicator Output, tristate
50, s1 " Bus State I;\dicylors Qutput
READY ‘Wait State Request Input
sio Sarial Data Input Input
SO0 Senal Data Qutput Qutput
HOLD Hold Request Input
HLDA Hold Acknowledgs Output
INTR Intarrupt Request thput
TRAP Non-maskabie Interrupt Request input
RST 5.5 Input
T e
RST 7.5 Input
INTA Interrupt Acknawledge Output
RESET IN System Reset input
RESET OUT Peripherals Reset Output
X1, X2 Crystal or RC Connections Input
CLK Clock Signal Output
Vee Vss Power, Ground
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Table 3-5. A Summary Of Instruction Obiect Codes And Execution Cycles

Instruction Object Code | Bytes BOBSCYﬂ;;SOA Instruction Object Code | Bytes Cycles
AC data CE vy 2 7 7 (84} rp.datal6| O0xx0001 3 10
ADC  reg 1000 1xxx 1 4 a vy -
ADC M 8¢ 1 7 7 MOV sd 01dddsss 1 5
ADD reg 10000xxx 1 4 4 MOV Mreg 0O1110sss ] 7
ADD M | g 1 ? 7 MOV  regM 01ddd110 1 7
ADI data’ C6 vy 2 7 7 MVt reg.data 00ddd 110 2 ?
ANA reg 10100xx 1 4 4 Yy
ANA M A6 1 7. .7 MVI  Mdata 36 yy 2 10
AN data E6 vy 2 7 7 NOP - 00 1 4
CALL  iabel CD ppag 3 18 17 ORA reg 10110xxx 1 4
CC .- tabel | OC prag 3 lons "yin7 fora M B i ¥ -
CM * tabel FC ppaq 3 9/18 1117 J ORI data £6 yy 2 7
CMA 2F 1 4 4 OUT port D3 yy 2 10
cme 3F 1 4 4 PCHL 0 | s
CMP  reg 1011 1xxx. 1 4 4 POP p 11220001 1 10
cMe M 8 1 7 7 PUSH 1p 11220101 1 "
CNC  label D4 ppqg 3 918 117 § mac 17 1 4
CNZ  labet €2 poaq 3 8/18 11717 § RAR 1F 1 3
[ord tabel Fap -~ 3 916 iy Vo 08 1 5/11
CPE  label EC Lo 3 9/18  11/17 § ReT c9 1 10
ce data FE vy 2 7 7 /M 20 1 ¢
CcPO label €4 ppaq 3 9/18 11217 RLC 07 1 4
cz label CC ppaq 3 1918 17 | Am 8 1 5/
DAA 27 1 4 4 RNC 0o 1 s/
DAD 00xx1001 1 10 10 ANZ co 1 s/11
DCR  reg 00xxx 101, 1 4 5 /P - FO 1 5/1%
DCR M 35 1 10 10 RPE 8 1 s/11
ocX 1 00xx1011 1 6 5 RPO ) E0 1 | s
bl F3 1 4 4 RRC oF 1 [
€ FB 1 4 4 RST . n 11onn111 1 11
HLT 76 1 5 7 RZ c8 1 s/11
IN port 0B vy 2 10 10 SB8  reg 1001 1xxx 1 4
INR reg 00xxx 100 | 4 5 se8 M 9 1 7
INR (Y] k1] 1 10 10 S8l data - OE yy 2 7
INX (] 00xx0011 1 [ 5 SHLD addr 22 ppag 3 16
JC. label DA ppgq 3 7710 10 Sin 30 1 4*
M labet FA ppaq 3 o 10 SPHL F9 1 5
JMP tabel | €3 ppaq 3 10 10 STA  addr * 32 ppag 3 13
JNC  fabel 02 ppaq 3 | o 10 STAX pr 000x0010 1 ?
INZ fabet | C2 ppqq 3 10 10 STC 37 1 4
» tabel F2 poaq 3 10 10 SUB  reg 100 10xxx i 4
JPE labei €A ppaq 3 7:10 10° sUs M 96 1 7
JPO tabel €2 ppoe 3 7710 10 Sut data D6 vy 2 7
Jz label CA ppaq 3 {wmo 10 XCHG 3] 1 4
LDA  addr 3A ppqq 3 13 13 XRA  reg 1010 1xxx 1 ¢
LOAX pr 00021010 1 7 7 XRA M AE 1 7
LHLD  addr 2A ppag 3 16 16 XRI data. EE vy 2 7

XTHL €3 1 18

Object Code:
ddd  Destination register — same coding as xxx
nan  Restart number 000 to 131
£0qq A 16-bit memory address
333 Source register — same coding as xxx
x Register pair 0 =BC
1 =DE
xx  Register pair 00 = BC
01 =DE
10 = HL
11 = SP or {¢ PUSH POP) PSW

xxx Register 111 = A
000 -8
001 =C
010=D

- 011 mE— —

100 =H

101 =1L
vy An 8-bit binary data unit
YYYY A 16-bit binary data unit

°808S5 instructions

— AT



Table 3-7 Correspondence between 8080A and Z80 Mnemonics

8080A Mnemonic 280 Mnemanic B080A Mnemonle 280 Mnemanic
ACl data AOC  Adata LHLD  addr L Hi {addr)
ADC regor M ADC Arag or (HL) [R.{] m.dataig Lo .data 18
ADD regorM A?O A.reg or (ML} M(?V reg,reg or M Lo rag.rag or (HL)
ADI data ADO  Adats MOV reg or M.reg (K reg or (HU)reg
ANA  regorM AND  reg or [HL} MVI  regorMdata | LD reg or (HL).data
ANl - data AND data NOP NOP

CALL  addr CALL  addr ORA  regor M OR reg or (HL}
cc adde CALL  C.addr ORI data OR data

cM addr CALL M.addr our port ouT {port) A
CMA CPL PCHL JP (HL)

cMC CCF POP or POP pr

CMP  regorM cP reg or {HL) PUSH pr PUSH  pr

CNC  addr CALL  NC.addr RAL RLa

CNZ addr CALL  NZ,addr RAR RRA

cP addr CALL  Paddr RC RET Cc

CPE addr CALL  PEaddr # RET RET

cPt bo s cP data RLC RALCA

CPO. addr CALL  PO.addr RM RET M

cz addr CALL  Z,addr RANC .| RET NC

DAA DAA ANZ RET NZ

DAD ADD.  Hum AP RET P

DCR regor M DEC reg or (HL) RPE BET PE

DCX ;-] DEC m APO RET PO

0l o RRC RRCA

El El RST n RST n

HLT HALT RZ RET 2

N port N Alport) seB rag or M 58C A.reg or (HL)
INR regor M INC reg or (HL} set data SBC  Adata

NX N 'SHLD  addr W faddriHL

J< addr Jp C.addr SPHL Lo SP.HL

JM addr JP M,addr STA addr (Ko} {addr) A

JMP addr JP addr STAX BorD Lo N(BC) or [DELA
JNC addr JP NC.addr S§TC SCF

P addr P Paddr SUB  regorM SUB  feg or (HU)
JNZ addr JP NZ, addr sut data sus data

JPE addr JP PE.addr XCHG EX DEHL

JPO  addr Jp PO.addr XRA  reg or M XOR reg or {HL)
JZ addr JP Z,addr XRy data XOR data

LoA addr L Afaddr} XTHL EX {SPLHL

LOAX BorD Lo A/IBC) or (DE)

J
N

—_— TR



Table 3-8. Correspondence between Z80 and 8080A Mnemonics

280 Mnemaonic

8080A Mnemonic

Z80 Mnemonic

ROB0OA Mnamonic

ADC  Adata
ADC  AfHU
ADC  Areg

ADC  Alxy + disp)
ADC  HLmp

ADD  Adata
ADD AfHL)
ADD  Arag

ADD  Afxy + disp}
ADD HLm

ADD 1X.00

ADD WY

AND  data

AND-  {HU

AND  reg

AND  [xy + disp}
ar b.(HL}

8T b.reg

T bixy +
CALL  addr

CALL  C.addr
CALL  M.addr
CALL  NC.addr
CALL  NZ.addr
CALL  P.addr
CALL  PE,addr
CALL  PO,addr
CALL  Z.addr
CCF

ce dats

ce {HL)

cp rog

cP {xy + disp)
CPD

CPOR

CPi

CPIR

CPL

DAA

DEC (HL)

DEC  rag

DEC [{3]

DEC xy

DEC {xy + disp}
DI

OUNZ  disp

€

EX AF AF
EX | DEHL
EX (SPLHL
€X (SP),xy
EXX

HALT

M m

N A (port}
IN reg,(C)
INC {HL)
iNC reg

AC dafa
ADC M
ADC  reg
AOD! data
ADD M
ADD  reg
‘0AD.
ANt data
ANA M
ANA  reg
CALL  addr
‘CC Laddr
™ addr
CNC  addr
CNZ addr
cP addr
Cre addr
CcPO addr
cz addr
cMC

CcA data
TP M
CMP  teg

“ cMA

DAA

OCR M
DCR  reg
[, ot
ol

2]

XCHG

XTHL

HLT

IN oort
INR M
INR  .reg

INC m
INC xy
INC (xy & disp)

INDR

NI

INIR

JP addr

JpP C.addr
JP (HU)

