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ABSTRACT

780180 DEVELCPMENT AND TRAINING SET IS DESIGNED FOR
STUDYING AND EXPERIMENTING . THIS THESIS HAS DESIGNED LIKE A SINGLE
BOARD SET THAT USERS CAN STUDY , UNDERSTAND AND DEVELCPE IT
CONVINIENTLY AND CLEARLY.
' THE CONTENT OF THIS THESIS IS ABOUT 16x1 CHARACTER LCD
DISPLAY , 4x8 KEYBOARD , ANALOG TO DIGITAL AND DIGITAL TO ANALOG
CONVERSION , MEMCRY 1 MB , Z80180 BOARD . 780180 DEVELOPMENT AND
TRAINING SET IS COMPLETE AND SUITABLE FOR USING IN LABORATORY .
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H
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ST
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CLEAR TO SEND 0 uav 1 1fum INPUT ACTIVE LOW Mlumamue
Tudin

DATA BUS luuuy 2 fismy

DATA CARRIER DETECT 0 i{luen INPUT ACTIVE LOW msuaain
mdaderiulufiutee ASCI CHANEL 0

DMA REQUEST 0 wgy 1 uuw INPUT ACTIVE LOW 1lumsee DMA
wavniarsuna e semedynadieouiareu e

ENABLE CLOCK  \flut OUTPUT ACTIVE HIGH ##&edmavhouriu
qﬂnizﬂmauamzm’mm‘mmﬁmﬁu BUS usvlfifonsarugunnimeiu
a7ena 68XX uay 80XX

{Siusn OUTPUT ACTIVE LOW awnomdiavnénds HALT vo SLP
MASKABLE INTERRUPT 0 iuz1 INPUT ACTIVE LOW dtynnosimit
AWGNATINNN ¢) T L aRagat

wideniy INTO'/Lfsiﬁizﬁumméwﬁmsmmmmumﬁu
dumenniousnirhdsdiedeiy 1O wien 1CE Tu 64180
MACHINE CYCEL 1 uer OUTPUT ACTIVE LOW az’n’muuﬁa
FETCH OP-CODE viaiflum LIR 209 64180

NON MASKABLE INTERRUPT luen INPUT ACTIVE LOW ‘?J‘]&‘Q.‘:ﬂau
Sumadwaniiwhiaslas bismnronyeseganiuag
HunifmsudayamnisanadioqunsnBunmiainn

u’]umﬁ‘lﬁ ADDRESS LOW (A0-A7) 14/ REFRESH DYNAMIC RAM %3
1 REF 909 64180

REQUEST TO SEND iflumn OUTPUT ACTIVE LOW mwfmﬂ‘mmu
Sunnmmueuludinmes ASCI CHANEL 0

RECEIVE DATA 0 uas 1 duniudynnainwainaynismes

ASCI

CLOCK SERIAL RECEIVE DATA umniudynnne SERIAL #849 CSI
STATUS iut OUTPUT ACTIVE HIGH lfusmesmuemsyinautes
CPU louaariy M1 use HALT oanTH



TENDO-TEND1 TRANSFER END 0 ua 1 {um OUTPUT ACTIVE LOW Miuamefia
i DMA Sugnand

TOUT TIMER OUT MWrinfiewadn PRT CHANEL 1

TXA0 , TXA1 TRANSMIT DATA 0 uar 1 \Jumcefoyn SERIAL %8¢ ASCI

ST HALT M1 Operation

0 1 0 CPU operation
(1st op-code fetch)

1 1 0 CPU opetration
(2nd op-code and
3id op-code fetch)

1 1 1 CPU operation
(MC except fo op-code

fetch)
0 X 1 DMA operation
0 0 0 HALT mode
1 0 1 SLEEP mode (including

SYSTEM STOP mods)

NOTE X: Don't care
MC: Machina cycle

M 2.1 LLﬂﬂdﬂﬂ'\'J.‘:ﬂ’lT‘ﬂ"N’lu‘[ﬂH‘ﬂ'l ST , HALT uas M1

TXS CLOCK SERIAL TRANSMIT DATA iumeiayn SERIAL %89 CSIO

WAIT 1 INPUT ACTIVE LOW asgnamsfivermestas CLOCK ot 2 289
1N ] MACHINE Wadunmegunmaimeventheiuiumminuees
CPU

WR Wsmiumdetayalifmnibuywammiombaai

X'TAL durfilidotueionaa - -

| onfl MULTIPLEX 1

T AaAG 1V -l o< ’./ Dad
Al18/TOUT W'\d‘il‘ﬁﬂ‘%kﬂu A18 u@miEnm@an SET BIT TOGL wia TOCO



1% TIMER CONTROL REGISTOR (TCR) fiagviififiu TOUT
CEAO/DREQO Tewiviidnmfianily CKAO wdth DM1 w3 sM1 lu DMA MODE
REGISTOR (DMODE) gnefmiin 1 azsfium DREGG ©
CRAY/TENDO 1zwiwdidnazfluan CKA1 uth BIT CKA1D Iu ASCI gnimeuilum

TENDO
RXS/CTS1  TewinTdnmilazum RXS & BIT CTISIE In ASCI gnidmasdiumn
CTS1
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Fafiéhuiu 64 VO ADDRESS suamalunswdt 22
¥n MAP VO mulwszdiwilisunas 280 m'w?;mﬁaq’mm:ﬁmsﬁawa‘?ﬁ%ﬁ
fu vo moln mlillsunsdninoulild susoudteldleemsldunsuds MAP VO
meln Tems CONTROL BIT lw REGISTOR VO ADDRESS 3FH dwnanmnihwiufile

&0
Slemulu 256 ehumds deit

@IT 7 6 5 4 3 2 1 0
[CA7 | IOAE | IOSTP

v
LLﬂ.‘iﬂ"l‘iIﬂ‘ILLﬂ‘iN’iZLﬂumu

IOA7 | 10A6 %29 ADDRESS /O
0 0 0000 - 003FH
0 1 0040 - 007FH
1 0 0080 - 00BFH
1 1 00CO - 0OFFH

g daanmthe 170 aelw Y O ADDRESS 80 H ifiwdiu aslisunsuld
i - -D - ~-¢0 . 80H
OUTS (3FH) , A

ghw [0STP : IOSTOP MODE BIT 5 w1 soli /O muluvem
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2.1.3 OPERATION MODE ,
780180 eansorvueminoubivilaw 64180 1§ SET BIT CONTROL
MODE CONTROL REGISTOR (OMCR VO ADDRESS 3EH)
' MIE (M1 ENABLE) : swhdiiviviiandu 1 M1 wwinaniin LOW Sl
FETCH OPCODE uasfiesninmavhénds RETI 989 2680180 agnniswh 2 afln 1 andeds

. - x :‘I w L] o o v : v » 1 L] \.l
A M1 3u 2 adsdnedunaaen dedwaaswidinididindah s mumdnd

Register Mnemonic Address
Binary Hexadecimal
ASC! Control Ragister A Ch O CNTLAO XX000000 O0H
ASCH Control Regjister A Ch 1 CNTLAY XX000001 O1H
ASCI Control Register B Ch O CNTLBO XX000010 02H
ASCI Control Register B Ch 1 CNTLB1 XX000011 O3H
ASCl ASCl Status Register Ch O STATO XX000100 04H
ASCI Status Register Ch { STAT1 XX000101 O5H
ASCI Transmit Data Register Ch O TORO XX000110 O6H
ASCI! Transmit Data Register Ch 1 TDR1 XX000111 O7H
ASCI Receive Data Register Ch O ADRO XX001000 08H
ASC! Receive Data Register Ch 1 RDR1 XX001001 09H
Csvo CSI'O Control Register - CNTR XX001010 OAH
CSVO Transmit/Receive Data Register TRDR XX001011 0BH !
Timer Data Register Ch OL TMODROL XX001100 OCH
Timer Data Register Ch OH TMDROH XX001101 ODH
Relosd Register Ch OL RLDROL XX001110 OEH
Reload Register Ch OH RLDROH XX001111 OFH
Tiner Control Register TCR XX010000 10H
' Reserved XX010001 11H
Timer s S
XX010011 13H
Timer Data Register Ch 1L TMDRIL XX010100 14H
Twner Data Register Ch tH TMOR1TH XX010101 15H ,
Reload Register Ch 1L RLDR1L XX010110 16H }
Reload Register Ch 1H RLDR1H XX010111 17H i
free Running Counter FRC XX011000 18H i
Reserved XX011001 194 i
Others § § ‘
XX0111%1 1FH i

aTf 2.2 INTERNAL VO REGISTOR



) Address ‘
Register Mnemonic

Binary Hexadecimal !
OMA Source Address Register Ch OL SAROL XX 100000 20H

.
DMA Source Address Register Ch OH SARCH XX100001 21H
DMA Source Address Register Ch 08 SAROB XX100010 22H

DMA Destination Address Register Ch OL DAROL XX100011 23H {
DMA Daestination Address Ragister Ch OH DAROH XX100100 24H
OMA Dastination Address Register Ch 0B DAROB XX100101 25H
DMA Byts Count Register Ch OL 8CROL XX100110 26H
DMA Byte Count Register Ch OH BCAOH XX100111 27H
OMA Memory Address Register Ch 1L MARIL XX101000 28H
DMA DMA Mamory Address Register Ch 1H MARTH XX101001 29M
DMA Memory Address Register Ch 1B MAR1B XX101010 2AH
OMA /O Addrass Register Ch 1L 1AR1L XX101011 2BH
OMA /O Address Register Ch 1H 1ARTH XX101100 2CH
Reserved XX101101 20H
DMA Byte Count Register Ch 1L BCRIL XX101310 2EH
DMA Byte Count Ragister Ch 1H BCRIH xX101111 2FH
OMA Status Register DSTAT XX110000 304
DMA Mode Register DOMODE XX 110001 J1H
DMA/WAIT Control Reaister DCNTL XX110010 32H
IL Register (Interrupt Vector Low-Register} [ XX110011 33H
INT INT/TRAP Control Register ITc XX110100 34H
Reserved XX110101 35H
< Address
= Ragister Mnemonic
. Binary Hexadecimal

Refresh Refresh Controi Register RCR XX110110 36H
Reser/ed XX110111 37H
MMU Common Base Register CBR XX111000 38H
MMU MMU Bank Base Register BBR XX11100t J9H
MMU Common,/Bank Area Register CBAR XX111010 JAM
Resarved XX111011 38H
10 XX111101 3DH
Opearation Mode Control Register OMCR AXX111110 3EH
1.0 Contro! Register ICR XXti1111 3IFH

797 2.2 INTERNAL O REGISTOR (¢i8)

D7 | D6 Db
—1oC (R'W) :
—.  MITE (W)

—MIE RW
mumqmm MIE ssgniimiflu 0 dwy 280180 etk M1 qnmmﬂnmamammé"a
RETI avdl M1 quemmmmgﬂ



L L L B BT L LW hHhLT Wit '

» SUyvuuvuUuwUrguUuygU ‘

Ae=Anla _(_PC_ X PC+1 ) ey
EDH ADH EDH 40K
Oe=0» Fam) I ) L\ O
S \- "
T (mree ) f { H [ A
@ =0 "~ i 1 j |
MREG —___ S pany N
.11 ™ [ 1 . ~
ST : l I H .

7t 22 TIMING DIAGRAM snmasmd MIE

MITE (M1 TEMPORARY ENABLE) . \riunmsseduwadineriy Z60 PO

1oc : uiinl¥enuqu TIMING %89 IORQ uae RD Window 280 wia 64180 Towth
finitgridvidiu 1 TIMING aufiures 64180 fia IORQ uew RD Az ACTIVE fivarmnanes T1 us
Siinilidu 0 TIMING asfuzes 280 Anay ACTIVE favaniuzns T2 v WldRunTriaiuauu
w09 780 & sewinddimdnitandiu 1 deg

2.1.4 fitnfy TIMING

260180 Mamlumavéndlu 1 MACHINE CYCLE stouri 280 o 1 T

'STATE fiol#osnlu 1 MACHINE CYCLE (iew 3 T STATE lueoiei z80 ¥4 T STATE
auiulohluonifil 280180 shomenaiidientiuty 280 CPU Z80180 fitlensdann
Z80 B 25% unluznedlarin 280180 themsnmedis CLOCK i 280 idhnnman 1
oo lumanomiess 260180 Fiann

Ty T2 Tw T3 Ty T2 Tw T,
g1 [N B g LI LI
o —— — —
. e - 1 — RO ﬂ —
" — " —
o R;a& V‘\;ite Cycle When I0OC =0 /O Read Write Cycle When IOC =1

7U# 2.3 TIMING DIAGRAM ¥4 10
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2.1.5 WAIT STATE GENERATOR
280180 v'nmmﬁ":&m’:mﬁﬁ@'ﬁuﬁm’mﬁﬂ’h’wﬁ') samaEvde VO vomliiudeda
Ifyoaenduihtiuimueaamionsewin CPU ﬁuqﬂmﬁmuuamﬁuﬁﬁa Fynm WAIT
%QQSTATE vioviadh s lugnedi CPU URtendm3orh DMA dhe
§ nlsunswacld 4 BIT 989 DMA/WAIT CONTROL REGISTOR (DCNTIL VO
ADDRESS 32H)

BIT 7 6 5 4
MWT1 | MWIO Wil TWIO

BIT 7 , 6 MWI1 , MWI0 (MEMORY WAIT INSERTION) '%"'/.l'mﬁl'ﬁNmﬂ 0-3
WAIT STATE 2semyidhe MEMORY keeumslitsunss

MW | MWIO | 41wsu WAIT STATE
‘ 0 0 0
" 0 1 1
1 0 2
1 1 3

BIT 5, 4 IWI1 , IWI0 (VO WAIT INSERTION) '«ammwﬁu WAIT STATE W

iy V0 meusnan 1-6 eeNTN

§

Wil | ITWIO VYO mauan INTO
0 0 1 2
0 1 2 4
1 0 3 5
1 1 4 6

; wiwh WAIT STATE 209 VO, snfinl MEMORY atjuils T STATE wme
wnizdhile VO 1n@ WAIT asgnifisdn 1 aguds sofudlaiin WAIT STATE dhlifasmariuf



T

o
fagnfuavehu INTO fitwdeniuuniiio IN@Jnﬁazﬁ WAIT STATE a§ 2
WAIT STATE usswisfiin fn CONTROL WAIT STATE v 4 audiu 1 omuodts gl
Tvueae MAX WAIT STATE
Fethuth AN WAIT STATE Wwmadhflonieenad 2 WAIT

STATE asllsunsssioi

IND A ¢ (32H) . IN dﬂu?ﬁama% DMA/WAIT
AND 6BFH - FILL wwelin 7 uae 6 Wi

e 2 Py Y 3 | mio p-o%
OUTC (32H) , A . A IN u& AND fimmeii3aaseTiims

- vuaEay DMA ¢aiuimas FILL wwiedin

- fiRedamrlsunsx

2.1.6 HALT ua¥ LOW POWER MODE
foreriu 4 MODE @a

HALT MODE lnehenda 76H asili CPU wyawnennds wdnsvinaiueng «) 289 CPU
devnun@msssnan HALT lne RESET %3a INTERRUPT

SLEEP MODE lmummvnéndy SLP % CPU aswym CLOCK melwil¥ ADDRESS
lw HIGH , DATA BUS \lu TRISTATE , DRAM REFRESH , INTERNAL DMAC W&}ﬂﬁ’l
smmsaanain SLEEP MODE leanifdmidaduinatinm

IOSTOP MODE |#ugamaamiessiwmeludie ASCI . CSVO wss PRT loanm
wnfinlu VO CONTROL REGISTOR (ICR VO ADDRESS 3FH) il 1 ussaglivhomdiaf
RESET v3altsuntulviviu ICR dlu 0

SYSTEM STOP MODE _ ifiumsTisiiuzas IOSTOP fiu SLEEP MODE laemaudn
fnlu ICR W SLP awnlt 10 mulungenmuay CPU mmﬁmmﬁ'mﬂum‘i
dseniomdnuiolulmedt CPU asfunsmuaiies 75 MA Inwownfissiunssusiissn 3
MA iipazoanain SYSTEM STOP MODE filaemTdvmviadumeiiwiamnmenan

2.1.7 MEMORY MANAGEMENT UNIT (MMU)

Wifiushaensmizuenndn 64 K (LOGICAL) dix 1 MBYTE (PHYSICAL)nu
nuLls 64 K BYTE LOGICAL @ ADDRESS tn@ifilfiswidieriy z80) diu 3 dhwlumsiiom
M #a COMMON AREA 0 BANK AREA uaz COMMON AREA 1 lamirmue
Tusurmdn MAP LOGICAL ' REGISTOR VO CRAR (ADDRESS 3AH) #iluiiawasiasgn
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i 2 fuda Ao 4 Dngoues 4 Twen Tow 4 ngoldlimunendiudives
COMMON AREA 1 uav 4 fvenilusunsudou BANK AREA diaiumilisunwiianst
CBAR #fiaxdn MAP {diflu 2 o 4 iy saql

COMMON AREA
AREA 1 1
BANK BANK
COMMON
AREA O
At> BANK = A0 '(0H) Al> BANK > A0
’ CBAR = D4H CBAR = FO (nawiiimiuaudd)
AREA AREA
1 1
AREA
0
Al= BANK > A0 Al = A0 (OH)
CBAR = FFH CBAR = 0H

TUT 24 uSRIMIRAMUREANIN

angUifumshisunsfiswed CBAR W MAP LOGICAL i COMMON
AREA 0 ‘%ﬁhl@i ADDRESS 0000-3FFFH , BANK AREA G:l:duﬂ' 4000H-CFFFH uav COMMON
AREA $audl DOOO-FFFF stiiilumasenln CBAR ¥ 2 fudle wnsfiudiagoduzes AREA
1 #ufe ODH ff AREA1 (3uusi DOOOH-FFFFH uasiudiasezduqafugatas BANK AREA
%1 048 fidadoan AREA 1 fiudiluaudle 40008 i BANK mfadufiu AREA 0 iuas
anehiliisunslu CBAR Sovllsunss COMMON AREA ¥ 2 uny BANK &
Faust 4 KBYTE uluiidu Wauidiegees CBAR = 0FH fida AREA 1 fienetousl FOOO-FFFFH
@0 4 K arhedniway) ussqefnidunganniin MAP ¥ 4 laiuda COMMON 0 uas
BANK asrofidhumisfiridouiuls Ghumiadentu) use COMMON AREA 1 iy BANK 1
snsrmolutsunmaWiagfiler aehdereaoud 4 KBYTE Sulaschu PHYSICAL ADDRESS
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MAP LOGICAL Und

FFFFH
COMMON
AREA 1 REGISTOR CBAR
DOOOH 4 BIT §4
1101
D7 D6 D5 D4 OFFFH
BANK AREA
4000H 4 BIT #n
0100
D3 D2 D1 DO 3FFFH COMMON
AREA 0
0000

(1 MBYTE TnulhaAaaeaisn 2 ¢h) usidaiu COMMON AREA 0 umauilu BASED w38
MONITOR #esamiuias : '
anfnsmnindsliwefonmaensmissenadsaniiinnmi 64 K weimaf
azthemiuemsdfiunh 64 K ShiavineBecurns LOGICAL he e 280 1
sl snfuidmibseneirvmeiedadiudiutes LOGICAL ud
HoyefignnasinGeaniiuchuune PHYSICAL imu Tuendsmmaidiugtoil
LD A, (8000H)
%wumnmé"e&mﬂumwhﬁuﬁLmu\a 8000H (sisyf uean BANK AREA) UsiT1
&n PHYSICAL AREA U3 10000H shwfvanuemarhmminendshandifoyssgnnaid
ADDRESS 10000H 1iuig

Mme#n PHYSICAL ADDRESS
1) aenTevnluchures BANK usy COMMON AREA 1 laerhwmeiiawa /O
CBR uaz BBR goafan 1000H uSnbnfiidinfu LOGICAL ADDRESS wastwiun (BANK
v3a COMMON AREA 1)
2) rmmssvsadeaumeln CPU @1 soiumadn ADDRESS Tultaunsadf
Sufln 64 K @ama LOGICAL firvmalu CBAR viuiag
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REQISTERCONTROL
CBAR : COMMON/BANK AREA REGISTOR (/O ADDRESS 3AH) ‘l%’ﬁmumﬁuﬁvao
LOGICAL V;Lﬂu COMMON AREA 0, BANK AREA av COMMON AREA 1

BIT 7 6 5 4 3 2 1 0
CA3 CA2 CA1 CAOQ BA 3 BA 2 BA 1 BAO

CA3-CA0 : \flushrhmun ADDRESS B33éuzas COMMON AREA 1

BA 3-BA 0 : iludirivueqe ADDRESS qm'hmmﬁuﬁ BANK AREA ?:siamﬂqm
Anduzo: COMMON AREA 1

CBR : COMMON BASE REGISTOR (VO ADDRESS 36H) ifu REGISTOR /O 8
findoldrifin PHYSICAL COMMON AREA 1

BBR : BANK BASE REGISTOR (VO ADDRESS 30H) rifi PHYSICAL BANK
AREA

$raths fvualineiineth 0000H-7FFFH wer RAM MWowdt 10000 Tewdiud
STACK fifiefi 4 X weriwdin BANK swsfufnenl¥fu BANK st AREA 1 i MAP
LOGICAL rimualdd

wehlei BBR ugs CBR STACK # 18000 H (PHYSICAL) i LOGICAL ifiu F000 H
Srasiuenfilsii CBR 1fiu

FFFF STACK
FQ00 RAM
EFFF USER

‘ 8000
7FFF | MONITCR
0000

18000



%38) ¥ 2537

v L U
Yivdya SRR

*AIIEnT
1.l QPN ding,

‘_ﬂm

anfrmuudrh el CBR avgmidhy 1000 Ededulwmenduiudoanie
sty CBR fidasimmnsehueshatudne 1000 H ey CBR = 09 H s RAMUSER
(BANK) fiswidienrin 10000
" 8000
08000 7BBR =08 H
Sodumslunmamlmdshathoaniu
CBAR =0F8H , BBR = 08 H ua¥ CBR = 09 H
iodmanindingle CBAR fiuifladh ADDRESS qevhueas BANK il
8000 + (BBR = (8) X 1000 H) = 10000 H
CBAR firfivge ADDRESS Baduzos AREA 1 (il
0F000 + (CBR = (9) X 1000 H) = 18000 H
malusunss LD A, OFgH
i
OUTG (CBAR) , A
LDA 8,
L
OUTQ (BBR) , A
LDA, 9.
OUTS CBR) , A

FFFFFH
FFFFH
STACK CBR =9
At
CBAR 4 BIT g1
111 FOOOH » 18000
EFFFH | RAMUSER BBR = 8 BANK
CBAR4BIT @  8000H * 10000H
1000 7FFFH
MONITOR O7FFFH
- A0
0000H 00000H
LOGICAL PHYSICAL

- At o AN
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sofumaneaznans i LOGICAL swsnnazgnaadu

COMMON AREA 1
STACK

BANK AREA
USER PROGRAM

COMMON AREA 0
MONITOR PROGRAM

Toul¥euame AREA 1 uer mafivasesficauzas BANK Weheluflaniiolu 1
MBYTE aufiwmuenevinfivnsmsldmulagidiafiens sTACK dhimsnaviiusaulmde 4o
sedulu 62K Bue) dairwes LOGICAL 64K sanifiu PAGE « u 1 MBYTE

it lmrieuuiasnild ANk AREA 18LiGNA wWw deemid
RAM fla 32K 1fin wn 1 ROM MONITOR as,j-?i 0000-7FFFH Waz RAM Gusl 8000-FFFFH
aaudiuin RAM saudiasdoadh STACK dhendioimfe BANK sanfuf PHYSICAL Aufias
aisnansoldldte 32¢ udl RAM Fishunia 18000-1FFFFH Sniraeldldfud 24K wmewaiming
# 0F000 muﬁﬁazgmzqnmm’wﬁ 1FO00H flagannasindi OFO00H wruanaififvma AREA 1 15

T4 LOGICAL imasenautiy MAP diudnunuenihaneiail

USER PROGRAM
(AREA 1)

SYSTEM
(AREA 0)

CBAR = 80H

Toarvual?h AREA 1 iuéiu USER PROGRAM éustuuifiugss COMMON
ARFA 0 diu Wiyl AREA 1 5n# 8000H fagld RaM 16 32 K Win e SYSTEM £
79 189 AREA 0 afusunaiiasfudluciuiinldrmua 138 32 K @ ain 7FFF aslufie



000H Acusstumanarld RAM Wi ADDRESS fufiiodwiiaives
STACK fasvnitiménediafuseme ol
o
1) 3ewiTidn LOGICAL i CBAR awgnrimuagiauen OFOH
2) Wirimn MAP ADDRESS %8¢ LOGICAL riaufi CBAR (3AH)
3) BBR ua¢ CBR %Lﬁuéf'zﬁmu@mLwniwmiagja‘lunwl%’muﬁﬂwﬁuﬁ 1 MBYTE
(PHYSICAL ADDRESS)
4) madae PHYSICAL ADDRESS #a wenlu BRR win CBR gy 1000H U
yndy LOGICAL zosfiudingin
fofung  lunmdaguuuun SET MAP ¥ 4 athe fnanalunoudi iy aeudidn
CBAR = FO Juflusieqy
Srssaaaa MONITOR 4 0-7FFFH RAM 7 8000-FFFFH Taufl STACK
FEOOH #nlifinmmdhlyl CONTROL REGISTOR 209 MMU 4 3 shfistunmadinisoine o)

3 -~ T q 2-’ . ) . 1 :’r . -
Wit AnEiUsunsyls BBR = 10 H saufiszuvasiomla v ladadudwiu dsaufida

FFFF AREA
1

FO00

0000 BANK

lsidTsunsy LOGICAL 98 AREA 0 udfimeuusnldomidinse BANK
AREA 7o COMAREA 0 ay] udialisunas BBR = 10 H uf BANK AREA asnmeniu
100008 3evh ¥ COMMON AREA 0 lsiffievh Iivsuurinom s ot

2.1.8 MIBwAasTW
fighuriu 12 Bwmeiwiniodiu 4 Sweeiiwimeuan  ues 8 BwmaTiwi o
metu Toufidwuaudndynmnnitmioy  oiu TRAP (malw) | (musen) NMI INT@
, INT1 INT2 .(ma‘lu) TIMER 0 , TIMER 1 , DMA CHANAL 0 , DMA CHANAL 1 , CLOCK
SERIAL , ASCI CHANAL 0 uay  ASCI CHANAL 1
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fimaeduar FLAG Aldmussmedwaedind

Swaasiw VECTOR LOW (IL) , Swimetiw VECTOR HIGH (1) , Suimaiin
TRAP CONTROL (ITC) uav FLAG IEF1 , [EF2 lawft FLAG [EF1 avl¥lums ENABLE
Sumawimelwimue endu TRAP
Suaafinwyl VECTOR LOW REGISTOR (IL /O ADDRESS 33H)

% VECTOR TABLE BYTE 6:1’1 gpedwmaiTwimeuan INT1 , INT2 uae
Sumasswimelufoneendi * TRAP * Tow 3 Tngewes IL snsnanlilsunadlel ud 5 BIT vko
augn FIX e 23

soiwmmdweaiwigmlugjandn MODE 2 dmvienln 1 uax I, visan

d A ay g s y i e w4 v
qUnmoifieadwmeiiwiiungdl INTO  shussnauiudln ADDRESS flasfudiayafiasnstloaid
W [ = 10 H uae IL = 40 H wavlu ADDRESS 1040H f4inan 00H, 60H mueneiy daifin

a v X v ,e5 L T Y,
Susasswiautaenselaa iy lUsunssfsiumue 6000H i

Interrupt Source Priority IL Fixed Code
b7 b6 bb b4 b3 b2 bl 1O

INT 1 Highest N o 0 o 0 .0 0
INT 2 1 DEHLD ] ~ 0 o 0 1 0
PRT channel 0 Wokd T 0 c 1 0 O
PRT channel 1 W/ >iVi 0 o 1 1 0
\ DMA channel 0 :\ &) 7% 0 i 0 0 O
DMA channel 1 y~s " o1 0 1 0
CSrvo E 0 1 1 0 0
ASCI channel 0 L 0 11 1 0
ASCI channel 1 Lov:;est g 1 o 0 0 0

MTNA 2.3 uEREMMEMIBURaTIW
INT/TRAP CONTROL REGISTOR ({ITC ADDRESS 1/O 34H)

BIT 7 6 5 4 3 2 1 0
TRAP | UFO ITE2 | ITE1 | ITEO
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ITE2,1,0 : Sw@niiwi ENABLE 2, 1, 0 1§ ENABLE wox DISABLE Hwnaiiwi
meman #uflu 0 9y DISABLE ustimiiasbivnlffedumaismidwinfaundrasindnds B &
o INTG azahort 280 esofifienuit wiidlaiieduin ITEQ{a@mm%mﬁu 1 TnwSaluifaie it
fiudnds B via DI athadien o 260 uel [TE1 way ITE2 audiu 0

TRAP ;- auflu 1 darhAndeilitly zeo10  TRAP manmoddimmeldlusunn
muaulel ualimansodon 1 dhlidrmieiidngniedes

UFO : UNDEFIND FECTH OBJECT wia TRAP it UFO avliiehtas shumisf
fnlushdaiullu STACK iissnn TRAP avafiefiuen OPCODE 2 ¥ia 3 BYTE UFO iy
e pC W fa dufiweds OPCODE 2 BYTE UFO aulu 0 uasasinl PC mendedalyl an
snéierilallenns 780180 qranms 1 wiidh UFO = 1 eéfiRenssi OPCODE 3 BYTE uat BC ¢
gnasay 2 sk useeh PC itargniiutlu STACK

2000 ED 99
002 EC %méoﬁm‘lﬁ
din CPU mamarmudassfisnunis 2000 fasfioduwaasimt TRAP i uerd
Ferinfiuends 2 BYTE uay PC fendudialufia ADDRESS 2002 4l FLAG UFO v Wi
0 viaulfueh PC siudhensanas 1 1w ADDRESS 2001 %\:ﬁﬁammieﬁmgaﬁﬁ@ﬁum

TRAP INTERRUPT : \uindion NMI fe Wimumoveeldidafiansoiedinotus
Jussuifieraniidefiomedng SOFTWARE usvam Winandeldandneiin TRAP u
ITC asgnidndin 1 uae UFO audvvie Lidniuayfurinduends 2 via 3 'l war FLAG UFO
ity pe Wigndas ueafuiiu STACK wdanavlosly RUN # ADDRESS 0000 &

2.1.9 DYNAMIC RAM REFRESH CONTROL
Z80180 1% ADDRESS A0-A7 éwil DYNAMIC RAM uasthoanansolusunsa
‘AWM REFRESH Tnemslisuntaidi RCR
REFRESH CONTROL REGISTOR (RCR ADDRESS I/O 38H)

BIT 7 " 4 3 2 10
REFE | REFW| - - - | cyet | cyco

REFE : REFRESH ENABLE wiaiflu 0 4% DISABLE ueidhiu 1 ax iy



REFRESH ewinTiivaniu 1

REFW : REFRESH WAIT {lu 0 ac\Wtyooa REFRESH vjne 2 CLOCK  ¢huflu 1
qufin REFRESH WAIT @hdin 1 sewinddivandu 1

CYCl , CYCO' - CYCLE INTERVAL Mrwwesaaneiiums REFRESH wunidi
DYNAMIC RAM s:das REFRESH 128 a%1 4 2 ms (v30 256 @50 0] 4 ms) nmiwmsnin
ytuew REFRESH uisvetoaranelitanni 3wty 16625 us nenT enviaadiléiuen
Tsunmafimnzesiy CLOCK Aidlussuy

2.1.10 DMA CONTROLLER ( DMAC)

fighuriu 2 CHANEL winflumaiinnaisidalums TRANSFER doya lnams
n3wri lidaenm CPU Teeflanaansnsosiail

CYCi1 CYCo Insertion interval Time intervel
@:8 MHz 6 MHz 4 MHz 25 MHz
0 0 10 Stats 1.26 Ik 1.66 Lis 254k 4.0
0 t 20 state 25 3318 5045 8.0
1 P 4 Srese 5048 6618 10.048 16.048
! % @ 10045 12318 20048 20485

T 2.4 WseNMTENLANMTT REFRESH DYNAMIC RAM

MEMORY ADDRESS SPACE lommansormmesnumisiumatasmemonionis
1024 K BYTE

1/0 ADDRESS SPACE rivuafi o Iélu 64 K BYTE siodumauanlmemy

TRANSFER LENGTH |#u COUNTER lumm TRANSFER Iéiflu BLOCK nax 64 K
BYTE

DREQ u‘]wxn§wqm:m‘nﬁuﬁixﬁw%‘ammmﬁwm

TEND Lﬂumtmﬁmw‘iauanﬁuqﬂn‘:rﬁmuuam'wh DMA wuau&anud

TRANSFER RATE ™7 TRANSFER Lmazﬂmvmmnq 6 CLOCK uat WAIT
STATE samoiisadhlule DMA 1¢ dwiu MEMORY vda 1O fvnewdhfisey SYSTEM
CLOCK (o) = 6 MHz #aTm3 TRANSFER aigefie 1 M BYTE W 1 Jwifi (il warT
STATE)
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ANNDNTNYINIART CHANEL

CHANEL 0 thansh TRANSFER MEMORY MEMORY , MEMORY VO ,
MEMORY MEMORY VO MAP uaveranolh ADDRESS Tums TRANSFER i, aovo i
aaft & m3 TRANSFER aelifluunts CYCLE STEAL @henanfiugay) @s Wla TRANSFER
@71 1 3o 2 BYTE fiavfw BUS 1 UP augunwifies TRANSFER daysriavnathefisdurily
auvsim BLOCK Wwiumunanifivingméh uoe BURST (TRANSFER wusimifios) o vhavay
BLOCK 3aeéiu BUS W up

CHANEL1  ay$ffu MEMORY UO TauMEMORY ADDRESS fisninan i

DMAC REGISTOR
CHANEL 0  # SARO (VO ADDRESS 20H-22H) ifludrivue SOURCE ADDRESS ot 1
M BYTE s 64-K BYTE &’y O
DARO (I/O ADDRESS 23H-25H) 4y DESTINATION @uidienriu SARO
BCRO (/O ADDRESS 26H-27H) Mriminluniiums TRANSFER lougeanlef 64 K o uoe
flavhns TRANSFER 1 BYTE REGISTOR sfiazanas 1
CHANEL 1 # MAR 1 (VO ADDRESS 28H-2AH) ldiwvua PHYSICAL ADDRESS ol 1
M luilaeomaglifudumedatmematior
IAR! (/O ADDRESS 2BH-2CH) #fwum ADDRESS 204 VO lewamaslifudumavia.
Umemaflel
BCR1 (I/O ADDRESS 2EH-2FH) (#u\éitnriu BCRO

REQISTOR i coMMon
DMA STATUS REGISTOR (DSTAT /O ADDRESS 30H) Usenausny

BIT 7 6 5 4 3 2 1 0
DE1 | DEO | DWE1| DWEO| DIE1 { DIEO - DME
RW RW w W Rmw AW R

DEL1. : DMA ENABLE CHANEL 1 ija DEL = 1 Rl DME = 1 DMA CHANEL 1 9%
" ENABLE uatidians TRANSFER Awgnet (BCRI = 0) diariu DE1 asgniedefidu 0 uasth
DMA Swinasiwign ENABLE (DIE1 = 1) CPU ssgniwimeiwimewineiidn DE1 asgninfes
DEO : DMA ENABLE CHANEL 0 inmyhoménunudienrtiy CHANEL 1
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DWE1 : DE1 BIT WRITE ENABLE diafimdudayadnluii DE1 Tusnsdieniudaadion
DWE1 e 0 uaretiaelsievazamantyl ussthamaudu 1 e

DWEO : DEO BIT WRITE ENABLE uiferii DWE1

DIE1 : DMA INTERRUPT ENABLE CHANEL 1 s DEL1 gniiniu 1 useamsin
DMA Awgnae (fla DEI1 = 0) Faufonmdwaniiwitu uathinit i 0 aufums DISABLE
sowhaadintng audin 0

DIE0 : DMA INTERRUPT ENABLE CHANEL 0 dnutusisuidieniiu DIE

DME : DMA MAIN ENABLE {fiufimfil#usnms ENABLE DMA la DE BIT (DEO
DE1) giindad DME BIT awgnimdu 1 Foliviieldomeatades DMA MODE
REGISTOR (DMOD ADDRESS VO 31H) Wwua ADDRESS lums TRANSFER 29
CHANEL 0 #oulsznangis

BIT 7 5 b N~ 2 1 0
: - |DM1 | DMO |SM1 |SMO | MMOD| -
DM1 DMO SMi SMO TRANSFER MODE ADDRESS
INCREMENT/DECREMENT
MEMORY TO MEMCRY SARO+1 , DARO+L
MEMORY TO MEMORY SARO-1 , DARO+t
MEMORY* TO MEMORY SARC FIXED , DARO+1L
O TO MEMORY SARO FIXED , DARO+1
MEMORY TO MEMORY SARO+1 , DARO-L
MEMORY TO MEMORY SARG-1 , DARG-1
MEMORY* TO MEMORY SARO FIXED , DARO-1
VO TO MEMORY SARQ FIXED , DARO-1

MEMORY TO MEMORY* SARO+ , DARO FIXED
MEMORY TO MEMORY* SARO-1 , DARO FIXED
RESERVED
RESERVED
MEMORY TO /O SARO+1 , DARO FIXED
MEMORY TO O SARO-t , DARO FIXED
RESERVED
RESERVED

L R I R e T -~ Y — T — S = S — TR - S — Ry}
L I T N R B~ T - Y — T S N o - B — S ~ T == )
[T '~ Y~ T = Y -~ B - B o - T ~ T o R o = B - |
= T~ B R -l -~ T — S T — B )

: INCLUDES MEMORY MAPPED 1O

MTNT 25 anmelvuenuessm T DMA
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Towfiness DM1 , DMO diudnrimuadowlstmenmdin sm1 , sMo Wimua
Aanlmasdumelussmingiiin 4 trfiaadiu 0 nelisunsnenasodelddmmad 25
MMOD : MEMORY MODE CHANEL 0 LJjE] CHANEL 0 Qnﬁmumm‘:ﬁmmﬂu MEMORY
Buwnmenan DREQO axlaignld ussegrumidhums TRANSFER Salwid 2 uuudhoiu fa
BURST MODE (MMOD = 1) #ia DMAC ae¥nmz TRANSFER faa

athwafiasausuuanfifivue wey CYCLE STEAL MODE (MMOD = 0) #a
m3. TRANFER wwvalinenees CPU deamh DMA 1 fwisdufiu CPU ' 1 CYCLE (1
MACHINE) {tiaeaumimsauufondmin DMA fu VO AdudumavBormems aduwn
DREQO azgniban fuas MMODE aglsifianismsng ewindidn MMOD asgnieded
DMA/WAIT CONTROL REGISTOR (DCNIL I/O ADDRESS 32 H) 15vnausiy

BIT = 7 6 5 4 3 2 1 0
| MWI1 | MWIO | TWI1 | IWI0 | DMS?| DMS0| DIM1 | DIMO

MwIl , MWIs . MEMORY WAIT STATE INSERTION 1‘5'1‘1"114%61"51%’3% WAIT STATE 929
CPU 38 DMAC qidp WAIT STATE GENERATOR

IWI1 , IWI0 : O WAIT INSERTION riwwe WAIT STATE VO %3n CPU gvda WAIT
STATE GENERATOR

DMS! , DMSO . DMA REQUEST SENSE Mriwmenisiujeesm INPUT DREQO
DREQ! dinifiu 0 asamaaf LEVEL uavéufiu 1 98nm9afi EDGE sewinein 2 Ovfl auflu o0
DIM1 , DIM0 : DMA CHANEL 1 /O way MEMORY MODE 7.%’rimum¢fum\: Was Umenms
%89 CHANEL 1 i T 2 fviiacafln 0 esrrsoudinldofomma

DIM 1 DIMO TRANSFER MODE ADDRESS
INCREMENT/DECREMENT
0 0 MEMORY —> I/O MAR1+1 , IAR1 FIXED
0 1 MEMORY —> /O MAR1-1, IAR1 FIXED
1 0 O --> MEMCRY IAR1 FIX , MAR1+1
1 1 /O -> MEMORY IAR1 FIX , MAR1-1

@TRA 26 MRS DIM1 uay DIM2 rhvmesiuyreuasLianamg
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mM4Yn DMA CHANEL 0 fiy ASCI
ANENTORER CHANEL 0 @8 vh DMA 1iu ASCI 16 2 CHANEL u

nici DREQO azlaignld usield STATUS'BIT 109 ASCI azfiudhrindin DREQO malutu
Toufin TDRE uay RDRF émiumidmesit  Toulfmiedwnaesmemed SARO wew
DARO Wiflu ADDRESS 24 VO 2msmasiuaciy (ASCI ADDRESS 6H-OH)uaviin A8-A15 i
Lﬂu 0 uae iin A17-A16 ﬁaﬂﬂﬂmsuﬁomm

SAR18 | SAR17 SAR16 DMA TRANSFER REQUEST

X 0 0 DREQO

X 0 1 RDRF (ASCI CHANEL 0)
X 1 0 RERF (ASCI CHANEL 1)
X 1 1 RESERVED

DAR18 | DAR17 | DAR16 DMA TRANSFER REQUEST

X 0 0 DREQO

X 0 1 TDRE (ASCI CHANEL 0)
X i 0 TDRE (ASCI CHANEL 1)
X 1 1 RESERVED

mmin" 2.7 m3¥h DMA CHANEL 0 rfu ASCI

niurvuaaewdiu "EDGE SENSE® dau ASCI mauﬁ'uﬁuﬁmqnﬁmuﬂﬁo&
nandudiae * EMPTY * @a RDRF = 0 shumaeieiad * FULL * @ TDRE = 0 (fis BYTE wwmss
grnswlae ASCD) sauliiialy DMAC amfiuddoms s DMA sansoviBwinadiw
NMI leidhe

ASYNCRONOUS SERIAL COMMUNICATION INTERFACE (ASCI)
figheriu 2 CHANEL lowfufenloazuniadioqiii 24
TSR 0,1 : Wudviianaiiifudaysnn TRANSMIT DATA REGISTOR (TDR) wiitiaygs
indwviseniin TXA
an € o W - .
TDR 0, 1.(/O ADDRESS 06H , 078) : {hFRanaifilfdetaysaeniufim TXA Tow mmb
fiaaaln TDR doltlfi TSR i TSR wa wee sannfiandeudayadhlud TR 168n



s

— m@h e ey

[ imterrut Pecusst I
ASCE Transmit Dets Regiswer T ASC! Tranemit Deta Register
ch 0 : TORQ ch 1 :TDR1
TXAs —{ASCI Tranemit Shift Regissar’] IASC! Tranemit Shift Regissrt— TXA1
eh 0 : TSRO ich 1 : TSR1
¢h O : RDAC bt - ch 1 : ROAY
RXAs ~1 ASC1 Recewve Shitt Regestar” ASC ASC! Recene Shi't Regester” [~ RXA:
¢h 0 : RSRO B! Coowdt eh 1 : RSAY B
ASC! Conwol Regiswr A ASC Comtrol Ragister A
s~ cho:cNTLAO & ch 1 : CNTLA? B}
TYES — ASC Control Register B ASCI Conwol Register 8 |— C151
chO:CNTLBO (8)  ~ ch 1 : CNTIBY (8)
L - -
TCDo] ASCI Status Regiswmr ASC! Status Registar
ch O : STATO (8) eh 1 : STAT1 (8)
CXAo o= Boud Raws
Generstor O . ]
*Not program Accessibie
CXAy =]  Baud e
Generssor 1

517 2.4 vdanleosunTuusess ASYNCRONOUS SERTAL COMMUNICATION
INTERFACE

Tuwoisfi TSR rdsdwidayseaniufio TXA
RSR 0,1 : WFRameifiudayean RXA PIN Wedudiwinesuds fasiwiluf RDR &
RsR brhudledimetutoyelnieialidhtn sndedaymiudousdiasilimetonme usza
AR AT IRAR T SRR A S isnananlisunan
RDR 0, 1 (VO ADDRESS 08H , 09H) : Aeacwiaiiififudeyefifudunan RXA PIN
uselutnid ROR reusryfessiiudhanan RSR doyaluidallmammiudhandia o
STAT 0, 1 (VO ADDRESS 4H , 05H) - usiet CHANEL asiiaawndlédmivamaseumate
mfratumsfionema uasEMEdR AR lLdiNms ENABLE uat DISABLE ASCI ¢4
2

STAT 0:BIT 7 6 5
RDRF | OVRN| PE | FE RIE | DCDO| TDRE| TIE

o>
w
[\S]
-
[eo]

STAT 1:BIT 7 6 5 4 3 2 1 0
RDRF | OVRN| PE | FE RIE | CTSIE{ TDRE | TIE
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RDRF : RECEIVE DATA REGISTOR FULL sxgnuiniu 1 fatoystsudhangnidunt
RDR Gewfouds (eeulurd) udthmssudia ERROR 4w RDRF fasgnidndha LaoyatiAe
sufasgnaentl ROR uavesay] seduasfowims CLEAR FLAG ERROR RDRF asgrinfes
i 0 logm RDR , DCDO i HIGH &wu CHANEL 0 , IOSTOP kaznm3ii

OVEN : OVERUN ERROR  awgnin@efld s EFR fviw ONTLA du 0 , DCDO
HIGH IOSTOP w3

PE : PARITY ERROR i 1 Wiodayefsudiun PARITY Aeuamedesld wwdenriy
OVERUN

FE : FRAMING ERROR Wtoyaitudhanguutnfellamirivue BIT FE axgridndn 1
uwasnmedesitwdeniy OVERUN

RIE : RECEIVE INTERRUPT ENABLE Wiadu 1 avayqnal# ASCI vamzedwnaiiwiid
o RDRF , OVRN , PE v3a FE gn SET {u 1 shedledu AsCl Aeslideynnodunaisn
dwiu  ASCICHANEL 0 SwaeiSwhsnaniofietu ToemsnlAswwlsefinsudeyanm
Suwnmemaniir, DCDO v LOW 1w HIGH uay RIE agnindesillu 0 Tewieiiin

DCDO : DATA CARRIER DETECT BIT Ssgnivdin 1 dlem INPUT DCDO ufiu HIGH
ussavgniAdiiin 0 anmEm STAT 0 efwuan smsiurBunn DCDO awgnidemann
HIGH ffu LOW uasrewinsvinidla DODO i 1 shuzasmaduaslavnom

CTSIE : CHANEL 1 CTS ENABLE '7! CHANEL 1 &m INPUT CTS1 muwan ‘%\1 MULTIPLEX
s RXS daiiivitdu 1 asgridenifium CTSt