Je M,addr
» NC.addr
JP NZ.addr
JP P.adde
JP PE.adde
e PQ.addr
JP Z.addr
JP xy

JR C.disp
JR disp

JR NC.disp
JR NZ.disp
JR Z.disp
Lo A.(addr)

Lo A.{BC) or {DE)
Lo Al

Lo AR

to {addr). A

Lo (addr}BC or OE
LD faddrhtiL

D faddSP

Lo {addr).xy

Lo {8C) or (DELA
L 8C or DE.{addr}

LD HL faddr}
Lo {HL) data
LD ¢ i{HLlreg
Lo LA

to RA

Lo 1eq.date
W0 regtHu)
Lo r8g,reg

Lo reg.{xy + disp)
1] p,data 16

LD SP {addr)
Lo SP.HL
Lo SP.xy -

Lo xy,datal16
LD xy(addr}
Lo {xy + displ.data
Lo {xy + disp)reg

.Loo

LODR

o]

LOIR

NEG

NOP

OR dats

INX [{°]
Jme addr
Jc addr
PCHL
JM addr
JINC addr
JNZ addr
Jp addr
JPE  -addr
JPO addr
Jz addr
DA addr
LDAX BorD
STA addr
SHLD  addr
STAX BorD
LHLD  addr
Mvi M, data
~-MOV  Mrag

MVt req.data
MOV reg.M
MOV rog.reg,

w m.datal6

— indicates that there is no comresponding instruction,



Table 3-8. Correspondence between Z80

and 8080A Mnemonics {Continued)

280 Mnemonic

8080A Mnemonle

780 Mnemonic

OR {HL)

CR reg

OR {xy + disp}
OTDR

onR

OUT  (Clreg
OUT  {port)A
ouTo

oun

PoP pr
POP  xy
PUSH pr
PUSH xy
RES b{HL)
RES b.reg

RES bixy + disp)
RET

RET C
RET M
AST  NC
RET  NZ
RET P
RET  PE
RET PO
RET r4
REM

RETN

AL (HL}
RL reg

RL {xy + disp)
RLA

ALC {HL)

RLC rog

RLC  Ixy + disp)
RLCA

ALD

oRA M,
ORA  rag

RNC
ANZ

RR’ (HU)

AR _fng

RR {ey + G:sn)
RRA

RRC {HL)

RRC reg

RRC {xy + disp)
RRCA

RRO

RST n

sec A.data
SB8C AfHL).
SBC Areg
*S8C Alxy + disp)
s8C HLmp

SCF

SET b.(HL)

SET b,reg

SET bfxy + disp}
SLA  (HU

StA reg

SLA {xy + disp}
SRA (HL)

SRA rng

SRA ~ (xy + disp)
SAL {HL)

SRL reg

SRL {xy + disp)
sus data

SUB  (HU

sus reg

suB {xy + disp)
XOR  data

XCA {HL}

XCR  reg

XOR {xy + disp)

BOBOA Mnemonic
RAR
RRC
RST n
sel data
588 M
ses reg
STC
sutl data
sus M
sus reg
XRI data
XRA M
XAA  reg

~— incficates that there is no coresponding instruction

Table 3-9. Unused 8680A Operation Codes and Their Z80 Meanings

80B0A Operatior vod«

280 Use

08 EX AF.AF
10 DJINZ disp
13 JR disp
20RMonB08SY | A NZdsp
28 JR Z.disp
J(SMongeast L g NC.disp
38 JR C.disp
cs
09 EXX
oD
ED ADC  HLrp
CcPD
. CPDR
cA
CPIR
IM m
N reg.(C)
IND
INOR
INt
INIR
FO

8IT. RES, RL, RLC, RA, RRE:. SET, SLA,

All instryctions involving Register 1X.

[{s] Al

[Re} AR

Lo (addrl.rp
LD LA

Lo ARA

Lo p,laddr}
LDD

LDOR

Lot

LoIR

. At instructions involving Regrster IY.

SRA, SRL

NEG

OTDR

OoTR

QUT  (Clreg
ouTD

ouTt

RET!

RETN

RLO

RRD

S8C  Htrp




8155H/8156H/81 55H-2/81.'56H-2
2048-BIT STATIC HMOS RAM
WITH 1/O PORTS AND TIMER -

# Single +5V Power Supply with 10% s 1 Programmable 8-Bit |/O Pont
Voltage Margins s Programmable 14-Blt Binary Counter/’
® 30% Lower Power Consumption than - Timer
the 8155 and 8158 8 Compatible with 8085AH, 8085A and
B 100% Compatibie with 8155 and 8156 8088 CPU
B 256 Word x 8 Bits ' . W Multiplexed Address and Data Bus
® Completaly Static Operation s Available In EXPRESS
= Internal Address Latch - Standard Tamperature Range
s 2 Programmable 8-Bit I/O Ports - Extended Temparature Range

“hs Intel® 8155H and 87524 are RAM and 1/O chips implementad in N-Channel, depletion load, siiisen gatet..nnLlogy-
(HMOS), to be used In the 8085AH and 8088 microprocassor systems. The RAM portion is designed with 2048 static cells

organized as 256 x 8. They have a maximum access time of 400 ns to permit uss with no wait states in 8085AH CPU.The
8156H-2 and 8156H-2 have maximum access times of 330 ns for use with the 8085AH-2 and the 5 MHz 8088 CPU.

The 170 portion consists of three general purpose 1/0 ports. Ona of the three ports can be programmed to be status
pins, thus allowing the other two porta ta operate in handshake mode. :

A 14-bit programmable counteritimer Is also Included on chip to provide either a square wave or terminal count pulse
for the CPU system depending on timer modse.

rc, (31 41 Ve
\ rc, (]2 »[]re,
- ] \ TIMER IN 5 3 3 {] e,
H re, s 3%[]rs,
, 40 u<:> mexs L Timgrdur (0 s ® ] re,
- — 1ol (] 7 u [ re,
 —_ e POAT 8 Ceonce (s -1 r8,
] (: " e, ) e 32{] ra
ALg i A g 0 DY . n:
[} e—— = ALE I grsanay X 8,
WA ——] “ PORT ¢ 40, Qiz M 29 17 e,
. ¢ "oy Ao, O3 ] ra,
RESET e AD, [J1e 2] rag
J Ao, 201 ray
Ao, (] L] ra
TIMER cu(—-’ t—v,;,:-psw A0, O 2 rA:
TIMEN OuT Vi (OV) Ao, PA,
AD, (G PA,
et = &8, 2ece s A,
LN .
Figure 1. Block Diagram Figure 2. Pin Configuration

wmmmMnmwamcﬁmmmmw«nuNum.momacte-nmal.xcmnw.
© INTEL CORPORATION, 1981,

.
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8155H/8156H/8155H-2/8156H-2

.

Table 1. Pin Description

falling edge ot ALE.

S;mbol_ 'lypoh Name and Function
RESET 1 Reset: Puise provided by the 8085AH to initialize the system (connect to 8085AH RESET OUT). input
high on this line resets the chip and Initlalizes the three I/O ports to input mode. The width of RESET
putse should typlcally be two 8085AH clock cycle times.
ADg.7 []e] Address/Data: 3-state Addrass/Data lines that interface with the CPU lower B-bit Address/Osta Bus.
The 8-bit address s latched into the address latch inside the 8155H/S8H on the falling edge ol ALE.The
address can be either for the Y section or the 1/O section depending onmloﬂ input. The 8-bit
data is either written into the chip or read from the chip, depending on the WR or RD input signal.
CEorCE t Chip Enable: On the 8155H, this pin is CE and is ACTIVE LOW. On the 8156H, this pin is CE and is
ACTIVE HIGH, .
AD ! Read Control: tnputlow on this line with the Chip Enable active enables and ADy_y bufters. If 1O/M pin
is low, the RAM contant will be read out to the AD bus. Otherwise the content of the selected /O portor
command/status registers will be read to the AD bus.
WR | Write Control: Input low on this lina with the Chip Enable active causes the data on the Address/Data
bus to be written 1o tha RAM or 10 ports and command/stalus register, depending on 10/M.
ALE J Address Latch Enaa'~+ This control.sianal latches both the address on the ADg.7 lines and the state’
of the Chip Enable and I0/M into tha chip at the falling edge of ALE.
104 , [ -/0 Memory: Selacts memory if low and 170 and cc d/statys registers if high.
PAg.7(8) []e] Port A: These 8 pins are general purpose l/O pirts. The infout direction is selected by programming
the command register.
PBy.7(8) o Port B: These 8 pins are genaral purpose /O pins. The in/out direction is sel. d by progr ing
the command register. f
PCy_s(6) o PortC: These6 pins can tunction as either input port, output port, or as control signals for PA and PB.
Programming’is done through the command register. When PCy_s are used as control signals, they
will provide the following: .
PCo— A INTR (Port A Interrupt)
PCy — ABF (Port A Buffar Full)
PCy —ASTB (Port A Strobe)
" PC3— BINTR (Port 8 interrupt) ) .
. PC4 — B BF (Pdrt B Buffer Full)
PCs — B'STB (Port B Strobe)
TIMER IN L7 | Timer Input: Input to tha counter-timer. N
TIMER OUT (¢] Timer Output: This output can be either a 3quare wave of a puise, depending on the timer mode,
Vee Voltage: +5 volt supply. : - y
Ves Ground: Ground reference. .
FUNCTIONAL DESCRIPTION 5 ;
e — | |
The 8155H/B156H contains the Tollowing: : — § 017 INTEANAL DATA BUS 7 II
* 2k Bit Static RAM organized as 256 x 8 | I
® Two8-bit I/O ports 1PA & PB+and one 6-bit1/0 port PC» i |
® 14-bit timer-counter ' 1 { commano tver] riven | 1
| MSB XY -] '
*The 10/M 10/Memory Select: pin Selects either the five | | srarus I |
registers 1Command, Status, PAg.7, PBg-7. PCo_s. or ! TIMER |
the memory ‘RAM. portion, ! . [ s Moot |
K | / ]
The 8-bit address on the Address/Data lines, Chip Enable b ——t-~{-—————-
input CE or CE, and 10/M are ail latched on-chip at the

Figure 3. 8155H/8156H Internal Registers
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CEprsan

AN

OR

(= $ 11 ]

10:M

/

AN

3

-~

ADOHESS

“__ /T O\

. x DATA VALID >—-—<

ROOAWR .

/o

NOTE: FOR DETAILED TIMING INFORMATION, SEE FIGURE 12 AND A.C. CHARACTERISTICS.

Figure 4. 8155H/8156H On-Board Memory Read/Write Cyclo

PROGRAMMING OF THE
COMMAND REGISTER

The command register consists of eight latches: Four
bits «0-3: deline the mode of the ports, two bits «4-5.
enable or disable the interrupt from port C when it acts
as control port, and the last two bits 16-7 . are for the timer.

ine command register contents can be altered at any
time by using the /O addrass XXXXX000 during a WRITE
operalion with the Chip Enable active and I0/M = 1. The
meaning of each bit of the command byte is defined in
Figure 5. The contents of_the command register may _

never be read.

READING THE STATUS REGISTER

The status register consists of seven latches, oneforeach
bit"six 10-5. for the status of the portsand one -6 for the *

status of the timer.

The status of the limer and the I/0 section can be polled
by reading the Status Register (Address XXXXX000).
Status word format is shown in Figure 6. Note that you

i
~—

=l

=7

may never writg to the status register since the command -

register. shares the same 1/O address and the command
register is selected when a write to that address is issued.

3
PCy

———= TIMEA COMMANO

—« DEFINES PAgy. '] 0~ NPUT
1= outeur

== DEFINI* "y

r 0 ALT 1
1 4 nears
L DEFINES Py o
| ~— 10+ ALT &
enABLE PORTA |
L_—__.
-INTERRUPT 1+ ENABLE
P ENABLE PORT 8 0+ OISABLE
B = INTERRUPT

[ 00« o - B0 NOT AFFECT COUNTER
OPERATION )

Q1+ STOP - NOP (F TIMER HAS NOT STARTED]
STOP COUNTING {F THE TIMER 1S
RUNNING

10+ STOP APTER TC - STGP INMEDIATELY
AFTER PRESENT 7C 1S REACHED INOP
IF TIMER HAS NOT STARTED)

11« START — LOAD MODE AND CNT LENGTH
AND BTAAT IMMEDIATELY AFTER
LOADING (1F TIMER IS NOT PRESENTLY
RUNNING}, IF TIMER 1S RUNNING, STAAT
THE NEW MODE AND CNT LENGTH
IMMEDIATELY AFTER PRESENT TC

L isAeacweo.

— 43—

Figure 5. Commarid Register Bit Assignment
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AD; AUg ADy AD, AD; AD; AD, AD,

X2 [T e T

= POAT A INTERRUPT REQUEST

eeew——a POAT A BUFFER FULL/EMPTY
= UINPUT/OUTPUT)

~com———= POAT A INTEARUPT ENABLE

-~ -~ PORT 8 INTERRUPY REQUEST

m=ss -:m——m PORT B BUFFER FULL/EMPTY
UINRUT/OUTPUT)

b e ——+ PORT B INTERAUPT ENABLED

TIMEA INTERAUPT (THIS AIT
IS LATCHED HIGH WHEN
TCAMINAL COUNT 1S
REACHED, ANOD IS RESET TO
LOW UPON READING OF THE
C/SAEGISTER AND Y
"MARDWARE RESET).

‘interrupt that the 8155H sends out. The second is an

output signal indicating whether the butfer is full or
empty, and the third is an input pin to accept a strobe
for the strobed lnput mode. (See Table 2.)

When the ‘C’ portis programmed to either ALT3or ALT4,
the control signals for PA and P8 are initialized as follows:

CONTROL INPUT MODE OUTPUT MODE
BF Low ‘ Low
INTR Low High
ST8 Input Control Input.Contro!

Figure 6. Status Register Bit Assignment

-

INPUT/OUTPUT SECTION

The I/O section of the 8155H/8156H consists of five regis-
ters: (See Figure 7.)

Command/Status Register (C}S) — Both registers are
assigned the dddress XXXXX000. The C/S address
serves the dual purpose.

When the C/S registers arg selected during WRITE
operation, a command is written into the command
register, The contents of this registar are notaccessible
through the pins,

When the C/S i XXXXX000: is selected during a READ
operation, the status information of the 1/0 ports and
the timer becomes available on the ADo-7 lines,

PA Register — This register can'be programmed to be
either input or output ports depending on the status of
the contents of the C/S Register. Also depending on
the command, this port can operate in either the basic
mode or the strobed mode :See timing diagram,, The
170°pins assigned in relation to this register are PAg.7.
The address of this register is XXXXX001,

P8 Reglster — This register functions the same as PA
Register The I/0 pins assigned are PBo-7. The address
of this register is XXXXX010,

PC Register — This register has the address XXXXX011
and contains only 6 bits. The 6 bits can be program-
med to be either input ports, output ports or as control
signals for PA and PB by properly programming the
AD; and ADj bits of the C/S register.

When PCo.s is used as a control port'. 3 bits are
assigned for Port A and 3 for Port 8. The first bit is an

- AA

’ 170 ADDRESS"
SELECTION

AT|AS |ASI A4 IAJ[A2 |AL|AD

AW

XX {xtnixio]o(o |inmerval Commang Status Register
XAX A x| X |X10 |0 |1 |Gareral Purpose | O Pant A

Xpx | x{x|x1t0[:|0][Genral Purpose ! O P B8
X|x{xix|xfjo|[1 1 |Pons C Genpeat Puepnse | O o Conteest
XIx | xfxix]t]0]o]LtowOrdrr A b ol Timee Count
XpxX I X1 xix| v (0] |rgnB bits af Timer Count ang 2 pets

of Timer Moge
X .Dont Care

t: VO Address must be quatfied by CE = 1 (8158H) or CE = 0 {8155H) and IO/N = 1 In
order 10 select the eppropriate register.

Figure 7. 1/O Port and Timer Addressing Scheme

Figure 8 shows how I/O PORTS A and B are structured
within the 8155H and 8156H:

SIBBH/E) oM
ONE BIT OF PORT A OA POAT 8

A ouTPUT T
LATCH N t
o] Q 1P |
cix_ CTA ourruT |
ENABLE |
a I
-1
a |
<
1 t !
a WRITE |
PORT
< —— v — 1
] (o | oo ()
5 1 ) . |
) |
nuoroar @ ° !
€L 1
</
g
NOTES: sto

(€1 = 1 FOR QUTPUT MOOE
* 0 FOR INPUT MODE

{1} OUTPUT MODE MULTIPLEXER
{2) SIMPLE INPUT CONTROL, ©

(31 STROBED INPUT

READ POAT = {10/F+1) o (RD~0) & (CE ACTIVE] o {PORT ADDNESS SELECTED)
WRITE PORT  {10/M=1) » (WR=01 & (CE ACYIVEI ® {PORT ADDRESS SELECTED]

Figure 8. B155H/8156H Port Functions
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Table 2. Port Control Assignment

Pin ALT 1 ALT 2 ALT 3 ALT 4

PCO Input Port. Qutput Port A INTR (Port A Interrupt, A INTR (Port A.Interrupts

PC1 Input Port Qutput Port A BF 1Port A Butfer Full A BF (Port A Bulter Fuli»
\ PC2 Input Port Output Port |~ A STB (Port A Strobe) A STB 1Port A Strober

PC3 Input Port Qutput Port Qutput Port B INTR (Port B Interrupt.

PC4 Input Port Qutput Port Output Port 8 BF iPort 8 Buffer Fulls

PCS Input Port Output Port Qutput Port 8 STB iPort B Strobe)

Note in the diagram that when the I/O ports are pro-
grammed to be output ports, the contents of the output
ports can still be read by a READ operation when appro-
priately addressed. .

The outputs ol the 8155H/8156H are "glitch-free’ meaning
that you can write a "1 to a bit position that was previ-
ously “1” and the level at the output pin will not change.

1

i

' ‘Note also that the output latch is cleared when the port

' enters the input mode. The output latch cannot be loaded

' by writing to the port if the port is in the input mode. The
resultis that each time a port mode is changed frominput
‘o output, the output pins will go low. When the 8155H/56H
is RESET, the outputlatches are all cleared and all Jports
enter the input mode.

When in'the ALT 1 or ALT 2 modes, the bits of PORT C
are structdred like the diagram above in the simple input
or output mode, respectively," p .

Reading from an ingut port with nothing connected to the
pins will provide unpredictable results.

Figure 9 shows how the 8155H/8156H 1/0 ports might be
configured in a typical MCS-85 systam.