TDRE : TRANSMIT DATD REGISTOR EMTPY ifudvanddayanioniarssisvdaly éh
din 1 fio wionfiesodoyeud Widiudayadlud TDR I ueudlofimmdudoyadnlud TOR
fiaer i TDRE a0 ussdayalu TDR fasgnaslsl TSR au TDR 7we TDRE fiaendy il 1
fnass

TIE : TRANSMIT INTERRUPT ENABLE wiaifiu 1 ssaygyalsk ASCl Mmsdouunduastini
1 Tesfi TDRE Foadiu 1w TIE avgrindesifin 0 sowinddi

CNTLA 0, 1 (/O ADDRESS 00H-01H) : uiiaaesimuemaoutsznandae

CNTLA 0 : BIT 7 3 2 1 0

MPE | RE TE | RTSO | MPBR] MOD2| MOD1{ MCD0
EFR

[e)]
[¢a]
oo
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CNTLA 1 : BIT 7 6 5 4 3 2 1 0
MPE | RE TE | CKADD| MPBR/ MOD2| MOD1| MODO
EFR

MPE : MULTIPROCESSOR MODE ENABLE 1 ENABLE lunmfesnaunululestuniosind
7”;ua»gnLﬁﬁﬁﬂﬂﬂ%@ﬂhWﬂﬁé‘%ﬁﬁﬁLé’ﬁ (MP = 1 s CNTLB) lunsfeaTuLnii FORMAT 289
msfemmdiinAemndendonty MpB  Dnfenitaegnldlunerecanviolioun  a
ENABLE MPE Wifu 1 uaefh MPB = 1 avumeiuese MULTIPROCESSOR ashoms
#BRDRF uay ERROR FLAG azvhams uavth MPB = 0 ASCI aghiswladayaiuiiu & MPE -
0 azlsimsnsormmsfesuunlalaslungaaossnls whadn MP fin 1 s
RE : RECEIVER ENABLE thiilu 1 9% ENABLE m33uaas ASCI usitniiu 0 ¢ DISABLE
M33u ue RDRF wez ERROR FLAG sxlaignfidvaa
TE - TRANSMIT ENABLE % 1 9¢ ENABLE m7ed tuflu 0 2¢DISABLE gl TDRE FLAG
wlignfimen
RISO : REQUEST TO SEND CHANEL 0 diufiniiliwautuidienriumniainn RISO fa il
& @ 1 rueivn RISO fawdiu 1 Sivik i 0 muowiwnfdn 0 RISO Dnil swgniSnidiu 1
TEMINIIN
CRAID : CKA1 CLOCK DISABLE s CKA1 a¥ MULTIPLAX ffu TENDO wlefinidiu 1
sdonifn TENDO  widifu 0 fazflun CLOCK %89 ASCI CHANEL 1 izl 0
TEWINT N
MPBR/EFR MULTIPROCESSOR BIT RECEIVE / ERRCR FLAG Lﬁaﬁnﬁgn
smazldn MPB dnlunsdifinulalaslisgaoifiasimsfedaruudy uarer DISABLE
ulaslunmmeatendugflaumess MPB Inlhidu 0 inswasléyh MpB fu
0 9% widhidou 0 Widniiaufunm3iin ERROR FLAG Tumsu
MOD2,1,0:ASCI DATA FORMAT MODE 2,1, 0
Tow
MOD2=0 7BIT,1=8BIT
MOD 1 = 0 NOPARITY ,
1 = PARITY ENABLE
MOD0O=0 1STOPBIT, 1 =2 STOP BIT
aqleichomma
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MOD 2 MOD 1 MOD 0 DATA FORMAT
0 0 0 START + 7 BIT DATA + 1 STOP
0 0 1 START + 7 BIT DATA + 2 STCP
0 1 0 START"+ 7 BIT DATA + PARITY + 1 STOP
o - 1 1 START + 7 BIT DATA + PARITY + 2 STOP
1 0 0 START + 8 BIT DATA + 1 STOP
1 0 1 START + 7 BIT DATA + 2 STOP
1 1 0 START + 8 BIT DATA + PARITY + 1 STOP
1 1 1 START + 7 EIT DATA + PARITY + 2 STOP

210% 2.6 uanslaun DATA FORMAT

ASCI CONTROL REGISTOR B 0 , 1 (CNTLB 0 , 1 /O ADDRESS 02H , 03H)

v
Usenaueiy

BIT 7 6 5 @ 3 2 1 0

MPBT| MP | CTS/PS| PEO | DR | SS2 | SSt | SSO

MPBT : MULTIPROCESSOR BIT TRANSMIT Hlﬂd MPB ﬁﬂTﬂﬂi‘ﬁMPBT =1 Lﬁa&u MPB
BIT = 1 uat MPBT =0 MPB i =0 ¢he sswivdiimbisnnmonimuale

MP : MULTIPROCESSOR MODE hiflu 1 sudlunmdvmmfiedsuunlulaslingagas
i Towld FORMAT 209 MOD 2 i MOD 0 Tauiandiu MOD 1 ¢iefi START BIT + 7 5 8
DATA {in+ MPB fin+ 1%38 2 STOP finTewrine3ian MP auiiu 0

CTS/PS : CLEAR TO SEND / PRESCALE u‘jadmﬁm‘fa:‘l%'uﬂmﬁmuwmmﬁum CTS
maman i CTS fu HIGH medemas ACIS aelivhom  widhdowdhfitmitasdiume
fvma BAUD RATE finfiiin 0 sewindiidn

PEO : PARITY EVEN ODD ﬁn&az‘lﬂﬁwadaﬂﬁ ENABLE 39 DISABLE &3 PARITY
MOD 1 Tu CNTLA) udsslfidandnsiofime ENABLE PARITY Tu MOD 1 4+l PARITY ¢
yioR 8 PEO = 0 fiag usith = 1 /nd

'DR : DIVIDE RATIO M wue BAND RATE finflazifiu 0 ewinddid

Ss2,1,0 : SOURCE/SPEED SELECT 2.1,0 riwua CLOCK tnaeliflumeluvda



29

meauan (Tﬂumuv.anﬁa 9 CLOCK CKA) wauiiushrvua BAUD RATE
v v ) ] ]
ghy TewiTdne 3 dvdiaudin 1 @ Wumsl¥ CLOCK ainmevantiuesdenniindnan u

v
nmarivua BUAD RATE asdisheriunmsdhamsninagidummediol

Samcling Ao Baud Rate Exampie) xA
Proscaier Rate Baud Ganeral BPS)
Oivice Divide Ratio 6=8144 | $=4.808 | $=3072 Clock
PS | 3 OR | Raw |SS2{SS1{SSO| o Mz Mz Mz v |
o o| o +1] ¢+160| 38400 19200 é+10
0] 0t 2 320 19200 9600 20
o} [+] 4 840 9600 4800 40
1] 16 0 1 1 8 1280 4800 2400 [+] 80
1 o} o 18 2580 2400 1200 160
14041 32 5120 1200 600 320
1 1 [¢] 64 10240 600 300 640
0 [#+10 1 1 1 - fc+ 18 - e - t e
ol o] o +1] d+640 9600 4800 é+10
o] o 2 1280 4300 2400 20
0| 1 o 4 2560 2400 1200 40
1 64 0 1 1 8 §120 1200 600 [¢] 80
1 o} o 18 10240 600 300 160
1 {0 1 a2 20480 300 150 320
1 1 [*] &4 40960 150 75 840
1 1 1 - fc+64 - - - § fo
ol o} o +1| ¢+480 9600 é+30
0| o0 1 2 960 4800 80
0 { 0 4 1920 2400 120
[¢] 16 o] 1 1 8 3840 1200 o] 240
t]lof o 18 7630 600 480
1 (o] 1 2 15360 300 960
1 1 0 (78 30720 160 1920
t |é+30 1 1 1 - fe+18 - - - { fe
o| o] o +1 1 ¢+1920 2400 ¢+30
0] 0 1 2 3840 1200 60
[+ 28 0 4 7680 600 120
1 o4 0 1 1 8 15360 300 0 240
i o} o 18 30720 150 480
1 0 1 32 81440 75 960
1 1 -] 64 | 122880 375 1920
1 1 1 - forea - - - i f© i

AT 2.8 UEPRNISTITIUG BAUD RATE

2.1.11 CLOCK SERIAL I/O PORT (CSI/O)

f 1 CHANEL %fiu SYNCHRONOUS SERIAL 1O wasalaeldldavuin
HALF-DUPLEX winiu unsdayegnrimmeddiu 8 finlen CLOCK #¢lumaedidonidinasldon
SYSTEM CLOCK w38 CLOCK meuanfin(CKS) fildf % Csvo wsenavliéhe 2 anaidn

CSVO TRANSMIT / RECEIVE DATA REGISTOR (TRDR YO ADDRESS 0BH) 1lu
nsuasiidoys Tnemaundoafin HALF-DUPLEX (fa maseussussfiondonriulile)

CSVO CONTROL / STATUS REGISTOR (CNTR O ADDRESS 0AH) {lushusn
fmusuae CONTROL CSVO 1ssnausny
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BIT 7 6 5 4 3 2 1 0
EF | EIE | RE | TE | - | 852 | S8t | SO

P . END FLAG 1 ¥l CSUO Sumiacbiaymenu 8 fmudr o BIE qninediu 1 1 1
A CsU0 wdwaewile seviddivindandu 0 uarlu 10STOP Tnnedae
EIE - END INTERRUPT ENABLE iaiiu 1 anflums ENABLE Suwwmatiwiuazaciueaiinm
dio BF = 1 éhy sewidiiv EE = 0
RE : RECEIVE ENABLE mesuasiemidlo RE = 1 Tedogsnnm RXS asgriwhidhand
TRDR laudayafidime RXS ssfeeifudyanm CLOCK frufumelwdameuen  Toenm
don Suflumsludye e cLock Frmudfaceentin CKS e iadifumenenn
CKS Fazfiuiudyn o CLOCK wiol#fediiuas ndent CSTO Sudoyantu 8 Tnudh fay
CLEAR RE laa daludfd uae EF asgnidvidv 1 thifiewin EIE Wiaufedwmaiiwiauld uar
RE fiu TE qvdnsliifin 1 whanriu

E . TRANSMIT ENABLE fnutuemanamienideniu RE ud TE faldums
§s2,1,0:SPEED SELECT 2, 1,0 I#ifien CLOCK Iumfudsiop

Ss2 SS1 SS0 DEVIDE BAUD
RATIO RATE
0 0 0 -20 (200000)
0 0 1 -40 {100000)
0 1 0 - 80 (50000)
0 1 1 - 160 (25000)
1 0 0 - 320 {12500)
1 0 1 - 640 (6250)
1 1 0 - 1280 (3125)
1 1 1 EXTENAL CLOCK INPUT (LESS THAN20)

N 29 useamTdan ¥ CLOCK

() BAUD RATE fiucin i 0 = 4MHz
w&n3iin CKS PIN avgniendurBuvnwnetin 552, 1, 0 flu 1
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2.1.12 PROGRAMMABLE RELOAD TIMER (PRT)

fighuriu 2 CHANEL flu 16 {in PROGRAMMABLE RELOAD TIMER &3y
CHANEL 1 Sanianivnenanto Wiitynyodléhs 2 CHANEL thsnaudiay

TIMER DATA REGISTOR (TMDR : VO ADDRESS - CHO ; 0DH 0CH , CH1 ;
15H , 14H) {33mand 16 Inldiwmue TIMER  Tew ADDRESS VO gaiuen TIMER @
sswind3in TMDRO uay TMDR! autfu OFFFFH Toe TMDR awies 1 adayne 20 CLOCK
SYSTEM 2 TMDR #uaaflu 0 s RELOAD avgn LOAD anbf TMDR loedalusfd ms
gmeniu TMDR swldiaulanlidameyn PRT widhidummdzaudomyn PRT riau

TIMER RELOAD REGISTOR (RLDR : /O ADDRESS - CHO ; OFH OEH , CHI ;
178 , 168) 1§ LOAD ehviaglu RLDR /s TMDR ila TMDR seaiflu 0

TIMER CONTROL REGISTOR (TCR : /O ADDRESS 10H) {iu33aansidusm

v
FRTULLACAILANINU

BIT 7 6 5 4 3 2 1 0

TIF 1 TIFOlTIEl TIE 0 | TOC 1| TOC 0 TDE 1| TDE 0

TIF 1 : TIMER INTERRUPT FLAG 1 & TMDR 1 seaadiu 0 TIF asgnimdis 1 useth
TIE 1 = 1 fasnl#fin INTERRUPT 3uléf TIF asgniedesifiu 0 feauiamysuentulud HIGH
v3a LOW 289 TMDR 1 7ewinn TIF = 0
TIF 0 : TIMER INTERRUPT FLAG wanmsiwidenmiu TIF 1
TIF 1,0 : TIMER INTERRUPT ENABLE 0 , 1 dioindiu 1 asaunpaiiwaasfwile s
wirdidn 2 fnfiasdin 0
TOC'1, 0 : TIMER OUTPUT CONTROL 2 fmiti#muquuiawinreas PRT 1 Taedfks 2 fn
& @ 0 aufurléou A18 vemiuanfumarimuald TOUT w HIGH , LOW vde
TOGGLE ermasswindiuin 2 fnitasidin 0
TDE 1,0 : TIMER DOWN COUNT ENABLE & SET i 1 fifiabiGinnmiu TMDR
6% usidhudiu 0 mmvirenyaYem TEWin RESET BIT wgfiiaudin 0
MIFWINANTITILWT TIMER asiuane 20 CLOCK FoueSanant
W fn 12 MHz eadifvnemimuese = 6 MHz wieh TIMER o
T=1F =01666 US @ 1 CLOCK
20 CLOCK =0166x20 =3333uS
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TOC 1 TCC O OUTPUT
0 0 ADDRESS A18
0 1 TOGGLE
1 0 0
0 1 1

TR 210 uammIW TOC1,0 e i

viwife TIMER s 1 e v 3333 uS fie3amen 12 MHz wul¥ TMDR feh = 1 usudn
FLAG dwignsiwity flawhl PRT fiensBuiaeiswiinne 6666 uS mmsmimiuasasivane
wIsarian Ao 1 i 0 Sk 2 edines  uesldrnidedunoiuent TOUT fawinls
fars TOGGLE funadmawilily Wy amhathelhonfanii HIGH 6666 US wee
LOW 6666 US ofasin 1 gty awtsssm 13 uS Wioematagiatimimassnaiiae

. t w -1 5J
VINNUIY umﬁummumn\lm

2.1.13 SECOUNDARY BUS INTERFACE
E CLOCK OUTPUT TIMING fiudtynyioulafi 2 e ¥donsasumatimadiuly
heriugunsol PERIPHERAL luarenafiug wu 68XX uay 80XX uanfiudynnoiviivsuy
Aeemaniidafiaumsliou - wnswdndetuaunmiFrediaddyn i gl o
MREQ 18 I0RQ auifintugaofi T STATE windetielllehonas DATA fenuviodendaeinly
ofiedayalemmenugunToimevenuddynons Wy NMACTIVE HIGH diofimisevia

v
Fudiayawnin

2.1.14 FREE RUNNING COUNTER (18H)
fvdians VO fismlFoehadenlédmiums REFRESH DYNAMIC RAM &
fiu COUNTER #uav 8 fin (A0 - A7) winBasslneasiiog 1 0% N9 10 CLOCK uaztnifiad
mudndeyalUffinaedi soflionameim REFRESH DYNAMIC RAM , BAUD
RATE %89 ASCI ust CSVO biwinau (@earhignivsstiuimmensdirimmnlugiio)
fawlaglu 10 STOP MODE fims FREE RUNNING COUNTER fifitiwiuey]
aeveiafiaviolueniidmediendu oFFH
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2115 Gy 12 A

stp  dlldedel CPU asyarnamsnsaeev i Asudn
MLT : MULTIPLY ‘#émiugnust 8 fin 2 swau Tnanadwiaudiu 16 T TnsfRamndiidly
mIguanasu BC, DE HL wis SP Tﬂﬂwaﬁwﬁ%“.ﬁﬁ’sﬁama‘?@jﬁu
OTIM , OTIMR , OTDM , OTDMR - BLOCK 10 : ifiushiéis OUT PORT (fuudantas PORT
ADDRESS ¢ A0 - A7 winiu fin asvhms oUT dayaduufenlaefiveiaiimisanmaduiu
oy Towld HL dushdfoseiay OUT sanlyl usy C il NUMBER wedaluend OTIM uey
OTDM fidteasifinen HL Feawduniioviasass 1 musewaiadudwdosnsidaase B ay
o001 % B andu COUNTER Tunmsdedoyn sm OTIMR Uat OTDMR a:idnunsisuidien
fiu OTIM wat OTDM w‘imLm"«mhnﬁée%’auuat‘ﬁu%uw%am uswa$a NUMBER Wsdwiinan
SN B AunTi B = 0

TSTIOm  Wawmiu TEST VO PORT Apswimmemweiniimualay
fannt C dhanudins END fidoa 8 Snidaems Taufiendoneh v dhaiulaiifion
wise uiaeliingfl FLAG uaswedaft IV whanasfiuawiy ADDRESS 1 A0 -A7 winfu

amnSsufsudulusunsslded -

XOR A LD C, NUMBER PORT
IN A, (PORT) TSTIO 70H

LD B A JP Z,C0K

LD A ,70H

AND B

JP Z,CK

TST g - TEST REGISTCR . Towenfirmeludiawasas AND iy
ACCUMULATOR #nwniinadia FLAG muend AND  usienls ACCUMULATOR uas

Faswmed TanBewwlae dafanthe

LD A7 LD A7
LD C A TST B
AND B JR Z,CK
ID A,C

JP Z,0K



TST m - TEST IMMEDIATE swdhieniifSawofiiesuddoyadin DATA
Tnemssit AND ffu ACCUMULATOR
TST (HL) - TEST MEMORY #p awheniu migansd "/‘;Qﬂ‘ﬁﬁﬂ HL AND
1 ACCUMULATOR Tawehsas 2 s Remuuelsinansnasid FLAG
INO g (m) - INPUT , IMMEDIATE /O IN @nR1n wasa 8 O (A;O -A7) gl
Pawes efld A, BC DE, HL
OUTO (m) , g - OUTPUT , IMMEDIATE 1/O OUT snamnidameslan iyt wade
8 in (A0 - A7) Fdawnt A A, BC,DE, HL

2.2 REAL TIME CLOCK

luninhlalermsages il homitenudndoriudonemaiu RTC wans
felumudnenedmmemarmuan @i Fwidon I fuluwsondont o sws
m3dediatiy RTC °funﬁauLﬁﬁaumié‘mdaﬁ'uwa%nﬁuvgn/amﬁm fammanmndaudoyaiien
funmlifineinoimes RTC fitnmmulsfisdumunefisdld  wesmtasmngm
fayaamn RTC (iguriu

MSM 62428 menniReUuiui gndasudanlal e iudouinehe
dpanravhashy s awnsriadounumiiisnnged 28 Fuudlulotngriu  au
numnefl 29 $u MSM 62428 fiesnmmusuiudldarhsgndiog

MSM 64628 Lﬁu\b‘? REAL TIME CLOCK / CALENDAR %@ CMOS 1%'61'8
e larlnesee’ Mulrseonfnmes 18lnuawd ADDRESS BUS war DATA BUS
119 4 Inil CONTROL REGISTER 1@ 4 fin 3 ¢ #9 CDCECF MSM 62428 loenindiay
Ywfi 6V +10% 7 30 A9 25 C & PACKAGE 3 WUU@® 18 PIN PLASTIC DIP , 24 PIN
PLASTIC FLAT PACKAGE uazuuy 12 PIN PLCC PACKAGE mﬁmwmqﬁmam‘lu;uﬁ 26

STO.P voo
=5 =T
aLE” xT

AO CSy
AL -1}
A2 oL
C} 02
L3 o3
GND "R

U 26 usmINTISeemRe MSM 62428
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18 PIN PLASTIC DIP PACKAGE
A0-A3: Address input
D0-D3: Data input/cutput
Cso,Cs1: CHIP SELECT 0.1
RD: READ enable
WR: WRITE enable
ALE: Address latch enable
STD.P: Standard pulse output
XT,XT: XTAL oscillator input/cutput
VDD: +&V supply
GND: ground

221 msSemuanmhiivasasheg

MSM 62428 {eignesnuunifndwims s opU luasena s08s | MCs 48
780 uaw 780180 {dehe dmiumifirasnsnniislt

D0-D3  (DATABUS)  Wiiiledoyefunminviwnensnsnsaudhriviiaeesinlas
aoulmawesidlogrnldlumian ussdwdayesiiamoimeluiifundndfuuay
SAawaimueulen DO = LSB uay D3 = MSB

A0-A2 (ADDRESS BUS) Whwfuasmersdmitfodarifiawasmalures RTC
L'ﬁaﬁqztiam%admﬁasgaqmmLLmiaﬁ’fu 6’nLmu'waa%"sia'.ﬂa%hm@\lﬁ‘lummﬁ 210  AC-A3
ity ALE swsumsdeiumissianes

ALE (ADDRESS LATCH ENABLE) ia CSO = 0 uat ALE widsuamsein'1”
liweadn 0" uesmmsguendnliludires  RTC  MICROCONTROLLER
/MICROPROCESSORS i ALE fwaninnmsavsiadrium ALE e RTC dhe uathlsid
1 ALE Wien ALE ¥89 MSM 62428 i VDD

WR (WRITE ENABLE) Wdedayadnlluiiametans RTC uandvfisadn 0"
Towfi st = 1 uae CS0 = 0

RD (READ ENABLE) Wsmdaysniianatee RTC uandwfissin "0 Tnesfi
CS1 = 1uas CSO = Oua RD T WR asdes iuaedivindasriu
| CS0,0S1 (CHIP SELECT 0,1) flu CHIP SELECT yhwi¥ii ENABLE/DISABLE
mvnemees ALE, RD ust WR 1t CSO uay ALE asvhomuiaaiu shu CS1 i ALE a

MUnniu
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STD.P (STANDARD PULSE OUTPUT) Wiusniowiwneiia N-CH OPEN DRAIN
IrndhriumBwanatiwieas CPU

XTXT (XTAL OSCILLATOR INPUT/OUTPUT) siauhniusiedsman 32.768 KHz
Sommtlueafionmenen 32768 Ktz widleetloweradidhfien XT denefinan
@niyneesla® TTL endia R PULL UP Hehe dwmn XT mmdauses’ty

VDD {{umn POWER SUPPLY +2 ~ +6V

GND 1 GROUND

2.2.2 S3adned hag
51,810, MI1 , MI10, H1 , H10, D1 , D10, MO1 , MO10 , Y1 , Y10 W
ndusnevailiufodomasiinmatmudsufo  SECONDI , SECONDI0
MINUTE1 , MINUTE10 , HOUR?1 , HOUR10 , DAY?1 , DAY10 , MONTH1 , MONTH10
YEAR! , YEAR10 uat WEEK lunmrmueeniiiiaasimeinsdodfiiunis BCD daths
wu F3eas S1 (58,54,52,51) = 1001 Feazvanedle 9 i
PM/AM 20110 Tulve 24 . fn PM/AM arbilfunsasamdnitldidn o
aane oot Iuluae 12 ax. T h20 asgnianlumssns fin b0 gnidieudan 10" finfay
smenidifiu 0" aoan Slifmadew 1 dhluftn
MSM 62428 dgnesnuusndmiilededidnme uavdsmansodanmifentiud
afngsfiu (LEAP YEAR) |¢nendalusid
ddianed W snarnidayslddoud 06

W4 W2 W1 DAY OF WEEK
0 0 0 SUNDAY
0 0 1 MONDAY
0 1 0 TUESDAY
0 1 1 WEDNESDAY
1 0 0 THURSDAY
1 0 - 1 FRIDAY
1 1 0 - SATURDAY

MmN 211 ustiayesTiawes W
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CD REGISTER (CONTROL D REGISTER)

. HOLD (DO) Wawivimiidi *1* &ynne CLOCK 1 Hz  famdhanfi 1
avgrgely Wamiliosdin D1 BUSY) fufulinsonusasminmoewld e BUSY i 0"
Taaed 81 - W mansnewdadiuld SluhnadisnnaRetuiaamivene S1 aefinerh
WidnmirmariuniidenAnswan 1 Jwi wdmnd HOLD = 0 s CS1 = 0 awhl¥ HOLD =
0 Towlimlasnmsmsoiiug

BUSYD1)dufinfiuanssnusrnsnisweniaiulilareaulmsased/llas
Tneareiindmnmneldesadmuidu  dofin BUSY = 0 wnefowdonfiaslfsmnis
Bewi3iaaes ST W (ADDRESS 0 C)

- IRQ FLAG (D2) ﬁ'ﬂﬁmuwgazﬁuﬁuﬁﬁmzﬁuﬁmwma@m STDP = 0 um
IRQ FLAG 9wy 0" [RQ FLAG aufludhveninlasrenfawein midwaeiiwiiean
MSM 62428 (1o RQ FLAG =1) finstms IRQ FLAG aghawmdasriuiaawaseniudnsialy

v
A

i

- 3@’ CE fiv DO (MASK) i DO (MASK) = 0 STDP auila lumeasariudna
&1 'D0 (MASK) =0 STDP uiememuseanmirmialag D3 (T1) ust D2 (T0) ¢
Feas E

- dlafin DI (NTRPT/SIND) ®diinwes £ =1 Gwaeiiwine) Wafioms
Swinniswifiedn STDP auiln LOW awrdiiv [RQ FLAG asgnideudiy 0° uawh IRQ
FLAG i "1* 8y uasfomsdwansiwilnaiuaclifinasa STDP (fu LOW wilawida)

- u‘jm‘m D} (INTRPT/STND) 28433ci@at E = 0 (STANDARD PULSE OUTPUT
MODE) iaifiam buwiasinf STDP authaniin LOW aunsssiein IRQ FLAG gnieudiay
‘0" winlonasmly 78125 ms - STDP asndudu HI Toedaluiia

- diafimeduulufitin HOLD %S 30 SEC ADJUST #asiaawes D duliwasdnaien
1+ lufifin IRQ FLAG éhu

-30 ADJ (D3) Siiviivii i 1* urowfrdnnemin Swdmiwiilyle
Yaund 20 Sunfiefinern Wvdndwifignidndiu *00" Iwd udAemandwiiulyldinnn
viawnriy 30 Awfesiiner i fidnendudn 1wt udvdniwfasgnimlidu oor
i Wsmsefidndniidn -1 duliensfiasuviodaulunm 125 us wlmmiudniagnin
din *1° SaniBaundusndu o athasnansermiisnanmmewiadedoyaly
Rawadle
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CE REGISTER (CONTROL E REGISTER)
- MASK (D0) diufinfl¥muquaniymes STDP o MASK = 1 asfinevnld
STDP = 1 (OPEN) @p isnsnso ¥ fviusnu/duuannzmes STDP 18 uaudlold MASK = 0
fawilsl STDP = OUTPUT MODE siufafiviunmananenuamanivnaes STDP st
M AT MASK Sinfueiwnes STDP dusasiugud 4
- INTRPT/STND (1) ifwdndandynnoueriymass STDP 1 2 Tuwada
Suwniswit STANDARD TIMING WAVEFORMS (Namiadaansnensmuiamfuvinem)
tINTRPT/STND 1 uaz MASK = 0 dadfermiweetiwion RTC

@ yMeReSTD P axlicedn LOW aundiazdew *0* Wit IRQ FLAG Wdiamat C

& INTRPT/STND = 0 uat MASK = 0 avdiadaonliifmieinneas STDP lan

471 uar TO Wwhrimuemunanlumsduieesim ual LOW-LEVEL PULSE WIDTH aan
sin STDP d1lsifimsdouanin *0* 1U% IRQ FLAG amanimasiedasyiriy 76125 ms

- TO (D2) , T3 (D3) i 2 &%Lﬂuﬁ'zﬁmu@mm’:mﬂmﬁmtymmﬁwmm STD.P

wosts 2 Tvain #o INTERRUPT aay FIXED TIMING WAVEFORM mvwdhomaviansfisny

el 10 way 11 Wufnduwriefichwdiadaety STDP U INTRPT/STND

T1 TO PERIOD DUTY CYCLE OF 0" LEVEL
WHEN INTRPT/STND BIT IS 0"

0 0 1/64 SECOUND 1/2

0 1 1 SECOND 11128

1 0 1 MINUTE 1/7680
1 1 1 HOUR 1/460800

TN 2,12 uEmuMTiBuyn@s T1 usy TO

tumiin INTRPT/STND lu *1" emdiudisewan STDP fu MASK BIT &g
fiugioll #a th STDP Wi 0" agisuudini@ewld MASK BIT i "1* fasiinainlk STDP
wiienn "1 uarluenid STDP dn *1* agpiu (aerns SET 1% RQ FLAG du 0" ) udhm
1% MASK BIT ifiu *1° riow#t STDP axufemaniiu "0 Wufaefiseriif STD.P fin 1"

funiin INTRPT/STND ifiu 0" mwdiufsswin STDP fu MASK BIT at
findsiide § sTDP i "0* axrouudmideuli MASK BIT diu 1 felifinearlnfiotu
weeluanusd STDP ifiu *1° arijﬁ'uué":m‘lﬁ MASK BIT ifiu *1* flauf STD.P azulfemarufin



(4%
O

REQISTER TAMLE

Mddress Address lm". tegisier Dela Cound
Input = Nasme value Discripticn

A TA A& D D [ ]

1 3 1 [ ] 3 3 1} ]
0 0 0 0 0 S‘ 5' S‘ Sl SI o~9 f-second digit register
1 "ol of of 1 s 1 S s s 0 %5 | 10-seccod difit regisier

0 . e e
1 [ ] i|] o lll sl ol ul' ni‘ o~9 f-minute digit register
H [ 0 1 1 llu ] lI“ lI" ull. 0% 5] 10-ninute digit reginter
4 ] it 0] 0 I‘ b‘ h, h' h‘ o~9 1=hour digit resisier
5 0 1101 1 n“ ] m/ h" h“ 0% 2| PM/AM, 10-hour digit
& or 0”1 register
§ 0 1 1 0 h' . d. d‘ d‘ d' 0~9 1-day digit register
1 0] 1 i 1 D“ i 1 d" d“ 0~ 10-dey digil register
] i ol o o ml w0 % | w %0, o~9 I-month digit register
9 1 of ol 1 LR 1 1  Imo 1 0~1| 10-sonth digit register
I ! ] 1 0 Yl 1, v, v, 1, o~9 I-year digiL register
> -
) 1 0 i | = SaFlaree rs 71 [ 10-yesr d1git register
¢ 1 t1j ol ¢ ¥ 1 ., . v o~s Weel register
? 1 1{ 0} 1 ¢ J0sec.| IRQ | BUSY | HOLD - Control register )
»
i3
) § 1 ] i [ C' l.‘ L. lTl'Tv NASK - Conl.rol reyicter I
/STID

r 1 1 1 I C' TEST | 24/12] STOP | RIST - Control register F

2T = RISKT
ITIFT/STID = INTERRUPT/STAXDARD

Nole 1) - BiL I does »ol sxil {unrecogeized during a wrile and beld st "0° during s read).

Xole 2) - Be swre-10 mast Lhe AU/PN ML when procassing 10°s of howr's data.
Nole 4) - BUSY biL is resd eniy. The 12Q FLAG BiL cam only be set Lo s *0°. Selling Lthe I2Q FLAQ Lo a "1™ is d

y - r
fMINN 2.13 uden REGISTER TABLE

vt
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0" Sufafinarn s STDP i *1°
CF REGISTER (CONTROL F REGISTER)
- REST (D0) fnfiasflunmeduiclock muluiflummiummedwd @
REST = 1 9l STDP = 1 uaasaniume wasgridmusudiadosms ety
muluomde (@anainms RESET ) dwfiuassiosil REST = 1 & ¢St = 1
Fodu REST = 1 athedalusfa
- STOP (D1) axlflummmyadnafiasdlylwassmmsanad 8192 Hz uasasdiims
miraamll 122 us n'aw?inmam’mmﬁw‘%wqmﬁu WM Asnamsas FLAG i
fu '1* = STOP / 1w *0* = RUN Tuamesfaeiinaanlsh RTC fu ensiindiu 10 wiollly
Fredhanindiund  udandmnsld RTC dad i liiniidn 00 wmeilueosd
mL%ﬂnmﬁunﬁ@ﬁé’aﬂﬂLihm%ﬂﬂ*ﬁwﬁnﬁmﬁm"uméuﬁn 1 5w vdrnfimdmnamisiaud
- 2412 (D7) Tvfasfumadeniaslfoaiduin 24 o v3 12 ax. @ AM/PM)
dudonlvue 124 . fin PMWAM seligmibanl¥ Glendiu 07 withidenlvam 0-12 #. Tn
PM/AM axfimsulfemanmshidhndmsunmmimindsunandid
1) ¢al%f REST BIT = 1

2) 24/12 HOUR BIT = 0 v 1 dulu 0" vanedle 1

e 24 g, cudu "1
vanutievne 24 T,

3) RESTBIT =0

wanuve REST azdoadiu *17 feavdunin 2412 1o

- TEST (D) iflnTinitdiu “1° Suyneansamiubwinwfznaneemiumunm
fagarammens 15

Sotwrsamiuviniwfstuemadif 54163 KHz wnw (indessivfienad 1 Ho)

o TEST = 1 (TEST MODE) {iv STOP uag i REST awslignidn lunwfiadlu TEST
MODE (TEST = 1) & HOLD = 1 2saniumelwasgruyely uddla HOLD nduanifiu *0° 2
Lifurarhumitldasgndas

2.3 LIQUID CRYSTAL DISPLAY
LCD fudotiaves Liquid Ciystal Display winfigunriuatha inueridhusmna
BRI e
wEnmedumafmaiuatlddaturrhsimmiuegn qavasummzes
mwﬁm&aq’luiwqmmﬁﬁﬁmﬁ e (mesophase) %ﬂmaqmmmmumméauﬁ“tﬁ



- v | a X [ ' - (Y - v ¥
iflaussresven wimnssliaignisaglrsnmdeiusdniduzaudein
Tull we. 2513 Wimsfumrusuanrdnmmmanmmufeuiesn lanane
< A 2 | v v valca [ <
dwius wiorniuussnaetiulaldloonmilowusudll  quissni@iffonsnmeAngn

209 LCD Tuifaqiusiuwias

2.3.1 laseadeess LCD
Usemaudnesuuinassulssnuiy  lnadugananissn 6 8 10

LY 4 q v

\1‘{ A v 8 slari a 2 u."lqai"“i”’* v v M ¢ a
HIATINAT RN UL LKL LAGE LA LMY AW IR e LEeNeanNeT FYANWLANID

WiADIanLehe q Shvhinanasiudiasfivaanied ( Indium/Tin OxidedTO) TeA s WA
ﬁﬁm‘lﬁﬁuNi‘ﬁnmmQzﬁéru'uﬁﬁ"n"'fiﬂﬂuzaqmaawﬁmwéhﬁu RSB TRD AT
Lﬁuﬁﬁnﬁ’u‘lummm%uﬁﬁnmdfwmuﬂaﬁa‘ifv’uﬁmwﬁmm (alignment layer) TLUsUNTEWIN
Lm'wh”'oﬂmgnﬁmum'[@m’\'ﬁmz' . (ﬁqnﬂﬂ@gﬁﬁ 2.7 %vﬁuxﬂmmauaaﬁmﬁw%’u)
womnndnumid TouklUfaunfiadn mematic) udsediquii 28 n
+ Tusnmasdnmmuniisdnasneuiuliiinumasedodiumenn  dwmmndufieas
ﬁﬂﬁﬂmﬁuﬁﬁ-ﬂmﬁum%au‘lﬂ ameammAmInTTuEAeTamntLaRh « e

T 2 ’ a a ) a
wuulasanain (choresteric) TU 2.8 4. UatLULANNGN (smectic) §Uh 28 @

wdmner  winlwalsddmmh ueinuiadumt’

| ey e

dminladnmss  uenufidungs  Mazvon wilvaliddmnds
umRs .

217 2.7 Towetenas LCD

2.3.2 LCD uwuriiw@ngiainien
nvhemidiasiuens LD wiladinliainden (Twisted Nemetic:TN)
meiuw?; 29 Twaqmmwénmmﬁmﬁnammé’m‘lﬂumLL'nﬁqua%uﬁ'ﬂmu%'uum
AU TNMTTT LR TEI NUAMET LN ULz 90 B9en Luisnates

ninmmasiafunfensriu 90 aem Wansandusimbisnaraandnms filiodiuingen
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o

117 2.8 uamalaseeharasluanaraandnmenyi 3 wwum) fidn @) Tanamain (@) sandn

2l LLLTLT o V/ £ X o
Il ouninumsh duseasusmamlal 90 asen FhptnngmItiiliie
- fd . ., ) T i (" --‘
anquiaifueuilelmi mausmatbuanan issasruuwsninen ladoanlulel uamedionin
291N.
- ' i pr3 i o a e -~ aaso e

woulglnT (anisotropy) MenedeenassieadleBidnedn (permittvity'E) 189
£ a: 4 v )
wEANMEIWRBUA Mg o)

thiusdlauldidnilwiheiols questiduauilalnfimalvifhusdluanaes
3 v S - ‘ a - '
vbimmehmbuenanidewll (@aUf 29 1) usamhwdnmdeiamiends Jala

1 ' & v 3
o ladeuuuaantile
] P i '
domileuusedu Tusnafaudawhdaduinasmi U 29 n) useiananmm
) 4

m’qmu‘lﬂ'iﬁﬁn mMameas LCD wuuilGenn mikaesnaiin (positive image display)
ugeneagLf 2,10

i ukuwan e Wi lilsnnnn 20 asen wefaefineariudhada LCD
afiafiudiolifusssiulion  uiedwwsladioliowusdn  WuilFond  mauseamaay

(negative image display)



I

inlaiduduaams

uiaTa9lea

uriulwalad

' v
TUA 2.9 nrihawRuT UG UERINARLLRINGNTUAINGE? (1) amislaivhom (@) enerhaom

2107 201 diwmuaeanadasdaen 7 sou - lnsmaseusesiuliiuguse

musnmsaesyTol A i uon Wi iiushuisameua T NLssneLY
2.3.3 UUUGEN € Y2IMIUFAINA

LCD snsnnucaona emdidlalnedusnms 3 wiy axdenlfuulaiuayiy
usssrlneoy

1. wwuawion (eflective mode) asdismissnmlmuefauayfusminmg
ICD uh wdeudeagiifumeduasinmasuismnmemansudiuanns i fmusm
(mﬂﬁ 212 1) wnhemnaiiidusrhaiivme fate Tidamaumdmhauneutiauliiy
weaa Wla o 3n

2. wuURKU (ansmissive mode) SN LD Ainmuceumaidoy @
shmsmhuzssaussadasidldmeftududty  wifenmsentnticmdon
s mehusmanalsiaam usmdoquii 212 n.

3. wwusshweow (nansflective mode) iummemaTwin 2 wndindmsn
W dhusmamssldmnssTonsusnmenen undusdassendundadadaims
senane q lufifie uﬂmﬁq‘gﬂ?} 2212 9.



* .= ON “ DC/AC i '”1“1';'»

112,10 MTLEFNNGIEILIN

Y

JUf 212 WsenEBIMIUEAINGEEY LCD

(M) WULEINIY
(2) wuLETYau
(@) WLUSIKU / Feviau



o
2.3.4 #duga9 LCD wyy TN
Fued LCD wuvitdnefiounden (TN) Inan 3 & As danseaed dansadd
a £ v [ - R G L lz‘dunavu L
uatE NI dantsnedas s uuannaiudeng 1 URLNWAR LTIV DR ENYT ISALY
e . 8 [R5 - A ey et a v - ' & o
wnuALER LS Taans i lad 2 3 1w Suesuasden mﬂﬁmuﬂmwammaquuﬁwm
wisdhusnmedideaduninduanilel dnsesfasudiunadustdundndadudgm o uud
ol ¥ v [ 1 1 v v - .: =3 - 2 v . L7
G Al a0 LCD WLLRIH (% FRaNeIAuaSUBAUALLEY LasBanenumndeyh e
a A u a i : A . ﬂaﬁ |
T I e AL IE e IMIDFIUGANMNAREN ) LUUNBAUF  vnaslEiuuuug
W RETauATe e een e 's.\mms’:":wnéwmmnawaumaahcmfmauﬁmmmm.
-3
235 mua NUAVIILLES
v 2 ¢ ‘v ! A
anafpdu lumIInana AT E R aEing (bn'gn*’ress) LRYAIN
OIS (contrast) 209 LCD oy anmdNssaEm idenemua e nn s
9 T Y = ) 1~ e | ¢ o = \
eNET A nEE Y Tu LOD wuy TN aﬂﬁmumwﬁmmumv:agmanv. 5 £ 50 ug

[y : a o W va 2 '
Samsuendugignimsmedmanmiuiifonsan. 10 waveradnasatholefin

Ussanms 2
e uﬁmmunuﬁﬁuﬂe:«iaamnﬁmwé’aé”mﬁ*’mﬁqumm%’mmuﬂa@uﬁu
v
Amsemsdanasmusicauiunmmarasieudulitons Femssussas

¥ ' a 1 - v v £ a y TN Y & a a :
mwuaqnumm‘namwu‘[wm\lm AT L EAINAULLEE RS N NS e e AT maeh
A enNE s nnusa NS Na Y «*uumu‘[wm\lmﬂnﬂmm'@w Wiemadngausa e
AR
2.3.6 3
U7 218 uspse iUt NG TITuTRIyNDY 3 yad
e g B e fvae v Yy a a 1 v
WRPUIAN ) LCD WA ThUEaNa biiunaulel e 8 Aoys uuwaTesiures LCD uae o
' v
fayNTE DU AN
- G X - - . " -
WBUTAN RN IR TONNINDUAIUTRERMNGNWE) ST
e . e
§9 IMNURGUGIUNHIETIRNEUMNE6
o AI £ 73 4 r.l' . 2 =3 2 ! § § o
wssiitaeiigeimaani Wuaadiulddaiau (10 WaTlTuaYILTITUgIEe)
Gonn usssumelea (threshold vottage: V) WROWARD 90 whfiemdsiussiugiae
{Funa1 uneiudneh (saturtion vottage : v, )
annduRuiTEusssutuem N Tesusaz Aen U musunasTiuane
v “ ) 1 v - v o 1 =y 2 “
Mupawanmm  Samshunancon ysinddalssinmagompiiuey & v, ssensuds
UMD EANGIU
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2.3.7 A1 TBIMIUTAINA
neasuauasnTIhuag utae 50 fe 100 Aedu (ugomgiivies 25 aeen)

R RANaFa TN MABUARNAR NN IINENIME AN (viscosity) 2Bdsiuay

q a

- 3 ™ a -~ Ao - s 8
Watudagunlianss  wmsiuanadidas umaefeuiouanh imneuauasihas e

v 3 1 & v ‘. U q 4 v |
LU uaL LT ADILTITUTNE I T aUUTIsuUAL A NI RENIMEN Fa e

U 213 enduiu i ne UL

2.3.8 M5%u LCD
s ) - M 2o A Ly
LCD usiasthu (mnead) mansaifiesa Wisaediidond 9 tsnaushu
v U ; ] v v 3 A‘ i & v s a0 1 0 o
dmunn R, MenaisaynIaiuiiinieeg C, Sestwmriudadiumu R, @enginat R,) ehuaeén
x 1w v “ 1 ‘I v ‘I ] : U

vivtssqastiuegiuusseuiitnngetan LCD  enudieedyadithowd ludioelichnah 30

FSer  Wallarummmsiumasdiuaeana  nasuaddtwilude 15 Llesussideama

AR LCD  Aedmangaiaaemusundmisdmutsssuuanins udasnas

2.4 NG RS 232C
Toenndbilmensfameiaeinetafiduoynan  Senteriwi RS 2220 arflu
fuesegud  wwedashifatedanthate BMPC  dnfuacdesdimiafien
Hesilanimosuainad (Asynchronous Communication Adapter) wnidnulanada RS 232C
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3
“ A. g z & . o
77 214 wasenyedens LCD R, diuemsshumueynssfidetwanndieiols R, &y
= U -: - d' ' J L] a9
C, iuaifiennuinmefogremadnihetiola

dviifuucsadayalusuenningandt Universal Asynchronous Adapter

LY

weiitadend RS 232C mumﬁnnﬂwmNwmqﬂnmamﬂmaumﬁmammma EAL ol
rMueNAIIUTRIgUNTE! m*ﬁamuuuaumwm‘hmaﬁma'n RS 232C emanfosnaivg s
nsssfoyautiynsdvmesas s iRearwnnfigadmiu b Trsrasfna$ae RS 2000

J ¥ o
wiidhdyeesmefamaunuarislentafian
Uiy ou
a4 o Y 2
1. wiRswdynmuhmuuuoynsalr iy
2. fTRFLeTNRaNmatBdy R MATY

daadaLlauarwiatianen

w

[

4. dofynaliERgiiusygaliud

Mdtyeyeu

1. Lﬂﬁ&lu"rytummwmummwgﬂaamaaumaanmuuuuaumu
2. Rnssainugw3E

3. Lﬁué'zytmmmuquhﬁuﬁdaﬁau(t'ﬁﬁ)

Mg RS 232C IdRedaitwdle © ae 1969 loumnasdnangunmo
Snrafinfuwisemigaudm RS tiaanan Recommened Standard  shu 232 ifiumany
mﬁeuaﬂﬁmmmpuﬁ'z& C Lﬂwmum'nmauumuammmmpumu TR
ﬂmmmjmmumwam‘:maqmanﬁmmmmmvauwaqﬂnmmmmgaﬂmm (Data
Terminal Equipment DTE) nuqﬂnmaaamaga
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(Data Communication Equipment DCE) émiuyiluloseasiuens DTE f
mnuteililaseanfnieefuos DCE fimnefle Toadia qunaoline o whnomantd

fudyanamuueynanesanduldvie DTE war DoE

T & G a ¢
ey s Ty AANRIGDS
- . —_— —_—
AONFDS
3% 215 nald RS 232C Fanstaquninl
X Vv 2 oa v ' G \1:/ - -4
Magniugkaa dauandeay DTE uar DCE awmduldaon quft 215 awmgud

maniuld RS 2320 Amumetyeeha mtywfcmmwmmsﬂams'nawm"mwﬂﬂﬂmmw elhy
e NRBnUssmviterns RS 232G fds MNSIUATTE M TEoNdD RS 232C shansn
Lﬁaumanwmwa'[auﬂayahmn 0-20,000 findadun qmwmwaém%’u‘iﬂmﬂawfnma%?iiﬂmm
SaTLaA 110 69 9600 106 mwmﬂﬂmﬂﬂmama%aoﬂ,;rmmmxmwmww RS 232 <ia
atud 50 Nm\:mmwamwwnwﬂam‘s\mmﬂaqumamuqﬂnm*auuan