TO BOSSAH RST INPUT

. PORT A OUTPUT ) PORT A
A INTR (SIGNALS DATA RECEIVED)
155K Q156K A BF (SIGNALS DATA READY}
A STB IACKNOWL DATA RECEIVED) ——
PORT C B 5ST8 (LOADSPORT B LATCH) PERIPHERAL
8 8F ISIGNALS BUFFER IS FuLL) - _° INTERFACE
B INTR ISIGNALS BUFFER
READY FOR READING)
FoRT B TO INPUT PORT (OPTIONAL)

f TO 8083AH RST INPUT

TIMER SECTION

The timer is a 14-bit down-counter that counts the TIMER
IN pulses and provides either a square wave or pulse
when terminal count (TC) is reached. .

The timer has the I/0 address XXXXX100 for the low order
byte of the register and the I/0 address XXXXX101 for
the high order byte of the register. (See Figure 7.)

To program the timer, the COUNT LENGTH REG is loaded
first,one byte atatime, by selecling the timer addresses. Bits
0-13 of the high order count register wil specify the length of
the next count and bits 14-15 of the high order register wili
specify the timef output mode (see Figure 10). The value
loaded into the count length register can have any value
from 2H through 3FFFH ir' Bits 0-13.

7 6 § 4 3 2 1 o

[T Tl )

J

TIMER MODE MS8 OF CNT LENGTH

CERELTTT

LSB OFCNT LEfeu iH

Figure 10. Timer Format

Therg are four modes to choose from: M2 and M1 define
the timer mode, as shown in Figure 11,

TIMER,OUT WAVEFQRMS:

MODE START TERMINAL TERMINAL -
airs COUNT COUNT COUNT
M M, ‘ | |
o 1. SINGLE __L_I__...-.---..---.
o SQUARE WAVE
o 4 Rgowmmwoss L\l
SQUARE WAVE
3 SINGLE et e men -
1 0 PULSEON

TERMINAL COUNT

N 4 CONTINuOUS
PULSES

L Y|

L Figure 9. Example: Command Register = 00111001

»

— 45—

Figure 11, Timer Modes °
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Bits 6-7 (TM2 and TM1 of command register contents
are used to start and stop the counter. There are four
commands to choose from:

™2  TMy \
0 0 NOP — Do not affect counter operation.
0 1 STOP — NOP if timer has not started;
stop counting if the timer I8 running.
1 0 STOP AFTER TC — Stop immediately

after prasent TCisreached (NOP if timer
has not started)

START — Lbad mode and CNT length
and start immediately after loading 1if
timer is not presently running. If timer
is running, start the new mode and CNT
length immediately after presenr TC is
reached

Note that while the counter is counting, you may load a
new count and mode into the count length registers.
Belore the -new count and mode will be used by the
counter, you must issue a START command to the
counter, This applies even though you may only want to
change the count and use the previous mode.

In case ol an odd-numbered count, the first haif-cycla
of the squarewave output, which Is high, is one count
longer than the second tlow) hall-cycle, as shown in
Figure 12.

NOTE 5 ANO £ REFEA TO THE NUMBER OF CLOCKS IN THAT TIME PERIOD

Figure 12. Asymmetrical Square-Wave Output
Resulting from Count of 9 :

—dl —

The counterin the 8155H is nat initialized to any particular
mode or count when hardware RESET occurs, but RESET
does stop the counting. Tharefore, counting cannot begin
following RESET unti! a START command isissued via the
C/S register.

Please note that the timer circuit on the 8155H/8156H chip
is designed to be a square-wave timer, not an event.
counter. To achieve this, it counts down by twos twice
in completing one cycle. Thus, its registers do not con-
tain values directly representing the number of TIMER IN
pulses received. You cannot load an initial value of 1 into
‘the count register and cause the timer to operate, as its
terminal count value is 10 tbinary: or 2 idecimal. (For
the detection of single pulses, it is suggested that one
of the haidware Interrupt pins on *he B085AH be used.)
After the timer has started counung down, the values
residing in the count registers can be used to calculate
the actual number of TIMER IN puises required to com-
plete the timer cycle if desired. To obtain the remaining
counf, perform the following operations in order:

1. Stop the count
. Read In the 16-bit value from the count length registers

2
3. Reset the upper two mode bits
4

. Reset the carry and rotate right one position ali 16 bits
through carry

5. If carry is set, add 1/2 of the full ongmalcount (172 tull
count — 1 if full count is odd). -

Note: If you started with an odd count and you read the
count tength register before the third count pulse occurs,
you will not be able to discern whether one or two counts
has occurred. Regardless of this, the 8155H/86H always
counts aut the right number of puises in generating the
TIME:1 OUT waveforms.
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8085A MINIMUM SYSTEM CONFIGURATION

Figure 13a shows a minimum system using three chips,

containing:

256 Bytes RAM
2K Bytes EPROM
38 I/O Pins

1 Interval Timer
4 Interrupt Levels

\

83085 MINIMUM SYSTEM CONFIGURATION

AQ-15

-~

-

G

ALE

2

0085AH ..LB

(2]

10/8

cLX

RESEY QUT

READY

HIJIH>

TIMER
RESET N

WRIAD| ALE | CE {/ 10/M

\./::;v:l; e 'S’ ALE ﬁb"ﬁﬂcmnsr

ADY

TIMER
out TIMER

$154H

1

LATCHES

CONTROL

I

2568
Ram

S

o

B755A {EPROM + I/0)

{

Y

T8
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8155H/8156H/8155H-2/8156H-2

intel

® 381/0 Pins
® finterval Timer

8088 FIVE CHIP SYSTEM

Figure 13b shows a five chip system containing:
* 1.25K Bytas RAM '

® 2K Bytes EPROM

® 2 Interrupt Levels
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;

MANUAL

Pevag,

mn

GNp  RESET

Ad

Vss)

cE, -
ns2
ALE

[ %
[ ]

Ay Ay

ADy,,
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Flggre 13b. 8088 Five Chip System Configuration
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.81 55H/8156H/8155H-2/8156H-2

ABSOLUTE'MAXIMUM RATINGS*

................ 0°Cto+70°C
-65°Cto «150°C

Temperature Under Bias
Storage Temperature
Voitage on. Any Pin
With Respectto Ground
Power Dissipation

...... vesesenas 0.5V t0 +7V
1.5W

*NOTICE: Strasses-above those listed under "Absolute
Maximum Ratings™ may cause permanent damage to the
davice. This is a stress rating only and tunctional opaera-
tion of the device at these or any other conditions above
those indicated in the operational sections of this
specitication is not implied. Exposure to absolute maxi-
mum rating conditions for extended periods may affact
device reliability. ’

D.C. CHARACTERISTICS (T, = 0°C 10 70°C, Vg = 5V * 10%)

Symbol | Parameter . Min. Max. Units Test Conditions

Vit lnput Low Voltage -0.5 0.8 v o

Vin Input High Voltage 2.0 Vec+0.5 vV

Vou Output Low Valtage 0.45 v oL = 2mA

VoH Qutput High Voltage 24 : v oH = -400uA

e Input Leakage £10 HA oV s ViNs Voe

o + Qutput Leakage Current +10 HA 0.45V € Vout < Vee

lcc Vece Supply Current 125 mA

L (CE) éhip Enable Leakage A

‘ 8155H +100 A oV = Vi < Vec

8156H -100 HA '
A.C. CHARACTERISTICS (1 = 0°C to 70°C. Vo = 5V =10%) :
: 8155H/8156H 8155H-2/8156H-2

Symbol | Parameter Min. Max. Min. Max. Units
taL Address to Latch Set Up Time 50 30 ns
tLa Address Hold Time alter Latch 80 30 ns
tLe Latch to READ/WRITE Controt 100 40 ns
tap .Vahd Data Out Delay trom READ Control 170 140 ns
Yo Latch to Data Out Valid 350 270 ns
tap Addr;s Stable to Data Out Valid 400 330 ns
LY Latch Enable Width 100 70 ns
tROF Data Bus Float Atter READ 0 100 0 80 ns
teL READ/MWRITE Control to Latch Enable .20 10 ns
tee READ/WRITE Control Width 250 200 ns

*tow Data In 1o WRITE Set Up Time 150 100 | ns
two Data In Hold Time After WRITE 25 25 ‘ns
tav Recovery Time Between Controls 300 200 ‘0 ons
twe .| WRITE toPort OQutput 400 300 ns
tpR Port Input Setup Time 70 50 ns
Rp Port Input Hold Time 50 10 . ns
tsgf Strobe to Butler Full- 400 300 ) ns
155 Strobe Width 200 150 ns
thee | READ 1o Butfer Empty 400 300 ns
™ Strobe ta INTR On 400 100 s
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8155H/8156H/8155H-2/8156H-2

A.C. CHARACTEﬁISTICS (Continued) (Ta = 0°C to 70°C. Vg = SV 210%)

AND D BY FOR A LOGIC ©

C\ INCLUDES JIG CAPACITANCE

8155M/8156M 8155H-2/8156H-2
Symbol Parameter Min, Max. Min. Max. Units
troy READ to INTR Of 400 300 ns
psg Port Setup Time to Strobe Strobe 50 0 ns
1PHS Port Haid Time After Strobe 120 t 100 ns
tsar Strobe to Butler Empty 400 300 ns
wer WRITE to Bulter Full ) 400 300 ns
twr WRITE 10 INTR Off 400 300 ns
1 TIMER-IN to TIMER.OUT Low 400 300 ns
1K TIMER-'N 10 TIMER:OUT High . 400 29 ns
'ADE .Data Bus Enable from READ Control 10 10 ns
1y TIMER-IN Low Time ' 80 40 ns
13 TIMER-IN High Time 120 70 ns
twr WRITE to TIMER-IN 360 200 ns
(for writes which start counting)
A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT
INPUT OUTPUT \
24
’ X:> "I’EST POINTS < 2‘X ?‘E‘:.Isg': .ﬁ_
Zoe oe - o noer
o i " .I
A LOGIE 0 TG SEASUREEMAS XE v SO5IS, L AND O 45 FOR G 1500f i

WAVEFOR

MS

.
.

READ
&m

Ok

T (31

108

AD,

AL

Z

BeH)

|

=

N TS

]

<]

0.7 ADDRESS

R

ety e

\

.

R —

ST 12

Y IL:___.

\
/
N\

o—— thp ——e

J_ <
1

Yo

- MmN




Intel - 8155R/8156H/8155H-2/8156H-2

WAVEFORMS (Continued)

WRITE

CE m1ean)

OR

CE (n1seH)

.

RESTSZ] TIN
v VNV

0/M \ |
2
!
]
! . .
> - 3
ADg, | ADDRESS ' - DATA VALID
L
e

. 1 + . . 0
l.__ o — — lpy ———,  w—— I, _......|
‘

]
ALE ' l / .
.____/:‘-——3:\L :
t el ¢ v
! R ! : fue A ) e g i
. I —— \
WA i/ 1 I\
: - wr -
- - ftce i tay |
TIMER IN \ .

STROBED INPUT

togs —he—

" e —/’ir ‘ | y \_.‘.
e

) ';'—‘l Ay : Sudt ‘—}" - "7
]

INTA : /—‘i\\ \ i

RO

l- Y e bt SRR

-
INPUT DATA’ A
FROM PORT R
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8155H/8156H/8155H-2/8156H-2

<

WAVEFORMS (Continued)

STROBED OUTPUT

BF

STroBE

INTR

. —1—-—-..

OUTPUT DATA
TO PORT

BASIC INPUT

[

3AYA RUS® x R

BASIC QUTPUT

.
M\_——L_/—?_
. ]
; fal T
NN 3G

g .
ouTPUT

X

*DATA BUS TIMING IS SMOWN 1 FIGURE 7

TIMER OUTPUT COUNTDOWN FROM 5 TO 1

LUAD COUNTIK FROM CLR —e|
3 ] 1 : 5

ML R N

HILOADCOUNTIH SROMCLA e
3 ? ' 1 [y s

Y 4
Yt R out \ P
ruLsh \ WOYL vt ’
" en e e
-~ v
vt e put \ )
ISOUART wavl) \ INOE W /
L e ]

NOTE 1 THE TIvER OUTFUT IS PERIDBIC IF IN AN AUTOMAYIC
RELOAD MODE i, WDDE BIT 3t

—en !
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We would like to express our a;)precialion for
your purchase of Model TX-100 Thermometer
Module. You will findittobe a meticulously
engineered, highly ' reliable instrument. To
onsure that you get the mdst out of your new
TX-100, we recommend that you read this
manual carefully before use.

|1 _GENERAL -~ ©

T ':Fgg
At :?f»;a ,
MANUAL TR

—

The TX-100 is multifunction rriodule that meas-
ures temperature, clock, and provides tem-
perature alarms.

At uses a thermistor sensor, and provides
digital readout of temperature from -18.9°C to
+69.8°C with 04°C resolution. its ultra-smail
size snd battery-holder case enable it to be
instalied in a wide range of equipment.

[ 2. _sPECIFICATIONS

Battery : One AA cell (1.5V)
Temperature | ~199°C to +69.8°C, or OF to
. . 1588F -
< 0.1°C (from 1°C to 29°C)
1 0.2°C max {outside the above
range)
Temperature measurement acéuracy
© t1C(O°C to 40°C, with 1.5V
power)

Clock accuracy : 10.5s ‘day

Dispiay °C, °F, time (hour : minute,

! 12-hour cycle), TEMP, Hi, LO

Operating condition

. +0°C to 60°C, 80% RH Max.
(No condensation)

. One year (Carbon-zinc cell,
clock mode or 10s tempera-
ture sampling)

‘Dimensions $ 8L ) X 35(H) x 26.5{D)mm

Weight L AL 0x, 459 (Incl. battery)

‘Accessories Ong AA battery

Resolution

Battery life

—

31 Preparations and Precautions

()} Place one AA battery in the battery case.
Note the polarity marks.

2} Avoid use in locations supject to high
temperature, high humidity, or vibration,

(3} Avoid locations where there arg abrupt
temperature changus,

{4) If used’near equipment that emits elect-

“rical noise, the TX-100 may give a less
accuwrate or unstaole reading.

(5) W the sensor altauned 1o the case is used,
the lemperatre measwement range should
be restricted to the operating temperature
range: 0°C to 60°C.

3~2 Names of Parts

(" Front case 7

@ Rear case'+-Also holds the battery
@' Main board

4 Lco "

& Sensoressieess Rr=40kQ(TYP)

B = 3550K £2%
& Output pine ---Function selection and alam
output signals
R

—

by

3-3 Pin Numbers anc’ mes

,__*r

Fcn".:m

~{Vo | &
Beupar ouguat —“ ~80|a&
°C.°F switcn et LA
Low dam g move  p2 | o AT
Hon slam semrg o 0, [ [FoTT
Tonpwubusre clock awitch ‘%‘ :_—‘" K=
LATCH = aadg, {wls
Sonal cars [DATA M |e
Hio - joe e
Mamagra f o - ———f e
lne " T {m [
Sampling pwriod swich 1w So— [ sy [
Used only tor acyustment  +——=o~—o— - o3 [~
Mirnae setting, alam ot s Jo
Tivearoa serung Tl e e
Temowanse cata nasd vl

1

Fig. 2

3-4 Thermometer Mode

When K1, K2 and K3 are all open, the TX-100
Operates as a thermometaer and displays the
moaswed temperatwre on the LCD. The readout
can be switched to °F units by providing Vi~
level input to K4. The sampling period is 10s
It S4 is open, or 18 if S4 is connected to Vi,
When the TX-100 is not used in the thermo-
meter mode. 54 should always be open, other-"
wise the time and temgerature-alam thresholds
cannot be set comeclly. Temperatures from
-18.9°C to +69.8°'C can be measwed, but
if the sensor attached 1o the case is used, the
measuemet range should be restiicted 1o the
operating temperature range (0°C to 40°C).
Temperatures beiow —19.9°C or above 69.8'C
are displayed as * -°. This display may aiso
indicate a broken sensor wire,
.

3-5 TYemperature Alarm

3-5-1 Temperature Alarm Selting

(a) Mode Selection

To set the high alarm thveshold, connect K2
10 Vi, TO sat the low alam threshold, connect
K3 to Vun, The temperature alarm function
operates in the thermometer mode and alarm
setting mode, but not in the clock mode,

{b) Set/Reset

In the high and low alarm thres! .d setting
modes, the TX-100 swiiches between set and
reset functions each time Vuu-lavel input is
applied to S1. When the set function is operative,
the characters Hi or L.O are displayed on the
LCD as in Fig. 3

F T oom

High Alarm LowA. m
Fig. 3

(c) Alarm Temperature Setting
In the alwm setting mode, the alarm threshold
can be set by applying Viu-level input 10 82,
The alam threshold value increases in 1 steps
as shown below.

It S2 is held at the Vuu level for 25 or moie,
the value changes continuously. Apply input
to §2 automatically places the TX-100 in the

set mode.

T T

{d) Alam Beeper

When the temperature goes oulside one of the
alarm thresholds, a beeper signal is Qutput at
the BO pin as shown in Fig. 4. Thy beeper
Sounds for Ss. It can be stopped during this
interval by applying Vin-level input to St or S2.

T

nn

Fig. 4




Temp. High threshold

3-5-2 T. wawre Alarm Operation
(a) 10s.Sampling Period

When the samplin,, period is 108, the tempe-
rature alarm signals M1, M2 and M3 and the
beeper sgnal BO huia their states for 1 minute,
as indicated in Fig. 5. After an alamm thveshold
_is set by S2, the alarm function is inhibited for
about 10s to 20s.

Low threshold

1min or longer

Fig. 5°

(b) 15 Sampling Period
The imin. hold function described above does
not operate.

3-6 Sensor

oThe TX-100 employs a thermistor temperature
sensor. f a thermistor other than the one  provi-
ded is used, it should have the following con-
stants:

Ar=4 (TYP)

B=3550Kt2%

When using optional sensor (TP-160,1770),
Adjust the variable resistor.

The optimum resistance can be determined by
placing the sensor in a constant-temperature
bath, comparing the indicated temperature with
the bath temperatwre, and choosing a resis-
tance thal makes the two agree.

Thermistor

3-7 Clock Mode

When K1 is connected to Vuu the TX*100
operates in the 12-hour clock mode, indicating
the hour and minute. |

The time can be set by applying Vun-level
input to S1 for the hour and S2 for the minute.
The hour and muwte setting are independent.
The hour does i.ct change when the minute
passes 59.