2.4.1 anyMYREYgIM RS 232C
v?\'iaLﬂuwé’nﬂsm"uﬁ?ﬁ’auuaqﬂmaan\iﬂaahognc”lmLnazqﬂmninnmuquaaimns'fm
fhLﬂmzﬁmﬁﬁaﬂnmﬁ'ﬂuﬁ'awmﬁrummﬂ%’ HAIPU RS 232C fmuaziuzsdusasulwin
ndtyononfominiatssredidoun duanslueme? 210 ueegll 2.16
smiuesaslularronfianasinieias Hurdunnmiseineansniudoygno
"4 RS 232C 10w agwieu avilamimsuoniaindens BM P lunvdidufsssynsnnemas
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Interchange Circuit

Curzent

Driver output logic levels with

s 3k to 7k load

Driver output voltage when open
circuit

Driver output impedance with Power off
Output short circuit current

Driver slew ;ate

Receiver input impedance

Receiver input voltage

Receiver output with open

* circuit input

Receiver output with +3V input
Receiver output with -3V input
+15

+5

+5

+3

+3

-5
-15

15¥30 >5v
=50 3-15 T1ad

Yo <25 T1as
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7k >R, »3k

in

+15 compatible with

driver

MARK

SPACE

MARK

LOGIC 0 = SPACE =
CONTROL ON

Noise Margin
Transition Region

Noise Margin

LOGIC 1 = MARK

CONTROL OFF
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INTERNAL VO REGISTERS 00H
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7 38 udeLase MEMORY 216 1 MB

3.3.1 ma e sniaamud lumawenn lisunsy

#\#dose. MEMORY MAP filddmiumadeuliisunss lumemmniheisn %
VN MAP w1 PAGE 7midansihannmazartutas 08000H-0DFFFH ldihdldauiden

¥

PAGE @"J nYNvNer 41 PAGE °/‘L63T"Q8§J"»8QAI'%‘H’}\1 thioloph q\,"ﬂﬁ“n’JL"TEJEG'! uN@ &u USER

n

BUFFER 3oy U39 OEOQOH-OE7FFH uay USER STACK 1 Wy luts 0E800-0EFFFH

I
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x SYSTEM STACK FFFF
00
p: 9 SYSTEM BUFFER FIFF
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X USER STACK EFFF
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24K
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24K
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ROM 00000
MONITOR PROGRAM o77%FH
PAGE 1 030008
ODFFFH
PAGE 2 020008
13FFPH
PAGE 3 140008
19RRFH
PAGE 4 1A000H
1FFFFH
PAGE § 200005
25FRFH
PAGE 6- 260000
2BFPFE
PAGE 7 2C0005
31FFFH
PAGE 8 32000H
ZFFFH
PAGE ¢ 38000
3DFFRE
PAGE 10 2E000H
A3FFFH
PAGE 11 440008
49FFFH
PAGE 12 4A000H
AFFFFH
PAGE 13 500005
S6FRFH
PAGE 14 66000K
SBFFFH
PAGE 15 5C000K!
GLFFFH
PAGE 16 62000
67RFRH
PAGE 17 £9000H
6DFFFH
PAGE 18 SE00H
73FFPH
PAGE 15 240008
79FFFH
PAGE 20 7A000H
7RFRFH
PAGE 21 80000H
g5FRFH
PAGE 22 86000H
8BFFFH

7U 310 UEPMPAGE MEMORY

24K

24K

24K

2K

24K

24K

24K

24K

24K

4K

24K

24K

2K

24K

24K

24K

K

X

X

" PAGE 23

PAGE 24

PAGE 25

PAGE 26

PAGE 77

PAGE 28

PAGE 29

PAGE 3

PAGE 21

BAGE 32

PAGE 33

PAGE 34

PAGE 35

PAGE 38

PAGE 37

PAGE 38

PAGE 39

PAGE 40

PAGE 41

USER BUFFER

USER STACK

SYSTEM BUFFER

SYSTEM STACK

3C000H
91FFFH
§2000H
97FFFH
98000H
SDFFFH
9BOCOH
A3FFFH
A4000H
ASFFFH
AAQ0CH
AFFFFH
30C00H
S5FFFH
B6C0CH
BBFFFH
BCOOOH
CLFFFH
C20005
C7FFFH
C3000H
CDFFFH
CEO0COH
D3FFFH
D4000H
DOFFFH
DA0OOH
DFFFFH
E0000H
ESFFFH
Z6000H
EBFFFH
ZCO00H
FiFFFH
F2000H
F7FFFH
F8000H
FDFFFH
FEOCOH
FE7FFH
FES00R
FEFFFH
¥FO00H
FF7FFH
FFB00H
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dmuseinIaTivdade FO000H-FFFFFH avanuliifiu SYSTEM BUFFER uay
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3.3.2 MIBENUULMSARATWS MEMORY (DECODE)
; T 31 asdanadiwhimuanminaemicay 2 yelapazien RAM

UM 128 K 98n8evn Lﬂummamﬁﬁ‘lﬁmmﬁmﬁaﬂ 1 MB

3.4 LCD DISPLAY
«flu DISPLAY Ueadige Twia 16 $henwsy 1 UTvim Wwasery ueswmtars 2

W @i A1 uas A2 uas Uadoyaiin 8 Wi A DO-D7

3.5 2935ldaINa ASCII CODE (LED 8 a1d9)
simananwasa A %89 8255 wuafe JR-180 umuseanaRsuamiTL
dnauiuidusiauesreemiauosdmmaiaounTsameRn 280180 OUT aanmy

WosR A 89 8255 inaiumTuae s Mene REGISTER

S6BOHMSX? »x»

PA@A O "N ”
AN

PAl O ANA N——;
AR

PA2 O AN N—h
PA3 &
PA4 <1

O AN N———
PAS <
PAG ' 7

O— AN )’———0
AN

PA7 e AAN b

917 311 uFeI993 LED ASCII CODE



3.6 USER PORT
sasnanneda B 989 8255 AnuBTA JR-180 UAy USER PORT awiiudaeinla
TanSdy aguuuwsnIBRTGeiuty 29suansnme REGISTER FLAG
USER PORT aziflu PORT ldmmnslfussendodt uaxldvinrmadmu 10

g

v 1
Kohm PULL UP Wyniinudr ussdelidasinliw +5 V use nimud iieaemnsans Hnu

3.7 KEYBOARD
faanammatn C 98¢ 6255 UuLaSR JR180 dmata C fwfienuaums
SCAN KEYBOARD iafuehannm SCAN KEYésmudwdewdusda ASCH endu KEY
SHIFT uae KEY MENU fisifienlumss ASCI Sedoslimiafirsfirmesusnios

3.8 S1waniuaesuada ANALOG TO DIGITAL CONVERSION was
DIGITAL TO ANALOG CONVERSION

+5Y

R—PACK 18X PULL UP

$
PBO f o | PB®
PB1 & O PB1
PB2 O O PB2
PB3 O- O PB3
PB4 o | PB4
PBS o O PBS
PBs6 O O PB6
PB? O— 0 PB?
+5V O— o +5U
GND O— 0 GND

U7 3.12 ugiena9aT USER PORT
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Iﬂillﬂiﬁﬂﬂﬁﬂﬂﬂ'ﬁﬁ'lﬂuﬂlﬂd FLAG i8¢ USER PORT TESTI.ASM
. FILENAME TEST1.ASM
. DESCRIPTION TEST LED FLAGS,USER PORT
. ASSEMBLER CROSS-32 V3.0
; KING MONKUT'S INSTITUTE OF TECHNOLOGY LADKRABANG
. FACULTY OF INDUSTRIAL EDUCATION
; MAJOR: ELECTRONIC AND COMPUTER
. ED.ENGINEER #15

CPU "Z180.TBL"  ; CPU TABLE
HOF "INT8 ; HEX QUTPUT FORMAT

PA:  EQU 8OH
PB: EQU 81H
PC:  EQU 82H
PCC. EQU 83H

ORG OH
START: LD HL2000H ; POWER UP DELAY
START1: DEC HL

LD AH

OR L

JR  NZSTART1

LD SP.ODFFFH ; STACK POINTER

LD A8OH

QUT (PCC),A

tb AQ

ouT (PCLA



79

LD A1

L1 OuUT (PA)A . TEST LED FLAGS
OuT (PBLA , TEST USER PORT
CALL DELAY
RLA
JR U

DELAY: PUSH AF
PUSH BC
LD B.OFFH

DE1: LD C.OFFH

DEZ; DEC C
JR NZDE2
DINZ DE1
POP BC
POP  AF
RET

END

Tusunsunageunmstauues MEMORY BOARD TEST2.ASM

; FILENAME TEST2.ASM

. DESCRIPTION  TEST MEMORY 1MB {(SEE PAGE MEMORY,
MEMORY DECODE IN APPENDIX)

; ASSEMBLER CROSS-32 V3.0

; KING MONKUT'S INSTITUTE OF TECHNOLOGY LADKRABANG

; FACULTY OF INDUSTRIAL EDUCATION

; MAJOR: ELECTRONIC AND COMPUTER



0

; ED.ENGINEER #15

CPU "Z180.TBL" ; CPU TABLE

HOF “INT8' ; HEX OUTPUT FORMAT
PA EQU 8&COH
PB EQU 81H
PC EQU 82H

PCC: EQU 8&3H

CBR: EQU 38H

8BR: EQU 3SH

CBAR: EQU 3AH

OMCR: EQU 3EH
ADDRESS: EQU 8000H

CRG OH
START: LD HL2000H ;POWER UP DELAY
START1: DEC HL

tb AH

CR L

JR NZSTART1

tb AQ ;FOR 780180 ONLY
QUTO {OMCR).A

DEFAULT: LD AOQEEH ;MMU SETUP
OUTO (CBAR)LA
LD AOFCH
OUTO (BBRLA
OUTO (CBR).A



PAGE1:

PAGEZ:

PAGES:

81

LD SPOFS00H ;SYSTEM STACK
LD AZE8CH
ouT (PCCLA

CALL PAGE1 ;SET MMU SELECT YOUR PAGE

LD HL.ADDRESS

LD~ A QASH 10100101

tD {HDL.A FILL A5 IN MEMORY
XOR A

LD A(HL) ;GET A5 FROM MEMORY
OuT (PALA ;DISPLAY A5 ON PCRT A
JRTLOCP

LD  A.QEEH
OUTO (CBARLA
LD AOFOH
OUTO (CBR),A
QUTO (BBR).A
RET

LD A,0E8H
OUTO (CBARLA
LD  AOFOH
OUTO (CBRIA
LD A08H
OUTO (BBR).A
RET

LD ACQESH




PAGES:

PAGES:

PAGE10:

PAGE11:

g3

LD  A,QFOH
OUTO (CBRLA
LD  A24H
OUTO (BBR).A
RET

LD A.OE8H
OUTO (CBAR)A
(D A,CFOH
QUTO (CBR)LA
LD A2AH .
OUTO (BBR).A
RET

LD  AOQESH
OUTO (CBAR),A
LD A,OFOH
OUTO (CBR)A
LD A30H
OUTO (BBR)LA
RET

LD  AOESH
OUTO (CBARJA
LD  AOFQH
OUTO (CBRLA
tD A.36H
OUTO (BBR)A
RET

LD  AOE8H
OUTO (CBAR)A
LD  AOFOH



PAGE1Z:

PAGE13:

PAGE14:

PAGE15:

OUTO (CBR),A

LD AZ34H
OUTO (BBR)LA
RET

tD AOE8H
OUTO (CBAR).A
LD A.OFCH
QUTC (CBRILA
LD A42H
OUTO (BBR).A
RET

LD AQE8H
OUTO {CBAR).A
LD  AOFOH
QUTO (CBRLA
LD A48H
OUTC (BBRLA
RET

LD AOQESH
QUTC (CBAR).A
LD AOFCH
OUTO (CBR),A
LD A4EH
QUTO (BBR),A
RET

LD AOQE8H
OUTO (CBAR).A
LD AOFQH

OUTO (CBR),A



PAGE16:

PAGE1T:

PAGE1S:

PAGE1S:
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LD  AB4H

OUTO (BBRLA
RET

tD  AQE8H
QUTQO (CBARLA
LD A.OFOH
OUTO (CBR)A
tD  A5AH
OUTO (BBR).A
RET

tD  ACESH
QUTO ({CBAR)A
LG  AOFOH
OUTO {CBR)A
LD AECH
QUTO (BBR)A
RET

LD AQE8H
OUTO (CBAR)A
tD  ACFCH
OUTO (CBRLA
LD A.66H
OUTO (BBRLA
RET

LD A0E8H
OUTO (CBAR)A
LD AOFOH
OUTO (CBR)LA

LD A.6CH



PAGE20:

PAGEZ21:

PAGEZ22:

PAGE23:

86

OUTO (BBR)LA

RET

LD AOQE8H
QUTO {CBAR)LA
tD  AOQFCH
OUTO (CBRLA
LD A72H
QUTO (8BRLA
RET

LD AQCESH
OUTO (CBARLA
LD  AOFOH
CUTO (CBRLA
tD  A78H
OUTO (BBR)A
RET

LD AOE8H
OUTO (CBARLA
LD  A,OFOH
OUTO {CBR)A
LD A7EH
OUTQ (BBR).A
RET

LD AOQE8H
OUTO (CBAR}LA
LD AOFOH
QUTO (CBR)LA
LD AS84H

OUTO (BBR)L.A



PAGEZ24:

PAGEZ5:

PAGE26:

PAGE27:

RET

LD  AOE8H
QUTO (CBAR)LA
LD AQFOH
OUTQ {CBR)L.A
LD AB8AH
OUTO (BBR).A
RET

LD A.QE8H
OUTO (CBAR).A
LD AOFCH
OUTO (CBR)LA
tb  ASOH
OUTO (BBR)LA
RET

LD A,OE8H
OUTO (CBAR)LA
LD  AOFOH
QUTO (CBR)LA
D ASeH
OUTO (BBR).A
RET

LD A.OE8H
OUTO (CBAR)LA
LD  A.OFOH
OUTO {CBR)LA
tD  ASCH
OUTO (BBRLA

RET

87
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PAGEZS:

PAGZZS:

PAGEZC:

PAGE31:

PAGE32:

38

LD  AQE8H

QUTO (CBAR)A
tb A.OFCH
OUTO (CBR)A
LD AQAZH
CUTO (BBRLA
RET

LD AOQE8H
QUTO (CBAR)LA
LD, AOFCH
QUTO (CBR).A
LD  AQAS8H
OUTO (BBR)A
RET

LD AQE8H
OUTO (CBAR)A
LD AQFCH
QuUTO (CBR}A
LD AQAEH
CUTC (BBR)LA
RET

LD  A.OE8H
OUTO (CBAR).A
LD AOFCH
OUTO (CBR)LA
LD A0B4H
QUTO (BBRLA
RET

LD A,OE8H



PAGE33:

PAGE34:

PAGE3S:

PAGE38:
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OUTO (CBAR)A

tD  AOFCH
QUTO (CBRLA
LD  A,0BAH
OUTO (BBR).A
RET

LD A QE8H
OUTO (CBAR)LA
LD AOQFOH
OUTO (CBR),A
tD  AQ0COH
QUTO (BBR).A
RET

LD AOQOEEH
OUTO (CBARLA
LD  A,OFOH
QUTO (CBRL.A
LD A,0CeH
GOUTO (BBR)A
RET

LD  AOE8H
OUTQ {CBAR)A
LD  AOFCH
QUTO (CBRJA
LD AOCCH
QUTO (BBRLA
RET

LD AJQEsH

OUTO (CBARLA



PAGE37:

PAGE3S:

PAGE39:

- PAGEA40:
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LD AOQFCH
OUTC (CBR).A
LD  A0QDZH
OUTO (BBR)LA
RET

LD AOQE8H
ouTo (CBAh),A
tD  ALQFCH
OuTO (CBRLA
LD A0D8H
QUTO (BBR)A
RET

tD  AQESH
QUTC (CBAR).A
tD  AOFOH
OUTO (CBR}A
tD AODEH
OUTG (BBR).A
RET

LD AQE8H
OUTO (CBARLA
LD A.OFCH
OUTO (CBR)A
LD AOE4H
OUTO (BBR).A
RET

tD  AQE8H
OUTO (CBAR),A
LD  AQFOH



g1

QUTO (CBR),A

LD  AOEAH
OUTO (BBRIA
RET

PAGE4: LD  AOE8H
OUTO (CBARLA
LD AOFOH
OUTO {C3RIA
LD AOFOH
OUTO {BBRIA
RET
END

Tﬂ’iuﬂﬁJﬂﬂﬁ’t]llﬂ"liﬁ’lﬂ'm‘llﬂ\iﬂﬂ LCD TEST3.ASM

. FILENAME  TEST3.ASM

; DESCRIPTION  TEST LCD 16 CHARACTERS * 1 LINE

; ASSEMBLER CR(OSS-32 V3.0

; KING MONGKUT'S INSTITUTE OF TECHNOLOGY LADKRABANG
. FACULTY OF INDUSTRIAL EDUCATION

; MAJOR: ELECTRONIC AND COMPUTER

; ED.ENGINEER #15

CPU "Z180.TBL* ; CPU TABLE
HOF "INT8" » HEX OUTPUT FORMAT

WRITE_INS : EQU OCOH
WRITE_DATA : EQU OC2H



READ_BUSY :

START:
START1:

TLCD :

TABLE :

WRP :
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EQU OC4H

ORG OH

LD HL5000H ; POWER UP DELAY

DEC HL

LD AH

OR L

JR NZ,START1

LD SP,ODFFFH  ; STACK POINTER

CALL INHLCD
tD  HLTABLE
CALL WRP
SLP

DFB "ED. ENGINEER #15"

Ltb ADO
CALL GOTO
CALL WRLINE
LD A.40H

‘CALL GOTO

GOTO :

CALL WRLINE
RET

SET 7.A

OUT (WRITELINS).A
CALL READ

RET



READ :

WRLINE :

TEST11

% INITIAL LCD #%*

INITLCD:

IN A (READ_BUSY)
BIT 7.A

JR NZREAD
RET

LD B8

LD AfRL
LD DA
CALL WRBYTE
INC HL
OJNZ TEST11
RET

LD A,001110008 ; FUNCTION SET 38H
; D=1 8 BIT.N=1 1/16 DUTY,F=0 5*7
OUT (WRITE_INS),A

CALL DELAY1
CALL DELAY1 : DELAY > 4.1 ms
LD A,000011118 ; DISPLAY ON/OFF CONTROL
: D=1 OFF,C=1 CURSOR ON,B=1 BLINK

OUT {WRITE_INS).A

CALL DELAY1

LD A,00000110B ; ENTRY MODE SET

; 1/D=1 INCREMENT, S=0 RIGHT

OUT (WRITE_INS).A

CALL DELAY1



CLSLCD : LD A,000000018 ; CLEAR ALL DISPLAY
OUT {WRITE_INS).A
4 CALL READ
RET

;*** WRITE BYTE SUB ***

WRBYTE : LD AD
OUT (WRITE_DATA),A
CALL READ
RET

,'!*!** READY SUB L 21

DELAY1 :  PUSH BC
PUSH AF
LD B.80H
DELAY12 :  DJNZ DELAY12
POP AF
POP BC
RET

END

Tdsunsunageunsinauvesfdussa TEST4.ASM

PORTC: EQU 82H



KEYIN:
KEY_SHIFT:

SCAN_KEY:

SCAN1:

SCAN2:

DEBOUND:

ORG 8000H

€7

DF
DF

1
1

]

ORG (0000H

LD AgeH
OUT (83H)A

LD B.08H
LD E,0H
LD AE

OUT (PORTC)A
IN A(PORTC)
AND OFOH
CP OFOH

JR NZ,.SCANZ
INC E

DJNZ SCAN1
JR SCAN_KEY
CR E

LD (KEYIN)A

IN A/(PORTC)
AND OFOH

CP OFOH

JR NZ DEBOUND

LD A(KEYIN)
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CP OBOH

JR NZXEYCODE

LD A01H

LD (KEY_SHIFT)A
t . JR SCAN_KEY

KEY_CODE; LD A (KEY_SHIFT)
" CP 01H
JR NZCODE1
LD HLPCTAB
LD X SHIFTTAB
JR CODE2
cofDm: LD HLPCTAB
. LD IXNORMALTAB
CODE2: LD A (KEYIN)
LD BIFH
CODE2_1: CP (HL)
JR ZCODE3
INC  HL,
f INC X
DINZ CODE2_1
CODES: LD A (X+00H)
LD DA
XOR A
LD (KEY_SHIFT)A
LD AD
OUT (80H)A
‘ JP SCAN_KEY

13

.t*'”k'k**t**i*******i**Q**i*t*i****************
t

FCTAB: DFB  OEOHOE1H,0EZH,0E3H,0E4H 0EGH OE6H,0R7H



NORMALTARB:

SHIFTTAB:

DFB
DFB
DFB

DFB
DFB
DFB
DFB
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0DOH,0D1H,0D2H,0D3H,0D4H ,0D5H,0D6H,0D7H
0B1H,0B2H,0B3H,0B4H,0B5H,0B6H 0B7H
070H,071H,072H,073H,074H 075H,076H,077H

1BH,0H,31H,32H 33H,34H,35H,36H
37H,38H,39H 41H 42H 43H 44H 45H
46H,47H 48H 49H 4AH 4BH ACH
4DH 4EH AFH 20H,60H 51H 52H 0DH

1BH,23H,2AH,28H,26H 2DH 2EH 08H
FFH2CH,3AH 22H 27H 2EH 41H,3DH
53H,54H 55H 56H 44H 67H 43H
58H,59H 5AH,20H 2FH,3FH 42H,0DH
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3K

4K

24K

4K

4K

4K

24K

i
E]

24K

24K

K

24K

24K

24K

24K

24K

24K

24K

2K

4K

ROM
MONITOR PROGRAM

PAGE 1

PAGE 7

PAGE 8

PAGE §

PAGE 10

PAGE 11

PAGE 12

2AGE 12

PAGE 14

PAGE 15

PAGE 16

PAGE 17

PAGE 18

PAGE 19

PAGE 20

PAGE 21

PAGE 22

000008
07FFFH
08000H
ODFFFH
0£000H
13FFFH
140008
LOFFFH
1ACO0H
{FFFFH
2C000H
25FFFH
260008
2BFFFH
2C000H
31FFFR
32000H
27FFFH
380008
SDFFFH
3E000H
43FFFH
440008
49FFFE
4AQ00H
4FFFFH
50000H
S5FFFR
56000H
SBFFFH
5C000H
61FFFH
62000H
67FFFH
68000
6DFFPH
6E00CH
73FFFH
74000H
79FFFH
7A000H
7FFFFH
80000H
85FFFH
86000H
8BFFPH

4K

24K

24K

K

1K

24K

24K

24K

24K

24K

24K

24K

24K

24K

24K

24K

24K

X

K

K

PAGE 23

PAGE 24

PAGE 27

PAGE 23

PAGE 29

PAGE 37

PAGE 28

PAGE 39

PAGE 40

PAGE 41

USER BUFPER

USER STACK

SYSTEM BUFFER

SYSTEM STACK

PAGE MEMORY

§C000:
S1FFFH
92000H
STFFFY
330008
3DFFFH
28000H
AFFrH
A4C00H
AGFFFH

AAQ00H

3BFFFH
B8C000H
CLFFFE
Ce00cH
C7FFFH
2300085
COFFFH

DAC00E
DFFFFH
20060
EGFFFH
£8900H
TBFFFH
£C000H
FIFFFH
720005
F7FFRH
FE000H
FDPFFH
FEO00H
FE7FFH
FEQ00H
FEFFFH
FFO00H
FF7FFH
FFE00H
FPFFPL



2K

32X

128K

128K

128K

128K

128K
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MONITOR PROGRAM
Ul

U4

Us

Ug

ug

U9

U10

Uil

MEMORY DECODE

CC000H

40000H

EFFTFH
6000CH

7FFFFH
80COOH

DFFFF

| EOCOOH

FFFF

e |
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INTERNAL O REGISTERS

8255 PA = 40H
(ADC.DAC) PR =41Y
PC =42H
PCC = 43H
82C55 PA = 805
(SYSTEM) PB = 814
PC=82K
PCC = 83H
RTC 6242
AOH - AFH
LCD PORT

WRITE INS = COH
WRITE DATA = C2H
READ BUSY = C4H

WATCH DOG

ENABLE = EQH

I/0 MAP

COH
3FH

40H

DFH
ECH

FFH
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1 2 3 4 5 6 7 8 98 10 N

36 38 40 42 456 44

3% 37 39 41 43

SOCKET Z80180 Gasnsmuw)

- yue Z80180 araamuuy PLCC 68 PIN
- SOCKET #a¢ PCB a¥¥@nuiL PGA 68 PIN
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PLCC PGA PLCC PGA PLCC  PGA PLCC  PGA
1 AB 21 G2 4 L 81 A10
2 B6 2 H1 42 K3 62 810
3 A5 a3 H2 43 Lio 63 AS
4 BS 24 J1 44 K11 54 89
5 A4 % 32 45 K10 1] A8
6 B4 26 K1 45 1 68 88
7 A3 27 2 47 210 £7 a7

B3 28 Q 43 H1 83 27
] A2 29 [0t} 49 H10
10 B1 30 [ %] 60 GN
n 82 ki e 61 G109
12 C1 32 K4 62 M
13 [ov] 3 L6 53 F10
14 D1 34 4] 54 En
1% D2 3 L6 6 E10
16 g1 36 K& 56 D1
17 g2 37 u 57 D10
18 F1 38 K7 58 cn
19 F2 38 L8 59 c10
20 G1 40 ¢ §0 BN

As1dsauLnausn PLCC 68 N1 PGA 68
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ASCII CODE TABLE
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ASCII code tables
T

These tables list, for all the codes the printer can interpret:
e the code number in decimal
e the code number in hexadecimal
e the character that the code represents
e for control characters, the sequence that you can type at the
keyboard to enter the character
e for control characters, the standard ASCII name for ecach character.

For all five character sets, code numbers 0 to 127 are identical. For
code numbers over 127, five different characters are given according to
which character set is selected.



2
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decimal hex  character  keyboard ASCII nume

0 0 NUL (o )@ nuil

L 0l SOoH (e DA start of heading
2 02 STX (e )8 start of text

3 03 ETX Can )C end of text

4 04 EOT (Con )D end of transmission
5 05  ENQ (Con JE enquiry

6 06 ACK (o JF acknowledge

7 07  BEL Ccui )6 bell

8 08 BS (et JH back space

9 09 HT Cew )1 tab horizontally
10 0A LF (Can )d line feed

11 0B vr o K tab vertically

12 0C  FF (o L form feed

13 0D CR (o M carriage return
14 0E SO (et N shift out

15 OF &I (e )0 shift in

16 10 DLE Cowi )P data link escape
17 11 DCI (Can J)Q device control |
18 12 DC2 (Con )R device control 2
19 13 DC3 (on S device control 3
20 14 DC4 (o )T device control 4
21 15  NAK Cad DU negative acknowledge
22 16  SYN @B synchronous idle
23 \7  ETB Ceu W end of trunsmitted block
24 18 CAN (Cem )X cancel line

25 19 EM Can )Y end of medium
26 1A SUB (o )z substitute

27 IB  ESC [ escape

28 1IC FS Cem )\ file separator

29 1D GS Can ) group separator
30 IE RS Cen A record separator

IF US Con)_ - unit separator

— -

w
—
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decimal  hex  character decimal hex character
32 20 sp 64 40 @
RR) 21 i 03 41 A
34 22 " 06 42 B .
35 23 # 67 43 C
36 24 $ 68 44 D
37 25 % oY 45 E
38 26 & 70 16 F
3y 27 2 71 47 G
- 28 ( 72 48 H
41 29 ) 73 49 I
42 JA X 74 A d
43 28 + 75 4B K
44 A / 76 +C L
45 2D - 77 4D M
40 2E \ 78 4 N
47 2 / 79 4F 0]
48 30 0 80 50 P
49 31 1 8l 51 Q
50 32 2 ¥2 52 R
51 33 3 83 53 S
52 34 4 toR 54 T
53 35 S5 85 55 u
54 36 6 86 56 v
55 37 7 87 57 W
56 38 8 88 58 X
57 39 9 8Y 59 Y
58 3A J 90 SA 2
59 3B G 91 SB {
60 3C < 92 5C \
61 3D = 93 sD 1]
62 3E > 94 SE -
63 3F ? 95 SF -
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decimal hex  character decimal hex character

96 60 ) 112 70 P
97 61 a 113 71 q
a8 62 b 114 72 r
99 63 C 115 73 s
100 64 d 116 74 t
101 65 e 17 75 u
102 66 il 118 76 v
103 67 g 119 77 w
104 68 h 120 78 X
105 69 i 121 79 Y
106 6A 3 122 TA z
107 6B k 123 7B {
108 6C 1 124 ~7C '
109 6D m 125 7D 3
110 6E n 126 7E X
111 6F e} 127 7F DEL
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CHARACTER FONT TABLE

H
uuxlnw
!

xaasQ0L)

[x::'ﬂlﬂo'\ﬂﬂﬂlﬂ noll!leDvllﬂ viro ottt finso 1011|1100 et
anx0U0OQ . E::
axxe00 | E::;
. [ ‘"i--zl /| e =

wERYIUY

Ll Lffl_:_i =] 1

anxu01Q1

xNux0110

xuxwol}]

xxwWI1000

XRxMIUI0

xxxxivll

it E

EIMIEE = JU“! =
weenror | 9 (=l l..]--'-'- ..__‘___
coneriy | @ LA F"... il [ ’ T E

NOTE: CGRAM isa CHARACTER GENERATOR RAM having 2 storage function of

character pattern which enable to change freely by user's program.
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Electric maximum ratings

em i Symbor Atin, | Max. i Unit : Remarxs
Power sucoiv ‘or togre i yre = v o i v
Power supoiv lor LCD gnve | Veu - Vo 1 Reler 1o mowauar soecticaton |
input voltage | vi : . ! v 1 _
Siavc etectreny | 1 - | 100 ] v | Sea note
Note El di 3 tested by NG a with a y ¢ 2000F and discharging 1 by contact with an wnienace
connector pm. - - - - N -
Environmental conditions
Operaun Non-operatin
item " 9 - 9 Remarks
Min. 1 Max, Min. i Max,
Ambient lemperature Reler to nomgouat specilicanons
Hurdity Note - .- No gew
Vibranon - I 4.9mss? (0.5G) - 19.6 mis? (2G)
Shock ] - 29.4 mus? (3G 490 mis2(50G) | XYZ 3 drections

Corrosion gas

' Mg corrosien gas

NOIE Humiany conawions are as toftows,

Numoper oi gots |
i

Ambient temoerature (7a)

! Unaer 128 x 240

Ta 5 40°C

25% AH rhax,

128 x 240 or over

85% RH max

Ts > 40°C

(Below maximum temoaratyrel

Below mawmum absoiule numiaily of
40°C 953h AM

Bewow maximum apsquste hunwoity of
4 P

0°C 8550 ~

- item

LCD MODULE (Consumer Type)

Conditions

Hign Temperare Operation

Operatng 96 ~ 100 Hrs ai 50 = 2°C surrounding temo.-

Low Temperaiure Operation

Operatng 96 ~ 100 Hrs at 0 = 2°C SurroUNAING temo.

Hign Temperature Storage

Storage 96 ~ 100 Hrs at 60 = 2°C surrounding temp. then storage 4 Hrs at normal
conditron (Power Cify

Low Temperature Storage

Storage 96 ~ 100 Hrs ai - 20 + 2°C surrounding tlemo. tnen storage 4 Mrs at normal
condiion {Power Off) No cew 1o be lound

Damo Pruc!

Storage 96~ 100 Hrs at 40 = 2°C and 0~ 356¢ RH surrounding conoMion, then
storage 4 Hrs at normat conomon (Power O No gew 10 02 louna,

-~ iNo change 15 wisiolen
adcearance nor tuncion

Evaluation

Note The sbove conditian 1s only teoresentative, and may, dilter in case of Customizeq speciticanons.

5

Ta = 25°C
Itern Symbol Condition” Min. Typ. b Max, | Unit i Notes 1o see
Viewng angle _._o2—ol Kot - 20 - 1 - —
- 259 0 '
Contrast ratio K ° - 2 - o | —_
duQ® I
Response ume (nse) e o= 25° 250 ! 0 ! : —
e i fmge 1 150 T 250 ! ms ; —
o= 25° L2550 | w0 —
Resconse ume flak) " f=0° i - : 150 I 250 s P =
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DV-1601B

122
115
106.2
¢ 99
{
4-03.5 !
N, i ’
I 13292543302 12,
: ) . 4
~ lyf =25 |
' 294 > 4 i
E RN '
I — ==
L B ! !
+3 g o 3 || S\
~
=i N 1

i 1S X P6.0 290

!

No.! Signat | No.| Signai
11 w83 + 21 wvee
3l vo 21} ‘88
3 R/W 3 i g

7 DBO ' 3 o8
2 0oB2 10 083
1] 0B84 ji2 0BS5S
31 OB6 114! DBT

DV—1601

9 , 2.54 14-61.0
(3] 1
Ll
! bbbt

P I
Bl U 0 - l
ﬂ; o & o, (O} H B { \_3_7_.4
o - iioss |
i Lloss |
P, Anninnnl
1 + 'S
', =F g0
; of & Q0O Ex
o as_ __59.62 18 o EEEe "
azsl I || 645 ls Coooa
T T T i e o n e I
] 7 25 -

4-02.5

No.{ Signai | No.| Signal
1t v8S 2 Niv)s]
31 v0 1 41 AS
5T A/W 1 61 E
] 080 8 1 081
9 082 10| 083
1 08 <2 12 085
13 0B 6 {14 o8 7




§n-§é® 27256

256K (32K ¢ 8) PRODUCTICN AND UV ERASABLE PROMS

B MNew Quick-Pulse Programming™ 8 Plastic Production P27258 is
Algorithm for Plastic P27256 Compatible with Auto-insertion
~ 4 Sacond Pregramming Equipmont

— Intyligent Programming™ Algortthm 1 Holsture Aesistant

Compatidie
Fagzt Access Time 4 Industry Standard Pinout ... JEDEC
it asareitiiig Approved ... 28 Lsad Cerdip and
{4 N3 ia e p

— 200 ns P27256-2
A intgilgent identifier™ Mode

(See Packaging Spec, Order ¢231308)

The Intel 272S6 Is & 5V only, 262.144-bit Ultraviclet Erasable (Carcip)/plastic produciion (P27258) alecicafy
programmatie reed-only memcry (EPROM). Crpanized as 32K words by 8 bits, individual bytes can be ac-
co&sad in leas then 170 ns (27258-1). This is compatible with high performance micreprocessors, such as the
Inted LAPX 186, allowing full speed cperation without the addition of performance-degrading WAIT states. The
27256 13 aj90 directly compatible with Intel's 8051 family of microcontrotiera.

Thoﬁas&P??ZSObHedfathmkmwodxﬂonmmmmmbmm

The 27258 snables implementation of new, advanced systems with firmware-intensive srchitectures. The
combination of the 27258's high-censily, cost-effective EPROM storage, and new advanced microprocessors
having meganit addresaing capabiiity crovides designers with opportunities to engineer user-friandly, hich
The 27258's large storage capability of 32 K-bytes enabies It to function as a high-density software carrier.
Entire operating systems, dlagnostics, high-level language programs and specialized application software can

resids in 8 27258 EPAOM cirectly on a system'’s memory bus. This permits immediate microprocessor access
and execution of software and eiminates the need for time-consuming cisk accseeses and downioeds.

Tworline control and JEDEC-approved,. 28-pin packaging are standard feeturms of all intel high-density
EPAOMSs. This assures easy microprocesscr interfacing and minimum design efforts when upgrading, adding,
o chooaing between nonvolatie memory aitematives.

The 27258 is manutactured using Intei's advanced HMOS*I1-E technology.
*HMOS s & catentad procses of Intel Comporation.

cama cuTRUTE
el Oy-On
MO e —
tor—
> Preteett
- aa I~
v 9 G |uormconan| | oureut susrens
PO = cecdom [}  vosmwo
ADORERS { = T
pouTs | — x : 290,144 ST
o] oeccomm | ! | cmimernx
L]

200007 -1

=
Figure 1. Block Diagram
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nNig 27256
Fin Names
Ag-Aqs Addresses
CE Chip Enable
Je QOutout Enable
1
0o-07 ! Qurputs
| ou | Don'tUse
| W | write Enaple
T 272586 : \
70| zrsva | 27802 a71mea Tt | araaa| aes P27255 b1 27924 Topizrioan zrssz | 27513 2o |
—— !
Vor | OM. | Ag | Voo | Yoo Ye g ap Ve TVop | Ve | Veg 1 Voo | ttee |
Az | Az | Az Asg Avz ) 8’ 70 4w P[RSR | Ava wE
Ay Ay Ay Ay Ay Ar | Ay 2 G w0 s vaz| Vez | NG| A Avg Avg Ay
PV T T R R ) “de g A oy BV IOV RN S I
VR BV PV D M IV I + Qs 1h & P4 RSN IV IO (R R R
Ay g Ad A Ay A e A Qe DU An Voot Ay § A | A Ay (A Ay I
A e BT e I R :-g' nﬂfl CE LNy OE | 08 TRNmkR/Vee E
A A | A A A A A ga ni Ae A, A Ag | A A A A
.«: w | .«: Ay Af A: A ds =g 2 Z2| 2 E - :’:‘o,
oy Ml Al Al M NN 2o Clna 1P o Orf Or [Or| O | O | O &
Ce |Co/Op| Go | OCa | Sa | O | Co S Gn np o Ogf Co | Oe | Os | Co | Co | O
O1 [0vO«f O { O1 | @ | Or 1O % Qu 1703 0y 05| Oy | Q5| Os | 95 | Os | Qs |
Or | 2 10! G2 | 22| O or g1 1o, Ocf Os | Oul Ou | Ou 1 O4 04 |
| s | Gea | Grd | Goa | G | Gea o e nOo, Ol Oy 10 ] 09 1 & |l 0y ]| O
2500972

NOTE:

(e Uriversai Sita” Comoatble EPAOM pn configuratons are showt in the biacks adjacent W the P27256 pins.
Figure 2. Cardlp/Plastic DIP Pin Configuration
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DAC0808, DAC0807, DAC0806 8-Bit D/A Converters

General Description

The DACO808 senas is an 3-bit monalithic digital-to-analog
converter (DAC) featunng a full scaie outout current settling
ume of 150 ns wnile cissipating onty 33 mw with =SV sup-
piies. No reterence current (Irgp) trimming 18 required for
most applications since tha full scale outout cument is typi-
cally =1 LS8 of 255 Ingr/ 256. Relative accuracies of bat-
1er than =0.19% assure 8-5it monotonicity and fineanty
while zero lavel output current of less than 4 A provides
8-bit zero accuracy for lngr2 2 MA. The power supply cur-
rents of the DACOB08 senes are independent of bit codes,
and exhibits essentially constant device charactensucs over
the enare supply voltage rangs.

The DACO808 wiil intarface directly with popular TTL, OTL
or CMOS logic levels, and is a direct replacement for the

MC1508/MC1408. For higher speed applicatons, see
DACC800 cata sheat.

Features

m Relative accuracy: =0.19% error maximum (DACCE08)
Full scale current match: =1 LS8 typ

7 and 6-bit accuracy available (DACQ807, DACOE06)
Fast settling time: 150 ns typ

Noninverting digrtal inputs are TTL and CMOS comgati-
ble

& High speed muinpiying inout siew rata: 8 mA/pus

Power supply vottage range: = 4.5V 10 > 18V

a1 Low power consumption. 33 mwW @ =5V

Block and Connection Diagrams

Duakin-Uine Package
- (¢}
WAl A M A s A M U .
? N 5 T i T ? et 3= 12, comvtsaanss
Aot :»—{7 coantnt mmrcwes J——O Y Order Number e [ eresnas
DAC0808, DACO807, "= P v
| e I was oacwr }-onu or DACG806 -4 2aceem v
T See NS PIJCK:AG'. s 114 ey 1T i
Ni b ‘ + Ll
ey : . A I Fove  M16A or N18A i -\
Wetl ru — LI
Yogni O
arrenct =0 comwen ol SN
CyaRIT ds AN AAA
M1 TR/ 5887 -1 130 wew TU/W/5687 -2
Smail-Outiine Package
V:—H 1828 LS9
YoM ={2 t5f=a?
A 10 ke ] 14p=ud
couronanon—{ 13-
s 12}
oo—{¢ H-as
a7 ola
o—is 1p=—al WSk .
TL/H/S88T =13
Top View
Ordering Information
ACCURACY OPERATING TEMPERATURE ORDER NUMBERS
RANGE J PACKAGE (J16A)° N PACKAGE (N16A)* |SO PACKAGE (M16A)
8-bit ~55'CZTas +125°C CAC0O808LJ jMC1508L8
8-bit 0"C<Tas +75C DACO808LCJ | MC1408L8 | DACOS08LCN| MC1408P8 DACD808LCM
7-but 0°CsTag +75C DACOE07LCJ | MC1408L7 | DACO807LCN | MC1408P7 DACO807LCM
8-bit GCLTas +75°C DACOBO6LCI | MC1408L6 | DACOS06LCN | MC1408P8 OACQ806LCM

*Note, Cevices Mmay e oroered Uy Lang &fhar Oroer NUMDer,

90800vQ/£0800vQA/80800VA
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LM386 Low Voltage Audio Power Amplifier

General Description

The LM386 is a power amplifier designed for use in low
voltage consumer applications. The gain is internally set 10
20 to keep external part count low, but the addition of an
external resistor and capacitor between pins 1 and 8 wiil
increase the gain to any value up to 200.

The inputs are ground referenced while the output is auto-
matically biased to one half the supply voltage. The quies-
cent power drain is only 24 mifliwatts when operating from a
6 volt supply, making the LM386 ideal for battery operation.

Features

m Battery operation

® Minimum external parts

R Wide supply voltage range
’ Low quiescent current drain

4V-12V or 5V~-18V
4 mA

® Voltage gains from 20 to 200

m Ground referenced input

B8 Seli-centering output quiescent voltage
| Low distortion

m Eight pin dual-in-line package

Applications

® AM-FM radio amplifiers

®m Portable tape player amplifiers
a1 Intercoms

® TV sound systems

® Line drivers

= Ultrasonic drivers

| Small servo drivers

B Power converters

Equivalent Schematic and Connection Diagrams

Dual-in-Line and Small Outline

1
- INPUT O p—C +iNPUT

Typical Applications

Amplifier with Gain = 20
Minimum Parts

— - i hd

— —

TL/HI6976~3

*Required for LM386N-4 only.

]
4O Vs Packages
' -/ :
GAIN sommg aesme GAIN
SINPUT L1 sveass
’_é Vour anryt 4 B v,
b N —4 L Vour
TL/H/6978-2
Top View
Order Number LM386M-1,
L.M386N-1, LM386N-3 or LM386N-4
) U See NS Package Number
TL/HIETRA MOBA or NOBE

Amplifier with Gain = 200
0

TL/H/6976~4



Absolute Maximum Ratings

if Military/Aerospacs specified devices are required, Junction Temperature +150*C
contact the National Semiconductor Sales Otfice/ Soldering Information
Distributors for avallabllity and specifications. Dual-In-Line Package
Supply Voitage (LM386N-1, -3, LM386M-1) 15V Soldering (10 sec)” +260°C
Supply Voltage (LM386N-4) 22v Sn\}ﬁ" Ou::‘r;e P(aggage) U
o apor LT} sec °
:’ac:nka\?el Dissipation (Note 1) (LM386N-4) l.isx infrared (15 sec) +220'C
ne kotage . - See AN-450 “Surface Mounting Methods and Their Effect
Storage Temperature —65'Cto.+150°C on Product Reliability” for other methods of soldering sur-
Operating Temperature 0°Cto +70°C face mount devices.
Electrical Characteristics 1, = 2sc
Parameter Conditions Min Typ Max Units
Operating Supply Voltage {(Vg)
LM386N-1, -3, LM386M-1 4 12 \
LM386N-4 5 18 v
Quiescent Current (Iq) Vg = 6V,Viy =0 4 8 mA
Output Power (PoyT)
LM386N-1, LM386M-1 Vg = 6V, Ry = 80, THD = 10% 250 325 mwW
LM386N-3 Vg = 9V, Ry = 80, THD = 10% 500 700 mw
LM386N-4 Vg = 16V, R = 320, THD = 10% 700 1000 mw
Voitage Gain (Ay) Vg = 6V, { = 1kHz 26 dB
10 uF fromPin1t0 8 46 dB
Bandwidth (BW) Vg = 6V, Pins 1 and 8 Open 300 kHz
Total Harmonic Distortion (THD) Vs = 6V, R = 80, Poyr = 125 mW 02 . o
t = 1 kHz, Pins 1 and 8 Open F °
Power Supply Rejection Ratio (PSRR) Vg = 6V, { = 1 kHz, Cgypass = 10 uF 50 dB
Pins 1 and 8 Open, Referred to Output
Input Resistance (Rin) 50 kN
Input Bias Current (Igias) Vg = 6V, Pins 2 and 3 Open 250 nA
Note 1: For ion in i P above 25°C, the device must be derated based on a 150°C i and 1) &
of 80°C/W j ion 10 for the duakin-line package and 2} a thermai resistance of 170°C/W for the small outiine package.

Application Hints
GAIN CONTROL

To make the LM386 a more versatile ampiifier, two pins (1
and 8) are provided for gain control. With pins 1 and 8 open
he 1.35 kN resistor sets the gain at 20 (26 dB). If a capaci-
tor is put from pin 1 to 8, bypassing the 1.35 k} resistor, the
gain will go up to 200 (46 dB). If a resistor is placed in series
with the capacitor, the gain can be set to any value from 20
0 200. Gain control can aiso be done by capacitively cou-
pﬁrig a resistor (or FET) from pin 1 to ground.

Additional external components can be placed in paralle!
with the internal feedback resistors to tailor the gain and
frequency response for individuat applications. For exampie,
we can compensate poor speaker bass response by fre-
quency shaping the feedback path. This is done with a se-
ries RC from pin 1 to 5 (paralleling the internal 15 kQ resis-
o). For 6 dB eftective bass boost: R = 15 k{1, the iowest
value for good stable operation is R = 10 kQ if pin 8 is
open. If pins 1 and 8 are bypassed then R as low as 2 kQ
can be used. This restriction is because the amplifier is only
compensated for closed-loop gains greater than 9.

INPUT BIASING

The schematic shows that both inputs are biased to ground
with a 50 kQ resistor. The base current of the input transis-
tors is about 250 nA, so the inputs are at about 12.5 mV
when left open. if the dc source resistance driving the
LM386 is higher than 250 kQ it will contribute very little
additional offset (about 2.5 mV at the input, S0 mV at the
output). If the dc source resistance is less than 10 k(2, then
shorting the unused input to ground will keep the offset low
(about 2.5 mV at the inpyt, 50 mV at the output). For dc
source resistances between these values we can eliminate
excess offset by putting a resistor from the unused input to
ground, equal in value to the dc source resistance. Of
course all offset problems are eliminated if the input is ca-
pacitively coupied.