To set the time, first apply Vi-level input
10 St or S2 for at least 2s. The colon will stop
blinking. Thereatter, the hour or minute value
increments by 1 each time Vuo-level input is
applied to St or S2. If the input is held for 2s
or more, the value increments continuously.

The second value is reset each time the
minute value is set.. The colon tesumes blink-
ing 10s t0 20s after the setting is completed.

3-8 Serial Data Output

The temperature measurement is provided as
serial output on the M4 and LD pins. Figue
7 shows the timing of the.output signals.

MEEOG FEFELEEEERL
= MU
In

- r- Lala
L oty
] L3
S Y —
O »
[} "
— i [ 0
R or ‘
L
N 5 :
O "
Fig. 7 [N ae
121} 1]
Notes: L1 L
1 Voo lev.l represents 1, VssHevel
1epresvaits 0.

(2) Al data are 1 when the temperature is
outside the measurable range.

3‘ -

~~

3-9 Test Mode =

Itis possible to display .segments of the
LCD by providing Vub-level inj st to St and
83,

[ 4. PIN-OUT DIAGRAM ]
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NZ , NORMALDRY
DRY

»
A

22 ‘Me -ap

=t

SELECT OFERATION SWITCH

WANT RIT 0,1
CHECK ~ DRY MODE
IF YES, GOTO DRY MODE

IF A = 2 THEN GOTO F&N MODE
IF A = Z.1I8 NOT CARRY GBOTO AUTD

CHECE NORMAL. SW

CHECE NORMAL FOSITION



AIBOBE.ASBM  Fage : &

RE  COOLING  MODE
e (U QL L NG MODE
PLIT SLEEF, NORMAL  SW
TIMER SW ,
ROOM TEMPERATURE :
ROOM TEMFERATURE
EACH ZONE A,EB,C
S GE SLEER MODE
ING CALL READ TEMS
LD A, (SWTEM)
LD C, 8
LD A, (ROOMTEM)
CR C
JE €, NOBUR_CHE
JE 7, NOSUR_CHE
Jp £, NOSUR
LD B,
CaLL SUB_BCD
LD Y8
CR 2
JE NG, ZONE_A
LD A, (HOURTIME)
CE 2
JF NG, ZONE D
CF . 1
JF NG, ZONE €
Je ZONE R ;
iz JE TEST _MODE
F OHE: LD A, 0
OuT (FE) & 3
JP TEST _MODE
——— 70N E
UT B o= COMPRESSOR  ON L MINUTE 1
TC o= COMMRESSOR  OFF [ MINUTE 1

SWITCH TEM

C o= SGWITCH TEMFERATURE SE
ROOM TEM

A - C

e Az

IF & 2 C YHEN RETURN

FASE VALUE ROOM TEM

FIND VALUE DIFFERENTIAL
Ao RESULT

ROOM TEM > SET TEM THAN 2
IF YES, GaT0 ZONE &

IF NO THENM CHECH ZONE R
CHECHE OFERSTING

EE emZ RB omE

n22 EB ean

Lry

-y LD B, O5H
LD O, OFH
Call ZONE
CalL COOL FAN
JE TEST _MODE

Bo= COMPRESS0OR ON 18 MINW
= COMPFRESSOR OFF 3 MINYT

LY 53
i
[P
t
H

SET FaN MOTOR

(XY

B .D G, O3H B COMPRESSOR ON 2 MINUTE
L.D C,04KH 50 = COMPRESSOR OFF 4 MINUT
CALL ZONE s ZONE
Call. COOL_FAaN i BET FAN MOTOR

JF TEST_MODE

Cs LD E,OZH 3 B o= COMPRESSOR ON 18 MINUT
LIy C,07H i C o= COMPFRESSOR OFF 3 MINUT
CaLL ZONE s ZONE
CAaLL COOL_FaN i SET FAN MOTR

JE . TEST_MODE

D LD B, 03H f B o= COMPRESSOR O

.

NE MINUTE



A BOBS. ASM

Rk

AUTD:

LW

MED:

HIB

EXIT:

L.D
Call
CaAlL
J

LD
ouT
IN
AND
Cr
JF
QR
JE
CF
JF
JE

L.D
CALL
J
L.D
Al
JF
1.0
Gl
I
1.0
CAL.L.
RET

R S I .

) LJ "I" e

T
BENT

oz

-,
o

T
FOOM
EACH
SLEEF MODE
ALl
LD
L.D
LD
CF
J
JiP
LD
CAlkL
1.0
R
o
L.D
CF
JF
JE
F
JF

Fage &« 7

C,07H
ZONE
CODL_FAN
TEST _MODE

A, 10H
(FA)Y , A
A, (FC)
OEH
Z,CO0L_AauTo
A

Z,C00.L 10w
Z,C00L _HIG
C,COoL_MED

E,03
FANCHECK
COOL. EXIT
£, OXH
FANCHECE
CAOL_EXIT
E,07H
FANCHE Gl
COGL._EXIT
E,0FH
FANGHECH

v MODE
SLEER MODE
R BWITCH
TEMFERATURE
ZONE ALE,CLD,E,F

READ _TEMSW
A, (SWTEM)
C,A

Ay (ROOMTEM)
-

G NOSUERL
Z,MOSsURL
B, A
SUEBR_BCD
AN

2

NC, T ACE

Ay (HOURT IME)

1

C,
L2427
o

C

wz cam aws 33

=

G o= COMPRESSOR OFF 2 MINU
ZONE

SET

=R ®r mz

Fal MOToR
i CHECK FanN

CONTROL.  SWITCH

CHECK @W = auro 7 .

IF = AUTO THEN LOW SFEED

IF Az= 0 THEN GOTO LOW SFEE
AT FOSITION LOW SFEED SAME

IF A = 1 THEN CARRY SET &GO

I'F COMPESSOR OFF THEN E s

SAME QUTU'FOSITIUN

i SWITCH TEM
5 C o= BWITCH TEMFERATURE SE-
i ROOM TEM

A - 0
i IF A ¢ o

a3

THEN RETURN

i FASE VALUE ROOM TEM

i FIND VALUE DIFFERENMTIAL

i A = RESULT

3 ROOM TEM > SET TEM THAN 20
i IF YES, GUIO ZONE &

i IF NO THEN CHECKE ZONE_R

5 CHECE OPERATING TIME = {
i OFERATE = 1 Hr =3 Z0NE B
 GOTO ZONE A

o OFERATE =< 2 blir ——> ZONE T
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JT
JRY &

35, A

5

Fage & 8

Ji z2,2_T_D
JE T F

LD &y
CF 1
Je C,7 T
(W

JF

o

Lo

aur

N1

)

LD

JE

LD

D

JF

LD

LD

uF

LD

L.D

JP

L.D

LD

JF

(9]

LD

LD E
i.D

AT

J

£

o

DN(“%J
-‘.t\
3"'?

(‘.

(F14)
FEsT
B¢ )ur)
CnﬂiD

Ce

B, O%H

G, 04
CZ

B, OFH
Z,07H
il

By O3

C,07H
CZ

B, Q&
C, 10D
CzZ

B, QO3H

C,00H
A2
(COMP
ZONE
TEST _MODE
Y M QD E

SET NORMAL MODE
TIMER SWITCH

ROOM TEMFERSTURE

EACH ZONE Q,BUC,D,E,F
(AT READ__TEMSW
LD A, (SWTEM)
LD CeA

LD h,(hGUMTPM)
(M (I

JE C,ONZOFF&
JE Z ON3SOFFY
JF L NOSURZ

LD -y A

CALL SUBWBDD

LD R

CF 2

JE NC, ONEOFF 4
CF 1

J C,ONZOFF&
JE ONSOFFS

a
MODE

_Fany,

(HOURTIMED

i OFERATE =3 3 Hr. -3 Z0NE
yOIF NGO THEN CHECK 4UN£ R

3 CHECK OFERATING TIME = 1 M
i OFERATE = 1 Hr ——3 Z0NE A

Hr ZONE

v OFERATE =«
soN M e 20N

i OFEROTE

i OB = COMPRESS0R ON TIME © MINUT
3 C o= COMPRESSOR OFF TIME [ MINU

s SET
A

FRRAMETER
LOW SEEED

TO FAN CONTROL

OSWITOH TEM
3 C o= SWITCH TEMPERNTURE SET
oA = ROOM TEM

-5 A~ C
i IF ROOM TEMF SET THEN RET!
3 FARS VALUE ROOM TEM
§ FIND VALUE DIFFERENTIAL
§A = RESULT
i ROOM TEM SET TEM THAN 20C
O IF YES,THEN ON = &,0FF = 4

CHECK OFERATING
OFERATE 1 Hr
GOTO ZONE A ¢

TIME = 1
ZONE &

i

wm ——

=z EE oz
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Féy

Fé

T
s
3

UT

SFPEED FAN M
NL.Y 4

JT

Fage : ¢

LD B,0&6 7 PABE PARAMETER
LD Cy04 §O0FF = 4 MINUTE

JF NOR1

LD B,03

LD C,04

JF NOR1

L.D B,05

LD . E,05

Call ZONE .

LY A, (COMFLLAG) i CHECEK COMFRESSOR
OR A

JF NZ  NOR2

LD E,l i OFF COMPRESSOR %
JF NORE

.D A,02 § ON COMPRESSOR &

JE NOR4

LD AL, 00

JE NOR4

LD (COMP_FaN) , A

JF TEST_MODE

FAN ONLY MODE

NORMAL S

DON'T  BET AUTO FOSITION AT FAN CONTROL

OTOR FULLOW BY FAN CONTROL SWITCH

LD A, 1OH i CHECK FAN COMTHOL
ouT (26) , 6

IN A, LFE)

AND OEH

R 3

;3 CHECK 8W = alUTo v
JF Z,0UT0 F i IF = AUTO THEN NO
IR A i IF A= 0 THEN G071

JF 7 ,L0W
CF 2

JF Z,HIG
JF CyMED
LD ¢, 0

JF FAN_OUT
LD A, OZH
JF FaN_ouT
LD A, ObH
JF FaN_ourT
LD 5, OEH
ouT (FBY,A
JF TEST_MODE

IF A = 1 THEN CA

=3

FAN MOTOR OUT

e

ALULTOMATIC 0O F E

pa]
L

AT I OWN

LD A, (ROOMTEM)

CF 26H

JF Z,AUTO_FAN_ONLY
JF C,AUTO_FAN_ONLY
CF 27H

JE Z ,AUTD_DRY .

CHECE  INTD
IF ROOM TEM

=z "ER czu

ROOM TEM <

N\

B o= 0N COM

GN or OFF

TNDOOR Fal

INDOOR FaN

OFERATE
0 LOW SPEEL

RRY SET GO

FAN MODE
= 26 C

286 C
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AN (INILY 2 LD
LD
ouT
NI

OOLING: JF

Y JF

o s e e (3 (]

N LD
CF
JF
LD
CALL
S

s CF
JF
LD
CALL
JF
LD
caLL
JF

N

Sl 1D
(IR
JF
LD
DEC
JFE
LD .
oL
LD
RET
e i e (COEIL T
] SLEER,
TIMER
ROOM
FO0M
EACH
MODE
CALL
LD
LD
LD

T
T
T

N
NG

SLERR

T 10

28H
2, AUTO_COML ING

szs -am

N, AUTO_COOLING

A, O2H
(COMFLAE) ,A
(FE) ,A
TEST_MODE

A_COCLING
DRY

T RO F AN

a,E
-

NZ,CON_FANI
B, OF
FONDHECHE
TEST MODE
“

NZ ,HIGHL
E,07
FANCHECH
TEST MODE
o, OFH
FANCHECH
TEST _MODE

A, (COMFLAG)
A

MZ, 01

AL E

A

ey
-t i

5L E
(R, A
(COMP_FAN)Y , A

G IN  AuTOMATIC

NORMAL  SW
&

EMFERATURE
EMPERATURE

ZONE Aa,R,C

READ_ TEMSW
A, (SWTEM)
CyA

A, (ROOMTEM)

"
®

¢ AUTO

S FEE

=t ‘2z =sx

=3

a3

=z w2 a2

OFERATION

& g3

C

SWITCH

ROOM

ROOM TEM

OFF COMPRESSOR

RETURN MATN FROBRAM

AUTO FAaN CONTROL.
COOLING CONTROL

CHECE
CHECE

SET  FAN SFEED
Fan LOW SFEED

~y

FAgsE  FaRaAMETER

CHECK MEDIUM SPEED 7

SET HIGHT SFEED

CHECHK COMPRESSOR ON 7

WHEN COMPRESSOR OFF
WHEN COMPRESESOR

ON FAaN LOW SEEED
SAVE STATUS FAN

W

MODE

TEM
SWITCH TEMFERATURE SET
TEM

[y

COMFRESE
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LD
CF
\:I F"
JF
LD
CALL
L.D
CF
JF
LD
o
JF
CF
AJF
JF
JF

T

L 0N E

B

o
NIE_fz LD
.D
CALL
Call.
JF

LD
.0
Al
Gl
JF

NE

L

[y LI

c

a4
e £~
.
-

L.L.
L.L

> >

1,

=

D: 1.0
I.D
2T
Cat.l.
JE

NE _

e U

CALL
L.D
LD
LD
CR
JF
JF
JE

AN_CON:

Qe ot

COMFRESSOR
= CUMPFRESS0R

T O

Ma T

11

A, F9H

C

C, NOSUES

Z , NOBURS

By A

SUB_RCD

A, R

NG, AU Z0ONE_A
A, (HOURTIME)
-

NG, AU_ZONE_D
1

NG, AU_20NE_C
AU_Z0ONE B
TEST_MODE

ON T
OFF [

By Q5H

oy O3

ZONE
AUTOFAN_CON
TEST _MODE

B, QFEH

Oy 04

ZONE
AUTOFAN_CON
TEST _MIODE

B,0TH

£, 0O7H

2 ONE
ALITOF AN, CON
TEST _MODE

B, QX

C,O07H

ZONE
AUTOFAN_CON
TEST_MODE

-G

READ_TEMS®W
Ay (SWTEM)
C,hA

A, (ROOMTEM)
»

£, NOSURS
Z,L.OW_ON
£, NOSUES

MINUTE
MINUTE

F anN

£r1Y

=2 arc

=3 g

‘A% ME =

ws a3

a3 ax

zn ‘ae xx o

[\l

SIMULATE
A - C
IF A

2 THEN RETURN

/.
FASE VALUE ook TEM
FIND VALUE DIFFERENTIAL
A = RESULT
ROOM TEM > SET TEM THAN
IF YES, GOTO ZOME A
IF NO THEN CHECK ZONE_B
CHECK OFERATING

:
]
Ff =

G o=

COMPRESSR
COMPRESSOR

M 18
OFF 3

BET FAM MOTOR

B o= COMERESS
C o= Clpe
ZOME

SET FaN MOTOR

[
RESS0F

OFF

Bos= COMPRESSOR OGN 18
L= COMPRESSOR OFF =
ZONE

SET FAN MOTOR

Bo= COMPRESSOR OM 3
C = COMPRESSOR QFF
ZONE

SET FAN MOTOR

N T RO

SWITCH TEM
o= SWITOH
A oe= ROGH

2] C

TEM

IF ROOM TEMF <

SEY

L

"y
o

MINW
MINLY

O MINUTI
4 MIMW

MINUT
MINLY

MINUTE

SOMINYT

THEM RE
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LD
CALL.
Lo
CF
JE
CF
JF
JF

H (i
QR
JF
LD
LD
JF

N 1D
53
qF
LD
LD
JF

INH L.D
LD

%4 RET

(4 4 )
auT
RET

LD
CF
JF
LD
CF
J I’.'Z'
LD
AND
QF
LD
auT
LD
LD
LD
LD
LD
ADD
LD

CALL

A LD
AND

v OF

LD

Fage

v 12

B, A
SUE_BCD
AL B

4

NG, HI_ON

MG, MED 0N
LOW_ON

A, (COMFLAG)
A

7 ,L0OW_ON

By OFH
(COMP_FAN) , A
NOSUES

A, (COMFLAG)
A

Z,L0W_DN

A, O7H
(COMP_FAN) , A
NOSUES

A, OZH
(COMF_FANY , &

f,0
(FEY A

By CCOMIF_ON)
7

2., ONCHECH

Ay CCOMEP OFF)
bHéH

2, OFFCHECHK
A, (COME Fan)
QFH

O1H

(COMP _FaN) &
(FEY A&

A, OFFH
CCOMFLAG) A
Ay
(COMP_ON)Y , A
A, (MINTIME)
AN

E,A

TIME

Ay (COMF_FAN)
QFH

Q1
(COMF_FAN) . A

&

N

: FASS VALUE ROOM TEM
5 FIND VALUE DIFFERENTIAL
3 A = RESULT -
’I
L]
; CHECK COMFRESSOR ON 7
3 IF ON THEN SET

;5 HIGHT SBFEED

Fe o ON

S0KR 0N 7

FAN N

i CHECK COMPRES

v IFOON THEN SET

s MEDIUM BPFEED

y SET LOW SFEED FAN

COMPRESSOR FLAG
SOVE

B o= TIME ON

QN



PR 808E.A5M Fage

IR

IMEs -

ouT
CALL.
OR
JF
LD
AND
LD
GuT
LD
1D
L.D
LD
L.D
LD
ADD
1.0
Gl
(h}
AND
LD
ouT
CALL
OR
JI
X O
.D
RET

FUSH
FUSH
LD
SUE
NIz

\:I F:.
LD
LD
JF
LD
INC
LD
LD
LD
SUR
LD
PO
FOF

RET

FUSBH
FUSH
L.D
LD
CF
JF

13

(FEY , 6
CHECKT ITME

A

NZ,EXIT

A, (COMP_FaN)
OEH
(COMP_FAN) A
(FEY , &

A, 00
(COMFLAG) , A
A, boH
(COMF_OND L A
(COMP_DFF)Y , A
By (MINTIME)
A, C

E,A

TIME

A, (COMF_FAN)
OF M
CCOMF_FAND. , A
(FIR) A
CHECKET IME

A

NZ,EXIT

A
(COMP_OFF) , A

L.

DE

Ay (HOURER)
()

Gy TNCHOUR
2y INCHOUR
Ay, E

(NEWMINGTEY A

Ot

Ay CHOURT IME)
A
(NEWHOUR) , A
AL E.

L.y HOURER
(L)

(NEWMINUTE) ,A

DE
HL.