When using the t.M386 with higher gains (bypassing the
1.35 kQ resistor between pins 1 and 8) it is necessary to
bypass the unused input, preventing degradation of gain
and possible instabilities. This is done with a 0.1 uF capaci-
tor or a short to ground depending on the dc source resist-
ance on the driven input.
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rypical Performance Characteristics
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Typical Applications (continusd)

Amplifier with Gain = 50
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Amplifier with Bass Boost
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°Required for LM3BEN-4 only.
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Low Distortion Power Wienbridge Oscillator
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Typical Applications (continuea)

AM Radio Power Amplifier

FROM
OETECTOR
FERRITE
SEAD 250uF
—_—
._nrwx_o_*.'
A'A'Av “l
a _1+ SPEAKER
I 0.950F
TL/H/6976=-11
Note 1: Twist supply lead and supply ground very tightly. Note 4: R1C1 band limits input signais.
Note 2: Twist speaker lead and ground very tightly. Note §: All components must be spaced very close o IC,

Note 3: Ferrite bead is Ferroxcube K5-001-001/38 with 3 tums of wire.
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General Description

Maxim's family of line drivers/receivers are intended
for all RS-232 and V.28/V.24 communications inter-
faces, and in particular, for those applications where
+12V is not available. The MAX230, MAX236, MAX240
and MAX241 are particularty useful in battery powered
systems since their low power shutdown mode
reduces power dissipation to less than SuW. The
MAX233 and MAX235 use no external components
and are recommended for applications where printed
circuit board space is critical.

All members of the family except the MAX231 and
MAX239 need only a single +5V supply for operation.
The RS-232 drivers/receivers have on-board charge
pump voltage converters which convert the +5V input
power to the £10V needed to generate the RS-232
output levels. The MAX231 and MAX239, designed to
operate from +5V and +12V, contain a +12V to -12V
charge pump voltage converter.

Since nearly all RS-232 applications need both line

drivers and receivers, the family includes both receiv-
ers and drivers in one package. The wide variety of

RS-232 applications require differing numbers of

drivers and receivers. Maxim offers a wide selection
of RS-232 driver/receiver combinations in order to
minimize the package count (see table below).

"Both the receivers and the line drivers (transmitters)
meet all EIA RS-232C and CCITT V.28 specifications.

/M AXI/V

<45V Powered

RS-232 Drivers/Receivers

Features

¢ Operates from Single 5V Power Supply
(+5V and +12V — MAX231 and MAX239)

4 Meets All RS-232C and V.28 Specifications
4 Multiple Drivers and Receivers

4 Onboard DC-DC Converters

¢ 9V Output Swing with +5V Supply

¢ Low Power Shutdown — <1uA (typ)

4 3-State TTL/CMOS Receiver Outputs

& +30V Receiver input Levels

Applications

Computers
Peripherals
Modems

+  Printers
Instruments

Selection Table

No. of No. of
Part External Low Power Shutdown
Number Power Supply Voltage F‘;?i-v“’:ri Rl:g;:i!n Components /TTL 3-State No. of Pins
MAX230  +5V 5 0 4 capacitors Yes/No 20
MAX231 +5V and +7.5V to 13.2V 2 2 2 capacitors No/No 14
MAX232  +5V 2 . 2 4 capacitors No/No 16
MAX233  +5V 2 2 None No/No 20
MAX234 +5V 4 0 4 capacitors No/No 16
MAX235  +5V 5 5 None Yes/Yes 24
MAX236 +5V .4 3 4 capacitors Yes/Yes 24
MAX237  +5V 5 3 4 capacitors No/No 24
MAX238  +5V 4 4 4 capacitors No/No 24
MAX239  +5V and +75V to 13.2V 3 5 2 capacitors No/Yes 24
MAX240  +5V ] 5 4 capacitors Yes/Yes 44
(Flatpak)
MAX241 +5V 4 5 4 eapacitors Yes/Yes 28
(Smalt Outline)

*Patent Pending
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RS-232 Drivers/Receivers

ABSOLUTE MAXIMUM RATINGS
........... -0.3V to +6V Short Circuit Duration

«oo (Vg = 0.3V) to +14V TOUT  veeeeeerrnnatenreereannaaiareeeeenninnes continuous
........................................... +0.3V to -14v Power Dissipation
CERDIP ittt it ieieirnes 675mwW
.................................. -0.3 to (Vge + 0.3V) (derate 9.5mW/°C above +70°C)
................................................ +30V Plastic DIP .......ccvviiiiiiniiineinnaenneeenn.. 375mW
{derate 7mW/°C above +70°C)
TOUT vvevrencancnnnansenesnnnns (V" +0.3V) to (V" - 0.3V) Small Outting {SO) ...ovvvviirriiiiiiainrennnnns 375mwW
ROUT teverrmunnnseneennnnsenananins 0.3V to (Vg + 0.3V) (derate 7mW/°C above +70°C)
Lead Temperature (soldering 10 seconds) ........... +300°C
Storage Temperature ................u.... -65°C to +160°C

Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the davice. These are stress ratings only, and lunctional
operation of the device at thesa or any other conditions above those indi in the op ional i of the specifi is not impli Exp (X
absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS
(MAX232. 234, 236, 237, 238, 240, 241 VCC = 5V £10%:; MAX233, 235 VGG = 5V 5% C1-C4 = 1.04F; MAX231, 239 VGG = 5V £10%,

+

V™ = 7.5V 10 13.2V; Ta = Operating Temperature Range, Figures 3-14, unless otherwise noted.)

PARAMETER CONDITIONS MIN TYP MAX* | UNITS
Qutput Voltage Swing All Transmitter Qutputs ioaded with 3kQ to Ground 5 9 v
, No load. Ta = +25°C MAX232-MAX233 5 10
Ve Power Supply Current MAX230, MAX234-238, MAX240-MAX241 7 15 mA
MAX231, MAX239 0.4 1
- M. 1 Y
V" Power Supply Current MAX231 and MAX239 only M:xxigg 158 155 mA
Shutdown Supply Current Figure 1, Ta = +25°C 1 10 A
Inout Logic Threshold Low Tin. EN, Shutdown 0.8 \4
. " Tin 2.0
Input Logic Threshotd High — >y Y, v
Logic Puilup Current Tin =0V 15 200 uA
RS-232 Input Voltage Operating Range =30 +30 \
RS-232 Input Threshoid Low Vee = 8V, Ta = +25°C (MAX231, 233 V* = OV) 0.8 1.2 \
RS-232 Input Threshold High Vee = 5V, TA = +25°C (MAX231, 239 V* = 12V) 1.7 2.4 \
RS-232 Input Hysteresis Vee = 5V 0.2 0.5 1.0 \4
RS-232 Input Resistance Ta = +25°C. Vcg = 5V 3 5 7 kQ
TTL/CMOS Output Voltage Low lout = 1.6mA (MAX231-233, lout = 3.2mA) 0.4 Vv
TTL/CMOS Output Voltage High lout = 1.0mA 3.5 \
TTL/CMOS Output Leakage Current EN = Ve, OV < Rout SVee 005 10 A
» Qutout Enable Time (Figure 2) MAX235, MAX236, MAX239, MAX240, MAX241 400 ns
Output Disable Time (Figure 2) MAX235, MAX238. MAX239. MAX240, MAX241 250 ns
Propagation Delay RS-232 to TTL 0.5 us
Instantaneous Slew Rate C = 10pF. R = 3-7kQ. Ta = +25°C (Note 1) 30 Vius
Transition Region Slew Rate IBALe;s?Jlr(gi %:‘ fg\o,c{gf'sv or -3V t0 43V 3 Vius
Output Resistance Ve =V =V =0V, Voyr = 2V 300 Q
RS-232 Output Short Circuit Current +10 mA

Note 1: Sample tested
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Typical Operating Characteristics
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16 Lead Small Outline
also available.

Figure 5. MAX232 Typical Operating Circuit
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Typical Applications

Figures 3 through 14 show typical applications. The
capacitor values are non-critical. Reducing the capa-
citors C1 and C2 to 1uF will slightly increase the
impedance of the charge pump, lowering the RS-232
driver output voltages by about 100mV. Lower values
of C3 and C4 increase the ripple on the V" and V~
outputs.

If the power supply input to the device has a very fast
rate-of-rise (as would occur if a- PCB were to be
plugged into a card cage with power already on), use
the simple RC filter shown in Figure 15. This bypass
network is not needed if the Vec rate-of-rise is below
1V/us.

All receivers and drivers are inverting. The ENable
control of the MAX235, MAX236, MAX239, MAX240
and MAX241 enables the receiver TTL/CMOS outputs
when it is at a low level, and places the TTL/CMOS
outputs of the receivers into a high impedance state
when it is a high level.

When the Shutdown control of the MAX230, MAX235,
MAX236, MAX240 and MAX241 is at a logic 1 the
charge pump is turned off, the receiver outputs are
put into the high impedance state, V" is puiled down
to Vee, V™ is pulled up to ground, and the transmitter
outputs are disabled. The supply current drops to
less than 10uA.

Detailed Description

The following sections provide supplementary infor-
mation for those designers with non-standard appli- °
cations and for those with interest in the internal
operation of the devices.

The devices consist of 3 sections: the transmitters,
the receivers, and the charge pump DC-DC voitage
converter.

+5V to 10V
Dual Charge Pump Voltage Converter

All but the MAX231 and MAX239 convert +5V to +10V.
This conversion is performed by two charge pump
voltage converters. The first uses capacitor C1 to
double the +5V to +10V, storing the +10V on the V"
output filter capacitor, C3. The second charge pump
voltage converter uses capscitor C2 to invert the +10V
to -10V, storing the -10V on the V” output filter capa-
citor, C4. The equivalent circuit of the charge pump
section is shown in Figure 16.

A small amount of power may be drawn from the V*
and V- outputs to power external circuitry. Two Typical
Operating Characteristics graphs show typical output
voltage versus load current for the MAX230, 234-238,
and 241. Transmitter output current is included in these
,plots. The MAX231-233, which are not shown in the
graphs, supply iess output current, and are fimited to 1
or 2mA of excess output load current.

an 1-‘}'1?
B AAA _L 3 I i
e
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] 1.0pF
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1.0uF T MmaxXim i
3o MAx2az
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1.0uF e
1
o™
s
y L av
Figure 15. Protection from High ar

$: M &
Vo e 1 : 5] 1'/ 1 o 3% i 1] - o
| s | e wlgne | ¥ | '
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Figure 16. Charge Pump Diagram.
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For applications needing only the +5V to +10V charge
pump voltage converter, the MAXB80 is available.

The capacitor values for C1 through C4 are noncritical. At
the 30kHz (MAX231-MAX233, 60kHz otherwise) typical
switching frequency of the voltage converter, a 1uF capa-
citor has approximately 10Q impedance and replacing the
4.7uF and 10pF capacitors shown in the typical applica-
tions with 1uF for C1 and C2 will increase the output
impedance of the V* output by about 10Q and the output
imepedance of V" by about 20Q. Lowering the value of C3
and C4 increases the ripple on the V* and V' outputs.
Where operation to the upper temperature limit is not
required, or Vcc will not go below 4.75V, C1 and C2 can
be 1uF, and C3 and C4 can be 1uF per output channel
{1uF if one transmitter is used, 5pF if five transmitters are
used).

There are parasitic diodes which become forward
biased if V* goes below Vee or V™ goes above ground.
When in the shutdown mode {MAX230, MAX23S5,
MAX236, MAX240 and MAX241 only), V* is internally
connected to Vec by a 1kQ pulidown, and V_ is
internally connected to ground via a 1kQ pullup.

The MAX233 and MAX235 contain all charge pump
components, including the capacitors, and operate
with NO external components.

The MAX231 and MAX239 include only the V' to V°
charge pump, and are intended for applications which
have a +5V supply and either a +12V + 10% supply or a
75V to 13.2V battery voltage. When operating with Vv
greater than 8.0V, both capacitors can be 1uF.

Driver (Transmitter) Section

The transmitters or line drivers are inverting level
translators which convert the CMOS or TTL input
levels to RS-232 or V.28 voltage levels. With +5V Vg,
the typical output voltage swing is £9V when loaded
with the nominal 5kQ) input resistance of an RS-232
receiver. The output swing is guaranteed to meet the
RS-232/V.28 specification of 5V minimum output
swing under the worst case conditions of all trans-
mitters driving the 3kQ minimum allowable toad
impedance, Voc = 4.5V, and maximum operating
ambient temperature. The open circuit output voltage
swing is from (V* - 0.6V) to V-

The input thresholds are both CMOS and TTL com-
patible, with a logic threshold of about 25% of Vec.
The inputs of unused drivers sections can be left
unconnected:; an internal 400kQ input pullup resistor
10 Vec will pull the inputs high, forcing the unused
transmitter outputs low. The input pullup resistors
source about 12gA, and the driver inputs should be
driven high or open circuited to minimize power
supply current in the shutdown mode.

+5V Powered
RS-232 Drivers/Receivers

When in the low power shutdown mode, the driver
outputs are turned off and their leakage current is less
than 1uA with the driver output pulled to ground. The
driver output leakage remains less than 1uA, even if
the transmitter output is backdriven between OV and
(Vec + 6V). Below -0.5V the transmitter is diode
clamped to ground with 1kQ series impedance. The
transmitter is also zener clamped to approximately
Ve + 6V, with a series impedance of 1kQ. As required
by the RS232 and V.28, the slew rate is limited to less
than 30V/us. This limits the maximum usable baud
rate to 19,200 baud.

Receiver Section

All but the MAX230 and MAX234 contain RS-232/V.28
receivers. These receivers convert the 5V to 15V
RS-232 signals to 5V TTL/CMOS outputs. Since the
RS-232C/V.28 specifications define a voltage level
greater than +3V as a 0, the receivers are inverting.
Maxim has set the guaranteed input thresholds of the
receivers to 0.8V minimum and 2.4V maximum, which
are significantly tighter than the -3.0V minimum and
+3.0V_maximum required by the RS-232 and V.28
specifications. This allows the receivers to respond
both to RS-232/V.28 levels and TTL level inputs. The
receivers are protected against input overvoltage up
to £30V.

The 0.8V guaranteed lower threshold is important to
ensure that the receivers will have a logic 1 output if
the receiver is not being driven because the equip-
ment containing the line driver is turned off or
disconnected, or if the connecting cable has an open
circuit or short circuit. In other words, the receiver
implements Type 1 interpretation of fauit conditions
(§7 of V.28, §2.5 of RS-232C). While a OV or even a
23V receiver threshold would be acceptable for the
data lines, these lower thresholds would not give
proper indication on the control lines such as DTR
and DSR. The receivers, on the other hand, have a full
0.8V noise margin for detecting the power-down of
cable-disconnected states.

The receivers have a hysteresis of approximately
0.5V, with a minimum guaranteed hysteresis of 200mV.
This aids in obtaining clean output transitions, even
with slow rise and fall time input signals with moderate
amounts of noise and ringing. The propagation delays
of the receivers are 350ns for negative-going input
signals, and 650ns for positive-going input signals
(see Typical Characteristics graphs).

The MAX239 has a receiver 3-state control line, and
the MAX235, MAX236, MAX240 and MAX241 have
both a receiver 3-state control line and a low power
shutdown control. The receiver TTL/CMOS outputs
are in a_high impedance 3-state mode whenever the
3-state ENable line is high, and are also high impe-
dance whenever the Shutdown control line is high.
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Review of EIA Standard
RS-232-C and CCITT
_ . Recommendations V.28 and V.24

The most common serial interface between electronic
equipment is the “RS232" interface. This serial inter-
face has been found to be particularly useful for the
interface between units made by different manufac-
turers since the voitage levels are defined by the EIA
Standard RS-232-C and CCITT Recommendation V.28.
The RS-232 specification also contains signal circuit
definitions and connector pin assignments, while
CCITT circuit definitions are contained in a separate
document, Recommendation V.24. Originally intended
to interface modems to computers and terminals,
these standards have many signals which are not
used for computer-to-computer or computer-to-peri-
pheral communication.

Serial interfaces can be used with a variety of trans-
mission formats. The most popular by far is the
asynchronous format, generally at one of the standard
baud rates of 300, 600, 1200, etc. The maximum
recommended baud rate for RS-232 and V.28 is 20,000
baud, and the fastest commonly used baud rate is
19,200 baud. Asynchronous serial links use a variety
of combinations of the number of data bits, what type
(if any) of parity bit, and the number of stop bits. A
typical combination is 7 data bits, even parity, and 1
stop bit.

RS232/V.28 physical links are also suitable for synch-
ronous transmission protocols. These higher level
protocols often use the standard RS-232C/V.28
voltage levels. Note that one type of physical link
(such as RS-232/V.28 voltage levels) can be used for
a variety of higher fevel protocols. Table 2 summarizes
the voltage levels and other requirements of V.28
and RS-232.

Comparison of RS-232C/V.28
with other Standards

The other two most common serial interface specifica-
tions are the EIA RS423 and RS422/RS485 (CCITT
recommendations V.10 and V.11). While the RS-232
or V.28/V.24 interface is the most common interface
for communication between equipment made by
different manufacturers, the RS423/V.10 interface and
RS422/Vi1 interfaces can operate at higher baud
rates. In addition, the RS485 interface can be used
for low cost local area networks.

The RS423 and V.10 interfaces are unbalanced or
“single-ended” interfaces which use a differential
receiver. This standard is intended for data signaling
rates up to 100 kbit/s (100 kilobaud). It achieves this
higher baud rate through more precise requirements

on the waveshape of the transmitters and through the
use of differential receivers to compensate for ground
potential variations beween the transmitting and re-
ceiving equipment. With certain limitations, this inter-
face is compatibie with RS-232 and V.28. The limita-
tions are:

1) less than 20,000 baud rate,

2) maximum cable lengths determined by RS-232
performance,

3) RS423/V.10 DTE and DCE signal return paths must
be connected to the the RS232/V.28 signal ground,

4) the RS-232 transmitter output voltages must be
limited to =12V, or additional protection must be
provided for the RS423/V.10 receivers, and

5) not aill RS232/V.28 receivers will show proper
power-off detection of V.10 transmitter outputs.

Maxim's MAX230 and MAX232-MAX238, MAX240 and
MAX241 meet restrictions 4 and 5 over the entire
range of recommended operating condiions. The
MAX231 and MAX239 meet restrictions 4 and 5
provided that the V' voltage is 12.5V or less.

The RS422, RS485, and V.11 interfaces are balanced
double-current interchanges suitable for baud rates
up to 10 Mbit/s. These interfaces are not compatible
with RS-232 or V.28 voltage levels.

Application Hints
Operation at High Baud Rates

V.28 states that “the time required for the signal to
pass through the transition region during a change in
state shail not exceed 1 millisecond or 3 percent of
the nominal element period on the interchange cir-
cuit, whichever is less.” RS-232C allows the transition
time to be 4 percent of the duration of a signal
element. At 18,200 baud, the “nominal element period”
is approximately 50us, of which 3 percent is 1.5us.
Since the transition region is from -3V to +3V, this
means the V.28 slew rate would ideally be faster than
6V/.5us = 4V/us at 19.2 kbaud and 2V/us at 9600 baud.
The RS-232 requirement is equivalent to 3V/us at 18.2
kbaud, 1.5V/us at 9600 baud, etc. The siew rate of the
MAX230 series devices is about 3V/us with the maxi-
mum recommended load of 2500pF. In practice, the
effect of less than optimum slew rate is a distortion of
the recovered data, where the 1's and 0's no longer
have equal width. This distortion generally has negli-
gible effect and the devices can be reliably used for
19.2 kbaud serial links when the cable capacitance is
kept below 2500pF. With very low capacitance load-
ing, the MAX230 and MAX234-239, MAX240 and
MAX241 may even be used at 38.4 kbaud, since the
typical slew rate is 5V/us when loaded with 500pF in
paralle! with 5kQ. Under no circumstance will the
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Figure 17 Non-inverting RS-232 Transmitters and Receivers.

slew rate exceed the RS-232/V.28 maximum spec of
30V/irs and, unlike the 1488 driver, no external com-
pensation capacitors are needed under any load con-
dition.

Oriving Long Cables

The RS-232 standard states that “The use of short
cables {each less than approximately 50 feet or 15

meters) is recommended; however, longer cables are:

permissible, provided that the load capacitance . . .
does not exceed 2500pF.”

Baud rate and cabie length can be traded off: use
lower baud rates for long cables, use short cables if
high baud rates are desired. For both long cables and
high baud rates, use RS422/V.11. The maximum cable
length for a given baud rate is determined by several
factors, including the capacitance per meter of cable,
the slew rate of the driver under high capacitive
logding, the receiver threshold and hysteresis, and
the acceptable bit error rate. The receivers have 0.5V
of hysteresis, and the drivers are designed such that
the slew rate reduction caused by capacitive loading
is minimized (see Typical Characteristics).

+5V Powered

RS-232 Drivers/Receivers

Non-inverting Drivers and Receivers

Occasionally a non-inverting driver or receiver is
needed instead of the inverting drivers and receivers
of the family. Simply use one of the receivers as a
TTL/CMOS inverter to get the desired operation
(Figure 17). If the logic output driving the receiver
input has less than 1mA of output source capability,
then add the 2.2kQ) pullup resistor.

The receiver TTL outputs can directly drive the input
of another receiver to form a non-inverting RS-232
receiver.

Protection for Shorts to +15V Supplies

All driver outputs except on the MAX231, MAX232
and MAX233 are protected against short circuits to
+15V, which is the maximum allowable loaded output
voltage of an RS-232/V.28 transmitter. The MAX231,
MAX232, and MAX233 can be protected against short
circuits to £15V power supplies by the addition of
a series 22002 resistor in each output. This protec
tion is not needed to protect against short circuits to
most RS-232 transmitters such as the 1488, since
they have an internal short circuit current limit
of 12mA.

The power dissipation of the MAX230 and MAX234-
MAX239, MAX240 and MAX241 is about 200mW with
all transmitters shorted to +15V.

Isolated RS-232 Interfaces

RS-232 and V.28 specifications require a common
ground connection between the two units communi-
cating via the RS-232/V.28 interface. In some cases,
there may be large differences in ground potential
-between the two units, and in other cases it may be
desired to avoid ground loop currents by isolating
the two grounds. In other cases, a computer or
control system must be protected against accidental
connection of the RS-232/V.28 signa!l lines to 110/
220VAC power lines. Figure 18 shows a circuit with
this isolation. The power for the MAX233 is generated
by a MAX635 DC-DC converter. When the MAXE35
regulates point "A” to -5V, the isolated output at point
“B” will be semi-regulated to +5V. The two opto-
couplers maintain isolation between the system
ground and the RS-232 ground while transferring the
data across the isolation barrier. While this circuit will
not withstand 110VAC between the RS-232 ground
and either the receiver or transmitter lines, the voltage
difference between the two grounds is only limited by
the optocoupler and DC-DC converter transtormer
breakdown ratings.



140

+5V Powered
RS-232 Drivers/Receivers

5V 105V
. ISHLATED
-V 8C-bC 1SOUATER
CONVERTOR hd
{SEE FIGURE 17}
L]
| 123
Il
I cs
| > 18 2
' <Q 21 Ve v
i | 1} Tt tarfre ™
| anze
N I s
GATE WITR X | \
4mA GUTPUT I Cle [
K CAPABILITY
N
™ R 2 I 4 =o
L~ | MAXIM s
: T ISGLATED MAX232 g
&V | s 5 ot
i =
L nwn 42
mn l ) =~
n —oq—o@ = \5 } 1 o
::f& l 124 Mo flw 13 N8
7014 ‘. | 2 f
[
STHER ]
CMDS
THIEEER ! -
= | ' i
$YSTEM | 1o
SA0UND ] o _
12
GROUND
ISOLATED
-
ouTPuT
TRANSFONMER:
1:1 TUANS RATI
330,H PRIMARY INQUCTANCE

Foure 19. +5V Isolatsd Power Supply For Optically Isolated RS-232 Interface.




+5V Powered
RS-232 Drivers/Receivers

Ordering Information
{  PART TEMP. RANGE PACKAGE PART TEMP. RANGE PACKAGE
| MAX230 0.3" Wide MAX236 0.3" Wide
MAX230CPP 0°C to +70°C | 20 Lead Plastic DIP MAX236CNG 0°C 1o +70°C | 24 Lead Plastic DIP
MAX230CWP 0°Cto +70°C | 20 Lead Wide S.0. MAX236CWG 0°C to +70°C | 24 Lead Wide S.0.
MAX230C/D 0°C to +70°C | Dice MAX236C/D 0°C to +70°C | Dice
MAX230EPP | —40°C to +85°C | 20 Lead Plastic DIP MAXZ36ENG | -40°C 1o +85°C | 24 Lead Plastic DIP
MAX230EWP | -40°C to +85°C | 20 Lead Wide S.O. MAX236EWG | -40°C to +85°C | 24 Lead Wide S.O.
MAX230EJP | -40°C o +85°C | 20 Lead CERDIP MAX236ERG | -40°C 1o +85°C | 24 Lead CERDIP
MAX230MJP | -55°C to +125°C | 20 Lead CERDIP MAX236MRG | -55°C to +125°C | 24 Lead CERDIP
MAX231 0.3" Wide MAX237 0.3" Wide
MAX231CPD 0°C to +70°C | 14 Lead Plastic DIP MAX237CNG 0°C t0 +70°C | 24 Lead Plastic DIP
MAX231CWE 0°C to +70°C | 16 Lead Wide S.0. MAX237CWG 0°C to +70°C | 24 Lead Wide S.0.
MAX231C/D 0°C to +70°C | Dice MAX237C/D 0°C to +70°C | Dice
MAX231EPD | -40°C to +85°C | 14 Lead Plastic DIP MAX237ENG | -40°C to +85°C | 24 Lead Plastic DIP
MAX231EWE | -40°C 1o +85°C | 16 Lead Wide S.0. MAX237EWG | -40°C to +85°C | 24 Lead Wide S.0.
MAX231EJD | -40°C to +85°C | 14 Lead CERDIP MAX237ERG | -40°C to +85°C | 24 Lead CERDIP
MAX231MJD | -55°C to +125°C | 14 Lead CERDIP MAX237TMRG | -55°C to +125°C | 24 Lead CERDIP
MAX232 0.3" Wide MAX238 0.3" Wida.
MAX232CPE 0°C to +70°C | 16 Lead Plastic DIP MAX238CNG 0°C 10 +70°C | 24 Lead Plastic DIP
MAX232CWE 0°C to +70°C | 16 Lead Wide S.0. MAX238CWG 0°C 1o +70°C | 24 Lead Wide S.0.
MAX232C/D 0°C to +70°C | Dice MAX238C/D 0°C to +70°C | Dice
MAX232EPE | -40°C 1o +85°C | 16 Lead Plastic DIP MAX238ENG | -40°C to *85°C | 24 Lead Plastic DIP
MAX232EJE | —40°C to +85°C | 16 Lead CERDIP MAX238EWG | -40°C to +85°C | 24 Lead Wide S.O.
MAX232EWE | -40°C to +85°C | 16 Lead Wide S.0. MAX238ERG | -40°C to +85°C | 24 Lead CERDIP
MAX232MJE | -55°C to +125°C | 16 Lead CERDIP MAX238MRG | -55°C to +125°C | 24 Lead CERDIP
MAX233 0.3" Wide MAX239 0.3" Wide
MAX233CPP 0°C to +70°C | 20 Lead Plastic DIP MAX239CNG 0°C 10 +70°C | 24 Lead Phastic DIP
MAX233EPP | -40°C to +85°C | 20 Lead Plastic DIP MAX239CWG 0°C 1o +70°C | 24 Lead Wide S.0.
MAX234 03" Wide MAX239C/D 0°C to +70°C | Dice
MAX234CPE 0°C to +70°C | 16 Lead Plastic DIP MAX239ENG | -40°C to +85°C | 24 Lead Plastic DIP
MAX234CWE 0°C to +70°C | 16 Lead Wide S.O. MAX239EWG | -40°C to +85°C | 24 Lead Wide S.O.
MAX234C/D 0°C to +70°C | Dice MAX239ERG | -40°C to «85°C | 24 Lead CERDIP
MAX234EPE | -40°C to +85°C | 16 Lead Plastic DIP MAX239MRG | -55°C to +125°C | 24 Lead CERDIP
MAX234EWE | -40°C to +85°C | 16 Lead Wide S.0. MAX240 Flatpak
MAX234EJE | ~40°C to +85°C | 16 Lead CERDIP | MAX240CMH 0°C to +70°C | 44 Lead Flatpak
MAXZ3AMIE | 55°C to +125°C | 16 Lead CERDIP MAX240EMH | —40°C to +85°C | 44 Lead Flatpak
MAX235 S vecs MAX241 0.3" Wide
MAX235CPG 0°C 10 +70°C | 24 Lead Plastic DIP" e | - et S | 2 boad "ae 2;8:
MAX235EPG | -40°C to +85°C | 24 Lead Plastic DIP*
MAX235EDG | -40°C to +85°C 24 Lead Ceramic’
MAX235MDG -55°C to +125°C | 24 Lead Ceramic®

* = 0.600" package
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Table 1. Circuits Commonly Used for
RS-232C and V.24 Asynchronous Interfaces

Table 2. Summary of RS-232C and
V.28 Electrical Specifications

PIN CIRCUIT PARAMETER SPECIFICATION COMMENTS
1 Protective Ground Connect to Driver Output Voltage
Earth Ground 0 level +5V to +15V With 3-7k(} load
. 1 level -5V to -15V With 3-7k(} load
2 Transmit Data (TD) Data from DTE Max: output +25V Max. No Load
3 Receive Data (RD) Data from DCE Receiver Input Thresholds
4 Request To Send (RTS) Handshake from DTE (data and clock signals)
0 level +3V to +25V
5 Clear to Send (CTS) Handshake from DCE gkl -3V to -25V
6 Data Set ready (DSR) Handshake from DCE Receiver Thresholds
7 Signal Ground Reference Point RTS, DSR, DTR
for Signais On level +3V to +25V
| Off level Open Circuit Detects Power
8 R_ecelved Line Handshake from DCE 1 o -3V to ~25V Off Condition
Signal Detector at Driver
(sometimes called [
Carrier Detect, DCD) ::z:;;:put 3Kk to 7kN
1 Printer Busy Signal Handshake from Printer
20 Data Terminal Ready Handshake from DTE Driver Output Resistance,
oy Ay 3000 Min Vour < %2V
22 Ring Indicator Handshake from DCE condition \ ouT
» 3k < Ry < 7k
Driver Slew Rate 30V/us Max. OpF < C, <2500pF
Signalling Rate Up to 20kbits/sec.
50'/15 m. Longer cables
Cable Length Recommended permissible, if
Max. Length CiLoap € 2500pF

Chip Topography

Voo GND Tipur A
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01510
1384 mmi
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| 13048mm) |
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1
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i
]

MAX231, MAX232 and MAX233

MAX230 and MAX234-239, MAX240, MAX241

Notes:
1. Shutdown pin of MAX234, MAX237, MAX238, MAX239,
MAX240 and MAX241 are internally connected to ground.

2. Connect substrate to V*.

Note: Connect substrate to V*.
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+ FILENAME MON180.ASM

; DESCRIPTION  Z80180 MONITOR V1.0

; HARDWARE FOR Z30180

; ASSEMBLER CROSS-32 V3.0

: KING MONKUT'S INSTITUTE OF TECHNOLOGY LADKRABANG
; FACULTY OF INDUSTRIAL EDUCATION

; MAJOR: ELECTRONIC AND COMPUTER

; ED.ENGINEER #1

; THE FOLLOWING STATEMENTS DEFINE THE SPECIAL FUNCTION

; 1/0 REGISTERS USED BY THE Z1830.

CNTLAO: EQU 00H ASCII CONTROL REG A CH O
CNTLAL: EQU 01H ;ASCIT CONTROL REG A CH 1
CNTLBO: EQU 02H ;ASCII CONTROL REG B CH 0
CNTLBL: EQU 03H ;ASCII CONTROL REG B CH 1
STATO: EQU 04H ;ASCII STATUS REG CH 0
STAT1: EQU 05H ;ASCIT STATUS REG ~CH 1
TDRO:  EQU 06H :ASCIT XMIT DATA REG CH O
TDR1: EQU 07H ;ASCIT SMIT DATA REG CH 1
RDRO:  EQU 0SH ;ASCIT RECV DATA REG CH O
RDR1: EQU 0%H ;ASCIT RECV DATA REG CH 1
CNTR: EQU 0AH ;CSI/O CONTROL REGISTER

TRDR:  EQU OBH ;CSI/O XMIT/RECV DATA REG

TMDROL: EQU OCH ;TIMER DATA REG CH OL



TMDROH: EQU opH ;TIMER DATA REG CH OH

RLDROL: EQU OEH ;RELOAD REGISTER CH OL

RLDROH: EQU OFH :RELOAD REGISTER CH OH

TGR:  EQU 10H :TIMER CONTROL REGISTER
TMDRIL: EQU 144 :TIMER DATA REG CH 1L

TMDR1H: EQU 15H .TIMER DATA REG CH 1H

RLDRIL: EQU 16H ‘RELOAD REGISTER CH 1L

RLDR1H: EQU 17H ‘RELOAD REGISTER CH 1iH

SAROL: EQU 20H :DMA SOURCE ADDRESS REG CH OL
SAROH: ~ EQU 21H .DMA SOURCE ADDRESS REG CH OH
SAROB: EQU 228 :DMA SOURCE ADDRESS REG CH OB
DAROL: EQU 23H .DMA DSTNTN ADDRESS REG CH OL
DAROH: EQU 24H .DMA DSTNTN ADDRESS REG CH OH
DAROB: EQU 25H .DMA DSTNTN ADDRESS REG CH OB
BCROL: EQU 26H :DMA BYTE COUNT REGISTER CH OL
BCROH: EQU 27H .DMA BYTE COUNT REGISTER CH CH
MARIL: EQU 28H :DMA MEMORY ADDRESS REG CH 1L
MARIH: EQU 29H :DMA MEMORY ADDRESS REG CH 1H
MARIB: EQU 2AH :DMA MEMORY ADDRESS REG CH 1B
IARIL: EQU 2BH :DMA DSTNTN 1/0  REG CH 1L
IAR1H: EQU 2CH ;DMA DSTNTN 1/0 REG CH 1H
BCRIL: EQU 2EH :DMA BYTE COUNT REGISTER CH 1L
BCRIH: EQU 2FH :DMA BYTE COUNT REGISTER CH 1H
DSTAT: EQU 30H :DMA STATUS REGISTER

DMODE: EQU 31H ;DMA MODE  REGISTER



DCNTL:

IL:

ITC:

RCR:

OMCR:

ICR:

CPU"Z130.TBL"; CPU TABLE

EQU

EQU

EQU

EQU
EQU

EQU

EQU

EQU

HOF" INT8" :

32H

33H

36H

3%H

3AH

JEH

:DMA/ WAIT CONTROL REGISTER

:IL REGISTER (INT VECTOR REG)

; INT/ TRAP CONTROL REGISTER

; REFRESH CONTROL REGISTER

:MMU COMMON BASE REGISTER

:MMU BANK ~ BASE REGISTER

:MMU COMMON/BANK AREA REGISTER

;OPERATION MODE CONTROL REGISTER

:1/0 CONTROL REGISTER

HEX OUTPUT FORMAT

. kkskskkxkk VARIABLE SET ¥%k¥kkkkx*

SPA:
SPB:
SPC:
SPCC:
UPA:
UPB:
UPC:

UPCC:

EQU
EQU
EQU
EQU
EQU
EQU
EQU

EQU

50H
51H
52H
53H
80H
81H
82H

83H

;DAC PORT
;ADC PORT
;BUSY RD,CS
;CONTROL PORT
;LED FLAG

; USER PORT

; KEYBOARD

; CONTROL PORT

(ADC908)

]

ACTIVE LOW



b

WRITE_INS:
WRITE_DATA:
READ_BUSY:
READ_DATA:

VECLOW:

;owkERkERERE RAM

SYSSTK:
WRKRAM:

USRSTX:

RST10:
RST1S:
RST20:
RST28:
RsT30:
RST33:
RST66:
USRPC:
USRSP:
USRIF:
USRIX:
USkAF:

USRAF1:

ORG

DFS

DFS

DFS

DF3

DFS

DFS

DFS

DFS

DFS

DFS

DFS

DFS

DFS

0COH

0C2H

0C3H

OCEH

4CH

;LCD PORT

{VECTOR LCOW

WORKING AREA *®%¥kkkkxkk

OFFFFH

CEOCOH

CFCGCH

OFOCOH

1 (8]

()

()

:SYSTEM STACK (2K

:{SK) TOP MEMORY

+USER STACK & USER BUFFER

:SYSTEM BUFFER (2K)

iRESTART MEMORY

{USER REG. MEMORY

s IX,IY



USRH1: DFS 2

SEABUF:  DFS 8 : SEARCH DATA BUF
SEAMEM:  DFS 2 ; SEARCH MEMORY

SEAFND:  DFS 2 : SEARCH FOUND MEMORY
SEACNT:  DFS 1 : SEARCH BYTE COUNT
ASMCOM:  DFS 8 : ASSEMBLER COMMAND BUF
ASMBUF:  DFS 3 : ASSEMBLER BUF

ASMOPC:  DFS ;OPCODE BUF

ASMDAT:  DFS 2 ;N NN (N) (MN) DIS

ASMDATD: FS :+D

[

UASMFAG: DFS :UNASM FLAG 0=ALL 1=NO ADDRESS.CP-CODE

P

UASMCNT: - DES 1 {UNASM LINE COUNT
MONBUE:  DFS 61 :COMMAND BUF

MONINX: ~ DFS 1 ; COMMAND BUF INDEX

MONDAT:  DFS 2 ;16 BIT DATA FROM VAL SUB.

BAUD: ) ;BAUD RATE 12H,24H, 48H. 96K
BRKMEM:  DFS 1 :BREAK OLD DATA MEMORY

BRKFAG:  DFS 1 :BREAK FLAG (BO=BREAK B1=TRACE)
BRK: DFS 2 :BREAK ADDRESS MEMORY

STPADD:  DFS 2 :TRACE ADDRESS MEMORY (SINGLE STEP)
START: DFS 2 :START ADDRESS MEMORY

FINAL: DFS 2 ;FINAL ADDRESS MEMORY

DEST: DFS 2 ;DESTINATION ADDRESS MEMORY
POWMEM:  DFS 1 :POWER UP MEMORY (AS)

KEYIN: DFS 1



KEY_SHIFT: DFS 1
DFS 8 :RESERVE
BUFFER: s SPACE

IND: DFS 1
;okdEkEkkkks POWER-UP ®%xckokkkkkok

ORG OU000H
POWER: JP RESET

DFB  OFFH.OFFH.QFFH.OFFH.OFFH

7 kkkxgckokkkx RESTART kxdsdokskokskdox
PUSH HL :RST 0SH FROM BREAK.TRACE
‘LD HL .BACK
EX (SP) . HL
RET
DFB  OFFH.OFFH
PUSH HL :RST 10H (USER)
LD HL, (RST10)
EX (SP),HL
RET

DFB  OFFH,OFFH

PUSH HL sRST 18H (USER)
LD HL, (RST18)

EX (SP),HL



; *%* INTERNAL INTERRUPTS VECTOR TABLE %%
INT1:

INT2:

RET

DFB

PUSH

EX
RET
DFB
PUSH
LD
EX
RET
DFB
PUSH
LD
EX
RET
DFB
PUSH
LD
EX
RET

DFB

DWL

DWL

OFFH.OFFH

OFFH.OFFH

HL

HL, (RST28).

{SP),HL

OFFH.OFFH
HL
HL.(RST30)

(SP),HL

OFFH.OFFH
HL
HL, (RST38)

(SP),HL

OFFH, OFFH

2Z2

Z727

:RST 20H {USER)

:RST 28H {USER)

:RST 30H (USER)

;RST 38H (

; SLEEP

3 SLEEP

-

JSER}



PRTO: DWL  ZZZ :SLEEP

‘PRT1: DWL  ZZZ :SLEEP
DMAQ: DWL  zZZ :SLEEP

DMA1: DWL  Z2Z : SLEEP

CSIO: WL Z2ZZ :SLEEP

ASCIO: DWL  ZZZ ; SLEEP

ASCI1: DWL  RXBYTEL :RX ASCII FORM RS-232 PCRT

DFB ~ OFFH.OFFH.OFFH.OFFH.OFFH
DFB  OFrH.OFFH.CFFH.OFFH,OFFH
DFB  OFFH.OFFH.OFFH.OFFH,OFFH
DFB OFFH.OFFH.OFFH.OFFH.0FFH
PUSH HL :NMI (USER)
LD HL.(RST66)

EX (SP),HL

RET

; REERKEEkRRK RESET #%kkkkksks

RESET: LD HL, 2000H ;POWER UP DELAY
RESET1: DEC HL

LD A,H

OR L

JR NZ,RESET1

3 RRkdORER RN KRR KRR R KRRk E ok

i ¥ INITIAL PARAMETER *

.
.

RERKR R R KRRk kokkkkkkkkk



DFLT:

LD

OUTO

LD

oUTO

LD

ouTO

LD

ouUTO

LD

LD

OUTO

LD

ouT

XOR

ouT

LD

ouT

CALL
LD

CALL
CALL
CALL

LD

A0

(OMCR) . A

A,OESH
{(CBAR) . A
A,0
{BBR),A
A,QF0H

{CBR),A

SP,SYSSTK

A.VECLOW

(IL),A
A, 3AH
{UPCC) . A
A

(UPA) ,A
A.SBH

(SPCC),A

INITLCD
HL.LCDTAB
WRP

DELY

ASCI

A, (POWMEM)

;USER STACK

+SET LOW VECTOR

:(88H) SET CONTROL

;CLEAR LED FLAG

; INITIAL LCD

;" Remote Moniter

sWRITE LCD

:SET RS-232

;CHECK POWER UP

"

:FOR INSTRUCTION SET Z180 ONLY

:MMU SETUP DEFAULT PAGElL

CP-JR180

:SET CONTROL SIGNAL BOARD



CpP O0ASH

JR Z.RESET2

i k%k% POWER UP #%%%

: CLEAR WORKING AREA

XCR A

LD HL . WRKRAM

LD DE . WRKRAM+1

LD BC. SYSSTK-WRKRAM-1

LD (HL).A

LDIR

iD HL.USRSTK :DEFAULT ADDRESS

LD {FINAL).HL

RESET2:  CALL  AUTOB ;AUTO BAUD RATE
LD B.24
RESET3: CALL TXLF ;CLEAR SCEEN
DJNZ  RESET3
LD  HL,MNOTAB
CALL TXBLOCK
LD  HL,MNITAB
CALL TXBLOCK
LD  HL,MN2TAB
CALL TXBLOCK
LD  HL,MN3TAB

CALL TXBLOCK



LD

CALL

LD

CALL

CALL

LD

CALL

LD

CALL

CALL

LD

LD

LD

LD

LD

BIT

RES

LD

HL .MN4TAB
TXBLOCK
HL .BAUTAB
TXBLOCK
A. (BAUD)
D.A
TXBYTE2
D.0
TXBYTEZ
HL ,MNSTAB
TXBLOCK
HL .MNGTAB
TXBLOCK
HL.MN7TAB
TXBLOCK
TXLF

TXLF

AL, USRSTK
(USRPC) . HL
HL, USRSTK
(USRSP)} ,HL
HL,BRKFAG
0, (HL)
Z,RESET4
0, (HL)

HL, (BRK)

:DEFAULT VAR

;CHECK BREAK FLAG

;ON BREAK PROCESS



LD A. (BRKMEM)

LD (HL).A
JR RESETS
RESET4: BIT 1, {(HL) :CHECK TRACE FLAG

JR Z.RESETS
RES 0.(HL) ;ON TRACE PROCESS
LD HL, (STPADD)

LD A. (BRKMEM)

LD (HL),A
RESETS: LD A. (POWMEM) ;POWER UP DISPLAY
cp 0ASH

JR ZRESET9

LD HL , POWTAB ; IS POWER UP
CALL TXBLOCK

LD A.0ASH

LD (POWMEM) . A

RESET9:

RkXEKEERKX MONITOR MAIN *kskskkskkokkk

.
b

MON: LD D,07H ;BELL
CALL TXBYTE
- LD D,5AH VA

CALL TXBYTE



MON1:

MON2:

MON3:

LD

CALL

LD

LD

CALL

LD

CALL

CALL

XOR

LD

LD

CP

JR

LD

CP

JR

CP

LD

CALL

LD

LD

LD

CpP

JR

D.31H
TXBYTE

D, 38H
TXBYTE
D.30H
TXBYTE
D.3EH
TXBYTE
TMGETL

A

{MONINX) . A
A, {MONBUF)
ODH

Z.MON

A, (MONBUF+1)

"o

Z,MON1
ODH

NZ,ERROR

A, (MONBUF )
UPPER
HL,MN8TAB
IX,MN9TAB °
B,22

(HL)

Z .MON4

;CLEAR INDEX

; COMMAND



INC HL
INC IX
INC IX
DINZ MON3

JR  ERROR (NO COMMAND

MON4 : CALL NEXT
LD H.{IX+1l) : JUMP
LD  L.(IX+0)

JP {HL)

; %%x% SET ASCI CH1 TX.RX.3.,N,1,9600 (X'TAL 12.488 Mhz) *¥¥x
i ASCI: LD A, 64H
OtTO (CNTLAL) LA ;TX.RX,SBIT,1 STOP BIT
LD A.2
oUTO (CNTLB1),A
LD A.8 :RIE ENABLE TO KEYBOARD
OUTO.  (STAT1).A

RET

fxkkRERRRERRRRRRRRRk% LCD CONTROL SUB *¥kkkskkskkskkskkskkkksks

.
y

: WRITE TEXT 1 LINE (16 CHARACTER) ON LCD

; IN = HL —-> TABLE TEXT ( 16 BYTE ONLY! )
: REG = ABCDHL
WRP: LD A0

CALL GOTO



GOTO:

READ:

WRLINE:

TEST11:

HOME :

CALL

LD

CUT

CALL

LD

LD

CALL

INC

DJINZ

RET

LD

ouT

CALL

RET

WRLINE
A.40H
GOTO

WRLINE

7.A
{(WRITE_INS),A

READ

A, (READ_BUSY)
T.A

NZ.READ

B,3
A, (HL)
D’A

WRBYTE

TEST11

A,02H

(WRITE_DATA) ,A

READ



*

INITLCD:

i *xxx%k% INITIAL LCD

LD

ouT

CALL

ouT

CALL

LD

ouT

CALL

RET

A.001110C0B :FUNCTION SET 3SH

iDL=1 8 BIT

:IN=1 1/16 DUTY  F=0Q 3%7
{WRITE_INS),A

WAIT1

WAIT! :DELAY > 4.1 ms
A.00001111B :DISPLAY ON/OFF CONTROL
:D=1 OFF . C=1 CURSOR ON
:B=1 BLINK

(WRITE_INS),A

WAITI

A,00000110B :ENTRY MODE SET

;1/D=1 INCREMENT.S=0 RIGHT

{WRITE_INS),A

WAITI

i¥%x%k% CLEAR SCREEN LCD *k:k¥%

CLSLCD:

.
’

-+

IN

D

LD

ouT

CALL

RET

A,00000001B iCLEAR ALL DISPLAY
(WRITE_INS),A

READ

; *%x%x** WRITE BYTE SUB #*%%%%

DL=1 8 BIT.N=1 1/16 DUTY,F=0 5%7 %xxx%



WRBYTE:

ETEEE T E

WAI

=3

1 .
L

WAIT!12:

; *%% END LCD CONTROL SUB #i#x

LD A.D

ouT (WRITE_DATA),A

CALL  READ

RET
READY SUB
PUSH BC

pPUSH AF

LD B.SOH

DJNZ  WAITiZ2

POP AF
POP BC
RET

dokckkkkok

T kEkxkkkkk¥* SYNTAX ERROR MAIN *kkskokkkskks

ERROR:

ERRCR1:

LD  SP,SYSSTK
Lp D" "
CALL TXBYTE

LD  A.(MONINX)
CP O

JR  Z,ERROR2
DEC A

LD  (MONINX),A

JRESET STACK



JR ERRCRI
ERROR2: LD  HL.SYNTAB :SYNTAX ERROR
CALL TXBLOCK

JP MON

i IN = HL ZRRCR POSITION ON MCNBUF

ERRORX: LD  DE.MONBUF

ACR A
SBC HL.DE
LR ] #8558

LD (MONINX).A

JP  ERROR

: wwmkkkkkrx ASM ROUTINE ##®k#ioks k%
i ZS0 ASSEMBLER

: A ADDR

ASM: CP 0
JR  Z,ERROR
CALL VAL : ADDR
CALL NEXT
CP 0

JR  NZ.ERRCR



ASMI1: LD  DE.(MONDAT) i DISPLAY ADDR
CALL TXBYTE4
LD D.":"
CALL TXBYTE
CALL TMGETL
XOR A

LD (MCNINX}.A

LD A, (MONBUF) :FIRST DIGIT
CP  0DH

JP Z.NON :END ASM

LD HL.O

LD (ASMBUF+1).HL ;CLEAR OPRAND INDEX

LD {ASMDAT ) .HL

LD  HL.MONBUT :TO UPPER
ASM2: LD  A,(HL)
CP ObH
JR  Z.ASM3
CALL UPPER
LD (HL).A
INC HL
JR  ASM2
ASM3: LD B.4 ;MNEMONIC SEARCH

LD  HL.MONBUF



CALL ASMMOV

LD IX.MNETAB

LD IY,ASMCOM

LD BC.4 s LENGTH

Lp HL.67

CALL SEAR

cp 0

JP  Z,ASMME :MNE NOT FOUND

LD {ASMBUF ), A ‘MNE INDEX
ASM4: CALL NEXT

Cp 0O

JR  Z.ASM7 :NC OPERAND

LD  HL.MONBUF :SEARCH ","

LD D.O

LD E,A

ADD HL.DE
ASM41: LD A, (HL)

ce ",

JR  Z,ASM6

CP "

JR  Z.,ASMS

CP ODH

JR  Z.ASMS

INC HL

JR  ASM41



ASMS: CALL ASMOPR :1 OPERAND
CP  OFFH
JR  Z.ASMOE

LD (ASMBUF+1).A :OPERAND INDEX

JR ASM7
ASMG: LD A" " ; 2 OPERAND
LD (HL).A :CHANGE "." TO BLANK
CALL ASMCPR
CP  OFFH
JR Z.,ASMOE

LD {ASMBUF+1).A ;OPERAND 1 INDEX
CALL NEXT

CP 0

JR  Z.ASMOE

CALL ASMOPR

CP  OFFH

JR Z,ASMOE

LD (ASMBUF+2),A  :OPERAND 2 INDEX

ASMT7: CALL ASMS :SEARCH TABLE
CP 0O
JR  Z.ASMCE sNO COMMAND
LD B,A ;OP-CODE LENGHT
PUSH BC '
CALL ASMREL ;CHECK JR MNEMONICS

POP BC



CP  OFFH
JP Z.ASML ‘RELATIVE ERROR
) LD  HL.(MONDAT)

LD  DE.ASMOPC

ASM71: LD  A.(DE)
LD (HL).,A :LOAD OPCCDE TO MEM
INC HL
INC BDE

DINZ ASM71

LD (MONDAT ) .HL

JP - ASM] :BACK TO NEXT LINE
ASMME : LD  HL.ASMER1 :MNEMONIC ERROR

CALL TXBLCCK

JP ASMI

ASMOE: LD  HL,ASMERZ2 :OPERAND ERRCR
CALL TXBLOCK
JP  ASMI1

ASMCE: LD  HL.ASMER3 : COMMAND ERROR

CALL TXBLOCK

JP  ASM1



: kxxx CHECK JR MNEMONIC SUB. *%x%%

¢ FOR RELOCATE ADDRESS

IN = (ASMDAT) DIS
: = {ASMBUF) TABLE INDEX
= (MONDAT) OP-CODE ADDRESS
; OUT = {ASMOPC) OP-CODE
ASMREL: LD  A,(ASMBUY) :MNEMONICS INDEXN
cpP 29 :JR
JR Z.ASMRELI1
CP 16 :DINZ
RET NZ
ASMRELL: LD = HL.{(MONDAT) ;IS JR MNEMONICS

LD  DE. (ASMDAT)
CALL ASMRELS ;CALCULATE AND LCAD TO REM

RET

i JUMP RELATIVE CALCULATE SUB.

IN = HL START
3 = DE FINAL
; OUT = (HL+1)
; = A FF=ERROR

ASMRELS: EX DE,HL
INC DE
INC DE

XO0R A



SBC HL,DE 1 FINAL-START+2
DEC DE

CP H

JR  Z.ASMRELS2

DEC A (FF

CP H

JR  Z.ASMRELS3S

ASMRELSI: LD  A.OFFH : JUMP ERROR
LD {ASMOPC+1),A .
LD  HL.JUMPTAB
CALL TXBLOCK
LD A.OFFH

RET

ASMRELS2: LD

?u
~1
23]
o]

;JUMP TC HIGHER

CP<~ L

JR  C,ASMRELSI!

JR  ASMRELS4

ASMRELS3: CP L ;A=FF
JR  Z,ASMRELS1
LD A,7FH
CP L

JR  NC,ASMRELS!1



ASMRELS4: LD A.L

LD (ASMOPC+1) ,A

: ®kk% SEARCH OPERAND SUB. s

,i IN = (MONINX)
; OCT = A OPERAND INDEX FF=ERROR

(ASMDATD) +D

- (ASMDAT) N NN (N) (NN) DIS

ASMOPR: LD  HL.MONBUF
LD A (MONINX)
LD  D,0
LD E.A
ADD HL.DE
LD  B.S :MAX CHAR. OF OPRERAND

CALL ASMMOV

LD  HL,ASMCOM
LD A,(HL)
CP " ( )

JR  Z,ASMOPRI1

cp "o"
JR  C,ASMOPR2 s NOT VAL
cp "9t

JR  NC,ASMOPR2



LD C,1 ;N NN DIS

JR  ASMOPRV

ASMOPR1: INC HL {CHECK " ("
LD A.{HL)
cp "o"

JR  C.ASMCPR12

CP  "9"+1

JR  NC.ASMOPR1Z2

LD c.2 ({N) (NN)

JR  ASMOPRV

ASMOPR12: CcP "I" :CHECK IX+D IY+D
JR NZ.ASMOFRZ (NOT IX 1Y
INC HL
LD D.(HL) i XLY
INC HL
LD A,{HL)
ce T+
JR  NZ.ASMOPRZ +NOT +D
INC HL
LD A.D
Lb C,8 ; (IX+D) INDEX
cep "X

JR  Z,ASMOPR13
Lb C,10 ; (IY+D) INDEX

CP "Y"



’ JR  Z.ASMOPRI13
JR ASMOPRE sNO + ERRCR
b
ASMOPR13: EX DE.HL
;

LD  HL.ASMDATD

LD  (HL).O

LD  A.(DE) . :CHECK NUMBER

cP 0"

JR  C,ASMOPRE ~  ;NOT VAL

CP "9"+l

JR  NC.ASMOPRE :NOT VAL
. LD B.4 iCHAR. LIMIT
ASMOPR14: LD  A.(DE) )

&R YN B

JR  Z.ASMOPR135
CALL CHEX

CP  OFFH

JR  Z.ASMOPRE
RLD

INC DE

DJNZ ASMOPR14

JR  ASMOPRE
ASMOPR15: LD  A.C ;IS (IX+D) (IY+D)
RET
c
ASMOPR2: LD  IX,OPRTAB ;OPERAND SEARCH

LD IY,ASMCOM



LD BC.4 ; TABLE LENGTH

LD HL,35

CALL SEAR

cp 0

RET NZ :FOUND
ASMOPRE: LD  A.OFFH ;OPERAND ERROR

RET

: VALUE N NN (N) (XN) DIS

14
"

ASMOPRV:  EX  DE.HL JVAL N NN (N) (XN) DIS

g

LD  B.7
ASMOPRV1: LD  A.{(DE)
CP e ;END FIELD
JR  Z.ASMOPRV9
CP o ;END FIELD
JR  Z,ASMOPRVS
CR\, &
JR  Z.ASMOPRV2
CALL CHEX
CP  OFFH
JR  Z,ASMOPRE
LD  HL.ASMDAT
RLD
INC HL

RLD



ASMOPRV2: INC DE
DJNZ ASMOPRV1
JR  ASMOPRE
ASMOPRVYO: LD A.C ;IS VAL

RET

s #¥%k MOVE TO ASMCOM SUB. #¥#x
. IN = (HL) START FIELD :
B COUNT (MAX=3)
; END BY BLANK.CR OR B=0
: OUT = (ASMCOM)
ASMMOV: LD DE.2020d :CLEAR BY BLANK
LD  (ASMCOM).DE
LD  (ASMCOM+2),DE
LD (ASMCOM+4),DE

LD (ASMCOM+6) ,DE

LD  DE.ASMCOM

ASMMOV1: LD A, (HL)
ce "
RET 2Z
CP ODH
RET Z
LD (DE),A
INC HL

INC DE



DINZ ASMMOV1

RET

; k¥xkkikkkk BREAK ROUTINE #sokskisoksok

: SET/CLEAR BREAK

; B [ADDR}

BREAK: CPh 0

JR  Z.BREAKD

CALL VAL
CALL NEXT
cp 0
JP NZ,ERROR
LD  HL,(MONDAT)
LD (BRK) .HL
JP  MON

BREAKD: LD DE.(BRK)
CALL TXBYTE4
CALL TXLF

JP  MON



s kkkkkkkkkx COMPARE ROUTINE k¥kfkkskskx

i COMPARE MEMORY

e

C RANGE ADDR

: ANGE W BYTE

COMPARE:

COMPARE1L:

CALL RANGE
CALL NEXT

Cp 0

JP  Z.ERROR
LD  HL.MONBUF
LD B.0

LD A {MONINX)
LD C.A

ADD  HL.BC

LD A.(HL)
CALL UPPER

CR ¥ /"

JR  Z,COMPHEX
CALL VAL

CALL NEXT

Cp O

JP NZ,ERROR

CALL CLEN
LD  IX, (MONDAT)
LD A,(HL)

CP  (IX+0)

; COMPARE BLOCK



COMPAREZ:

PUSH

POP

CALL

CALL

INC

INC

DEC

LD

OR

Z .COMPARE2
HL

DE
TXBYTE+
D.":"
TXBYTE
A, (HL)
D.A
TXBYTE2
D," "
TXBYTE
IX

DE
TXBYTE4
A
TXBYTE
D, (IX+0)
TXBYTE2
TXLF

HL

IX

BC

A.B

C

NZ ,COMPARE1

MON

:NOT EQUAL

:ADDR 1

iDATA 1

+ADDR 2

:DATA 2



COMPHEX :

COMPHEX1 :

¥

COMPHEX2:

INC

LD

CP
JP
CALL

CALL

JP

CALL
LD
CP
JR
PUSH
POP
CALL
LD
CALL
LD

CALL

INC
DEC

LD

A.(HL)
NZ.ERRORX
NEXT

0

Z .ERROR
VAL

NEXT

0

NZ.ERROR

CLEN

A. (MONDAT)
(HL)

Z .COMPHEXZ2
HL

DE
TXBYTES
D,":"
TXBYTE

D, (HL)
TXBYTE2

TXLF

BC

A,B



OR C
JR  NZ,COMPHEX1

JP MON

i kExsokskixk DISPY ROUTINE #dksikkgks

: DISPLAY MEMORY

; D [ADDR1] [ADDR2]

DISPY: LD HL.127
LD (DEST).HL
CALL AD2
LD IX.(START)

Lb  C.,0

DISPY+4: LD B.16 ; START LOOP
PUSH IX
PCP DE
PUSH IX
PCP IV
CALL TXBYTE4 :DISPLAY ADDR
Lb D,":"
CALL TXBYTE
DISPYS: LD D," "
CALL TXBYTE
LD D, (IX+0)
CALL TXBYTE2 ;DISPLAY DATA

PUSH BC ; CHECK END



DISFY31:

DISPYG:

DISPY7:

CALL

LD

AND

CP

JR

LD

CALL

BC.(FINAL)
COMP16

BC
NZ.DISPY3S1
c.1

IX

A9

B
NZ.DISPY6
DLt
TXBYTE
D."-"
TXBYTE
DISPYS
B ||’
TXBYTE
D"
TXBYTE
B.16

A, (IY+0)
7FH
NC,DISPY8
D,"."
TXBYTE

DISPY9



DISPYS: LD D.A
CALL TXBYTE ;DISPLAY CHAR.
DISPY9: INC TIY

DJNZ DISPY7

CALL TXLF
LD A.C
cp 0

LD {FINAL),IX

JP  MON

: wskxkkiksxkx ENTER ROUTINE k#kksksks ko

; ENTER DATA

! E ADDR
3
ENTER: CP O 3
JP  Z.ERROR
,, CALL VAL
CALL NEXT
CP 0

JP. NZ .ERROR

LD  IX, (MONDAT)
ENTER1: PUSH IX

POP DE

CALL TXBYTE4

LD D,":"

CALL TXBYTE



ENTER2:

LD

LD

CALL

CP

JR

RLD

LD

CP

JR

CALL

JR

RLD

LD

CP

LD

D.(IX+0)
TXBYTE2
D" "
TXBYTE
TMGETL

A. (MONBUF)
ODH

Z.MON

HL . MONDAT
(HL),0
CHEX

OFFH

Z .ENTERE

A, (MONBUF+1)
ODH
Z,ENTER2

CHEX

A. (MONBUF+2)
ODH

NZ,ENTERE

A, (MONDAT)

(IX+0),A

; FIRST DIGIT

iCLEAR DATA

;SECOND DIGIT

;ENTER



INC

ENTERE: LD

CALL

JR

IX

ENTER1

D.07H

TXBYTE

ENTER1

:ERROR

bk TIL], ROUTINE skkkercksiokms

¢ FILL MEMORY

: F RANGE BYTE

FILL: CALL

CALL
CALL
CP
JP
CALL
LD
LD
FILL!L: LD
INC
DEC
LD

OR

RANGE

Z.ERRCR
VAL

NEXT

0
NZ,ERRCR
CLEN

A, (MONDAT)
D.A
(HL),D
HL

BC

A.B



JR  NZ.FILL1

JP  MON

s skkkdRkEkRk% GO ROUTINE ®¥kkkkkkkk

i RUN USER PROGRAM

: G {ADDR]

GO: CP 0
JR Z2.G01
CALL VAL
CALL NEXT
CP 0

JP  NZ.ERROR

LD HL.(MONDAT)

LD  (USRPC),HL
GO1: LD  IX,(USRPC)

LD ~ BC, (BRK)

CALL COMP16

JR  NC,EXIT

LD  HL,BRKFAG

SET 0, (HL)
LD HL,(BRK)
LD A.(HL)

LD (BRKMEM) , A
LD (HL),OCFH ;RST O8H OP-CODE
EXIT: LD HL, (USRIF)

LD AH



EXITL:

LD I.A

DI

BIT 2.L

JR  Z.EXIT!
El

LD  SP,USRIX

POP IX

PCP AF
POP BRC

POP DE

b
La
&
-

POP EBC

POP DE

POP HL

EX AF,AF’
EXX

LD  SP,(USRSP)
PUSH HL

LD HL, (USRPC)
EX (SP).,HL

RET

; LOAD

;LOAD
:LOAD
1 LOAD

:LOAD

; LOAD

; LOAD

I

f\F’
BC’
DE’

I{IJ,

PC



7 kxvokkkkkxx HELP ROUTINE *#kkkkkksk
; USER HELP

H

»

HELP: cP 0
JP  NZ.ERRCR
LD E.24 ; TAB-

LD HL.HELPTB

HELP!: LD  A.{HL)
ce 0
JP  Z.MON :EXIT
INC HL
CP  ODH

o i :CHECK TAB
JR  Z.HELPS
15 D°F
CALL TXBYTE
DEC E
JR  HELP1

HELPS:  CALL TXLF :LF
LD E.24
JR  HELP1

HELP8:  DEC E sPRINT TAB
JR  Z,HELP1
ID D," "

- CALL TXBYTE

JR  HELPS8



; kkkkxkkkxx INPUT ROUTINE #¥%kktkiksk

i IN PORT

; I PORT

INPUT: cr 0
JP  Z.ERROR
CALL VAL

CALL NEXT

CP 0

JP NZ,ERRCR
LD  A.(MONDAT)
LD C.A

IN D.{C)

CALL TXBYTEZ
CALL TXLF

JP. MON

; LCAD FRCM TERMINAL (.IIEX TI

;: L [ADDR]

; ADDR IS OFFSET ADDRESS
LOAD: LD HL,O

LD (MONDAT) ,HL
cp 0

JR Z,LOAD1

CALL VAL

kkxkkkFk%% [OAD ROUTINE *¥%kkkiktk

T
il g

; DEFAULT OFFSET



CALL NEXT
CP O

JP NZ.ERRCR

LOAD1: LD  HL.LOADTAB2
CALL TXBLOCK
LD  HL.LOADTAB3
CALL TXBLOCK
CALL RXBYTE ; START READ
gy ":"

JP  NZ,LOADE

LD C.0 :START CHECKSUM
CALL LOADS :START LINE

LD  B.D ; COUNTER

CALL LOADS :ADDR

LD H.D

CALL LCADS

LD L.D

LD  DE.(MONDAT)
ADD HL.DE ;OFFSET ADDR

LD (FINAL) ,HL

CALL LOADS 100
LOAD2: CALL LOADS ;i DATA

LD (HL),D

INC HL

DJINZ LOAD2



LOAD3:

LOAD31:

LD

NEG

LD

CALL

CcP

JR

CALL

LD

CALL

LD

LD

ADD

CALL

LD

CALL

DJNZ

A.C

C.A
RXBYTEZ
C
NZ.LOADE
R{BYTE
RXBYTE
RXBYTE
NZ,LOADE
c,0

LOADS

Z.LOAD3
B.A
LOADS
H.D
LOADS
L.D

DE, (MONDAT)
HL,DE
LOADS
LOAD2
B, 4
RXBYTE2

LOAD31

; CHECKSUM

sLEF

:NEW LINE

:LAST LINE

;OFFSET ADDR

500

;END DATA

;00



LOADE:

LOADEL:

LOADS:

CALL

CALL

LD

LD

CALL

CALL

Ccp

JR

LD

ADD

LD

RET

RXBYTE
RXBYTE
DE.(FINAL)
TXBYTES
TXLF

MCON

HL .LOADTAB
TXBLOCK
RXBYTE

ODH
NZ,LOADE!
MON
RXBYTE2
A,C

A.D

C.A

;LF

:L0AD ERRCR

:2 BYTE LCAD SUB.

: CHECKSUM

; kkkkkkxk*k* MOVE ROUTINE *¥*kskkxsksrx

: "MOVE MEMORY
: M RANGE ADDR
MQVE: CALL
CALL
- CP
JP

RANGE
NEXT
0

Z,ERROR



CALL VAL
CALL NEXT
¢ CcP 0
JP NZ.ERRCR
LD BC. (MONDAT)
LD HL.{START)
LD DE, (FINAL)
CALL MOVES
JP MON
. kxxrkkskss QUTPUT ROUTINE #ikxkkkiks
: OUT PCRT

: O PORT BYTE

OUTPUT: cP 0
JP  Z.ERROR
CALL VAL
LD A.(MONDAT)
LD C.A
PUSH RBC
CALL NEXT
CP O
JP  Z.ERROR.
CALL VAL
CALL NEXT
cp 0
JP  NZ,ERROR

POP BC



LD A, (MONDAT)
ourT (C),A

JP  MON

H kkckckkkkkkdk UPLOAD ROUTINE #kckokkkxkkx
; UPLOAD TO TERMINAL (.HEX FILE)

; P RANGE

UPLOAD:  CALL RANGE
CALL NEXT
CcP 0
JP NZ,ERROR
LD HL,UPLTBI
CALL TXBLOCK
LD HL,UPLTB2
CALL TXBLOCK
LD  HL,UPLTB3
CALL TXBLOCK
UPLOADO: CALL RXBYTE
CP ODH
JR  NZ,UPLOADO
LD HL,(FINAL)
LD DE, (START)
XOR A
SBC HL,DE
INC HL

PUSH HL



UPLOAD!:

UPLOADS :

PUSH

POP

LD

XOR

sBC

LD

CALL

JR

PUSH

PCP

LD

CALL

LD

CALL

LD

CALL

LD

CALL

CALL

Iy

]

»

(, {START)

A

HL.DE
C.UPLOADS
BC.2000H
UPLCADS
UPLOAD1
1Y

BC

B.C

cC.0
CPLOADS
HL, UPLHEX
TXBLOCK
RXBYTE

MON

D,":"
TXBYTE
D,B
UPLOADX

TXBYTE2

:LENGTH

:LAST LINE

;WAIT FOR ANY KEYS

;ONE LINE SUB.

; START LINE

;LINE LENGTH



UPLOADS1:

UPLOADX:

PUSH

POP

CALL

LD

CALL

PUSH

PCP

CALL

LD

CALL

LD

CALL

CALL

INC

DEC

DJINZ

LD

NEG

LD

CALL

CALL

RET

LD

ADD

LD

RET

IX

DE
UPLOADX
D.E
UPLOADX
IX

DE
TXBYTE+
D.0CH
TXBYTEZ2
D, (IX+0)
UPLOADX
TXBYTE2
IX

1Y
UPLOADS1

DQA
TXBYTE2

TXLF

A,C
A'D

C,A

:ADDR

:00

s CHECKSUM

; CHECKSUM



fRkkRKRRERX BACK ROUTINE %% s%kdknin

: BACK BY BREAK ADDRESS OR INT KEY

BACK:

BACK1:

PUSH

PUSH

-PUSH

PUSH

LD

LD

LD

Jp

LD

LD

(USRIX}.IX

AF.Ar'

AF

DE

BC

AF

Iy

Al
(USRIF+1),A
A,Q
PO,BACK1
A,4

(USRIF),A

:SAVE

:SAVE

:SAVE

:SAVE
{SAVE

i SAVE

; SAVE
:SAVE
+SAVE
3 SAVE

:SAVE

; SAVE

s SAVE

Ty

5t
A

3y

DE

BC

Iy

IFF



BACK4:

BACKS:

BACK6:

LD  SP,SYSSTK
LD  HL,BRKFAG
BIT 1,(HL)

JR  Z,BACK4
RES 1,(HL)

LD HL, (USRPC)
DEC HL

LD  (USRPC),HL
LD  HL,(STPADD)
LD A, (BRKMEM)
LD (HL),A

JR  BACK6

BIT 0.(HL)

JR  Z,BACKS
RES 0, (HL)

LD HL,(USRPC)
DEC HL

LD  (USRPC),HL
LD HL,(BRK)
LD A, (BRKMEM)
LD (HL),A

JR  BACK6

LD  DE, (USRPC)
CALL TXBYTE4

CALL TXLF

; IS TRACE

; IS BREAK



b

JP  MON

; REGISTOR DISPLAY & SET

; R [REG VALUE]

REG:

cp 0

JP  Z.REGD

LD  HL,MONBUF
LD  B,0

LD C,A

ADD HL,BC
PUSH HL

POP IX

CALL NEXT

cp 0

PUSH AF

CALL VAL

CALL NEXT

CP O

JP  NZ,ERROR
POP AF

LD (MONINX) ,A
LD A, (IX+0)
CALL UPPER

LD (IX+0),A

s kkkkxxkikokk REG ROUTINE ddkxskckkkksk

;DISPLAY ONLY

; INDEX TO REG. NAME

‘VALUE

;FIELD OVER

;TO UPPER AND CHECK NO OF CHAR.



REG2:

LD

CP

JR

CALL

O
‘g

JP

CALL

LD

CP

JR

CALL

JP

CALL

CP

CALL

LD

iD

A, (IX+1)
NZ,REG1
REGX
OFFH
Z,REGERR

MON

UPPER
(IX+1),A
A, (IX+2)
NZ ,REG2
REGX

0

Z,MON
REGXX

0

ZyMON
REGFAG
OFFH
Z,REGERR

MON

UPPER
(IX+2),A

A, (IX+3)

;1 CHAR. SEARCH 8 BIT

;2 CHAR. SEARCH 8 ,

16 BIT



REGERR:

ce "

JR  NZ,REGERR
CALL REGXX

cp 0

JP Z.MON

PUSH IX
POP HL

JP  ERRORX

; IN = (IX) REG. NAME

; OUT = A NOT FOUND FLAG

REGXX:

REGXX1:

REGXX2:

LD  IY,REGTBI1
Lb ¢C,0

PUSH IX

POP HL

PUSH IY

POP DE

Lb B,3

LD A, (DE)

Cp (HL)

JR  NZ,REGXX3
INC HL

INC DE

DJINZ REGXX2

LD HL,USRPC

;>3 CHAR.

;3 CHAR. SEARCH 16 BIT

+REG. NAME ERRCR

;SEARCH 16 BIT REG. NAME

; SEARCH FOUND



REGXX3:

ADD

LD

LD

INC

LD

XOR

RET

LD

ADD

INC

INC

LD

CP

JR

LD

RET

HL,BC
DE, (MONDAT)
(HL),E

HL

(HL),D

OE,3
IY.DE

C

C

A,C

1AH

C, REGXX1

A,OFFH

; IN = (IX) REG. NAME

* ; OUT = A NOT FOQUND FLAG

REGX:

LD

LD

LD

LD

IY,REGTB3
BC,0
D, (IX+0)

E, (IX+1)

;B=0

; FOUND EXIT

;NOT FOUND EXIT

;SEARCH 8 BIT REG. NAME



REGX: LD IY,REGTB3 ;SEARCH 8 BIT REG. NAME
LD BC,0
LD D, (IX+0)
LD E,(IX+1)
REGX1: CALL REGCOMP
JR  NZ,REGX2
LD  HL,USRIF+1 ; SEARCH FOUND
ADD HL,BC ;B=0
LD A, (MONDAT)
LD  (HL),A
XOR A
RET ; FOUND EXIT
REGX2: INC IY
INC IY
INC C
LD A,C
CP 12H
JR  C,REGX1
LD A,QFFH

RET ;NOT FOUND EXIT

; IN = (IX) FLAG NAME

; OUT = A NOT FOUND FLAG

REGFAG: LD D, (IX+0)

LD E,(IX+1)



LD IY,REGTB4

LD BC,087FH
REGFAG1: CALL REGCOMP

JR NZ,REG?AG2

CALL REGFAGD s SEARCH FOUND

LD A, (USRAF)

AND C ; MARK

OR D ; SET

LD (USRAF},A

XOR A

RET ;FOUND EXIT
}REGFAGZ : INC 1Y

INC 1Y

RRC C -

DJINZ REGFAG!

LD A,OFFH

RET ;NOT FOUND EXIT

REGFAGD: LD D,0 ;CHECK FLAG DATA
LD A, (MONDAT)
CP 0
; RET Z
LD A,C
CPL
LD D,A ';DATA OUT SET BIT BY C
LD A, (MONDAT)

CP 1



RET Z

JP ERRCR

; COMPARE DE & (1Y)

REGCOMP: LD A,D

CP  (IY+0)
RET NZ
LD A.E
CP  (IY+l)

T okkksREORR REGD ®%kRkRkkk

REGD: LD  IX,REGTBl

LD  IY,USRPC

LD C,5 ; COUNT
CALL REGDR ; 16BIT REG.
LD C,4
CALL REGDR ;MAIN REG.
LD C,4
CALL REGDR ;ALTERNATE REG.
LD IX,REGTB2 ;FLAG TABLE
F LD A, (USRAF) s FLAG
LD C,A

LD B,2



REGDR:

REGDR1:

CALL
SLA
LD
CALL
SLA
LD
CALL
CALL

JP

LD

CALL
LD
LD
CALL
LD
CALL
INC
INC
DEC

JR

D, (1X+0)
TXBYTE
IX
REGDR1
D, "="
TXBYTE
D, (IY+1)
E, (IY+0)
TXBYTE4
D, "
TXBYTE
IY

1Y

C

NZ,REGDR

1S 2

sH

:P/VNC

;DISPLAY REG. ONE LINE

+REG. NAME

; REG. DATA



REGDF:

REGDF1:

CALL TXLF

RET

INC IX

LD D,A

CALL TXBYTE

JR  REGDFI

; IN = B LOOP

; C DATA

£
REGDFX:

-REGDFX1:

CALL REGDF
LD D,"l"

StA C

JR  C,REGDFX1

LD D, ron

CALL TXBYTE

DJINZ REGDFX

RET

; DISPLAY FLAG NAME

;DISPLAY FLAG & DATA



Fokkxkkkrxkk NEW ROUTINE wk¥kskkkksik

; CLEAR REGISTOR

-
?

N

NEW: CP

JP

XOR

LD

LD

NEW1: DEC

LD

DJINZ

LD

LD

LD

LD

LD

EX

RET

0
NZ.ERROR
A

HL,USRH1+2

HL,USRSTK
(USRSP) ,HL
HL,GSRSTK
(USRPC) ,HL
HL,REGD

(sP),HL

;CLEAR

;TO DISPLAY

;- *k%kxxkx%% SEARCH ROUTINE *¥*k¥kikkk

.
b

SEARCH DATA

; S RANGE BYTE

* SEARCH:

CALL RANGE

CALL NEXT

... ( 8 BYTE MAX )



CP 0
JP  Z,ERROR
LD A.8
LD  (SEACNT),A
LD  IX,SEABUF
SEARCH1: CALL VAL ; STORE DATA TO SEABUF
LD A, (MONDAT)
LD  (IX+0),A
INC IX
CALL NEXT
gp -0
JR  Z,SEARCH2
LD A, (SEACNT)
DEC A
LD  (SEACNT),A
JR  NZ,SEARCH1
JP  ERROR
SEARCH2: LD A,9
LD  HL,SEACNT
SUB (HL)
LD (HL),A ; BYTE COUNT
CALL CLEN
SEARCH3: PUSH HL ; COMPARE SEABUF
PUSH BC
PUSH HL
POP IX

LD DE,SEABUF



LD A, (SEACNT)

LD B,A
gSEARCH31: LD A, (DE)

CP (HL)

JR NZ,.SEARCH3Z

INC HL

INC DE

DJNZ SEARCH31

PUSH IX : SEARCH FOUND

' POP DE
CALL TXBYTE4 ;DISPLAY FIRST ADDR
CALL TXLF

SEARCH32: POP BC
POP HL
INC HL
DEC BC
LD A,B
OR  C
JR  NZ,SEARCH3

JP  MON

5 k%kxkkkkk* UNASM ROUTINE **xxkkksisk
; Z30 UNASSEMBLER

; U [N] [ADDR1] [ADDR2]

L3

UNASM: PUSH AF

XOR A



UNASMO :

LD

PCOP

CP

JR

LD

LD

LD

LD

ADD

CALL

CP

JR

LD

CALL

LD

LD

CALL

XOR

LD

LD

cp

LD

LD

(UASMFAG) , A
AF

0

Z,UNASMO

HL , MONBUF
B,0

A, (MONINX)

NZ, GNASMO
Ayl
(UASMFAG) ,A

NEXT

HL, 16
(DEST) ,HL
AD2

A
(UASMCNT) ,A
A,D

0

Z,UNASMO1
A, 16

(UASMCNT) , A

;NO DISPLAY ADDRESS

;NO DISPLAY ADDRESS

;CHECK FINAL SET

s SET

;END BY LINE COUNT



UNASMO1: LD IX, (START)

UNASM1: LD A, (UASMFAG)

CP O
JR  Z,UNASM11 ;3 3Y PASS
Lb B,9 ;NO DISPLAY ADDRESS & OP-CODE

UNASM10: LD D," "
CALL TXBYTE
DJNZ UNASM10
CALL UASM
CP  OFFH
JP  Z,UNASME

JR  UNASM31

UNASM11: PUSH IX
POP DE
CALL TXBYTE4 s ADDR
LD. DINGS
CALL TXBYTE
Lb D," "
CALL TXBYTE
CALL UASM
CP OFFH
JP  Z,UNASME ; UASM ERROR
LD C,5 ;BLANK COUNT (5%3)

LD A, (IY+3) sBYTE COUNT



"o

s

v s

UNASM2:

UNASM3:

AND
LD
PUSH

POP

DEC
INC
DINZ
LD
CALL
DEC

JR

LD
CALL
LD
CALL
LD

Cp

CALL
LD
CP

JR

UNASM2
B,3
TXBLANK
c

NZ, UNASM3

A, {IY+0)
MNESUB
D" "
TXBYTE
A, (IY+1)
0

Z ,UNASM4
OPRSUB
A, (IY+2)
0

Z,UNASM4

;:DISPLAY OPCODE

s MNEMONIC

;OPERAND1

; OPERAND2

INDEX

INDEX

INDEX



PUSH AF

Lo bo,","
CALL TXBYTE
POP AF

CALL OPRSUB3

UNASM4:  CALL TXLF
LD D,0
LD  A,(IY+3)
AND OFH
LD E,A

ADD IX.DE

LD A, (UASMCNT) :CHECKX END
CP 0
JR  Z,UNASMS
DEC A ;END BY LINE COUNT
JR  Z,UNASM6
LD  (UASMCNT),A
JP  UNASM1
UNASM5: LD  BC,(FINAL) ;END BY ADDRESS
INC BC
CALL COMP16

Jp  C,UNASMI

'UNASM6: LD  (FINAL),IX

JP  MON



UNASME : LD  HL,UNASMTAB ;UNASM ERRCR

CALL TXBLOCK
JP  MON
MNESUB: DEC A iMNEMONIC PRINT
LD B,A
LD C,4

LD  HL,MNETAB
CALL TABLE
LD B,4
MNESUBL: LD D, (HL)
CALL TXBYTE
INC/ HL
DJNZ MNESUB1
RET
OPRSUB: LD D,A
LD A, (IY+4) ; CHECK NUMBER
BIT 7,A

JR  NZ.0PRSUBI

LD A,D
JR  OPRSUB3

OPRSUB1: AND 7FH ;IS IM,BIT,RES, SET,RST
LD D,A

LD A,(IY+0)
CP 359
JR  Z,0PRSUB2

LD A,D



CALL HTOA

LD D,A
CALL TXBYTE
RET
OPRSUB2: CALL TXBYTE2 :RST
LD D,"s"
CALL TXBYTE
RET
" OPRSUB3: CP I ;CHECK # (#) (IX+D) (IY+D)
JR  Z,0PR!
cP 2
JR  Z,0PR2
CP 8
JR  Z,0PRS
CP 10
JR  Z,0PRA
DEC A
LD B.A
LD C,4

LD  HL,OPRTAB

CALL TABLE

LD B,4
OPRSUB4: LD D, (HL)

LD A,D

ce """

RET Z



OPR1:

OPR2:

OPRS:

OPRA:

OPRA1:

OPRIX:

OPRIY:

CALL

INC

DJINZ

RET

CALL

RET

LD

CALL

CALL

CALL

RET

LD

JR

LD

CALL

LD

CAaLL

LD

CALL

LD

CALL

RET

DFB

DFB

TXBYTE
HL

OPRSUB4

OPRT

HL.OPRIX
OPRAL
HL.OPRIY
TXBLOCK
D, (IX+2)
OPBYTE?2
D,"H"
TXBYTE
D,")"

TXBYTE

"(IX+",00H

"(IY+",00H

;N NN DIS

1 (N) (NN}

; (IX+D)

s (1Y+D)



i DISPLAY TYPE
OPRT: LD
AND

CP

JR

OPRT1: 1D

OPRTS: 1D
OPRTS1: CALL
LD

CALL
RET
OPRTZ2: LD
LD
OPRT6: LD

LD

1,2,3,5.6

A, (IY+3)
OF0H
1CH"
Z,0PRT1

20H

"Z,0PRT2

30H

Z,0PRT3

tn
(o]
A

4

Z,0PRTS

OPRT6

D, (IX+1)
OPRTS1
D, {IX+3)
OPBYTEZ2
UNH"Y

TXBYTE

D, (IX+2) ;NN (NN)
E, (IX+1)

OPRT61

D, (IX+3)

E, (IX+2)

;N NN (N) (NN) DIS



OPRT61: CALL OPBYTE4
LD D,"H"
CALL TXBYTE

RET .

) OPRT3: PUSH IX ;DIS
POP HL
L D,0O
LD E,(IX+1)
BIT 7,E
JR  Z.0OPRT31
LD D,0FFH
OPRT31: ADD HL,DE
INC HL
INC HL
PUSH HL
POP DE
CALL OPBYTE4
LD D."H"
CALL TXBYTE

RET

; *%xx% OPERAND BYTE2Z & BYTE4 SUB. *¥#*x

; CHECK IF FIRST BYTE = A-F THEN ADD 0

OPBYTE2: LD A.,D ;IN=D

CALL OPBYTES



OPBYTE21:

OPBYTE4:

i

OPBYTE#

OPBYTES:

JR

PUSH

LD

CALL

POP

CALL

RET

CALL

PUSH

LD

CALL

POP

: CALL

RET

RRCA
RRCA
RRCA
RRCA
AND

CP

C.OPBYTE21
DE

L,"o"
TXBYTE

DE

TXBYTE2

A.D
OPBYTES
C.OPBYTE41
DE

D."0"
TXBYTE

DE

TXBYTE4

OFH

0AH

iNOT A-F

sIN

1l

3]



¢ okkEkRkEk® VAR ROUTINE ®k¥sksxikdx
; VARIABLE DISPLAY & SET
i V [VAR VALUE]

; VAR = 10,18,20,28,30,38.66

VAR: CP 0
JR  Z.VARD sDISPLAY ONLY
' CALL VAL

LD  HL.{MONDAT)

LD A,H

cp O

JP  NZ,ERROR

LD A.L ; CHECK VAR

LD  HL.VARTAB

LD  BC,700H
VARL: CP (HL)

JR  Z,VARZ2

INC HL

INC C

INC C

DINZ VAR1

JP  ERROR
VAR2: LD B,0

LD IX,RST10
ADD IX,BC

CALL NEXT



JP Z,EBROR

CALL VAL ; VALUE
CALL NEXT

cp O

JP NZ,ERROR

LD  HL.(MONDAT)

LD (IX+0),L
LD (IX+1i),H
JP  MON

VARD: LD IX,RST10 ; DISPLAY VAR
LD 1Y.VARTAB
LD  B,7

VARDI : LD  HL,VARTABI
CALL TXBLCCK
LD D, (IY+0)
CALL TXBYTE2
LD By N
CALL TXBYTE
LD E,(IX+0)
LD D, (IX+1)
CALL TXBYTE4
CALL TXLF
INC TIY
INC IX

INC IX



DINZ VARDI1
JP  MON
i dkkkkkwkkk TRACE ROUTINE skksksosksokks
; TRACE USER PROGRAM (SENGLE STEP)

; T [ADDR]

TRACE: cp 0

O
=
b
E

i CALL NEXT
cr 0
JP  NZ.ERROR
LD  HL, (MONDAT)

LD (USRPC) ,HL

TRACEL: LD  IX, (USRPC)
CALL UASM
cp 0

JR  Z,TRACE2

LD  HL,TRATAB ; COMMAND ERRCR
CALL TXBLOCK
JP  MON
TRACEZ2: LD A, (IY+3) ;GO
AND OFH
LD E,A

Lp D,O



LD HL,(USRPC)
ADD HL,DE
LD A, (HL)
LD  (BRRMEM),A
LD  (HL).OCFH :RST O0SH OP-CCDE
LD  (STPADD).HL
LD  HL,BRKFAG
SET 1,{HL)
JP EXIT
;o kEssggxsis QUIT ROUTINE R ¥ %X xsx
; QUIT (POWER OFF OR RESET)
3 Q
QUIT: CP 0
JP  NZ,ERROR
LD  HL,QUITTB
CALL TXBLOCK
XOR A
LD  (POWMEM),A
’ HALT

]

kkkkRKEkRkX MOVES SUB. *¥kkk¥xxkxx ABCDEHL

; MOVE MEMORY

IN = HL START ADDR

DE FINAL ADDR

BC DESTINATION ADDR



MOVES: XOR A

EX DE,HL

SBC HL,DE ; FINAL-START
PUSH HL 33

PUSH BC 12

PUSH BC 31

POP EHL vi

XOR A

SBC HL,DE s DEST-START
POP HL 32

EX DE.HL 1 DEST, START
POP BC O

JR  NC,MOVES1
INC BC ; LENGTH

LDIR ;MOVE INC

MOVES1: ADD HL,BC ; START
EX DE,HL
ADD HL,BC ; DEST
EX DE,HL
INC BC

LDDR

; kkkkkxkxksx SEAR SUB. **¥*k¥k*¥x%x ADEHLIX (SEAMEM) (SEAFND) (SEACNT)
; SEARCH STRING

; IN = B FLAG O=NORMAL 1=BLANK-END



H C TABLE LENGTH

; HL. NO. OF STRING IN TABLE

; IX START TABLE

; IY START SEARCH STRING

; OUT = HL NO. OF STRING 0=NOT FOUND

; HL=(SEAFND) , A=L

SEAR: LD  (SEAMEM),HL
LD HL,!
LD (SEAFND).HL
SEAR1: LD A.C
D = (SEACNT).A ‘

PUSH IX

POP HL
PUSH 1Y
POP DE
SEAR2: LD A, (DE)

CP . (HL)
JR  NZ,SEAR4 :NOT EQUAL
INC EL

] INC DE
LD A,B
CP 0
JR  Z,SEAR3 ; NORMAL
LD A,(DE) ;CHECK END BY BLANK
cp "

JR  Z,SEARF ; SEARCH FOUND



SEAR3: LD  A.(SEACNT)
DEC A

LD (SEACNT) .A

JR NZ,SEARZ :NEXT CHAR.

JR  SEARF ; SEARCH FOUND
SEAR4: LD D,O

LD E,C

ADD IX.DE

LD  HL.(SEAFND)
INC HL

LD  (SEAFND),HL
LD ~ HL, (SEAMEM)
DEC/4HL

LD (SEAMEM) , HL

LD A,H
OR L
JR ~ NZ,SEARI1 sNEXT STRING

LD (SEAFND) ,HL

i RET ; NOT rOUND
SEARF: LD HL, (SEAFND) ; FOUND

LD A,L

RET

; kkkxkkkkkk TABLE SUB. ®#%k*kkxkxx ABHL
; TABLE LOOKUP

; IN =B NO. 0 - 255



; C TABLE LENGTH
H HL START TABLE

; OUT = (HL) FIRST DATA IN TABLE

TABLE: PUSH DE

PUSH HL

INC B

LD D,O0

LD E,C
* LD HL,O
TABLEL: DEC B

JR  Z.TABLE2

ADD HL,DE

TABLEZ2: EX DE,HL

i okkxkkkkkkk DIOM SUB. ##%%kkkxkx AB

; DELAY 0.01 SECOND

; IN = B COUNT
D10M: PUSH HL
D10M1: LD HL,1376

D10M2: DEC HL



LD AH

OR L

JR  NZ,D10OM2
DJNZ D10M1
POP HL

RET

3 kdemmkkkekxix DSEC SUB. #mkrxXixxx AB
: DELAY SECOND

i IN = B SECOND COUNT

DSEC: PUSH HL
DSECL: LD HL.52640
DSEC2: PUSH HL

POP HL

PUSH HL

POP HL

DEC HL

LD AH

OR L

JR  NZ,DSEC2

DJNZ DSEC1

POP - HL

RET



13
;TRRkRRRkkkk COMP16 SUB. #¥kidokkkky A
; COMPARE IX-BC

¥

i+ IN = IX BC

3 OUT = FLAG

COMP16: PUSH HL
PUSH IX
POP HL
XOR A
SBC HL.BC
POP HL

RET

$*$#******‘HTOA SUB. ®#%#%ssxxkx ADE
; HEX TO ASCII

; IN = A HEX

; OUT = DE ASCII (A=E)

; eg. 2A -> 32 41

HTOA: PUSH AF
AND OFOH
RRCA
RRCA
RRCA
RRCA
;. CALL HTOAS

LD D,A



HTOAS:

HTOAS1:

; kikwkkxsxx ATOH SUB.