HL.
BC

A, (HOURTIME)
ML, NEWHOUR
(HL)

CL,RETFE

n
E

a

CHECE @TATuS

2t

SAVE STATUS

COMFRESSOR FLAG OFF
BAVE

Az eze

HOURER =~ NEWMINUTE
IF OVEFR HOURER THEN INCREMENT
HOURER ELSE  NO  INCREMENT

NEWHCIUR

FABS RBY  TEST MODE SWITCH
ABSUME 20D

i CURRENT HOURER

i NMEW HOURER -~ CURRENT HOUR
i IF NEW HOURERe > CURRENT T



1o

TFF

Thz

QUITFLUT

B_BCD:

LINFLT
SUTHUT

AD__TEMSW

ML
LTHELET

b TEM:

A BOEY, ASM

ENELT

Fage @+ 14
Lo
DEC
CF
JE
LD
\:I l::‘
LD
PO
0
RET

Sy (MINTIME)
Hi.

oA = FFOELEE CHECK MIN
CHL) :

FOINT TGO NEW MIMUTE
CHECK MINUTE ‘

IF NEW MINUTE > CURRKEN
JUME TO RETURN & = FF

CLRETFF
A, 0
RETA

A, OFFH
B

HL.

ROUTINE SUBRTRACTING BCD EETAWEEN B - ¢ = R
I ROOM TEMPERATURE

G BWITCH TEMFERATURE

5]

u
v

"
.

FLUSH AF

LD ., P9H 5
SUIR o
MG 12
ADD A, EB
BT ATAY
LD
FI- O i'ﬁl‘
RET

FACKED ERCD

9H = C

i L99H - )y

B o+ {99 - )]

.....

STORE RESULT TO B

za o

w3 ean cw
j ]
m
ez,
=
=
r
iy
—
i
ity
i3
-

B, A
aF

ROUTINE READ TEMPERTURE BUITCH FROM REMGTE
REMOTE SWITCH
SWTEM  MEMORY

FUSH
FLISH
LD

BC
HL.
HL, DEGREE i

TABLE  TEM

LD Ay G4 H OBIT 2 PA =

auT (F&) A ioBUFFLY TEST TEM SW1TOH
IN g (FC) i READ TEM SWITOH

MDD OFH

JI Z ]

L.D Cyh

INC HL. 8

DEC
J F"
LD
L.D
FOF
FOR
RET

C -
NZ ,LF

Ay (HL)

(SWTEM) , 6.

HL

BC

i READ TEM FROM TABLE
BAVE DEGREE  TO MEMORY

z -

ROUT TNE
PDATATEM
TEMRESULT

READ TEMPERATURE
TaplE 9 BYTE
MEMORY

FROM TX-100

FIGH
FLISH

&o
DE



R %y
OHE.

ABM
FLISH
ChalL
LD
INC
L.D

LD
Catl
L.D

ING
LD
G
OR
l..D

NG
LD
OF
LD

LD
ITNE
LD
LD
(oall.
0K
LD
INEG
l..D
oy
JF
LD

L1
F O
FOF
F O
RET

- thig s ey oo E;l..l l r...‘ I

TH: RRCA
DEC
JF
RET

H@CH
DEC
J |1:‘.-
RET
bl 24 SR AT
LD
LD

SHIFT

Fage

RIGTH

LEFT

15

HL

HEADTEM

Hi. , DATATEM
HL.

A, (HL)
C,00
SHIFTL
B, 6

EET

HL.
('\1 y (""lL.)

£
B, A
ML
Ay
i
B

(HL)
A

=, 1
HL

gy CHLLD
C E
SHIFTRIGTH
B
B, A
£
Ay G
=
NZ,NOW
AR

CROOMTEM) , A
HL.
Ot
BC

("'-
MNZ L, BHIFTRIGTH

:

NZ , SHIFTLEFT

TEMPERATURE

ML, DATATEM

£, G9H

e cxz

P
9

-
4

0

o

“
a

¥

DATAT
D xl

DX

SAVE

D4 T

DS ~ DY

REGT

S16N

BAVE

£M SaVE
SAVE

T BT

RESULT

TG

O BIT

=]

- E

STER
\

+ DATA D1

SIGN

TG BIT

7

&

2]

TO BIT 4 -

~ DY

(oY

B OSTORE RESQLT
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N Ay (PO
AND 1OH
JF NZ, BT
CaLl DELAYZO v
CALL CHECKLD1
TIN A, (PG v READ M4
AND 2O 5 WANT M4 ONLY
LI CHLY A 1 BAVE SIGN
ING HL 3 NEXT TO D2 - D%
Gl CHECKLDO
DEC E
N NZ , READ
RET
D1 In By (R
AND 10H
S Z,CHECKLDI
RET

CHECK LD BIT 4

T

Do TN &, (PO
AND 10OH
NIE NZ,CHECKLDO
ey

e DELAY  TIME 20 MSEC
201 FLSH BC
FLISH D
L1 D,01H s 1 O1H ZOMS
L £, 25k s 0f FOR 1 SEC EEH ROMS
L £, RAH Y05 ‘ HoH 2OMS
DEC E
JF NZ, DLE
DEC e
S NZ, DL
DEC D
NiE NZ , DI 1
FOF DE
FeE BC
RET

INTERRUP SERVICE FROWUTINE

T e ot 00 10 S5 000 it e 1T S et i e 418 18 021 Gt i S 1S 148 S e Sk e 4R s A S S0t 3 e bt 21 RTS8 S0t et w11 v ERpp— - R L T TP p—

INTERRUF FIN RST 5
EXECUTE ADDRESS  QO0ZCH  ( 0044 )
DECREMENT TIME 1 MINUTE
T INTERRUF 1 MINUTE DECREMEMT TIMER TARLE
LT CHANGTH  TIMER TARLE
MEMORY TEST OR NORMAL I8 MINUTE AND HOURER

X CALL READ_TEM
FUSH AF
FLISH HL.
EOTEST MODRE SWITCH
COND = 1 MINUTE .
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SECOND = 1 HOURER
LD
ING
LD
CF
JF

MINUTE
X O
LD
)
ING
LD
e
ME
XOF
LD
LD
THE

¥ JF:

AND
\:J ‘::‘
g
FOF
FOF
BT

RET

~EMENT

CLEAR

17

B30 MINUTE

HL., SECTIME PO INDEX SEC TIME

(HL) i INCREMENT SECOND -
A, (MINUTE) ’
(HLY
MZ, EXIT_

SBECOMD
A i PREFARE SET SECOND = O
CHLY A P BET BEC = O
Hl , MINT IME fOFOINT TO MINUTE

(ML) pOMINUTE 5= MINUTE + 1

&y (HOURER)
(HL)

NZ, EXIT_
A

e X3 @z

CHECK HOURE M
INC HOURER

(MY & s CLEAR MINUTE

L, HOURT IME i FOINT TO HOURER

(HL) 5 ITNG HOURER

NZ , 00 3 SIMULATE INSTRUCTION “RIM®
GO0 1 OO00OR P CHECK RST 5.5 PRESENT FENDING
7, PABS

CEXIT

Hl

AE

TEMFERATURE
D&
DE 12 2T
D L

EMD

TIME
JUREF

TARLE  SWITCH

LGH, 20H, 21H, 22H, Z3H, R4H, 25H, 26H, 27H, 28H , 29H,, “0H

4,5 ,6,7,8,9,10,11,12



nAns s nae

Tﬂ:nnuzﬁu?‘lnmumqmwmmnmqu q thu mﬁaunmm?qm
21NT Wﬂvﬁhnqﬂ ﬂqwq:unﬁ:nuﬁ ﬁ?nhuqu:1nuvnuihnﬁunﬁrnﬂqqumﬂqtn:ﬂq

ﬂTUﬂﬁﬂﬁﬁ ﬂﬂﬂﬂﬂhmﬂﬁ?ﬂtﬂﬁﬂﬁﬁﬂ" ﬂTHﬂﬂﬂﬂ ﬁqﬂﬂﬁﬁﬁi l%ﬂuﬂWUﬂﬁTﬂIQ?ﬁﬂU

ﬁﬂUhHaﬁﬂﬂﬁQ | Mlﬂﬂﬁuqunﬂtnﬁiﬁtlﬁh ﬂﬂﬁﬁﬂﬂﬂﬂﬁhﬁhﬁ?ﬁ?ﬂ awuquaﬁnvnhn a
'
Mﬂﬂﬁﬂﬂﬁﬂﬂ?ﬁﬂ?ﬁMﬂ.ﬂ?ﬂquﬂﬁfﬂﬂaﬂﬁ 1ﬂfl?ﬂ

e

ﬁ'qmunuuunummﬂnquuwuﬁu nmwuu (BNUs daz wa'muwnuauu

"V

'ln 070U U T



o ¢ ~
X RELTERGR

)
! o . &

' . ) . 4 . « & ‘
1o 0 ﬂﬁﬂ'lﬂ% %W‘ﬁWWﬁ?VIllﬂ:MU'JUH')'UJ?'\",IJ; " ﬁlﬂﬂi‘.‘llﬂ‘lu M
u
2529 :

\J
o

' . ’ - & l L.
- 2. pieleglulas s insienst 0T Sienyirdls in, 2520

5. Lance A. Levenmiual ,"8088A-8085 hssembly
Language Programming" ,0sborne/Mcgraw-Hill,Berkeley,
CaliFornia,1986 '

4. "Osborne .8 Bit Microcessor Hand Book",

Osborne/Megraw-Hill,Berkeley,California, 1986