POP AF

AND

CALL HTOAS

LD

RET

AND

CP

JR

OR

RET

SUB

OR

RET

; ASCII TO HEX

; IN = DE ASCII

i OUT = A HEX

ATOH:

LD

CALL

RLCA

RLCA

RLCA

RLCA

LD

E.A

OFH

0AH

NC,HTOAS1

30H

A,D

ATOHS

D’A

KckERRREERR AD



LD AE
CALL ATOHS
OR D

RET

okkkkxckkkk ATOHS SUB. #¥kkxkkkkx A

; ASCII TO HEX ONE BYTE

; IN = A ASCII
; OUT = A HEX
ATOHS: CcP "A"

JR  NC,ATOHS1

AND OFH

ATOHS1: SUB 7
AND OFH

RET

; kkxkkkkkkk UPPER SUB. ##%kkkkkes A
; LOWER TO UPPER CHARECTER
s IN = A LOWER

3y OUT =A UPPER

UPPER: CP "a"
RET C

CP  "z"+1



RET NC

SUB 32

RET

3 wxEkkEkkkx TMGETL SUB. **ksxkksdx

3+ GET LINE FROM TERMINAL ( END BY CR )

{ OUT = (MONBUF) COMMAND BUF
; (MONINX) LENGTH
s REG =

ABCDHL

TMGETL: XOR A
LD (MONINX),A
TMGETL1: CALL RXBYTE
LD A,D
CP  OSH
JR  Z,TMGETBS
CP  ODH
JR  Z,TMGETL2
LD A, {MONINX)
CP 60

JR  C,TMGETL2

Lb D,07H
CALL TXBYTE
JR  TMGETL1

TMGETL2: CALL TXBYTE

LD A, (MONINX)

;CLEAR INDEX

; CHECK RKEY

3 CHK MONBUF FULL

;AT 61 FOR CR ONLY

s FULL

; ECHO

;UP INDEX



Lb C.A
INC A

LD (MONINX) ,A

LD  HL,MONBUF iDATA TC BUF
Lp B.O

ADD HL,BC

LD (HL),D

L A,D

CP 0ODH

JR NZ,TMGETLL

LD  D,0AH

CALL TXBYTE

RET :EXIT
TMGETBS: LD A, (MONINX) ; BACKSPACE -

cP O

JR  Z,TMGETL1
DEC A

1D (MONINX),A
LD D,08H

CALL TXBYTE

Lp bp," "

CALL TXBYTE

LD D,08H

CALL TXBYTE

JR  TMCETL1



$kkxkkkkk% RXBYTE SUB ¥k kkkxkkx
; RECEIVE ONE BYTE FROM JACK
; OUT = D DATA (A=D)

; REG = ABDHLIX

2727: SLP

RXBYTEL: \NOP

RXBYTE: LD B,08H
LD E,00H

SCAN1L: LD AVE
GUT (UPC),A
IN A, {UPC)
AND OFOH
CP OF0H
JR NZ.SCAN2
INC E

DJINZ SCAN]

JR RXBYTE
SCAN2: OR E

LD (KEYIN).A
DEBOUND: IN A, (UPC)

AND OFCH

cP OFOH

JR NZ,DEBOUND

LD A, (KEYIN)

CP OBOH

JR NZ,KEYCODE



3

KEYCODE:

CODE1:

CODE2:

CODE2_1:

CODE3:

LD
LD

JR

LD

CP
JR
INC
INC
DINZ
LD
LD
XOR
LD
LD

OouT

A,01H
(KEY_SHIFT),A

RXBYTE

A, (KEY_SHIFT)

014

NZ,CODE1

Hi,,PCTAB

IX,SHIFTTAB

CODE2

HL,PCTAB

IX,NORMALTAB
s {KEYIN)

B.1FH

(HL)

Z,CODES

HL

IX

CODE2_1

A, (IX+0)

D,A

A

(KEY_SHIFT),A

A,D

(UPA),A



; ®kkkxkkkkk RXBYTE2 SUB. ##kk¥xkkx¥x ADE

; RECEIVE ONE ASCII FROM COM PORT

; OUT = D DATA IN HEX (A=D)

RXBYTEZ:

wee

CALL RXBYTE
LD E.D
CALL RXBYTE
LD D,E
LD E,A
CALL ATCH
LD D,A

RET

; kxkkkkckkkk TXBYTE SUB kkkkkkikkx

; SEND
; IN =
; REG =

TXBYTE:

TXBYTEL:

1 CHARECTER TO RS-232 PORT

PUSH DE

INO  E, (STAT1) ;CHECK FLAG SEND
BIT 1,E

JR Z,TXBYTE1 ;FLAG TDRE ASCI=1?
OUT0 (TDR1),D i YES,SEND TO DISPLAY
POP DE

PUSH AF

PUSH BC

PUSH DE

PUSH HL

CALL DISPLAY

POP HL



POP DE
POP BC
POP AF

RET

DISPLAY: LD A,OCH ;CR
CP D
JR NZ,DCON1
CALL HOME
RET
DCON1: LD A,QAH 3 LF
CP D
JR NZ,DCON2
CALL CLSLCD
RET
DCONZ2: LD A,07H ;BELL
CP D
JR NZ,DCON3
CALL BELL
RET
DC6N3: LD A,08H ;BACK SPACE
CP D
JR NZ,DCONWR
CALL READ
CP 40H
JR NZ,DCON31

LD A,08H



DCON31:

DCONWR :

DCONWR1:

DCONWR2:

DEC A

CALL GOTO
LD D,20H
CALL WRBYTE
CALL READ
DEC A

CALL GOTO

RET

CALL READ
Cp 08H

JR NZ,DCONWR 1

LD A,=CH
CALL COTC
CP 48H

JP NZ . DCONWROK
PUSH DE

CALL DELY

LD H,1

LD B,S8

LD AH

CALL GOTO

CALL READ_DAT

DEC H
LD A,H
CALL GOTO

CALL WRBYTE

; SPACE

: IF OVER



DCONWR3 :

INC H

INC H

DJNZ

LD A,40H

GOTO
CALL
LD A,07

CALL GOTO

LD H.41H

LD B,8
LD A.H
GOTO
CALL
DEC H

LD A,H
GOTO
CALL
INC H
INC H
DJINZ
LD A,47H
CALL GOTO

POP DE

CALL WRBYTE

RET

DCONWR2

READ_DAT

WRBYTE

READ_DAT

WRBYTE

DCONWR3



DCONWROK: CALL  WRBYTE
RET
READ_DAT: IN A, (READ_DATA)
LD D,A
CALL READ
RET
DELY: PUSH AF
PUSH BC
LD  B.OSFH
@51: LD C.OFFH
552: DEC  C
JR  NZ,DE2
DJNZ DE1
POP  BC

PCP  AY

LD B,01H
BELL1: LD A.OFFH
BELLZ: CALL BEDEL

OUT (SPA),A

OUT (UPA),A

DEC A

CP O

JR NZ,BELL2

DJNZ BELL1

JR BRET



PR

BEDEL: LD H,01H
BEDE1: LD L,81H
gBEDEE: DEC L

JR NZ,BEDEZ

DEC H

o

JR NZ.BEDE!

BRET:

; okEkmkskkkkd TXRBYTE2 SUB. ®iskkikicikk ADE
'; SEND ONE BYTE IN ASCII TO COM PORT

; IN = D DATA

¥

TXBYTE2: 1D A,D

CALL HTOA
CALL TXBYTE
LD D,E
CALL TXBYTE

RET



. kkkkkkkkks TXBYTE4 SUB. *¥xkxxkkxx ADE
; SEND TWO BYTE IN ASCII TO COM PORT
; IN = BIT 0 (STSFAG)

; DE DATA

TXBYTE4: PUSH DE
CALL TXBYTE2
POP DE
LD D,E
CALL TXBYTEZ2
RET

g kksdkckokokxkk TXBLOCK SUB. sdkkkkikxkx ADHL

*; SEND BLOCK (END BLOCK BY 00H OR ODH) TO COM PORT

T

; IN = HL START BLOCK

TXBLOCK: LD A, (HL)

Ck O
RET Z
CP ODH

JR  Z,TXBLOCK1

LD . DA

CALL TXBYTE

INC HL

JR  TXBLOCK
TXBLOCK1: CALL TXLF

RET



; k¥kkkxkkkx TXBLANK SUB. *¥%x%kk%xk ABD B=0
; SEND BL ANK TO COM PORT

* IN = B BLANK COUNTER

TXBLANK: LD D," "
CALL TXBYTE
DJINZ TXBLANK

RET

; kmmksckkycek TXLE SUB. ®%kxksxszx AD

3, SEND CR LF TO COM PORT

TXLF: LD . D,ODH
CALL TXBYTE

‘ LD D,0AH
CALL TXBYTE

RET

1 okdockkkdookkx ASMS SUB, #kkkkkoksx%

; .Z80 INSTRUCTION TABLE SEARCH (FOR ASSEMBLER)
; IN = (ASMBUF) MNE,OPR1,0PR2

H (ASMDAT) N NN (N) (NN) DIS

) (ASMDATD) +D

; OUT = (ASMOPC) OPCODE

- A OPCODE COUNT (0=NOT FOUND)



ASMS: LD HL,O
LD (ASMOPC) ,HL
' LD (ASMOPC+2) ,HL

LD  IY,ASMOPC

LD IX.XX-! XX
LD BC,0
ASMS1: CALL ASMSCOMP

JR NZ,A3MS12
LD (1¥+0),C :OPCODE

CALL ASMSX

ASMS12: LD DE,S
ADD  IX,DE
INC [ C
DJINZ ASMS1
LD A,OCBH ;CB
LD  (IY40),A
LD " BC,0
ASMS2: CALL ASMSCOMP
JR  NZ,ASMS22
LD  (IY+1),C ; OPCODE
CALL ASMSX
RET NZ
ASMS22: LD DE,5
ADD IX,DE
INC C

DJNZ ASMS2



ASMS3:

ASMS31:

ASMS32:

ASMS33:

¥

ASMS34:

LD

LD

RET

CALL

DJNZ

LD

LD

LD

LD

CALL

JR

IX.DD ;DD
A,ODDH

(IY+0),A

B,39

ASMSCOMP

NZ,ASMS31

ASMS39

NZ

ASMSUP

ASMS3S

H = ¢ .
Ly i s

t1
(W]

A,OEDH
(17+0) ,A
B,56
ASMSCOMP
NZ, ASMS33
ASMS39
NZ
ASMSUP
ASMS32
IX,FD JFD
A, OFDH
{(IY+0),A
B,39
ASMSCOMP

NZ,ASMS35



ASMS35:

ASMS39:

ASMS4:

ASMS41:

ASMS42:

ASMS43:

DJNZ

LD

LD

LD

LD

CALL

CALL

LD

LD

LD

LD

CALL

ASMS39
NZ
ASMSUP
ASMS34
ASMS4

A, {IX+0)

{IY+1),A

L ASMSX

1X,DBCB

HL, ODDCBH

ASMSCOMP
NZ,ASMS42

ASMS49

IX,FDCB
HL,OFDCBH
(1Y+0),H
(IY+1),L
B, 31
ASMSCOMP

NZ,ASMS44

;DD ED FD TOUND

;OPCODE BYTE 2

:DDCB

;s FDCB



ASMS44

ASMS49:

ASMSX:

ASMSX1:

CALL

RET

CALL

DJINZ

XCR

LD

LD

CP

JR

XOR

RET

LD

AND

CP

CP

CP

ASMS49

NZ

ASMSUP

ASMS45

A, (ASMDAT)

D
Z,ASMSX3

A

A, (IX+4)
OFCH

10H
Z,ASMXT1
20H

Z ,ASMXT?2

30H

; COMMAND ERROR

;DDCB FDCB FOUND

;OPCODE BYTE 4

; CHECX NUMBER

1IS IM,BIT,RES,SET,RST

s NEXT SEARCH

; CHECK TYPE



JR  Z,ASMXT1
CP  40H
JR  Z,ASMXT4
Cp  50H
+JR Z.ASMXTS
CP  60H

JR  Z,ASMXT6

ASMSX2: LD A, (IX+4) ;NO. OF BYTE
AND OFH
RET (EXIT
ASMSXS: LD A, {IX+<) :CHECK BIT.R
AND  QFCH
CP  40H

JR  Z.ASMXT4

JR  ASMSX2

%SMXTl: LD A, (ASMDAT)
LD (IY+1),A
JR ASMSX2

ASMXT2: LD  HL, (ASMDAT)
LD (IY+i),L
LD (Iy+2),H
JR  ASMSX2

ASMXT4: LD A, (ASMDATD)
LD (IY+2),A
JR  ASMSX2

ASMXTS: LD A, (ASMDATD)



LD  (IY+2).,A
LD A, (ASMDAT)
LD (IY+3),A
JR  ASMSX2
ASMXTG: LD  HL, {ASMDAT)
LD (IY+2),L

LD (1Y+3),H

JR ASMSXZ

ASMSCOMP: LD A, (ASMBUF) ; COMMAND COMPARE SUB.
CP {(IX+1)
RET NZ

LD A, (ASMBUF<+1)
CP - (IX+2)

RET NZ

LD A, (ASMBUF+2)
CP  (IX+3)

RET

ASMSUP: LD DE,6 ; TABLE UP SUB.
ADD IX,DE
RET
s kEkmkkkokkkk UASM SUB. *kkkkkxkkx
: Z80 INSTRUCTION TABLE SEARCH (FOR UNASSEMBLER)
; IN = (IX+0) OPCODE
; OUT = (IY+0) TABLE MNE,OPR1,0PR2,TYPE-BYTE,NUM

; A 0=0K FF=ERROR



UASM:

/

UASM1 :

UASMCB:

UASMDD:

LD

CP

JR

LD

LD

CALL

PUSH

POP

LD

LD

CpP

A, (IX+0)
0CBH
Z ,UASMCB
ODDH
Z ., CASMDD
OEDH
Z,UASMED
OFDH

Z,UASMFD

HL XX

A, (IX+1)
HL,CB

UASM1

A, (IX+1)

0CBH

Z,UASMDDCB

1 XX

;CB

;DD



LD HL.DD
UASMDDl: LD BC,6
UASMDD2: LD D, (HL)

CP D

JR  Z.UASMDD3

JR  C,UASMERR

ADD HL,BC

JR UASMDD2

-
s

CASMDD3: INC HL

PUSH HL
POP IY
XCR A
RET

UASMDDCB: LD A, (IX+3) :DDCB
LD HL,DDCB
JR  UASMDD1

CASMED: LD A, (IX+1) ;ED
LD HL,ED
JR  UASMDD1

UASMFD: LD A, {IX+1) ;FD
CP  OCBH

JR  Z,UASMFDCB

LD HL,FD



JR  UASMDD1

UASMFDCB: LD A, (IX+3) yFDCB
LD HL,FDCB

JR  UASMDDI

CASMERR: LD  A,O0FFH :NOT FOUND OPCODE

; kkmkkkioxk NEXT SUB. skdxkssikks
+ SEARCH NEXT FIELD OF COMMAND LINE
i IN = (MONINX) START SEARCH

; OUT = (MONINX) A

: IF A=0 THEN NO NEXT FIELD & (MONINX} IS END
NEXT: LD A, (MONINX)

b C,A

LD B,0
NEXT1: INC C ; SEARCH BLANK

LD  HL,MONBUF

ADD HL.BC
LD A,(HL)
CP  ODH

JR  Z,NEXTE
CP o
JR  Z,! 2 ; FOUND BLANK

JR  NEXT1



NEXT2: INC C ; SEARCH NOT BLANK

LD  HL,MONBUF

ADD HL,BC
LD A, (HL)
CP  ODH

JR  Z,NEXTE

ce "

JR  Z,NEXT2

LD AC ; FOUND
LD (MONINX) ,A

RET

NEXTE: LD  A.C :NO NEXT FIELD

XOR A

RET

; GET VALUE FROM COMMAND LINE
;5 IN = (MONINX) START FIELD

; OUT = (MONDAT)-(MONDAT+1) IN 8 BIT LOOK AT (MONDAT) ONLY

VAL: LD A, (MONINX)

LD -HL,MONBUF

Lp B,O
LD C,A
ADD HL,BC

EX DE,HL



I

3

; IN = (MONINX),A START FIELD

b

LD

LD

LD

RET

CP

JR

CALL

JP

LD

RLD

INC

RLD

DJNZ

JP

s kkkkkxkkkx AD1 SUB.

GET [ADDR]

; OUT = (START)

HL,O

{MONDAT) ,HL

A, {DE)

ODH

" AL

g
Z,VALZ
CHEX
OFFH

Z ERROR

HL , MONDAT

VALL

ERROR

;CLEAR

{END FIELD - EXIT

:IF B=0 IS OVER DIGIT

RREREK KKKk



CP 0 ; CHECK ADDR
RET 2Z ; DEFAULT
CALL VAL

CALL NEXT

cp 0

JP  NZ,ERROR

LD  HL, (MONDAT)

LD ° (START),HL

RET

poRkRkkEorREx AD2 SUB. RREREkRRn

: GET [ADDR1] [ADDR2]

; IN = (MONINX) START FIELD

.
1

(DEST) DEFAULT FINAL LENGTH

; OUT = (START)

AD2:

AD21:

(FINAL)

D DEFAULT USED 0=NO 1=YES

CP 0 ;CHECK ADDR1
JR NZ,AD21
LD HL,(FINAL) ; DEFACLT

LD (START),HL

JR  AD22

CALL VAL ;ADDR1
CALL NEXT

LD  HL, (MONDAT)

LD  (START),HL



CP O

JR  Z,AD22

CALL VAL ;ADDR2
LD  HL, (MONDAT)

LD (FINAL) ,HL

CALL NEXT
10) N ¢
JP NZ,ERROR ;FIELD OVER
Lb D,O
RET

AD22: LD  DE.(DEST) ; DEFAULT
ADD HL,DE

LD (FINAL) ,HL
LD Dl

RET

; kxkkkxkkk* RANGE SUB. kk®kxskksx
; GET RANGE

; IN = (MONINX) START FIELD

; OUT = (START)

; (FINAL)

RANGE: cp O

JP Z,ERROR



CALL VAL

LD  HL.(MONDAT)
LD  (START),HL
CALL NEXT
CP O
JP  Z.ERROR
CALL VAL

. LD  HL, (MONDAT)
LD  (FINAL),HL

RET

s wkwwksksioxk CHEX SUB. ®¥sxxk sk

; CHECK HEX DIGIT AND CHANGE TO HEX
;rIN = A ASCII DIGIT

; OUT = A HEX

. IF IN=0-9,A-F THEN OUT=HEX ELSE OUT=0FFH

CHEX: AP\, W

JR C,CHEXE

CP "9"+1

JR C,CHEX1 ;IS 0-9
CALL UPPER

cp  "A"

Jj? C,CHEXE
CP "F"+1
JP  NC,CHEXE

ADD A,9 ;IS A-F



CHEX1i:

CHEXE:

%

AND OFH

RET

LD A.OFFH :ERROR CODE

e
Rc:
i

; okdkdcioRsoRx CLEN SUB. skssskskss ABCHL

y CAL LENGTH (FINAL)-{START)

. OUT

CLEN:

; OUT

s REG

BC LENGTH

HL START

PUSH DE
LD  DE,(START)

LD HL.(FINAL)

XO0R A

SBC HL.DE

INC HL y LENGTH
EX DE,HL

PUSH DE

POP BC

POP DE

RET

xkkkkkkkkk AUTOB SUB. **kkkkkksxsk

(BAUDLY)

ALL



AUTOB: LD A.64H
OUTO (CNTLAL),A ;TX.RX,$8 BIT,! STOP
LD A,2 ;9600 BAUD AT X'TAL 12.4SS Mhz
OUTO (CNTLB1),A
LD A8 ;RIE ENABLE TO XEYBOARD
OUTO (STAT1),A
LD  A,96H
LD  (BAUD),A

RET

Kok koo PAGE MEMORY ROUTINE kkkst st fok ok ¥ 2k k ok

i SELECT PAGE MEMORY FOR PRCGRAM MMU [SEE APPENDIC (PAGE MEMCRY) 1]
; X [NUMBER PAGE]
SPM: CP O

JP Z.ERROR

CALL VAL

CALL NEXT

CP O

JP 'NZ,ERROR

LD A, (MONDAT)

CP O

JP Z,ERROR

c?

H
]
4
4

JP NC,ERROR
LD HL,PXTAB

LD IX,MMUTAB



§PM1:

SPM2:

i

LCDTAB:
MNOTAB:

MN1TAB:

POWTAB:
SYNTAB:
MNS8TAB:

MNOTAB:

LD B,4

CP (HL

2

)

JR Z.SPM2

INC HL

DINZ SPM1

CALL NE

LD A,¢{
oUTO (

JP MON

DFB
DFB
DFB
DFB
DWL

DWL

EXT
1X+0)

BBR},A

dkcockdkckkxix ROM TABLE cksskdskokiskden

"

Monitor V1.0
" " ODH
" Z8018C Monitor V1.0",0DH
Industrial Education KMITL.",QDH
" _Electronic & Computer",ODH
" ED.ENGINEER #15",0DH
Baud Rate :",00H
" " ODH
" ",0DH
" ", ODH
"POWER UP !",0DH
"® Syntax Error",0DH
" ABCDEFGHILMNOPQRSTUVX"
ASM, BREAK, COMPARE ,DISPY,ENTER

FILL,GO,HELP, INPUT,LOAD



HELPTB:

UPLTB1:

UPLTB2:

UPLTB3:

DWL

DWL

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DB

DFB

DEB

DrB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

MOVE,NEW, OUTPUT , UPLOAD, QUIT

REG, SEARCH, TRACE, UNASM, VAR, SPM

"

"

1"

A

B

v

g

w O

v

X

addr\Assembler",0DH
[addr]\Break",0DH

range addr\Compare block",0DH

range H byte\Compare byte",0DH
[addr!l] [addr2]\Display memory",CDH
addr\Enter data",0DH

range byte\Fill memory",CDH
faddr]\Go {Run)",ODH

\Help",ODH

port\Input"”.0DH

{a&dr]\downLoad from terminal”,ODH
range addr\Move",0DH

\New (Clear registor)”,0DH

port byte\Output",0DH

range\uPload to terminal",ODH
\Quit/Halt (Power off or Reset)",ODH
[reg value]\Register",0DH

range byte ... (8)\Search",0DH
[addr]\Trace (Single step)",0DH

[N] [addr1] {addr2]\Unassembler",ODH
[var valuel\Vector (RSTn)",ODH

[number page]\Select user page(i - 41i)",0DH,00H

Upload INTEL-HEX FILE ...",0DH

Use "A and CA Command to Upload File (XTALK)",ODH

Type ENTER to Start and Finish",ODH



REGTB4:

LOADTAB:

LOADTAB2:

LOADTABS:

UNASMTAB:

ASMER1 :
ASMERZ:
ASMERS3:
JUMPTAB:
VARTAB:
VARTAB1L:
TRATAB:.

\QUITTB:

'PCTAB:

NORMALTAB:

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DrB

DFB

DrB

DFB

DFB

DFB

DFB

DFB

DFB

" :00000Q0LFF".ODH

"PC SP IF IX IY AF BC DE HL " ;16 bit reg. table
"AF'BC’DE'HL’"

"S= Z= H= PV= N= C= " ;flag print table

"I FACBEDLH" ;3 bit reg. tabie

"FTA'C’B'E'D’L’H™"

"SFZF HF PFNFCF" ;flag table

" Load Error ... Enter to Continue",0DH

" Download INTEL-HEX FILE ...",0DH

Use "A and SE Command to Send Fiie (XTALK)",ODH
Opcode Error",0DH

Mnemonic Error",0DH

Operand Error",0DH

Command Error'.CDH

" Relative Error",CDH
10H.18H.20H, 28H, 304, 38H, 66H
"RST",00H

"Command Error",0DH

"Z30180 QUIT/HALT ! Power off or Rese: ...".0D

OEOH,OE1H,OE2H,0E3H, OE4H, OESH, OE6H, OE7TH
ODOH,0D1H,0D2H, 0D3H, 0D4H, OD5H; OD6H, OD7H
0B1H,0B2H,0B3H,0B4H, 0B5H, 0B6H, 0B7H

070H,071H,072H,073H,074H,075H,076H,077H

1BH, 30H, 31H, 32H, 33H. 34H, 35H, 36H

37H, 38H, 39H,41H,42H,43H,44H,45H



SHIFTTAB: DrB

DFB

DFB

DFB

DFB

DFB

PXTAB: DB

DFB

DFB

DFB

DFB

DFB

MMUTAB: DFB

]

DFB

DFB

DFB

DFB

46H,47H.48H,49H, 4AH, 4BH, 4CH

4DH,4EH, 4FH, 20H, 50H, S1H,52H, ODH

1BH, 23H, 2AH, 28H, 29H, 2DH, 2BH, 0SH
OFFH.2CH, 3AH,22H,27H. 2EH, 4 1H, 5DH
534, 54H,55H, 56H,44H,57H,43H

58H, 59H, 5AH, 20H, 2FH, 3FH, 42H, ODH

C1H,02H,03H, 04H,05H,06H, 07H, OSH
O%9H, 10H+11H, 12H, 13H, 14H, 15H, 1|6H
i7H, 18H, 19H, 20H, 21H, 22H, 23H, 24H
25H,26H,27H,28H,29H, 30H, 31H,32H
33H, 34H, 35H, 36H, 37H, 3SH. 39H, 40H

41H

OCH, O6H,0CH, 12H, 18H, 1EH, 24H, 2AH
30H, 36H, 3CH,42H, 4SH, 4EH, 54H, SAH
60H, 66H, 6CH, 72H, 78H, 7EH, 34H, SAH
9CH, 96H, 9CH, 0A2H,0ASH, OAEH, 0B4H
0COH,0C6H, 0CCH, 0D2H, 0DS8H, ODEH

OE4H, OEAH, OFOH

kkkkkkkkxk Z80 ROM TABLE *kkkxskkcksksk

DFB

DFB

24H,00H,00H,01H, 00H

1EH, 10H,01H, 23H, OOH



DF3

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DB

OFB

DB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

1EH,03H,0CH,01H.00H
174, 10H,00H,01H.00H
17H.0FH, O00H,01H, OOH
OEH,OFH,00H,01H,00H
1EH.OFH.01H, {2H.00H
34H,00H,00H,01H.00H
12H,0DH, OEH,01H, 00H
024, 16d, 10H,01H, 00H
IEH,CCH.03H,C1H, 00H
QEH, 10H.OCH,01H,C0H
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,ild.COx ,O.ux,uvx
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OEH, 11H,C0H,01H,00H
1EH,11H,01H. 12H,00H
3SH,00H,00H,0iH,00H
10H,01H,C0H, 32H, 004
1EH, 13H,01H, 23H, 00H
1EH, 05H,0CH, 01H,00H
17H, 13H,00H,01H, 00H
174, 12H.00H,01H,00H
OEH, 12H,00H,01H, 00H
1EH, 12H,01H, 12H, 00H
32H,00H,00H,01H, 00H
1DH,01H,00H, 32H, O0H
02H, 16H, 13H,01H,00H
1EH,0CH,05H,01H, 00H
OEH, 13H,00H,01H, 00H

174, 14H,00H,01H, 00H



DFB
DFB
DFB
DFB
DFB
DFB
OFB
DB

DFB

DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB

DFB

OEH, 14H,00H.01H, 00H
1EH, 14H,01H, 12H, 00H
37H4,00H,00H,01H, 00H
1DH, 1DH,01H, 32H, 00H
1EH. 16H,01H, 23H.00H
1EH,02H, 16H, 234, 00H
17H, 16H,00H,01H, 004
174, 154,00H,01H,00H
OEH, 15H,00H,01H,00H
1EH, 15H,01H, 12H,004
ODH,00H,00H, 014, 00H
1DH, 23H,01H, 32H, 00H
024, 16H,16H,01H,00H
1EH, 16H,02H, 23H, 00H
OEH, 16H.00H, 01H, 00H
17H, 1AH, O0OH, 01H,00H
OEH, 1AH,00H,01H, 00H
1EH, 1AH,01H, 12H,00H
OCH,Q0H,00H,01H,00H
1DH, 1CH,01H, 32H, 00H
1EH,22H,01H, 234, 00H
1EH,02H,0CH, 23H, 00H
17H,22H,00H,01H, 00H
17H,06H,00H, 01H, 00H
OEH, 06H,00H,01H, 00H
1EH,06H,01H, 12H,00H

3DH,00H,00H,01H,OCH



o

DFB

DFB

DFB

DFB

DFR

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

1DH,11H,01H, 32H, 00H
02H, 16H,22H,01H,00H
1EH,0CH,02H, 23H,00H
0OEH, 22H,00H,01H.00H
17H,0CH.00H,01H.0CH
OEH, 0CH,00H.,01H,00H
1EH,0CH,O01H, 12H.00H
06H,00H,00H.01H,00H
1EH,OFH.CFH.01H,00H
1EH,OFH,11H,01H,00H
iEE.CFH, 12H,01H,00H
1EH,0FH, 14H,01H,00H
1EH,OFH, 15H,01H.00H
1EH,0FH, 1AH,01H,00H
1EH, OFH, 06i1.01H,00H
1EH, OFH, 0OCH, 01H,CO0H
1EH,11H,0FH,01H,00H
1EH,11H,11H,01H,CCH
1EH,11H,12H,01H,00H
1EH, 11H, 14H,01H,00H
1EH, 11H, 15H,01H, 00H
1EH, 114, 1AH,01H,00H
1EH, 11H,06H,01H,00H
1EH, 11H,0CH, 01H, 00H
1EH, 12H, 0FH,01H, O0H
1EH, 12H,11H,01H,00H

1EH, 12H, 12H,01H,00H



Dr3

DFB

DFB

DrB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DEFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

1EH,12H, 14H,01H,00H
1EH, 12H, 15H,01H,00H
1EH, 124, 1AH,01H,00H
1EH, 12H,06H,01H,00H
iEH, 12H,0CH,C1H,00H
1FH, 14H,0FH,01H,00H
1EH, 144,11H,01H,00H
1EH, 14H,12H,01H,00H
1EH.14H, 14H,01H, 0CH
1EH, 14H,15H,01H,00H
1EH, 14H, [AH,01H,C0H
1EH, 14H,06H,01H, O0H
1EH, 14H,0CH,01H, 00H
1EH, 15H,0FH,01H,00H
1FH, 15H,114,01H, COH
1EH, 154, 12H,01H,00H
1EH, 15H, 14H,01H, 00H
1EH, 15H,15H,01H,00H
1EH, 15H, 1AH,01H,00H
1EH, 13H,06H,01H,00H
1EH, 15H,0CH,01H, 00H
1EH, 1AH,OFH,01H, 00H
1FH, 1AH, 11H,01H, 00H
1FEH, 1AH, 12H,01H,00H
1EH, 1AH, 14H,01H, OCH
1EH, 1AH, 15H,01H,00H

1EH, 1AH, 1AH,01H, O0H



DFB
DFB

DFB

DFB
DFB
DFB

DFB

DFB
DFB
DrB
DF3
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB

DFB

LEH, 1AH,06H,01H, 00H
1EH, 1AH, OCH, 01H, O0H
1EH, 06H, OFH, 01H, 00H
LEH,06H, 11H,01H, 00H
|EH.06H. 12H,01H.00H
LEH,06H, 14H, 01H,00H
1EH, 06H, 15H,01H, 00H
1EH.06H, 1aH,01H, COH
14H,00H,00H, 01H, 00H
1EH, 06H,0CH,01H,00H
1EH,OCH, OFH, 01H, 00H
1EH,0CH, 11H,01H,00H
1FH.0CH, 12H,01H, 00H
1EH,OCH, 1 4H,01H. 00H
1EH,0CH, 15H,01H, 00K
1EH,OCH, 1AH,01H,00H
1EH, OCH, 06H, 0 1H, 00H
1EH, OCH, OCH, 01K, 00H
02H,0CH, OFH, 01H, 00H
02H, 0CH, 11H, 01H, 00H
02H,0CH, 12H,01H, 00H
02H,OCH, 14H, 01H, 00H
02H,0CH, 15H,01H, 00H
02H,0CH, 1AH, 01H, 00H
02H,0CH, 06H, 01H, 00H
02H,0CH, OCH, 01H, 00H

01H,0CH, OFH,01H, 00H



DFB

DFB

DFB

DFB

DFB

DFB

DrB

DFB

DrB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

01H,0CH, 1 1H,01H,00H
01H,CCH, 12H,01H, 00H
01H,0CH, 14H,01H, 00H
01H.O0CH, 15H,01H.00H
01H,0CH, 1AH,01H,00H
01H,0CH,06H,01H,00H
01H,0CH,OCH,01H,00H

2H.0FH,C0H, 015

jal®

,O0H
42H, 11H,00H,01H, 00K
42H, 12, 00H, 01H, 00H
12H, 144, 00H, O 1K, 00K
42H, 154, 00H, 014, 00H
124, 1AH, 004, 01K, 0CH
42%4.06H. 00H. 01H, 00H
42H,0CH, 00H, 01K, 00H
3CH. OCH, OFH, 01H, 00H
3CH, 0CH, 1 1H, 01K, 00H
3CH,0CH, L2H, 01H, 00H
3CH.OCH. 14H.01H, 0OH
3CH,0CH, 1'5H, 01H, 00H
3CH, OCH, 1AH, 01H, 00H
3CH, OCH, 06H, 01H, 00H
3CH, 0CH, OCH, 01H, 00H
03H, OFH, 00H, O1H, 00H
03H, 1 1H, 00H, 01H, 00H
03H, 12H, 00H, 01H, 00H

O3H, 14H,00H,01H, OCH



DrB

DFB

DFB

DFB

DFB

DrB

DFB

DFB

DFB

DFB

DF3

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

03H, 15H,00H.01H,00H
03H, 1AH, O0H, 01H, O0H
03H.06H,00H, 01H, 00H
03H,0CH,00H, 01H. COH
13H.0FH,00E, 01H.00H
43H, 11H,00H,01H, 004
43H, 12H,00H,01H, 00H
43H, 14H,00H, 01H, 00H
434.15H.00H.01H,00H
13H.1AH,00H,01H,00H
43H.06H,00H, 01H,00H
13H,0CH,00H, 014, 0CH
25H, OFH, OOH, 01H, 00H
25H, 11H,00H, 01H, COH
25H, 12H,00H, 01H, 00H
25H, 14H,00H,01H, 0CH
25H, 15H,00H,01H, O0H
25H, 1AH, O0H, 01H, O0H
25H, 0GH, 00H, 01H, 00H
25H,0CH, O0H, 01H, 00H
07H,OFH, 00H, 01H, 00H
07H, 11H,00H, 01H,00H
07H, 12H,00H, 01H, 00H
07H, 14H,00H, 01H, O0H
07H, 15H, 00H, 01H, 00H
07H, 1AH,00H, 01H, 00H

07H,06H, 00H,01H, 00H



DFB

Dr3

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

07H,0CH,0CH,01H,00H
2FH, 1DH, 00H, 0 1H, 00H
2BH, 10H,00H,01H,COH
1¢H, :DH,01H.2354,00H
1CH.01H.00H. 23H. O0H
05E.1DH,01H, 23H. 00H
2CH, 10H, 00H,01H, 00H
02H.0CH,01H.12H,00H
3BH.O0!H,00H,01H,S0H
2EH, 23H,00H,01H,00H
2EH,00H,00H, 0 1H,00H
1CH,23H,01H,23H,00H
0O0H,00H, 00H,00H, 00H
05H,23H,01H,23H.00H
05H,01H,00H, 238,004
01H,0CH,01H, 12H,00H
3BH,01H,00H,01H,8SH
2EH, 1CH,00H, 01H,C0H
2BH, 13H,00H,01H, O0H
1CH, ICH,01H, 23H,00H
28H,02H,0CH, 12H, 0CH
05H, 1CH,01H, 23H, 00H
2CH, 13H,00H,01H,00H
42H,01H,00H, 12H, 00H
3BH,01H,00H,01H, 90H
2EH, 11H,00H,01H, 00H

13H,00H,00H,01H, 00H



DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DrB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

{\CH, 11H,01H, 23H,00H
16d,0CH, 02H, 12H, 00H
05H,11H,01H,23H.00H
00H, 00H, 00H, 00H, 00H
3CH,0CH,01H, 12H,00H
3BH,01H,00H,01H,9SH
2EH, 20H, 00H, 01H, 00H
2BH, 16H,00H,01H,00H
1CH, 20H,01H, 23H, 00H
124, 0BH, 16H,01H, 00H
05H, 20H,01H, 23H, 00H
2CH, 16H,00H, 01H,00H
03H,01H,00H, 125,004
3BH,01H,00H, C1H,0ACH
2EH, 1FH, 00H, 01H, 00H
1CH, 06H, 001, 01H, 00H
1CH, 1FH,01H, 23H, 00H
12H, 13H, 16H,01H,00H
0S54, 4FH, 01H;23H, 00H
00H, 00H, 00H, 00H, 00H
43H,01H, OCH, 12H, 00H
3BH,01H,00H,01H, 0ASH
2FH, 1EH, 00H, 01H, 00H
2BH, ODH, 00H, 01H, 00H
1CH, 1EH, 01H, 23H, 00H
OFH, 00H, 00H, 01H, 00H

O5H, 1EH,01H, 23H,00H



CB:

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

2CH,ODH, 00H,01H,00H
25H,01H,00H, 12H, 00H
3BH,01H,00H,01H, OBOH
2EH, 1BH,00H,01H, 00H
1EH,22H, 16H.C1H.00H
1CH, 1BH,01H, 23H,00H
11H,C0H,00H,01H,00H
05H, iBH,01H, 23H, 00H
OOH, 00H,00H, 00H, OCH
07H,01H,00H, 12H, 00H

3BH,01H,00H,01H,0BSH

35H,0FH,00H, 02H, O0H
33H, 11H.00H,02H, 00Hd
33H, 12H,00H, 02H, 00H
33H, 14H,00H, C2H, 00H
33H, 15H,00H,02H, 00H

33H, 1AH, 00H, 02H, O0H

33H,0CH, 00H,02H, 00H
38H, OrH, OOH, 02H, 0CH
38H, 11H,00H, 02H, 00H
38H, 12H,00H,02H, 00H
38H, 14H,00H, 02H, 00H
38H, 154, 00H, 02H, O0H
38H, 1AH, 00H, 02H, 00H

38H, 06H, 00H, 02H, 00H



DFB

DFB

DFB

DFB

DF3

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

38H,0CH, 00H, 02H, 0CH
31H,CFH, 00H, 02H, O0H
31H, 11H,00H,02H, 00H
31H,12H,00H, 02H, 00H
31H.14H,00H,02H, 00H
31H,15H,00H,02H, 00H
31H, 1AH, 00H, 02H, 00H
31H,06H,00H, 02H, 00H
31H,6CH,OOH,O2H,OOH
36H, OFH, 00H, 02H, 00H
36H,11H,00H,02H, 00H
36H, 12H,00H, 02H, 00H
36H, 14H,00H, 02H, OCH
36H, 15H,00H,02H, 00H
36H, 1AH,00H, 02H, 00H
36H,06H,00H,O2H,60H
36H,0CH, 00H,02H, 00H
3FH,0FH, 00H, 02K, O0H
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3FH, 12H, 00H, 02H, 00H
3FH, 14H,00H, 02H, 00H
3FH, 15H,00H, 02H, 00H
3FH, 1AH, 00H, 02H, 00H
3FH, 06H, 00H, 02H, 00H
3FH,0CH, 00H, 02H, 00H
40H, OFH, 00H, 02H, O0H

40H,11H,00H,02H, 00H



DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DrB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

40H, 12H, 00H, 02H, 00H
40H, 14H,00H, 02H, 00H
40H, 15H, 00H, 02H, OOH
40H, 1AH, COH, 02H, O0H
40H.06H.00H.02H.00H
40H, 0CH, OCH, 02H, O0H
00H, O0H, OOH, 00H, O0H
00H, 0CH, O0H, O0H, 00H
00H,00H, COH, O0H, OCH
004, 00H, 00H, 0CH, OCH
00H, O0H, 00H, 00H, 00H
00H, COH, 00H, O0H, 00H
00H, OCH, 00H, 00H, OOH
COH, 00H, 00H, 00H, 00H
41H,0FH, O0H, 02H, O0H
41H,11H,00H,02H, 00H
41H, 12H, 00H, O2H, O00H
41H,14H,00H, 02H, 00H
414, 15H,00H, 02H, 00H
41H, 1AH,00H, 02H,00H
41H,06H, 00H, 02H, 00H
41H,0CH, 00H, 02H, O0H
04H,01H,0FH, 02H, SCH
04H,01H, 11H,02H, 80H
04H,01H, 12H,02H, 80H
04H,01H, 14H,02H, 80H

04H,01H, 15H,02H, 80H



DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

04H,01H, 1AH,02H, 80H
04H,01H,06H,02H, 8CH
04H,01H,0CH,02H, 80Hd
04H,01H,OFH,02H,81H
04H,01H, 11H,02H,S1H
04H,01H,12H,02H,81H
C4H,01H, 14H,02H,S1H
04H,01H,15H,02H,81H
04H,01H, 1AH,02H,31H
04H,01H,06H,02H.81H
04H,01H,0CH,02H,31H
04H,01H,0FH,02H, 82K
04H,01H, 11H,02H,82H
04H,01H, 12H,02H, 82H
04H,01H, 14H,02H, 334
04H,01H, 15H,02H,82H
04H,01H, 1AH,02H,82H
04H,01H,06H,02H, 82H
04H,01H,0CH, 02H,82H
04H,01H,0FH,02H,83H
04H,01H, 11H,02H,83H
04H,01H, 12H,02H,33H
04H,01H, 14H,02H, 83H
04H,01H, 15H,02H,83H
04H,01H, 1AH, 02H,83H
O4H,01H,06H,62H,83H

04H,01H,0CH, 02H, 83H



DFB
DFB
DFB
DFB

DFB

DFB
OFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB

DFB

04H,01H,0FH,02H, 84H
04H4,01H,11H,02H, 84H
04H,01H, 12H,02H,84H
04H,01H, 14H,02H,344
04H.01H, 15H.02H, 84K
04H,01H, 1AH,02H, S4H
04H,01H,06H, 02H, S4H
C+H,01H,0CH, 02H, 344
04H,01H,0FH, 02H,35H
04H,01H, 11H,02H,S5H
04H,01H, 12H,02H,S5H
04H,01H, 14H,02H,85H
04H,01H, 15H,02H, S5H
04H,01H, 1AH,02H,85H
04H,01H, 06H, 02H,S5H
04H,01H, OCH, 024,85H
04H,01H, 0FH, 02H, 86H
04H,01H, 11H,02H, 36H
04H,01H, 12H,02H,86H
04H,01H, 14H, 02H, 86H
04H,01H, 15H, 02H, 86H
04H,01H, 1AH,02H, 86H
04H,01H,06H,02H, 86H
04H,01H,0CH, 02H, 86H
04H,01H, OFH, 02H,87H
04H,01H, 11H,02H,87H

04H,01H, 12H,02H,87H



DFB

DFB

DFB

DFB

DFB

DFB

DB

DFB

DFB

DFB

DF3

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

04H,01H, 14H,02H,87H
04d,01H, 15H,02H,87H
04H,01H, 1AH,02H,87H
04H,01H,06H,02H,87H
044,01H,CCH,02H,87H
2DH,01H,0FH, 024, SOH
2DH,01H, 11H,02H, 80H
2DH,01H, 12H,02H, 80H
2DH,01H, 14H,02H,8CH
2DH,01H, 1 5H,02H, S80H
2DH,01H, 1AH,02H, 30H
ZDH,OIE,OGH,OZH,SOH
2DH,QlH,OCH.021,SOH
2DH,01H,0FH,02H,81H
2DH,01H, 11H,02H,81H
2DH,01H, 12H,02H,81H
2DH,01H, 14H,02H,81H
2DH,01H, 15H,02H,81H
2DH,01H, 1AH,02H, S1H
2DH,01H,06H,02H,31H
2DH,01H,0CH, 02H, S1H
2DH,01H,0FH, 02H, 82H
2DH,01H, 11H,02H,82H
2DH,01H, 12H,02H, 82H
2DH,01H, 14H,02H, 82H
2DH,01H, 15H,02H, 82H

2DH,01H, 1AH,02H,82H



DFB

DFB

DFB

BDFB

OFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

2DH,01H,06H,02H, S2H
2DH,01H,0CH,02H,S2H
2DH,01H,0FH, 02H, S3H
2DH,01H,11H,02H,83H
2br,01H, 12H.02H,83H
2DH,01H, 14H,02H,8S3H
2DH,01H, 15H,02H,83H
2DH,01H, 1AH,02H, S3H
2DH,01H,06H,02H,S3H
2DH.01H,0CH,02H,83H
2DH,01H,0FH,02H, 841
2DH,01H,11H,02H,84H
2DH,01H,12H,02H, 84H
2DH,01H, 14H.,02H, 84H
2DH,01H, 15H,02H,84H
2DH,01H, 1AH,02H, S4H
2DH,01H,06H,02H,84H
2DH,01H,0CH, 02H, S4H
2D, 01H,0FH, 02H,85H
2DH,01H, 11H,02H, SSH
2DH,01H, 12H,02H,85H
2DH,01H, 14H,02H,35H
2DH,01H, 15H,02H, 85H
2DH,01H, 1AH, 02H, 85H
2DH,01H,06H,02H, 85H
2DH,01H,0CH,02H, 85H

2DH,01H,0FH, 02H, 86H



DFB

DFB

DFB

DFB

DFB

DFB

DFB

bFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

2DH,01H, 11H,02H, 86H
2DH,01H, 12H,02H, 86H
2DH,01H, 14H,02H, 86H
2DH,01H, 15H,02H, 86H
2DH,01H, 1AH,02H, 36H
2DH,01H,06H,02H, 86H
2DH,01H,0CH,02H, 86H
2DH,01H,0FH,02H,87H
2DH,01H, 11H,02H.87H
2DH,01H, 12H.02H.87H
2DH,01H, 14H,02H,S7H
2DH,01H, 15H,02H,87H
2DH,01H, 1AH,02H,87H
2DH,01H,06H,02H,87H
2DH,01H,0CH,02H,87H
3EH,01H, OFH,02H.SOH
3EH,01H, 11H,02H,30H
3EH,01H, 12H,02H, SOH
3EH,01H, 144,02H, 30H
3EH,01H, 15H,02H, 80H
3EH,01H, 1AH, 02H, 80H
3EH,01H,06H,02H, 80H
3EH,01H,0CH, 02H, 80H
3EH,01H,0FH,02H,81H
3EH,01H, 11H,02H, 81H
3EH,01H, 12H,02H,81H

3EH,01H, 14H,02H, 81H



DFB

DFB

DFB

DF3

DFB

DF3

DrB

DFB

DF3

DFB

DF3

D

&

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

3EH,01H, 15H,02H,S1H
3EH,01H, 1AH,02H, S1H
3EH,01H, 06H,02H,81H
3EH,01H,0CCHd,02H,31H
3EH,C1H,0FH,02H.82H
JEH,O1H, 11H,02H,82H
3EH,01H, 12H,02H, 82H
3EH,01H, {4H,02H,324
3EH,01H, 15H,02H, 82H
3EH,01H, 1AH,02H,32H "
3EH,01H,06H,02H, S2H
3EH,01H,0CH,02H, 82H
3EH,01H,0FH,02H,83H
JEH,01H, 11H,02H,83H
3EH,01H, 12H,02H,83H
3EH,01H, 14H,02H,33H
3EH,01H, 15H,02H,83H
3EH, 01H, 1AH,02H,83H
3FEH.01H,06H,02H,33H
3EH,01H,0CH, 02H, 83H
3EH,01H,0FH, 02H, 84H
3EH,01H, 11H,02H, 84H
3EH,01H, 12H,02H,84H
3EH,01H, 14H,02H, 84H
3EH,01H,%5H,02H,84H
3EH,01H, 1AH,02H, 84H

3EH,01H,06H,02H, 84H



wrme

o

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

3EH,01H,0CH,02H, 84H
3EH,01H,0FH,02H, 85H
3EH,01H, 11H,02H, 85H
3EH,O01H, 12H,02H, 85H
3EH,O1H, 144,024, 85H
3EH,01H, 15H,02H, S5H
3EH,01H, 1AH, 02H, 35H
3EH,01H,06H,02H. S5H
53EH,01H,0CH,02H, 85H
3EH,01H,0FH,02H, S6H
3EH,01H, 11H,02H, S6H
3EH,01H, 12H,02H.86H
3EH,O01H, 14H, 02H, 86H
3EH,01H, 15H, 02H, S6H
3EH,O1H, 1AH,02H, 86H
3EH,01H,06H,02H, 86H
3EH,01H,0CH, 02H, 86H
3EH,01H,OFH,02H,87H
3EH,01H, 11H.02H, S7H
3EH,01H, 12H,02H, S7H
3EH,01H, 14H,02H,87H
3EH,01H,15H,02H,§7H
3EH,01H, 1AH,02H, S7H
3EH,01H,06H,02H, 87H

3EH,01H,0CH,02H,87H



DD:

DFB

DFB

T

DFB
DFB
DFB
DbrB
DFB
DFB
DFB
DFB
DFB
DEB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB

DFB

094, 02H, 1S8H, 104, 02H, OCH
194,024, 184, 134, 02H,00H
21H,1EH, 18H,01H, 64H,00H
224, 1EH,02H, 18H, 6+H, 00H
23H,17H, 1SH,00H.02H,00H
29H,02H, 18H, 18H,02H, 00H
2AH, 1EH, 18H, 02H, 64H, 00H
2BH, 0EH, 18H,00H,02H, 00H
34H, 17H,08H,00H, 43H,00H
35H,0EH, 0SH,00H, 43H, 00H
36H, 1EH,08H,01H, 54H,00H
35H,02H, 18H,22H,02H, 00H
+6H, 1EH,0FH,08H,43H, 00H
4FH, 1EH, 1 1H, O8H, 43H, 00H
S6H, 1EH, 12H,08H, 43H, 00H
SEH, 1EH, 14H,08H,43H, 00H
66H, 1EH, 15H,08H, 43H, 00H
6EH, 1EH, 1AH,08H,435H, 00H
70H, 1EH,08H,0FH, 43H, 00H
71H, 1EH,08H, 11H,43H, 00H
72H, 1EH,08H, 12H,43H,00H
73H, 1EH,08H, 14H,43H, 00H
74H, 1EH,08H, 15H, 43H, 00H
75H, 1EH,08H, 1AH, 43H, 00H
77H, 1EH,08H,0CH, 43H, 00H
7EH, 1EH, OCH, 08H, 43H, 00H

86H,02H,0CH, 08H, 43H,00H



DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

SEH,01H,0CH, 08H, 434, 00H

96H,42H,08H,00H, 43H,00H

9EH, 3CH, CCH, 08H, 43H, 00H

0A6H, 034, 08H, 00H, +3H, 00H
OAEH. 435H,08H,00H,43H.0CH
0BGH, 25H, 0SH.00H,43H, 00H
0OBEH, 07H,08H, 00H, 43H, O0H
CE1H, 2BH, :8H,C0H, 02H,00H
OE3H, 124, 0BH, 1SH,02H,00H
OESH, 2CH, 18H,00H, 02H, 00H
OESH, 1CH,07H,00H,02H, C0H

OF9H, 1FH, 22H, 18H, 02H,00H

40H, 16H,0FH, 04H,02H, 0CH
41H,28H,64H,OFH,02H,OOH
42H, 3CH, 16H, 104,024, 00H
43H, 1EH,02H, 10H, 64H, 00H
44H,23H,00H,00H,02H, 00H
45H,30H.00H.00H, 02H, 00H
46H, 15H,01H, 00H, 02H, SOH
47H, 1EH, 17H,0CH, 02H, 00H
48H, 16H, 11H,04H, 02H, 00H
49H, 28H,04H, 11H,02H, 00H
4AH,01H, 16H, 10H, 02H, OCH
4BH, 1EH, 10H,02H, 64H, 00H
4DH, 2FH, 00H, 00H, 02H, O0H

4FH, 1EH, 21H,0CH, 02H, O0H



DFB

DFB

DFB

DrB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

SOH, 16H, 12H,04H.02H, 00H
51H,28H,04H, 1 2K,02H,00H
52H, 3CH, 16H, 153H,02H,00H
S3H. 1EH.C2H, 1 3H, 64H,00H

S6H.1SH.01H,00H.02H,S1H

5TH.1EH,C0CH, 17H.02H,00H
S8H, 16H, 14H.04H,02H, 00H

4

[N
.
4

wn

S

12

SH, 04H. 14H,02H,C0H

SAH.O01H, i6H, 134,02H, 00H

w

BH, 1EH, 13H,02H,64H.CO0H

vl

S5EH.15H,01H,O00H.02H,82H
5FH, 1EH,0CH, 21H,02H,0CH

60H, 161,

o

SH,04H,02H.00H
61H,28H.04H, 1 5H, 02H, O0H
62H, 3CH, 16H, 16H,02H, 00H
67H.3aH, OOH, 00H,02H, 00H
63H, 16H, 1AH, 04H, 02H, O0H
65H, 28H,04H, 1AH, 02H,00H
HAH,01H, 16H, 16H,02H, 00H
6FH, 35H,00H, 00H,02H, O0H
72H, 3CH, 16H, 22H,02H, 00H
73H, 1EH,02H, 22H, 64H, 0CH
78H, 16H,0CH, 04H, 02H, 00H
794, 28H, 04H, 0CH, 02H, O0H
7AH,01H, 16H, 22H,02H, 00H
7BH, 1EH, 22H,02H, 64H, 00H

0AOH, 21H,00H, 00H,02H, 00H



FD:

DFB

DFB

DrB

DFB

DFB

DFB

DFB

DFB

DB

DFB

DFB

OAlH,0AH,O00H,00H, 02H, 00H
0A2H, 1AH,00H, O0H, 02H, OOH
0ASH, 2AH, O0H, O0H, 02H, OOH
0ASH, {FH, 00H, OOH, 02H, 00H
0A9E,08H,C0H, 0CH,C2H. 0CH
0AAH, 184, 00H, 00H, 02H, 00H
0ABH, 29H,00H, 00H, 02H, OCH
0B0OH, 22H,00H,CCH, 02H, 00K
0B1H,0BH,00H, 00H. 02, 00H
0B2H, 1BH,00H, 00H, 02H, 00H
0B3H, 27H, 00H, OCH. 02H, COH
OBSH, 20H,00H, OCH, 02H, OCH
0BSH, OS9H, 00H. 00H, 02H, OCH
0BAH, 15H, 00K, 00H,02H,00H

OBEH, 26H, 00H, 00K, 02H. 00H

09%H, 024, 19H, 10H,02H, 00H
194, 02H, 194, 13H,02H, COH

Tr

TR ) . SRy Wy
iH,1iEH, 19H,0iH,64H, 00H

o

22H, 1EH,02H, 19H, 64H, 00H
23H,17H, 194, 00H, 02H, COH
29H,02H, 15H, 194, 02H, O0H
2AH, 1EH, 19H,02H, 64H, 0CH
2BH, OEH, 19H, 00H, 02H, OCH
34H,17H,0AH, O0H, 43H, OOH
35H,0EH, OAH, O0H, 43H, OCH

36H, 1EH, 0AH,01H, 54H, 00H



DFB

DFB

DFB

DFB

DrB

DFB

DrB

DrB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

39H,02H, 194, 22H,02H, 00H
46H, 1EH, OFH, OAH, 43H, 00H
4EH, 1EH, 11H, OAH, 43H, 00H
56H, 1EH, 12H, 0AH, 43H, 00H
SEH, 1EH. 14H,0AH, 43H. 00H
66H, 1EH, 15H,0AH, 43H, 00H
6EH, 1EH, 1AH, OAH, 43H, 00H
7OH, 1EH,0AH, CTH, 434,00
71H, 1EH,0AH, 11H, 43H,00H
72H, 1EH, OAH, 12H, 43H,00H
73H, 1EH, 0AH, 14H, 43H, O0H
74H, 1EH,0AH, 1SH, 43H, 00H
75H, 1EH,0AH, 1AH,43H,00H
77H, 1EH, OAH, OCH, 43H, 00H
7EH, 1EH, OCH, OAH, 43H, 00H
86H,02H, 0CH, 0AH, 43H, 00H
8EH, 01H, OCH, 0AH, 43H, O0H
961, 42H, 0AH, 00H, 43H, OCH
9EH, 3CH.OCH, 0AH, 43H4,00H
0A6H,03H, 0AH, O0H, 43H; 00H
OAEH, 43H, OAH, 00H, 43H, 00H
0B6H, 25H, 0AH, O0H, 43H, O0H
OBEH, 07H, OAH, 00H, 43H, O0H
OE1H,2BH, 19H,00H, 02H, 00H
OE3H, 12H, OBH, 19H, 02H, 00H
OESH, 2CH, 19H, 00H, 02H, 00H

OESH, 1CH, 09H, 00H, 02H, O0H"



DECB:

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DrB

DFB

DFB

DB

DFB

DFB

DFB

DFB

DFB

OF9H, 1EH, 22H, 19H,02H, 00H

06H, 33H,08H,00H, 44H,00H
OEH, 384,08H,00H,44H,00H
16H,31H,08H.0CH, +4H,00H
\EH, 36H, 08H,00H, +4H, 00H
26H, 3FH,08H, 00H, 44H, O0H
2FEH, 40H, 0SH, O0H, +4H, 0CH
3FH.41H,08H,00H. 44H,C0H
16H,04H,01H,08H. 444,304
4EH,04H,01H,08H, 44H,81H
56H,044,01H,08H,44H,82H
SEE.Q4H,01H.0SH, 44H,83H
66H,04H,01H, 0SH, 44H, 548
6EH,04H,01H,08H,44H,S85H
76H,04H,01H,08H, 44H,36M
7EH,04H,01H,08H,+4H,87H

86H,2DH,01H,08H,44H,80H

'SEH, 2DH, O1H, 0SH, 44H, 81H

96:, 2DH, 01H, 08H, 44H, 32H

9EH, 2DH, 01H,0SH, 44H, 83H

0A6H, 2DH, 01H, 08H, 44H, 84H
OAEH, 2DH, O 1H, O8H, 44H, 85H
OB6H, 2DH, 01H, 08H, 44H, 86H
OBEH, 2DH, 01H, 08H, 44H,87H
0C6H, 3EH,01H, 08H, 44H, 80H

OCEH, 3EH,01H,08H, 44H,81H



DFB

DFB

DFB

DFB

_DFB

DFB

DFB

CFB

DFB

Dr3

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

ODéH, 3EH,01H,08H, 44H, 82H
ODEH, 3EH,01H,08H, 44H, 33H
OE6H, 3EH,01H,0S8H, 44H, S4H
OEEH, 3EH,01H, 0SH, 44H,35H
OF6H, 3EH,01H,08H.44H, 36K

OFEH, 3EH,01H,08H,44H, S7H

06H, 33H,0AH, COH, +4H, 00H
OEH, 38H, 0AH, O0H, 44H, COH
16H,31H,0AH,00H, 44H, 00H
1EH, 36H, 0AH, 00H, 44, 00H
26H, 3FH, 0AH, 00H, 44H, OCH
2EH, 40H, 0AH, O0H, 44H, 00H
3EH, 41H, 0AH,00H, 44, 00H
46H,04H,01H, OAH, 44H, SOH
4EH,C4H, 01H,0AH, 44H,81H
S6H,04H,01H, 0AH, 44H, S2H

SEH, 04H,01H,0AH, 44H, 83H

6EH, 04H,01H, 0AH, 44H, 85H
76H,04H, 01H, 0AH, 44H, S6H
7EH, 04H,01H, 0AH, 44H, 87H
86H, 2DH, 01H, 0AH, 44H, 80H
8EH, 2DH, 01H,0AH, 44H,81H
96H, 2DH, 01H, 0AH, 44H, 82H
9EH, 2DH, 01H, 0AH, 44H,83H

OA6H, 2DH, 01H, 0AH, 44H, 84H



MNETAB:

DFB

DFB

DFB

DFB

DB

DFB

DFB

DrB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

OAEH, 2DH, 01H, OAH, 44H, 85H
OBGH, 2DH, 01H, 0AH, 44H, 86H
OBEH, 2DH,01H,0AH, 44H,837H
OCe6H, 3EH,01H,0AH, 44H, SOH
OCEH.3EH,01H,0AH,44H,81H
OD6H, 3EH, 01H, OAH, 44H, S2H
ODEH, 3EH, O1H,0AH,44H,83H
OE6H, 3EH,01H, 0AH, 44H,84H
OEEH, 3EH.C1H, 0AH,44H.S5H
OFc6H, 3EH,01H,0AH, 44H, S6H

OFEH, 3EH,01H,0AH, 44d,37H

"CPDR"
"CPi "
"CPIR"
"CcpL "
"DAA "
"DEC "

"DI "



DFB
DFB
DFB
DFB
DrB

DFB

DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB

DFB

HDJ—NZH

" ”"
EI

Mraxr 1
pUPSN

" INC
"IND "
"INDR"
"IN
"INIR"
il
WP
"p "
"LDD "
"LDDR"
"LDI "
"LDIR"
"NEG "
"NOP "
"oR M
"OTDR"
"OTIR"
"oUT "
"QUTD"

"o[JTI "



DFB
DFB
DFB
DFB
DFB
DFB

DFB

DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB

DFB

"POP "
"PUSH"
HRES "

”RET 1"

"RRC
"RRCA"
"RST "
"SBC "
"SCF "
"SET "
"SLA "
"SRA "
"SRL "
"SuB *

"XOR 1"



OPRTAB:

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DrB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DrB

DFB

DFB

DFB

DFB

DFB

DFB

DYB

DFB

DFB

DFB

l'(#) "
"(BC)"
"(C) "

"(DE)"

"(HL)"
"(IX)"
"(IX+"
"(IY)"
"(IY+"
(SP)"
o)
NI
ng
pe
e
ny o
WpE "
g
v "
wpom
nix
npy "
wpoom
oo



DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

END

"NC

"NZ

"PE
"PO
"R

" SP

”
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FILENAME REM1S80.ASM
; DESCRIPTION  ZS0130 REMOTE MONITOR V1.0
: HARDWARE FOR ZS0180
; ASSEMBLER CROSS-32 V3.0
: KING MONKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG
; FACULTY OF INDUSTRIAL EDUCATION
; MAJOR: ELECTRONIC AND COMPUTER

: ED.ENGINEER #15

; THE FOLLOWING STATEMENTS DETINE THE SPECIAL FUNCTION

; I/0 REGISTERS USED BY THE Z180.

CNTLAC: EQU 00H ;ASCII CONTROL REG A CH O
CNTLALl: EQU O01H ;ASCIT CONTROL REG A CH |
CNTLBO: EQU 02H ;ASCII CONTROL REG B CiH O
CNTLB1: EQU O3H ;ASCII CONTROL REG B CH 1
STATO: EQU O04H ;ASCII STATUS REG CH O
STAT1: EQU O0SH ;ASCIT STATUS REG CH 1
TDRO: EQU - 06H tASCTT XMIT DATA REG CH O
TDR1: EQU 07H ;ASCII SMIT DATA REG CH 1
RDRO: EQU O8H ;ASCII RECV DATA REG CH O
RDR1: EQU 0%H sASCII RECV DATA REG CH 1
CNTR: EQU 0AH ;CSI/0 CONTROL REGISTER
TRDR: EQU OBH ;C81/0C XMIT/RECV DATA REG
TMDROL: EQU OCH ;TIMER DATA REG CH OL
TMDROH: EQU ODH ;TIMER DATA REG CH OH

RLDROL: EQU OEH ;RELOAD REGISTER CH OL



RLDROH:

TCR:

TMDR1L:
TMDR1H:
RLDR:L:

RLDR1H:

SAROL:
SAROH:
SAROB:
DAROCL:
DAROH:
DAROCB:
BCROL:
BCROCH:
MARIL:

MAR1H:

ITC:

RCR:

EQU
EQU
EQU
EQU
EQU
EQU

EQU

OFH

10H

14H

15H

16H

174

2AH

2BH

200
LAl

2EH

2FH

31H

32H

33H

36H

;RELOAD REGISTER CH OH

; TIMER CONTROL REGISTER

;TIMER DATA REG CH 1L

;TIMER DATA REG CH 1H

;RELOAD REGISTER CH 1L

; RELOAD REGISTER CH 1H

;DMA SOURCE ADDRESS REG CH OL
;DMA SOURCE ADDRESS REG CH OH
;DMA SOURCE ADDRESS REG CH OB
;DMA DSTNTN ADDRESS REG CH OL
;DMA DSTNTN ADDRESS REG CH OH
;DMA DSTNTN ADDRESS REG CH 0B
;DMA BYTE COUNT REGISTER CH OL
;DMA BYTE COUNT REGISTER Ci OH
; DMA MEMCRY ADDRESS REG CH 1L
;DMA MEMORY ADDRESS REG CH 1H

; DMA MEMORY ADDRESS REG CH 1B

;DMA DSTNTN I/0 REG CH 1L
;DMA DSTINTN I/C REG CH IH

;DMA BYTE COUNT REGISTER CH 1L
;DMA BYTE COUNT REGISTER CH 1H
;DMA STATUS REGISTER

;DMA MODE  REGISTER

;DMA/ WAIT CONTROL REGISTER

; IL REGISTER (INT VECTOR REG)
; INT/ TRAP CONTROL REGISTER

sREFRESH CONTROL REGISTER



CBR: EQU 38H ;MMU COMMON BASE REGISTER

BBR: EQU 3%9H ;MMU BANK  BASE REGISTER
CBAR: EQU 3AH ;MMU COMMON/BANK AREA REGISTER
OMCR: EQU 3EH ; OPERATION MODE CONTRCL REGISTER

)

b3 ; I/0 CONTROL REGISTER

(9%

ICR: EQU
CPUG"Z180.TBL"; CPU TABLE

HOF"INT8"; HEX OUTPUT FCRMAT

; kxmkksiocks VARIABLE SET #kskgsikss

SPA: EQU  SOH :DAC PORT
SPB: EQU - [75TH ;ADC PORT

SPC: EQU-  32H ;BUSY RD,CS {ADCS0S)
SPCC: EQU 534 ; CONTROL PORT

UPA: EQU  SOH ;LED FLAG

UPB: =EQUT Y aiH ;USER PORT

UPC: EQU  82H ; KEYBOARD

UPCC: EQU  83H ; CONTROL PCRT
WRITE_INS: EQU  OCOH ;LCD PORT

WRITE_DATA: EQU  0OC2H
READ_BUSY: EQU  0C4d

VECLOW: EQU 40H ; VECTOR LOW
5 RREERRRARX RAM WORKING AREA **kkkkkkkk

SYSSTK: EQU  OFFFFH ; SYSTEM STACK (2K)

WRKRAM: EQU  OEOOCH ; (8K) TOP MEMORY

ACTIVE LOW



USRSTX:

USRAFL:
USRH1:

SEABUF:
SEAMEM:
SEAFND:
SEACNT:
ASMCOM:
ASMBUF:
ASMOPC:
ASMDAT :
ASMDATD:
UASMFAG:

UASMCNT:

DFS

DFS

DFS

DFS

DFS

DFS

DFS

DFS

DFS

0FCO0H

Q0FCCCH

5

1o (v [ 18] o 19 12 [ §®)

to

(¢}

19

oy

;USER STACK & USER BUFFER
; SYSTEM BUFFER (2K)

; RESTART MEMORY

;USER REG. MEMCRY

;IXCIY

; SEARCH DATA BUT

; SEARCH MEMORY

; SEARCH FOUND MEMORY

; SEARCH BYTE COUNT

; ASSEMBLER COMMAND BUF

;ASSEMBLER BUF

;OPCODE BUF

;N NN (N) (NN) DIS

;+D

;UNASM FLAG 0=ALL 1=NO ADDRESS,OP-CODE

;UNASM LINE COUNT



MONBUF:

MONINX:

MONDAT :

BAUD:

BRRMEM:

BRXFAG:

DEST:

POWMEM:

BUFTER:

.
1

POWER :

1)

61

ta

|

10

19

1o

1

oy

(7]

ORG 000OCH
JP RESET
DFB

PUSH

LD

EX

RET

:COMMAND BUF

; COMMAND BUF INDEX

;16 BIT DATA FROM VAL SUB.
;BAUD RATE 124, 24H,48H,

;BREAN OLD DATA MEMCRY

;BREAK FLAG (BO=BREAK B1=TRACE)

; BREAX ADDRESS MEMORY

; TRACE ADDRESS MEMORY (SINCLE
i START ADDRESS MEMORY

:FINAL ADDRESS MEMORY
;DESTINATION ADDRESS MEMORY
:POWER UP MEMORY (AS)
:RESERVE

; SPACE

gxckgrxkxcik DOWER~UP  kkskskckkkkrk

OFFH,OFFH, OFFH.OFFH,OFFH

HL
HL,BACK

(SP),HL

s kxkkkxkkkk RESTART kkkkxkkkkx

;RST OSH FROM BREAK, TRACE

STEP)



DFB

PUSH

LD

RET

DFB

PUSH

DrB

PUSH

LD

RET

DFB

PUSH

LD

EX

DFB

PUSH

LD

EX

RET

DFB

PUSH

OFFH,OFFH
HL
HL, (RST10)

(sP),HL

OFFH, OFFH
HL
HL , (RSTISH

(5P),HL

OFFH, OFFH
HL
HL, (RST20)

(SP),HL

OFFH, OFFH
HL
HL, (RST28)

(SP) ,HL

OFFH, OFFH
HL
HL, (RST30)

(SP),HL

OFFH, OFFH

HL

;RST 10H (USER)

;RST 18H (USER)

;RST 20H (USER)

;RST 28H (USER)

;RST 30H (USER)

;RST 38H (USER)



LD HL, (RST38)
EX (SP),HL
RET

DFB  OFFH,OFFH

%% INTERNAL INTERRUPTS VECTOR TABLE **

INTL: DWL  ZZZ ; SLEEP
INTZ2: DWL  ZZZ ; SLEEP
PRTO: DWL  Z2ZZ i SLEEP
PRT1: DWL  ZZZ ; SLEEP
DMAO : DWL  ZZZ :SLEEP
DMA1 DWL  ZZZ s SLEEP
Csi0: DWL ~ ZZZ7 ; SLEEP
ASCIO: DWL  ZZZ s SLEEP
ASCI1: DWL  RXBYTEL ;RX ASCIT FORM RS-232 PCRT

DFB  OFFH,OFFH,OFFH,OFFH, OFFH
DFB  OFFH,OFFH,0FFH.0FFH, OFFH
DFB  OFFH,OFFH,OFFH, OFFH, OFFH
DFB  OFFH.0FFH.OFFH,OFFH,OFFH
PUSH HL ;NMI (USER)
LD HL, (RST6E6)

EX (SP),HL

RET

s k¥kkkkkkxk RESET *xkdkkkkkk

RESET: LD  HL.2000H ;POWER UP DELAY



RESETL: DEC HL

JR NZ.RESET1

; * INITIAL PARAMETER *

TSI LS L LS
LD A,0
OUTO {(OMCR),A

DFLT: LD A,OESH
OUTO = (CBAR),A
LD A,0

. OUTO  (BBR),A

LD  A,OFOH
OUTO (CBR),A
LD SP,5YSSTK
LD A,VECLOW
OUTO (IL),A
LD  A,8aH
OUT  (UPCC),A
XOR A
OUT  (UPA),A
LD A,SBH
OUT  (SPCC),A
CALL INITLCD

LD HL,LCDTAB

;FOR INSTRUCTICN SET Z180 CONLY

;MU SETUP DEFAULT PAGEL

;USER STACK

;SET LOW VECTOR

; (88H) SET CONTROL  CP-JR180

;CLEAR LED FLAG

sSET CONTROL SIGNAL BOARD

; INITIAL LCD

"

;" Remote Morniter



CALL WRP ;WRITE LCD

CALL ASCI ;SET RS-232

LD A, (POWMEM) ;CHECK POWER UP
CcP 0ASH

JR Z.RESETZ2

; ##xx POWER UP %%
; CLEAR WORKING AREA

XOR A

LD HL , 'WRKRAM
LD DE , WRKRAM+1

LD BC,SYSSTK-WRKRAM-1

LD (HL),A
LDIR
LD HL,USRSTK :DEFAULT ADDRESS

LD (FINAL) .HL

RESET2: CALL AUTCB ;AUTO BAUD RATE
LD B,24
RESET3: CALL TXLF ;CLEAR SCEEN

DJNZ RESET3

LD HL ,MNOTAB
CALL TXBLOCK
LD HL ,MN1TAB
CALL TXBLOCK
LD HL ,MN2TAB

CALL TXBLOCK



LD  HL,MN3TAB
CALL TXBLOCK

LD  HL,MN4TAB

CALL TXBLOCK

LD  HL,BAUTAB

CALL TXBLOCK

LD A, (BAUD)

LD  D,A

CALL TXBYTE2

LD  D.0

CALL  TXBYTEZ2

LD  HL,MN5TAB

CALL TXBLOCK

ID  HL,MNGTAB

CALL ~ TXBLOCK

LD HL,MN7TAB

CALL TXBLOCK

CALL TXLF

CALL TXLF

LD  HL.USRSTK ;DEFAULT VAR
LD  (USRPC),HL

LD  HL,USRSTK

LD  (USRSP),HL

LD  HL,BRKFAG

BIT 0, (HL) ;CHECK. BREAK FLAG
JR.  Z,RESET4

RES 0,(HL) ;ON BREAK PROCESS



LD HL, (BRK)
LD A, (BRKMEM)

LD (HL),A

{FSET+:  BIT  1.(HL) ;CHECK TRACE FLAG
JR  Z,RESETS
£S 0, (HL) ;ON TRACE PROCESS
LD HL, ( STPADD)

LD A, (BREMEM)

LD (HL),A
RESETS: LD A, { POWMEM) :POWER UP DISPLAY
cPp 0ASH

JR Z.RESET9

LD Hi., POWTAB ; IS PCWER UP
CALL  TXBLOCK

LD A, 0ASH

LD (POWMEM) ,A

RESETS:

. gskkkkrkxk MONITOR MAIN kkxsokkikixs

MON 2 LD D,07H ;BELL
CALL TXBYTE
LD D,S5aH iz
CALL TXBYTE

‘ LD D,31H i1
CALL TXBYTE



CALL TXBYTE

CALL TMGETL

XOR A

LD {MONINX) ,A ;CLEAR INDEX
LD A.(MONBUF)

CP  0DH

JR  Z,MON

LD A, (MONBUF+1)

€P ~J 27
JR  Z,MON1
CP  ODH

JP NZ,ERROR

MONT1: LD A, (MONBUF) ; COMMAND
CALL UPPER
3
MON2: LD  HL.VMNSTAB

LD IX,MNOTAB

Lb B,22
MON3: CP (HL)

JR  Z,MON4

INC HL

INC IX

INC IX

DJNZ MON3



JR ERROR iNO COMMAND
MON4 : CALL NEXT

LD  H.(IX+1) ; JUMP

LD L, (IX+0)

JP (FL)

v #wsx SET ASCI CH1 TX,RX,8,N,1.9600 (X'TAL 12.483 Mhz) #xxx

ASCI: LD A, 64H
OUTC {CNTLAL},A ;TX,RX,8BIT, 1 37T0P BIT
LD A,2

OUTO (CNTLB1),A
LD A,8 ;RIE ENABLE TO RKEYBCARD

CCTO (STAT1),A

;o REERORRRRRkRRRKRRRKRRKE® [CD CONTROL SUB %k #%sksxoskskoh sk kkokkon

; WRITE TEXT ! LINE (16 CHARACTER) ON LCD

; IN = HL --> TABLE TEXT ( 16 BYTE ONLY! )

; REG = ABCDHL

WRP: LD A.0
CALL  GOTO
CALL  WRLINE
LD A,40H
CALL GOTO
CALL  WRLINE
RET

GOTO: SET 7,A

OUT - (WRITE_INS),A



CALL  READ

RET
READ: IN . A, (READ_BUSY)
BIT 7.A
JR NZ,READ
RET
WRLINE: LD B,3S
TEST11 LD A, {HL)
LD D,A

CALL  WRBYTE
INC EL

DJNZ  TEST11

j ®%k*kx INITIAL LCD  DL=1 8 BIT,N=1 1/16 DUTY,F=0 5%7 #ikx
INITLCD: LD A,00111000B  ;FUNCTION SET 3SH
;DL=1 8 BIT

;N=1 1/16 DUTY F=0 5%7

OouT (WRITE_INS),A

CALL  WAIT1

CALL  WAIT1 ;DELAY > 4.1 ms

LD A,C0001111B ; DISPLAY ON/OFF CONTROL
;D=1 OFF , C=1 CURSOR ON
;B=1 BLINK

ouT (WRITE_INS),A

CALL  WAIT1



LD A,00000110B ; ENTRY MODE SET
; I/D=1 INCREMENT,S=0 RIGHT
UT (WRITE_INS),A
CALL  WAIT
RET
iwikkx CLEAR SCREEN LCD s%&k*
CLSLCD: LD A,00000001B iCLEAR ALL DISPLAY
Out (WRITE_INS),A
CALL  READ

RET
; wmeksx WRITE BYTE SUB xsskx

WRBYTE: LD A,D
ouT (WRITE_DATA) ,A
CALL READ

RET

. kxEkkkxk®  READY SUB  skkkskskx
WAITl:  PUSH BC

PUSH .AF

LD B,S0H

WAIT12: DINZ  WAIT12

POP AF
POP BC
RET

; **% END LCD CONTROL SUB #*x



i kkkkxkksk®¥ SYNTAX ERROR MAIN ®kkkkkksks
ERROR: LD SP,SYSSTK ;RESET STACK
ERROR1: Lb D, "
CALL TXBYTE
LD  A.{MONINX)
CP 0
JR Z ,ERROR2
DEC A
LD {(MONINX},A
JR ERROR1
ERROR2: LD HL, SYNTAB s SYNTAX ERROR
CALL TXBLOCK
JP MON
; IN = HL ERROR POSITION ON MONBUFT
ERRORX: LD DE , MONBUF
XOR A
SBC HL,DE
LD A,L
D (MONINX) , A

JP  ERROR

; kkkkkkkkkk ASM ROUTINE *%kkkkkskk

; Z80 ASSEMBLER
; A ADDR
ASM: CP O

JR  Z,ERROR

CALL VAL ;ADDR



CALL NEXT
cP 0
JR  NZ,ERROR
ASM1: LD  DE.(MONDAT) iDISPLAY ADDR
CALL TXBYTE+
LD D,":"
CALL TXBYTE
CALL THMGETL
XOR A

LD {MONINK),A

LD A, {MONBUF) :FIRST DIGIT
CP  0D=

JP Z,MON :END ASM

LD  HL.O

LD (ASMBUF+1),HL ;CLEAR OPRAND INDEX

LD {ASMDAT ) .HL

LD  HL,MONBUF ; TO UPPER
ASM2: LD A, (HL)

CP  ODH

JR  Z,ASM3

CALL UPPER

LD (HL),A -
INC HL
JR  ASM2

ASM3: LD B,4 ; MNEMONIC SEARCH

LD  HL,MONBUF

CALL ASMMOV



LD  IX,MNETAB

LD  IY,ASMCOM

LD BC,4 ; LENGTH
LD HL,67
CALL SEAR
CP 0
JP  Z,ASMME ;MNE NOT FOUND
LD  (ASMBUF),A ;MNE INDEX
ASM4 : CALL NEXT
CP 0
JR  Z,ASM7 ;NO OPERAND
LD HL,MONBUF ; SEARCHY "'t
Varelipid
LD Mok
ADD HL,DE
ASM41: LD A, (HL)
& "W
JR Z,ASM6
CP NN
JR  Z,ASMS
CP ODH
JR  Z,ASMS
INC HL
JR  AsM41
ASMS: CALL ASMOPR ;1 OPERAND
‘ CP OFFH

JR  Z,ASMOE



3

ASM6:

ASM7:

ASM71:

LD

JR

CALL
cP N
JR
LD
PUSH
CALL
PCOP
CP
Jp
LD
LD

LD

(ASMBUF+1),A
ASM7

A"

(HL),A
ASMCPR

OFFH

Z,ASMOE
(ASMBUF+1),A
NEXT

0

Z . ASMOE
ASMOPR

OFFH

Z,ASMOE
(ASMBUF+2),A
ASMS

0

Z,ASMCE

B,A

BC

ASMREL

BC

OFFH

Z,ASM1

HL, (MONDAT)
DE, ASMOPC

A, (DE)

;OPERAND INDEX

;2 OPERAND

iCHANGE "," TO BLANK

;OPERAND 1 INDEX

;OPERAND 2 INDEX

; SEARCH TABLE

;NO COMMAND

;OP-CODE LENGHT

;CHECK JR MNEMONICS

sRELATIVE ERROR



ASMME :

ASMCE:

*%%% CHECK JR MNEMONIC SUB.

LD (HL),A
INC HL

INC DE

DJNZ ASM71

LD  (MONDAT},HL
JP ASMI

LD  HL.ASMER!
CALL TXBLOCK
JP ASMi

LD  HL,ASMER2
CALL TXBLOCK
JP  ASMI

LD HL.ASMER3
CALL TXBLOCK
JP ASMI1

; FOR RELOCATE ADDRESS

=
Z,
]

5

ASMREL:

(ASMDAT) DIS

(ASMBUF) TABLE INDEX

; LOAD OPCODE TO MEM

;BACK TO NEXT LINE

s MNEMONIC ERROR

;OPERAND ERROR

; COMMAND ERROR

REKEX

(MONDAT) OP-CODE ADDRESS

(ASMOPC) OP-CODE

1D

CP

JR

CP

A, (ASMBUF)
29 )
Z,ASMREL1
16

NZ

s MNEMONICS INDEX

3 JJR

;DJNZ



ASMREL!: LD HL,(MONDAT) ; IS JR MNEMONICS
LD DE, (ASMDAT)
CALL ASMRELS ; CALCULATE AND LOAD TO REM

RET

i JUMP RELATIVE CALCULATE SUB.

; IN HL START

;= DE FINAL

o
5

{HL+1)

A FF=ERROR

-

ASMRELS: EX  DE,HL
INC DE
INC DE
XOR A
SBC HL,DE ; FINAL-START+2
DEC DE

CP  H

)
o

DEC A ;

CP H

JR  Z,ASMRELS3
ASMRELS1: LD  A,OFFH y JUMP ERROR

LD (ASMOPC+1)?A

LD HL,JUMPTAB

CALL TXBLOCK

LD A,OFFH



RET
ASMRELS2: LD A, 7E? ;oUMP TO HIGHER
CP L
JR  C.ASMRELSI
JR  ASMREL34
ASMRELS3: CP 4 tA=EF
JR  Z.ASMRELS!
LD AJTTH
CFS L
R NC,ASMRELS1
ASMRELS+: LD A.L
LD {ASMOPC+1),A
XOR A

RET

; *%%% SEARCH OPERAND SUB. i

; IN = (MONINX)
; OUT = A OPERAND INDEX FF=ERROR

{ASMDATD) +D
; (ASMDAT) N NN (N) (NN) DIS
ASMOPR: LD HL,MONBUF

LD A, (MONINX)

LD D,0

1D E,A

ADD HL,DE

Lb B,S8 ;MAX CHAR. OF OPRERAND

CALL ASMMOV



LD  HL,ASMCOM
LD A, (HL)
CP 1 ( "

JR  Z,ASMOPR1

cep "o"
JR  C,A3MOPR2 ;NOT VAL
CP "9"+1

JR NC,ASMOPRZ

LD C,L iN NN DIS
JR  ASMOPRV

ASMOPR1: INC HL ;CHECK " ("
LD A, (HL)
OB 175705

JR C,ASMOPR12
CP "9H+1

JR  NC,ASMOPR12

LD C,2 ; (N) (NN)
JR  ASMOPRV
ASMOPR12: CP  "I" ;CHECK IX+D IV+D
JR  NZ,ASMOPR2 ;NOT IX IY
INC HL
LD D,(HL) X, Y
INC HL
LD A, (HL)
cP "+"
JR  NZ,ASMOPR2 - sNOT +D

INC HL



ASMOPR13:

ASMOPR14:

[
(W

CP

JR

LD

CP

Ly
23

3
-

LD

LD

LD

Cp

JR

CALL

CP

INC

DJINZ

JR

A,D

c,S8

e
Z.ASMOPR13
C,10

e
Z,ASMOPR13
ASMCPRE
DE.HL

HL ,ASMDATD
(HL),O
A.{DE)

o /
C,ASMOPRE
"9"+1
NC,ASMOPRE
B,4

A, (DE)

myn
Z,ASMOPR1S5
CHEX

OFFH

Z,ASMOPRE

DE
ASMOPR14

ASMOPRE

; (IX+D) INDEX

1 {IY+D) INDEX

;NC + ERROR

; CHECX NUMBER
i NOT VAL
;NOT VAL

;CHAR. LIMIT

;4D



ASMOPR13: LD A.C sIS (IX+D) (IY+D)

RET

ASMOPRZ: LD IX.0OPRTAB :OPERAND SEARCH
LD IY . ASMCOM
LD BC,4 ; TABLE LENGTH
LD HL,35

MmMaT T T
CALL SEAR

P 0

RET NZ :FOUND
ASMOPRE: LD  A.CFFH ; OPERAND ERRCR

RET

; VALUE N NN (N) (NX) DIS
ASMOPRV: EX  DE,HL ;VAL N NN (N} (NN) DIS
Lo\ H,A
ASMOPRV1: LD A, (DE)
ce " " ;END FIELD
JR  Z,ASMOPRVS
ce M) ;END FIELD
JR  Z.ASMOPRV9
cP "H"
JR  Z,ASMOPRV2
CALL CHEX
CP  OFFH
JR  Z,ASMOPRE
LD  HL,ASMDAT

RLD



ASMOPRVZ:

ASMCPRV3:

; #%x% VOVE TO ASMCOM SUB.

INC HL

RLD

INC

DE

DJNZ ASMOPRV!

JR

1D

RET

ASMOPRE

A.C

; IN = {HL) START FIELD

; B COUNT (MAX=3)
; END BY BLANK,CR OR B=0

; OUT = (ASMCOM)

ASMMOV :

ASMMOVL:

D

LD

LD

LD

LD

LD

LD

CP

RET

CP

LD

INC

INC

DE. 20204
(ASMCOM) , DE
(ASMCOM+2) , DE
(ASMCOM+4 ) , DE
(ASMCOM+6) , DE
DE , ASMCOM

A, (HL)

LA 1

ODH

(DE),A

DE

; IS VAL

HokKok

;CLEAR BY BLANKN

e



DJNZ ASMMOV1
RET
; kEEkERRckRRE BREAK ROUTINE kkshkkskokuokk
: SET/CLEAR BREAK

; B [ADDR]

BREAK: CP O
JR Z,BREAKD
CALL VAL
CALL NEXT
CP 0
JP NZ,ERROR
LD  HL, (MONDAT)
LD (BRK),HL
JP  MON
BREAKD: LD  DE, (BRK)
CALL TXBYTE4
CALL TXLF

JP  MON

s skkkkkkkkk COMPARE ROUTINE *kkkkkskkskk
; COMPARE MEMORY

¢
;+ C RANGE ADDR

H RANGE H BYTE

COMPARE: CALL RANGE



COMPARE1 :

CALL NEXT

cp 0

JP  Z,ERROR
LD  HL,MONBUF
LD B,0

LD A, (MONINX)

Lb C,A
ADD HL,BC
LD A, (HL)

CALL CUPPER

cp "H"

JR Z,COMPHEX
CALL VAL

CALL NEXT

ce 0

JP  NZ,ERROR
CALL CLEN ; COMPARE BLOCK
LD  IX, (MONDAT)
LD A, (HL)

cp (IX+0)

JR  Z,COMPARE2

PUSH HL sNOT EQUAL

POP DE

CALL TXBYTE4 ;ADDR 1 N
LD D,":"

CALL TXBYTE

LD A,(HL)



. COMPAREZ:

COMPHEX :

CALL

INC

INC

JR

JP

INC

LD

CpP

CALL

CP

CALL

D,A

TXBYTE2 +DATA |
D," "

TXBYTE

IX

PE

Lo

TXBYTE4 ; ADDR
D
TXBYTE

D, (IX+0)

to

TXBYTE2 :DATA

@'

NZ,COMPARE1
MON

HL

A, (HL)
NZ,ERRORX
NEXT

0

Z,ERROR

VAL



CALL NEXT

cr 0

JP  NZ.ERRCR

CALL CLEN
COMPHEX1: LD A, {MONDAT)

CP  (HL)

CALL TXBYTE4
v gl o Chg
CALL TXBYTE
O [Frovany
CALL TXBYTE?
CALL TXLF

COMPHEX2: INC HL

DEC BC
LD A,B
OR C

JR  NZ,COMPHEX1

JP  MON

; ¥%kkxkkkkk DISPY ROUTINE #kkkkkkskkk

; DISPLAY MEMORY

"; D [ADDR1] [ADDR2]

DISPY: LD HL,127



LD (DEST),HL

DISPY+: Lb B,16 :START LOOP

vvvvvvv

CALL TXBYTE4 ;DISPLAY ADDR

g
[—-0

LD AR+

CALL TXBYTE
DISPYS: LB : Dot \ &

CALL TXBYTE

LD D, (IX+0)

CALL TXBYTE2 ; DISPLAY DATA

PUSH BC ; CHECK END

LD  BC,(FINAL)

CALL COMP16

POP BC

JR  NZ,DISPY51

D C,1 ;END FLAG
DISPYS1: INC 1IX

LD A,9

CP B

JR NZ,DISPY6

LD D’ " "



DISPY6:

DISFY7:

DISPY

-
i

S:

CALL

CALL

DJINZ

LD

CALL

LD

CALL

LD

CALL

JR

TXBYTE
D' H_H‘
TXBYTE

DISPYS

A, (IY+0)
7FH
NC,DISPYS
57~ 5
TXBYTE
DISPY9
D,A
TXBYTE

N

DISPY7
TXLF

A,C

0
Z,DISPY4
(FINAL),IX

MON

;DISPLAY CHAR.



e Fow W =

; kkkkxksxkk ENTER ROUTINE ¥ kskkks ks

; ENTER DATA
;s & ADDR

ENTER: cP

ENTER1L:

CALL
LD
CALL
CALL
LD

CP

LD
LD
CALL

CP

NZ,ERROR

IX, (MONDAT)

A
&}

I

)
S5

TXBYTE4
o
TXBYTE

D, (IX+0)
TXBYTE2
D, "
TXBYTE
TMGETL

A, (MONBUF)
ODH

Z,MON

HL ,MONDAT
(HL),0
CHEX

OFFH

;FIRST DIGIT

;CLEAR DATA



ENTER2:

ENTERE:

JR

JR

RLD

LD

Z.ENTEE

o
%
®
=
o
&
S

NZ,ENTERE

A, (MONDAT)

+1)

; SECOND DIGIT

:ENTER

; ERROR

; #kkkxkkkrx FILL ROUTINE #*¥kkskxkikk

; FILL MEMORY

y F RANGE BYTE

FILL: CALL RANGE
CALL NEXT
cP O
JP  Z,ERROR



CALL VAL

CALL NEXT

cPr 0

JP NZ.ERROR
CALL CLEN

LD A, (MONDAT)

LD D,A
FILL!: LD (HL),D

INC HL

DEC BC

LD  A,B

&R pr

[ B pemwiail SR L

JP MON

;oREERRERkR% GO ROUTINE *kskszzss

; RUN USER PROGRAM

; G [ADDR]

GO: CPk O
JR  Z,G01
CALL VAL
CALL NEXT
CPr 0

JP  NZ,ERROR
LD  HL, (MONDAT)
LD  (USRPC),HL

GO1: LD  IX,(USRPC)



LD BC,(BRK)
CALL COMP16

JR  NC.EXIT
LD  HL,BRXFAG
SET 0, {HL)

LD HL.{BRK)
LD  A,(HL)

LD (BRRMEM) , A

LD (HL).OCTH :RST OSH OP-CODE
EXIT: LD L, (USRIF)

LD A,

3D B AL\ :LOAD I

DI

BIT 2.L

o
r—t
o
(@]
>
O
o)
1
o |

EXIT1: LD SP,USRIX

POP IX ;LOAD IX
POP  IY 1LOoAD TV
POP AF _ ;LOAD AF
POP BC ;LOAD BC
POP DE ;LOAD DE
POP HL ;LOAD HL
EX  AF,AF’

EXX

POP AF ;LOAD AF’

POP BC ;LOAD BC’



POP DE ;LOAD DE’
POP HL ;LOAD HL’

EX AF,AF'

EXX
LD SP. {TSRSP) LOAD SP
PUSH HL

RET ; LOAD PC

Fxpkxkrkkx HELP ROUTINE ®fkkisxkzs

; USER RELP

ELP: ce 0

JP NZ,ERRCR

LD E,24 3 TAD
LD  HL,HELPTB

HELP1: LD A, (HL)

SN
JP Z,MON iEXIT

INC HL

CP  ODH

JR  Z,HELPS

cP"\" jCHECK TAB
JR  Z,HELPS8

LD D,A

CALL TXBYTE



DEC E

JR  HELP1
HELPS: CALL TXLF ;LF
LD E,24
JR  HELP1
EELPS: DEC E ;PRINT TAB
JR  Z,HELP!
LD D
CALL TXBYTE
JR  HELPS

. kkxkkkx%%% INPUT ROUTINE #ktsssskik
; IN PORT

i I PORT

INPUT: CP™6a®
JP  Z,ERRCR

CALL VAL

NEVYT

ANAssn

CAL

t-‘

CP 0

JP  NZ,ERROR
LD A, (MONDAT)
ID C,A

IN D,(C)

CALL TXBYTE2 _.
CALL TXLF

JP  MON



1

- kxsxkkkskk LOAD ROUTINE *¥¥gkikisx

; LOAD FROM TERMINAL (.HEX FILE)

; L [ADDR]

; ADDR IS OFFSET ADDRESS

LOAD:

LOAD1:

D

t=

LD

Cp

JR

LD

CALL

LD

CALL

LD

CALL

LD

LD

F,0
(MONDAT) ,HL
0

7,LOAD1

VAL

NEXT

0

NZ,ERROR

HL ,LOADTAB2
TXBLOCK
HL,LOADTAB3
TXBLOCK
RXBYTE

o,
NZ,LOADE
c,0

LOADS

B,D

LOADS

H,D

LOADS

L,D

DE, (MONDAT)

; BEFAUCLT OFFSET

s START READ

; START CHECKSUM
;START LINE
; COUNTER

;ADDR



LOAD2:

ADD

LD

CALL

CALL

Cp

- JR

LD

CALL

CP

LD

CALL

LD

CALL

LD

HL,DE
(FINAL),HL
LOADS
LOADS

(HL},D

RXBYTEZ2

NZ,LOADE
RYBYTE
RXBYTE
RXBYTE

", e
.

NZ,LOADE

LOADS

Z,LCAD3
B,A
LOADS
H,D
LOADS

L,D

;OFFSET ADDR

; DATA

; CHECKSUM

;LAST LINE



LD  DE, (MONDAT)

ADD HL,DE ;OFFSET ADDR
CALL LOADS ;00
JR  LOAD2
L0AD3: LD  B,4 JEND DATA
LOAD31:  CALL RXBYTE2 :00

JNZ LOAD31
CALL RXBYTE ;CR
CALL RXBYTE 55
LD  DE, (FINAL)
CALL TXBYTE#
CALL TXLF
JP MON
LOADE: LD  HL,LOADTAB ;LOAD ERROR
CALL TXBLOCK
LOADE1:  CALL RXBYTE
CP  ODH
JR  NZ,LOADE1
JP MON
LOADS:  CALL RXBYTE2 ;2 BYTE LOAD SUB.
LD A,C
ADD A,D ; CHECKSUM
LD C,A

RET

T kkkkkkkkk¥x MOVE ROUTINE *¥xkkkskkikx

; MOVE MEMORY



; M RANGE ADDR
MOVE: CALL RANGE

CALL NEXT

CALL VAL
CALL NEXT

CP 0

JP ~ NZ,ERROR
LD — BC. {MONDAT)
LD  HL.(START)
LD~ DE,{FINAL)
CALL MOVES

JP  MON

1 oEREREEHRR QUTPUT ROUTINE sk sk won
; OUT PORT

; O PORT BYTE

OUTPUT: P O
JP Z,ERRCR
CALL VAL

LD A, (MONDAT)
LD C,A

PUSH BC

CALL NEXT

CP O

JP  Z,ERROR



CALL

CALL

CUT

VAL
NEXT

0

NZ.ERROR
BC

A, (MCNDAT)
(C),A

SON

kxgsksksksd UPLOAD ROUTINE #kicksk%xmn

; UPLOAD TO TERMINAL (.HEX FILE)

: P RANGE

UPLOADO:

CALL

CALL

LD

CALL

LD

CALL

CALL

CP

LD

LD

RANGE
NEXT

e

NZ ,ERROR
HL,UPLTB1
TXBLOCK
HL ,UPLTB2
TXBLOCK
HL,UPLTB3
TXBLOCK
RXBYTE
ODH
NZ,UPLOADO
HL, (FINAL)

DE, (START)



UPLCAD1:

UPLOAD3:

UPLOADS :

XOR

SBC

INC

PUSH

XCR

SBC

JR

LD

CALL

JR

PUSH

PoP

LD

CALL
CALL
JP
LD
CALL

LD

A

HL,DE

IX, (START)

IY

BC.2000H
UPLCADS
UPLOAD1
Iy

BC

B,C

C.0
UPLOADS
HL , UPLHEX
TXBLOCK

RXBYTE

:LENGTH

NE

-
b

s LAST

;WAIT FOR ANY KEYS

;ONE LINE SUB.

;START LINE



UPLOADS:: I

UPLOADX:

CALL

LD

CALL

PUSH

CALL

INC

DEC

DJINZ

NEG

LD

CALL

CALL

LD

ADD

LD

UPLOADX

TXBYTE2

UPLCADX
IX

DE
TXBYTE+
D.00H
TXBYTE2
D, (IX+0)
UPLOADX
TXBYTEZ2
IX

IY
UPLOADS1

A
AyC

D,AA
TXBYTE2

TXLF

A,C
A,D

C,A

;LINE LENGTH

; ADDR

L3y T e et e 4

; CHECKSUM



. kxkxkxkxxx BACK ROUTINE #¥kkssksokosk

RET

: BACK BY BREAK ADDRESS OR INT KEY

BACK:

LD

POP

LD

LD

LD

EXX

PUSH

PUSH

PUSH

EXX

PUSH

PUSH

PUSH

LD

LD

1D

LD

(USRIX), IX
IX

(USRPC), IX
(USRSP),SP

SP,USRH1+2

AF,AF’

AF,AF’

HL

DE

BC

AF

IV

A, I
(USRIF+1),A
A,0
PO,BACK1 .

s SAVE

s SAVE

s SAVE

s SAVE
s SAVE

3 SAVE

s SAVE

; SAVE
; SAVE
; SAVE
s SAVE

; SAVE

s SAVE

SP

Iﬂl’
DE’

BC’

Iy

I



BACK1:

BACK4S:

BACKS::

BACK6:

LD  (USRIF),A
LD  SP,SYSSTK
LD  HL.BRKFAG
BIT 1,(HL)

JR  Z,BACK4
RES 1.(HL)

LD HL,(USRPC)
DEC HL

LD  (USRPC).HL
LD  HL,({STPADD)}
LD A, (BRKMEM)
D el WS

JR  BACKG6

s] TRV YT 10

JR ~ Z.BACKS
RES 0,(HL)

LD HL,(USRPC)
DEC HL

LD  (USRPC).HL
LD HL,(BRK)
LD A, (BRKMEM)
LD (HL),A

JR  BACK6

LD DE, (USRPC)
CALL TXBYTE4

CALL TXLF

;IS TRACE

;IS BREAN



JP  MON

s xkkkkkkkkx REG ROUTINE *xkkkkskkxk

; REGISTOR DISPLAY & SET

; R [REG VALUE]
REG: cp 0
JP Z.REGD ;DISPLAY ONLY

LD  HL,MONBUF

LD B,O0

LD C.,A

ADD HL,.BC

PUSH HL

POP IX ; INDEX TO REG. NAME
CALL NEXT

CH—f

JP  Z,ERROR

PUSH AF

CALL VAL s VALUE

CALL NEXT

JP  NZ,ERROR ;FIELD OVER
POP AF

LD  (MONINX),A

LD A, (IX+0) ;TO UPPER AND CHECK NO OF CHAR.
CALL UPPER

LD (IX+0),A

LD A, (IX+1)

CP "on



JR NZ,REG1
CALL REGX ;1 CHAR. SEARCH 8 BIT
CP OFFH
JR  Z,REGERR
JP MON
REG1: CALL UPPER

LD (IX+1),A

LD A, (IX+2)
» N

JR - NZ,REG2
CALL REGX :2 CHAR. SEARCH 8 , 16 BIT
CP 0

JP Z,MON
CALL REGXX
CP 0

JP Z,MON
CALL REGFAG
CP  OFFH

JR  Z,REGERR
JP  MON
REG2: CALL UPPER

LD (IX+2),A

LD A, (IX+3)

CP "noo”n

JR  NZ,REGERR ;>3 CHAR.

CALL REGXX ;3 CHAR. SEARCH 16 BIT

cP O



JP Z.MON
REGERR:  PUSH IX ;REG. NAME ERROR
POP HL
JP  ERRORX
IN = (IX) REG. NAME
; OUT = A NOT FOUND FLAG
REGXX: LD IY,REGTBI :SEARCH 16 BIT REG. NAME
LD C.0
REGXX1: PUSH IX
POP  HL
PUSH IY
POP DE
I e
REGXX2: LD A, (DE)
CP  (HL)
JR  NZ,REGXX3
INC HL
INC DE
DINZ REGXX?2
LD  HL,USRPC ; SEARCH FOUND
ADD HL,BC ;B=0
LD  DE, (MONDAT)
LD (HL),E
INC HL
LD (HL),D
XOR A

RET ; FOUND EXIT



REGXX3:

LD

ADD

INC

INC

LD

CP

JR

LD

RET

DE, 3
1Y,DE

c

C

A.C

1AH
C.REGXX1

A,OFFH

; IN = (IX) REG. NAME

; OUT = A

REGX:

 REGX1:

REGX2:

NOT FOUND FLAG

LD

LD

LD

LD

CALL

JR

LD

LD

LD

XOR

RET

INC

INC

INC

LD

1Y,REGTB3
BC,0

D, (IX+0)
E, (IX+1)
REGCOMP
NZ ,REGX2
HL,USRIF+1
HL,BC

A, (MONDAT)

(HL),A

A

IY

Iy

A,C

;NOT FOUND EXIT

;SEARCH 8 BIT REG.

3 SEARCH FOUND

;B=0

;FOUND EXIT

NAME



CP 12H

JR  C.REGX1
LD A,QOFFH
RET ;NOT TOUND EXIT

; IN = (IX) FLAG NAME
; OUT = A NOT FOUND FLAG
REGFAG: LD D, (IX+0)
LD E,(IX+1)
LD  IY,REGTB4
LD  BC,087FH
REGFAG1: CALL REGCOMP
JR -~ NZ,REGFAG2
CALL REGFAGD :SEARCH FOUND
LD A, (USRAF)
AND C s MARK
OR D :SET
LD  (USRAF),A
XOR A
RET ; FOUND EXIT
REGFAG2: INC IY
INC 1Y
RRC C
DJNZ REGFAG1
LD  A,OFFH
RET ;NOT FOUND EXIT
REGFAGD: LD D,0 ‘ ;CHECK FLAG DATA

LD A, (MONDAT)



; COMPARE

REGCOMP :

)

REGD:

cp 0

LD A.C
CPL
LD D.A

LD A, (MONDAT)

cP 1
RET Z

JP  ERROR
DE & (IY)
LD A,D
CP  (IY+0)
RET NZ

LD  A,E
CP  (IY+1)
RET

FRERKEREKKX REGD * ¥k HKEK KKK

LD  IX,REGTIB!
LD IY,USRPC
LD C,5

CALL REGDR |
Lb C,4
CAL‘L“-RH}DR

Lb C,4

CALL REGDR

LD  IX,REGTB2

:DATA OUT SET BIT BY C

; COUNT

; 16BIT REG.

;MAIN REG.

;ALTERNATE REG.

; FLAG TABLE



LD A, (USRAF) ; FLAG
LD C,A

Lb B,Z

™

CALL REGDrX ;S

SLA C

CALL REGDFX sl

LD B.3
CALL REGDFX sP/VN C

CALL TXLF

JP - MON

L[ B30 ;DISPLAY REG. ONE LINE
LD D, (IX+0)

CALL TXBYTE iREG. NAME

INC IX

DJNZ REGDR1

LD - D,"="

CALL TXBYTE

LD D, (IY+1)

LD E,(IY+0)

CALL TXBYTE4 ;REG. DATA

LD Dp," "

CALL TXBYTE

INC 1Y

INC 1Y

DEC C



REGDF:

REGDF1:

JR  NZ,REGDR
CALL TXLF

RET

TABLE

LD D, (IX+0)
CALL TXBYTE

INC IX

INC IX
LD DA
CALL TXBYTE

JR REGDF1

; IN = B LOOP

3 C DATA

REGDFX:

REGDFX1:

CALL REGDF

LD D,"1"
SLA C

JR C,REGDFX1
Lp D,"0"
CALL TXBYTE

DJNZ REGDFX

; DISPLAY FLAG NAME

;DISPLAY FLAG & DATA



3 kkkxxxkkxx NEW ROUTINE k¥kdockikkrsksk
; CLEAR REGISTOR
;N
NEW: P 0
JP  NZ,ERROR
XOR A ; CLEAR
LD  HL,USRHI+2
LD B,22
NEW1: DEC HL
LD (HL),A
DINZ NEW1
LD  HL,USRSTX
LD  (USRSP),HL
LD  HL,USRSTK

LD  (USRPC),HL

LD  HL,REGD ;TO DISPLAY
EX  (SP),HL
RET

; kxkkkkkkk SEARCH ROUTINE kkkkikkkkkx
; SEARCH DATA
; S RANGE BYTE ... ( 8 BYTE MAX )
SEARCH:  CALL RANGE

CALL NEXT

ce 0

JP  Z,ERROR



SEARCHL:

SEARCH2:

SEARCH3:

LD
LD
LD

CALL

LD
INC

CALL

LD
DEC

LD

JP
LD
LD

SUB

CALL
PUSH
PUSH
PUSH
POP
LD
Ld

LD

A,8

(SEACNT) , A

IX,SEABUF

VAL ;STORE DATA TO SEABUF
A, (MONDAT

(IX+0),A

Z,SEARCH2
A, {SEACNT)
A
{SEACNT) ,A
NZ,SEARCH1
ERROR

A9

(HL),aA ;BYTE CCUNT

HL ; COMPARE SEABUF
BC

HL

IX

DE, SEABUF

A, (SEACNT)

ByA



SEARCH31: LD A, (DE)
CP (HL)
JR  NZ,SEARCH32
INC HL
INC DE
DJNZ SEARCH31
PUSH IX
POP DE
CALL TXBYTE4
CALL TXLF
SEARCH32: POP BC
POP HL
ING-LHE
DEC BC
LD A,B
OR C
JR  NZ,SEARCH3

JP MON

; SEARCH FOUND

;DISPLAY FIRST ADDR

; kkEkkkkkkxk UNASM ROUTINE kkkkkskskskk

; Z80 UNASSEMBLER

; U [N] [ADDR1] [ADDR2]
UNASM: PUSH AF

XOR A

LD (UASMFAG) ,A
POP AF

cp 0

;sNO DISPLAY ADDRESS



JR  Z,UNASMO
LD HL,MONBUF
LD B,O

LD A, (MONINX)
1D C,A

ADD HL,BC

LD A, (HL)
CALL UPPER

CpP N

JR  NZ,UNASMO

LD  A,l
LD (UASMFAG) ,A ;NO DISPLAY ADDRESS
CALL NEXT

UNASMO: LD HL,16
LD (DEST) ,HL
CALL AD2
XOR A

LD (UASMCNT) ,A

Lb A,D ;CHECK FINAL SET
cp O

JR  Z,UNASMO1 s SET

LD A,16 ;END BY LINE COUNT

LD (UASMCNT) ,A
UNASMO1: LD  IX,(START)
-UNASM1: LD A, (UASMFAG)
CcP O

JR  Z,UNASM11 ;BY PASS



UNASM10:

UNASM1i:

UNASM2:

LD

LD

CALL

DJINZ

™
i

PUSH

POP

CALL

LD

CALL

[
O

CALL
CALL
CP
JP
LD
LD
AND
LD
PUSH

POP

CALL

1D

B,S

D," "
TXBYTE
UNASMIO
UASM
OFFH
Z,UNASME

UNASMS1

TXBYTE
CASM
OFFH
Z,UNASME
4

A, (IY+3)
OFH

B,A

IX

HL

D, (HL)
TXBYTE2

D, "o

;NO DISPLAY ADDRESS & OP~-CODE

;ADDR

:UASM ERRCR
;BLANK COUNT (5%3)

......

;BYTE COUNT

i DISPLAY OPCODE



UNASM3:

UNASM31:

UNASM4 :

CALL

DEC

INC

DJINZ

LD

CALL

DEC

JR

LD

CALL

LD

CALL

LD

cp

CALL

LD

CP

JR

PUSH

LD

CALL

POP

CALL

CALL

LD

LD

TXBYTE
C

HL
UNASM2
B.3
TXBLANK
C
NZ,UNASM3
A, (IY+0)
MNESUB
D, "
TXBYTE
A, (IY+1)
0
Z,UNASM4
OPRSUB

A, (IY+2)

o

OPRSUB3
TXLF
D,O

A, (IY+3)

yMNEMONIC INDEX

; OPERAND1 INDEX

;OPERAND2 INDEX



AND OFH

LD E.A

ADD IX,DE

LD A, (CASMCNT} ;CHECK END
P O

JR Z.UNASMS
DEC A ;END BY LINE COUNT
JR  Z,UNASM6
LD (UASMCNT), A
JP  UNASMI1
UNASMS : LD BC.{FINAL) ;END BY ADDRESS
INC RC
CALL COMP16
JP C,UNASMI
UNASM6: LD (FINAL),IX
JP  MON
UNASME : LD  HL,UNASMT ; UNASM ERROR

CALL TXBLOCK

JP MON

MNESUB: DEC A ; MNEMONIC PRINT
LD B.A
LD C,4

LD HL,MNETAB

CALL TABLE

LD B,4
MNESUB1: LD D, (HL)

CALL TXBYTE



INC HL
DJNZ M&ESUBI
RET
OPRSUB: LD D,A
LD A, (IY+4) ; CHECK NUMéER
BIT 7,A
JR  NZ,OPRSUB1
LD A,D
JR  CPRSUB3
OPRSUBl: AND 7FH ;IS IM,BIT,RES,SET,RST
LD D,A

LD A, (IY+0)

JR  Z,0PRSUB2
LD - A,D

CALL HTOA

LD D,A

CALL TXBYTE

OPRSUB2: CALL TXBYTE2 ;RST
LD D,"H"
CALL TXBYTE
RET
OPRSUB3: CP 1 ;CHECK # (#) (IX+D) (IY+D)
JR Z,0PR1
CP 2

JR Z,0PR2



OPRSUB4 :

OPR2:

OPRS:

CP
JR

CP

CP
RET
CALL
INC

DJINZ

LD
CALL
CALL
LD
CALL
RET

LD

Z,0PR8

10

HL,OPRTAB

TABLE

TXBYTE
HL

OPRSUB4

D,"("
TXBYTE
OPRT
D,")"

TXBYTE

HL,OPRIX

e

s MUMNDIS

; (I1X+D)



OPRA:

OPRAL:

OPRIX:
OPRIY:
; DISPLAY

OPRT:

OPRT1:

OPRTS:

JR
LD
CALL
LD
CALL
LD

CalL

CALL
RET
DFB
DFB
TYPE
LD
AND
CP
JR

CpP

JR
cP
JR
JR
LD
JR

LD

OPRA1
HL,OPRIY 1 (IY+D)
TXBLOCK

D, (IX+2)

OPBYTE2

D,"H"

TXBYTE

TXBYTE

"(IX+",00H
"(IY+",CO0H

e AN

A, (IY+3) sNONN (N} (\NN) DIS

OFOH

10H

Z,0PRT1

20H

Z,0PRT2

30H

Z,0PRT3

S0H

Z,0PRTS

OPRT6

D, (IX+1) ;N (N)

OPRTS51

D, (IX+3)



OPRT2:

OPRT6:

OPRTGI:

OPRT31:

CALL

PUSH
POP
LD
LD
BIT
JR
LD
ADD
INC -
INC
PUSH
POP
CALL

LD

OPBYTE2
D , "H"

TEXBYTE
D.{IX+2) AN

CPRT61
D, (IX+3)
E,(IX+2)

OPBYTE4

X :DIS

Z,0PRT31
D,0FFH
HL,DE
HL

HL

HL

DE
OPBYTE4

D , "H"

NN



CALL

RET

TXBYTE

®kkk OPERAND BYTE2 & 3YTE<4 SUB.

Rk

; CHECK IF FIRST BYTE = A-F THEN ADD O

OPBYTE2:

OPBYT

tr
o
pos

OPBYTE4:

OPBYTE41:

OPBYTES:

LD

CALL

JR

PUSH

CALL

POP

: CALL

RET

CALL

JR

PUSH

LD

CALL

POP

CALL

RET

RRCA

RRCA

RRCA

RRCA

A,D
OPBYTES

C,OPBYTEZ2!

TXBYTEZ2

A,D
OPBYTES
C,0PBYTE41
DE

D,"0"
TXBYTE

DE

TXBYTE4

;IN =D
sNOT A-F
BB, IDE



gekegkkxRk VAR ROUTINE #skekkckkokeiors
; VARIABLE DISPLAY & SET
; V [VAR VALUE]

; VAR = 10,18.20,28,30,38.566

VAR: CP 0
JR Z . VARD sDISPLAY ONLY
CALL VAL

LD HL, (MONDAT)

LD A,H

CP 0

JP  NZ,ERROR

LD AL sCHECK VAR

LD  HL,VARTAB

LD  BC,700H
ARL: CF  (HL)

JR  Z,VAR2

INC HL

INC C

INC C

DJNZ VAR1

JP  ERROR
VAR2: LD B,O

LD IX,RST10



VARD:

VARD1:

ADD
CALL

Cp

JP
LD
LD
LD
JP
LD
LD
LD
LD
CALL
LD
CALL
LD
CALL
LD
LD
CALL
CALL
INC

INC

IX,BC
NEXT

0
Z,ERRCR
VAL
NEXT

0

NZ,ERRCR

HL, {MONDAT)

IY.VARTAB

B,7

HL ,VARTAB1

TXBLOCK
D, (IY+0)
TXBYTEZ2
D," "
TXBYTE
E, (IX+0)
D, (IX+1)
TXBYTE4
TXLF

1Y

X

i VALUE

;DISPLAY VAR



INC IX

DJNZ VARD1

JP MON
wikgdkkikk TRACE ROUTINE kxisdkckmrgk

; TRACE USER PROGRAM (3ENGLE STEP)
; T [ADDR;

TRACE: P 0

CALL NEXT
CP 0
JP  NZ.ERROR
LD /THL; {MONDAT)
LD (USRPC),HL
TRACE1: LD  IX,(USRPC)
CALL UASM
&P </ 0
JEN NG, TRACED
LD HL,TRATAB ; COMMAND ERROR

CALL TXBLOCK

JP MON
TRACE2: LD A,{IY+3) ;GO
AND OFH
LD E,A
D D,0

LD HL,(USRPC)



ADD HL,DE

LD A,(HL)

LD (BRKMEM) , A

LD (HL),0CFH ;RST 0385 OP-CCDE
LD (STPADD).HL

LD  HL,BRKFAG

SET 1i,(HL)

JP EXIT

s kxskkxsk QUIT ROUTINE *#sxkiksks

.
H)

?

<

’

QUIT (POWER OFF OR RESET)

Q

UiT: P 0
JP  NZ,ERROR
LD HL,QUITTB

CALL TXBLOCK

XCR A
L2 (POWMENM) ,A
HALT

FRkKRKHKKRX MOVES SUB. ¥%xkskkix* ABCDEHL

; MOVE MEMORY

IN = HL START ADDR

DE FINAL ADDR

BC DESTINATION ADDR



MOVES:

MOVES1:

X

POP

JR

INC

LDIR

INC

LDDR

RET

NC.MOVES:

BC

HL,BC
DE,HL

ur  pr
5, BC

DE,HL

BC

«LENGTH

;MOVE INC

; START

.nnam
PRV IPIV Y



-

; okkkkskckkkkk SEAR SUB. #kxkckkksxsk ADEHLIX (SEAMEM) (SEAFND) {SEACNT)
; SEARCH STRING
i IN = B FLAG O=NORMAL 1=BLANK-END
C TABLE LENGTH
HL NC. OF B3TRING IN TA3LZ
; IX START TABLE
; ¥ START SEARCH STRING

; CUT = HL NO. OF STRING 0=NOT FOUND

; HL={SEAFND) , A=L
SEAR: LD (SEAMEM) ,HL
b HL,1!

LD (SEAFXND) ,HL
SEARI: LD T ALC
LD (SEACNT) . A

PUSH IX

POP  HL
PUSH IY
POP DE
SEARZ: LON Y TS
cP (HL)
JR  NZ,SEAR4 ;NOT EQUAL
INC HL
INC DE
LD A,B
CP O
JR  Z,SEAR3 ; NORMAL

LD A, (DE) ;CHECK END BY BLANK



SEAR3:

€21
3

SEARF:

" "

Z,SEARF

A. (SEACNT)
A
{SEACNT).A
NZ,3EAR2

SEARF

(SEAFND} ,HL

HL . {SEAMEM;

o

{ SEAVEM) , HL

ALH

N7 SFaAR1

eMin § T e A

(SEAFND) , HL

HL, (SEAFND)

AgL

; SEARCH TOUND

:NEXT CHAR.

:SEARCH FOUND

SNFVT ©

PR £ S50 S

TRING

;NOT FCUND

; FOUND



*

?

; OUT =
TABLE: PUSH LBE
PUSH HL
INC B
Lb D.0
Lb E,C
LD HL,O
TABLEL DEC B
JR Z,7ABLE
ADD  HL,DE
JR  TaBLE!
TABLEZ2: EX DE,HL
POP HL
ADD  HL.DE
POP DE
RET

’

3

; IN = B COUNT
D10M: PUSH HL
D10M1: LD HL,1376

. wkxkxkxkikx TABLE SUB.

; TABLE LOOCKUP

IN = B NO. O - 253
C TABLE LENGTE

Hi. START TABLZE

kkRxkkkkkk DIOM SUB.

DELAY 0.01 SECOND

RERKKKHKKE

ABHL

(ML) FIRST DATA IN TABLE

kkkkkkkkxk- AB



mok RN R R R R

i DELAY SECOND

DSEC2:

PUSH

POP

DEC

.D

OR

JR

DJINZ

POP

RET

A,H
L

NZ.D10M2

DSEC 3UB.

SECOND COUNT

t—1

NZ,DSEC2
DSEC1

HL

BIRMR R KRR

AB



wkdkkxkkxk COMPLE SUB.

; COMPARE IX-BC
i IN
¢ CUT

~

COMPLE Y

a err -
SBC HL,3C
POP  HL

RET

Koomskcgwckxsks HTOA
; HEX TO ASCII

s IN = AE

e
73N

&

; OUT = DE ASCII

(A<E)
24 -> 32 41
PUSH AF

AN A Y

NTATT
S

RRCA
RRCA
RRCA
- RRCA
CALL HTOAS
LD D,A
POP

OFH

REormRRRRNk AR

kpkkkkRkkk A

t



CALL HTOAS

[—1
(@)
T3
%

HTOAS: AND OFH
c?  0aAH
JR  NC,HTOASL
OR 304
RET
HTOASL: suB 9

OR  3CH

o omEkkxsaksx ATOH SUB. cewockskksord AD

; ASCII TO HEX

; IN = DE ASCII

; OUT = A HEX

ATOH: LD A,D
CALL ATOHS
RLCA
RLCA
RLCA-
RLCA
LD D,A
LD A,E
CALL ATOHS
OR D

RET



. kkxckkkkkx ATOHS SUB. *k¥kiokkkkx A
; ASCII TC HEX ONE BYTE

; IN = A ASCII

JR  NC,ATOHS1

AND OFH
RET

ATOHS:: st 7

AND  OFH

s kkkkokikkk UPPER SUB. #xsmskckix® A
; LOWER TO UPPER CHARECTER

; IN = A LOWER

; OUT =A UPPER

UPPER: CP "a

RET C

~D Nt
i 4 T
RET NC
SUB 32
RET

kxkkkkkkkk TMGETL SUB. ¥kkmkxskkskk
; GET LINE FROM TERMINAL ( END BY CR )
; OUT = (MONBUF) COMMAND BUF

> (MONINX) LENGTH

;

ABCDHL



TMGETL: XOR A

LD (MONINX) ,A ;CLEAR INDEX
TMGETL1: CALL RXBYTE

LD A,D ;CHECK REY

cr  08H

JR  Z,TMGETBS

Cp  0DH

JR  Z,TMCETL2

LD A, (MONINX) ;CHN MONBUE FULL

cr 60 ;AT 61 FOR CR ONLY

Lb D,07H ; FULL

CALL TXBYT

t

JR TMGETLI

TMGETL2: CALL TXBYTE ; ECHO
LD A, (MONINX) ;UP INDEX
LD C,A
INC A

LD  {MONINX),A

LD  HL,MONBUF ; DATA TO BUF
LD B,O

ADD HL,BC

LD (HL),D

LD A,D

CP ODH

JR  NZ,TMGETL1

LD D,0AH



TMGETBS :

; RECEIVE ONE BYTE FROM JACK

; OUT

1]

G

; F
RXBYTE:

Z77:

RXBYTEL:

EG =

CALL TXBYTE

LD A, {MONINX)

20
JR  Z.TMGETLL
DEC A

LD {MONINX).A

LD  D,08H

CALL TXBYTE
LD D,08H
CALL TXBYTE

JR TMCETLi

D DATA {A=D)

SLP
RET

DI

PUSH AF

INO A, (RDRI)
OUT (UPA),A

LD D,A

;EXIT

; BACKSPACE

Sk Rkkkkk RXBYTE SUB #%kkskkkgkx

;CPU SLEEP FOR WAIT ASCI INT

;CLEAR RDRF & READ KEYBOARD

; SHOW ASCII ON LED FLAG



;RETURN FROM INTERRUPT

kxkkkkrixx RXBYTEZ SUB. $rkEEEEEEE ADE
i RECEIVE ONE ASCII FROM COM PORT

IN HEX (A=D)

: OUT = D DATA

RXBYTEZ:

CALL

LD

RXBYTE

ty

sD

RXBYTE

. kkxkxkxkk TXBYTE SUB *¥%ikgicrsx

CHARECTER TO RS-232 PORT

: SEND 1

; IN =D

; REG = E

TXBYTE: PUSH DE

TXBYTEl1: INO E,(STAT1) ;CHECK FLAG SEND
BIT 1,E
JR Z,TXBYTE1 ;FLAG TDRE ASCI=1?
OUTO (TDR1),D ;YES,SEND TO DISPLAY
POP DE



3 kkksskokxkkk TXBYTEZ SUB. cekskkskkkk ADE
; SEND ONE BYTE IN ASCII TO COM PORT
; IN = D DATA
TXBYTE2: LD A.D
CALL HTOA
CALL TXBYTE
LD D.E
CALL TXBYTE
RET
coasekRsmgerkk TNBYTES SUB. sxkskkeseks ADE
; SEND TWO BYTE IN ASCII TO COM PORT
IN = BIT 0 (STSFAG)

DE DATA

TXBYTE4: PUSH DE
CALL TXBYTE2

POP DE

3 ddkokkckokkskk TXBLOCK SUB. *#¥¥kkkxkx ADHL
; SEND BLOCK (END BLOCK BY OOH OR ODH) TO COM PORT
; IN = HL START BLOCK
TXBLOCK: LD A, (HL)
CP 0

RET Z



CP 0OCH

ER Z,TXBLOCK1

LD D,A

CALL TXBYTE

INC HL

JR TXBLGCK
TXBLOCK1: CALL TXLF

RET

s wdksexkskckxx TXBLANK SUB. dxxckkxxxxk ABD B=0
; SEND BL ANK TO COM PORT
; IN = B BLANK COUNTER
TXBLANK: LD  D," "
CALL TXBYTE

DINZ TXBLANK

; kdkkxkkkxk TXLF SUB. sskxikikkx AD
; SEND CR LF TO COM PORT
TXLF: LD D,ODH

CALL TXBYTE

LD  D,0AH

CALL TXBYTE

RET



TokEXkkkk¥k%k%k ASMS SUB. kddiockkkkksx
; Z80 INSTRUCTION TABLZ SEARCH (FOR ASSEMBLER)
; IN = (ASMBUF) MNE,OPR!,CPR2
; {ASMDAT) N NN (N) (NN) DIS
; {ASMDATD) +D
; OUT = (ASMOPC)} OPCODE
; A OPCODE COUNT {0=NOT FOUND)
ASMS: LD HL,O
LD {ASMOPC) ,HL
LD  {ASMOPC+2}.HL

D 1Y, ASMOPC

_D IX,XX-1 ALY
Lb BC,0
ASMS:: CALL ASMSCOMP

JR  NZ.ASMS12
LD (IV+0),C :OPCODE
CALL ASMSX
RET NZ
ASMS12: LD  DE,5
ADD IX,DE
INC C
DJNZ ASMS1
LD A,O0CBH ;CB
LD (IY+0),A
LD BC,0
ASMS2: CALL ASMSCOMP

JR NZ,ASMS22



ASMS22:

ASMS3S:

ASMS31:

ASMS32:

ASMS33:

CALL
JR
CALL

RET

DJINZ

CALL

CALL
RET
CALL

DJNZ

(1Y+1),C

ASMSX

)
i
tn

1X.0C

C

ASMS2
IX,DD
A,CODDH
(1Y+0),A
B,39
ASMSCOMP
NZ,ASMS31
ASMS3S
NZ
ASMSCP
ASMS3
IX,ED
A,OEDH
(1Y+0),A
B,56
ASMSCOMP
NZ,ASMS33
ASMS39
NZ
ASMSUP

ASMS32

; OPCODE

;ED



ASMS34:

ASMS

G
w

ASMS39:

ASME4 .

ASMS41:

ASMS42:

LD

CALL

JR

CALL

RET

CALL

DJNZ

LD

IX,FD
A,OFLH
(IY+0),A
B,39
ASMSCOMP
NZ,ASMS33
ASMS39
NZ
ASMSUP
ASMS3+4
ASMS4

A, {IX+0)

ASMSX

IX,DDCB

HL, CDDCBH

(IY+0),H

(1
(4

r<g

+1Y .7
b —BF S

B,31

ASMSCOMP

NZ,ASMS42

ASMS49
NZ

ASMSUP
ASMS41

IX,FDCB

;DD ED FD FCUND

;OPCODE BYTE 2

; DDCB

;s FDCB



ASMS—++:

ASMS46:

ASMSEX:

ASMSX1:

BIT

JR

AND

LD

LD

cp

JR

XCR

RET

LD

CP

3.31
ASMSC3SMP
NZ,ASMS=«

ASMS49

D.A

A, {(ASMDAT)

D
Z,ASMSX3

A

A, (IX+4)
OFOH

10H

; COMMAND ZRRC

;BBCB £DCB FOUND

:OPCCDE BYTE 4

; IS IM.BIT,RES,SET,RST

; NEXT SEARCH

;CHECK TYPE



ASMSX2:

ASMSK3:

ASMXT1:

ASMXT2:

ASMXT4 :

JR

CP

JR

LD

LD

1D

LD

LD

LD

Z,ASMXT2
50H
Z. ASMXT1
~CH
Z,ASMXT+
SCH

Z.ASMXTS

Z,ASMXT4

ASMSX2

A, (ASMDAT)

{IY+1),A

ASMSX2

HL, (ASMDAT)

(IY+1),L
(IY+2),H

ASMSX2

A, (ASMDATD)

;CHECK BIT,RES,SET & +D



LD (IY+2),A

JR  ASMSX2
ASMXTS: LD A, (ASMDATD)

LD  (IY+2).A

LD  A.(ASMDAT)

LD  (IY+3),A

JR  ASMSX2
ASMXTG6: LD  HL,(ASMDAT)

LD - (IY+2),L

LD - (IY+3),H

JR  ASMSX2
ASMSCOMP: LD -~ A.(ASMBUF) ;COMMAND COMPARE SUB.

CP~ {IX+1)

RET NZ

LD A, (ASMBUF+1)

CP (IX+2)

RET NZ

LD A, (ASMBUF+2)
P (1X+3)

RET
ASMSUP: LD DE,6 ;TABLE UP SUB.

ADD IX,DE

RET

; Kkkkkkkkkk UASM SUB. *¥skkkkkkksk

; Z80 INSTRUCTION TABLE SEARCH (FOR UNASSEMBLER)

; IN = (IX+0) OPCODE



: OUT = (IY+0) TABLE MNE.OPR1,OPRZ,TYPE-BYTE,NUM

; A 0=0K FF=ERROR
UASM: LD A, (IX+0)
CP  OCBH

JR  Z.UASMCB
CP  ODDH
JR  Z.UASMDD

C OEDH

JR  Z.UASMFD

LD HL,XX Y
UASMI: LD B.a
b C.5

([2
t—«
i3
e
to
-
)

PUSH HL
POP IY
XCR A

RET

UASMCB: LD A, (IX+1) e

LD HL,CB
JR  UASM1

UASMDD : LD A, (IX+1) ;DD
CP  OCBH

JR Z,UASMDDCB
LD HL,DD

UASMDD1: LD BC,6



UASMDD2: LD D, (HL)
CP D
JR  Z,UASMDD3
JR  C,UASMERR
ADD HL,BC
JR  UASMDD2
UASMDD3: INC HL
PUSH HL
POP IY
XOR A
RET
UASMDDCB: LD A, (IX+3) ; DDCB
LD  HL,DDCB
JR  UASMDDi
UASMED: LD A, (IX+1) ;ED
LD HL,ED
JR  UASMDD1
UASMFD: LD A, (IX+1) ;FD
CP .0CBH
JR  Z,UASMFDCB
LD HL,FD
JR  UASMDD1
UASMFDCB: LD A, (IX+3) ; FDCB
LD HL,FDCB
JR  UASMDD1
UASMERR: LD  A,OFFH ;NOT FOUND OPCODE

RET



¢ okxkkkkrkkkx NEXT SUB. ®kckkskickk

; SEARCH NEXT FIELD OF COMMAND LINE
; IN = (MONINX) START SEARCH

; OUT = (MONINX) A

IF A=0 THEN NO NEXT FIELD & (MONINX) I3 END

\EXT: LD A, {MONINX)
D C,A
LD B,0
NEXT:: INC C ; SEARCH BLANK

LD HL.MONBUF

ADD HL,BC
L2 8 (B
CP  ODH

JR Z,NEXTE

CD LARERN 4 §
A

JR  Z,NEXT2 ; FOUND BLANK
JR  NEXT!
NEXT2: ix¢ C ; SEARCH NOT BLANK

LD  HL,MCONBUF

ADD HL,BC
LD A,(HL)
CP ODH

JR Z,NEXTE
ce "

JR  Z,NEXT2

LD A,C ; FOUND



-
‘D

{MCONINX),A

&
3

NEXTE: 2D AC ;NO NEXT FIELD
D (MONINX) A
XOR A

RET

f

wERREckRRRER VAL SUB., skskckweekrwk
¢ GET VALUZ FROM COMMAND LINE
3 IN = {MONINK) START FIELD
; OUT = (MONDAT)-(MONDAT+1} IN 3 BIT LOOK AT (MONDAT) ONLY
VAL: LD A, (MONINX)

ZL L MCNBUT

-
W)

e
&
w
(@]

LD (MONDAT) ,HL ; CLEAR
LD R.6
VALL: LD A, (DE)
CP  ODH
RET 2Z
ce "
RET Z° ;END FIELD - EXIT
cp "H"
JR  Z,VAL2

CALL CHEX



CP OFFH

JP Z,ERROR
LD  HL.MONDAT
RLD

INC HL

RLD

VAL2: INC DE
DINZ VALI ;IF B=0 IS OVER DIGIT
JP ERROR

L

serskckrgkixx AD] SUR. ckdckdksoksiokikk
ET [ADDR]
IN = (MONINX),A START FIELD

CUT = (START)

AD1: O WO ; CHECK ADDR
RET Z ; DEFAULT
CALL VAL
CALL NEXT
cp O
JP NZ,ERRCR

LD  HL, (MONDAT)
LD  (START),HL
RET
kkkkxkkkkk AD2 SUB., kkkkkkkkkx
GET [ADDR1] [ADDR2]
IN = (MONINX) START FIELD
(DEST) DEFAULT FINAL LENGTH

OUT = (START)



; (FINAL)

; D DEFAULT USED 0=NO I=YES

ADZ: cr 0 ; CHECK ADDR1
JR  NZ.aD2:
LD HL,{FINAL) ; DEFAULT
LD (START) ,HL
JRAD22
AD21: CALL VAL ;ADDR1
CALL NEXT
LD HL, (MONDAT)

LD (START) ,HL

Crtddate()
JR  Z,AD22
CALL VAL 3 ADDR2

LD  HL,{MONDAT)
LD (FINAL),HL

CALL NEXT

COND
JP  NZ,ERROR :FIELD OVER
LD D,0
RET

AD22: LD  DE, (DEST) ; DEFAULT
ADD HL,DE

LD (FINAL),HL
LD D,l

RET



; *¥xxkxxxk¥x RANGE SUB.

; GET RANGE

RKRRKKKKKK

; IN = (MONINX) START FIELD

; OUT = (START)

CALL
LD
LD
CALL
CP
JP
CALL
LD
LD

RET

kueokskekkkoesn (OF

Z,ERROR

VAL

HL, (MONDAT)

(START} ,HL

NEXT
0
Z,ERRCR

VAL

HL, ( MONDAT )

(FINAL) ,HL

¢

-

SUB.

ok e ko ke Rk K

; CHECK HEX DIGIT AND CHANGE TO HEX

; IN = A ASCII

; OUT = A HEX

; IF IN=0-9,A-F THEN OUT=HEX ELSE OUT=0FFH

CHEX: cp
JR
CP

JR

DIGIT

"0"
C,CHEXE
" 9"+ 1

C,CHEX1

;IS 0-9



CHEX1:

; RFEkkkkkEk CLEN SUB.

CALL UPPER

CP "A"
JP C,CHEXE
CP "F"+:

JP  NC,CHEXE

ADD A9
AND OFH
RET

3
i
3

i CAL LENGTH (FINAL)-(START)

; OUT =

CLEN:

BC LENGTH
HL START

PUSH DE

LD  DE,(START)

LD  HL, (FINAL)

XOR A
SBC HL,DE
INC HL
EX DE,HL
PUSH DE
POP BC
POP DE

RET

“ﬂ!

; ERROR CODE

¥RHRRKRRRR ABCHL

; LENGTH



; kkxkckkkkkk AUTOB SUB. ®k¥kkskkks

; OGT = (BAUDLY)

; REG = ALL

AUTOB: LD  A,G4H

OUTO ({CNTLAL),A ;TX,RX,8 BIT,: STCP
LD A,2 19600 BAUD AT X'TAL [2.488S Mhz

OUTO (CNTLB1),A

LD A.8 ;RIZ ENABLE TO XEYBCARD
OCTO (STATL),A

LD A,96H

LD (BAUD),A

RET

;o RERERERRFRERRDAGE MEMORY ROUTINE#®#iRRioca ks Rk rgk
; SELECT PAGE MEMORY FOR PROGRAM MMU [SEE APPENDIC (PAGE MEMORY) ]
i X [NUMBER PAGE]
SPM: cP O

JP Z,ERROR

CALL VAL

CALL NEXT

CP O

JP NZ,ERRCR

LD A, (MONDAT)

CP O

JP Z,ERROR

CP 42H

JP NC,ERROR



SPM1:

SPM2:

LD HL,PXTAB

LD IX,MMUTAB

LD B.4

CP (HL

2

)

JR Z,SPM2

INC HL

INC IX

DJINZ SPM1

CALL NEXT

LD A,{

IX+0)

OUTO (BBR),A

JP MON

;oderkgkkdkkx ROM TABLE wckssskswskkx

LCDTAB:
MNOTAB:

MNiTAB:

BAUTAB:
MNSTAB:
MNG6TAB:
MN7TAB:
POWTAB:
SYNTAB:

MNSTAB:

DB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

"

' Remote Monitor

" Z80180 Remote Monitor
Industrial Education
Electronic & Computer
" ED.ENGINEER #15

" Baud Rate :",00H

" 11 , ODH

"POWER UP !",0DH
na

Syntax Error",0DH

" ABCDEFGHILMNOPQRSTUVX"

vi.O

NMTFL.

",0DH
",0DH
",0DH
",0DH

",0DH

",0DH

",0DH



MNSTAB: DWL  ASM,BREAK,COMPARE,DISPY,ENTER
DWL FILL,GO,HELP, INPUT,LOAD
DWL MOVE, NEW, OUTPUT, UPLOAD, QUIT
DWL REG, SEARCH, TRACE, UNASM, VAR, SPM

HELPTB: DFB "A addr\Assembler",0DH
DFB "B [addr]\Break",ODH
DFB  "C range addr\Compare block",ODH
DFB " range H byte\Compare byte",0DH
DFB "D [addrl] [addr2]\Display memoryv’"',0DH
DFB = "E addr\Enter data",0ODH
DFB  "F range byte\Fill memory",0Dd
DFB "G [addr]\Go (Run)",ODH
DFB "H \Help",0DH
DFB "I port\Input",ODH
DFB "L [addr]\downioad from terminal",ODH
DFB "M range addr\Move",ODH
DFB "N \New (Clear registor)",ODH
DFB "0 port byte\Output",ODH
DFB  "P range\uPload to terminal",0nH
DFB  "Q \Quit/Halt (Power off or Reset)",0DH
DFB "R [reg value]\Register",ODH
DFB  "S range byte ... (8)\Search",ODH
DFB "T [addr]\Trace (Single step)",ODH
DFB "U [N] [addrl] [addr2]\Unassembler",ODH
DFB "V [var value]\Vector (RSTn)",0DH
DFB "X [number pagel\Select user page(l - 41)",0DH,00H

UPLTB1: DFB  "Upload INTEL-HEX FILE ...",ODH



UPLTB2: DFB "Use ~A and CA Command to Upload File (XTALK)",ODH

UPLTB3: DFB  "Type ENTER to Start and Finish",ODH

UPLHEX: DFB  ":00000001FF",ODH
REGTBL: DFB  "PC SP IF IX IY AF BC DE HL " 116 bit reg. table

OFB "AF'BC'DE'HL"
REGTR2: DFB "S= Z= H= PV= N= C= " ;Tlag print table
REGTB3: DFB "I FACBEDLH™" :8 bit reg. table

OrB "F'A'C’B'E'D'L'H""

REGTB4%: DFB "SFZF HF PFNFCF" ;flag table
LOADTAB: DIB "Load Error ... Enter to Continue',ODH
1LOADTABZ: DFB "Download INTEL-HEX FILE ...",0DH

LOADTAB3: DFB  "Use "A and SE Command to Send File (XTALK)",ODH
UNASMTAB: DFB  "Opcode Error",ODH

ASMER1:  DFB  "Mnemonic Error",ODH

ASMER2: DFB  "Operand Error",0DH

ASMER3: DFB  "Command Error",0DH

JUMPTAB: DFB ""Relative Error",ODH

VARTAB: DFB 10H, 18H, 204, 284, 304, 38H, 66H

VARTAB!: DFRB "RST", Q0H

TRATAB: DFB  "Command Error",0DH

QUITTB: DFB  "Z80180 QUIT/HALT ! Power off or Reset ...",0DH
PXTAB: DFB 01H,02H,03H,04H,05H,06H,07H,08H

DFB 09H, 10H, 114, 12H, 13H, 14H, 15H, 16H

DFB 17H, 18H, 19H, 20H, 21H, 22H, 23H, 24H
DFB 25H,26H,27H, 28H, 29H, 30H, 31H, 32H
DFB 33H,34H, 35H, 36H, 37H, 38H, 36H, 40H

DFB 41H



MMUTAB: DrB

1

XX:

DFB

DFB

DFB

DrB

DFB

OOH,06H,0CH, 121, 18H, 1EH, 24H, 2AH
30H, 36, 3CH, 42H, 48H, 4EH, 54H, 5AH
60H, 66H, 6CH, 72H, 73H, 7EH, 34H, SAH
S0H, 96H, 9CH, 0A2H, 0ASH, OAEH, 0B4H
0COH,0C6H,0CCH, 0D2H, 0DSH. CDFH

OE4H,OEAH, OFOH

kERakmrkik 7SC ROM TABLE smokXsksgsksksk

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

4H,00H,00H, 014, 00H
1EH, 10H,01H, 254, 00H
1EH,03H,0CH,01H,00H
17H, 10H,00H,01H,00H
17H.0FH, C0H, 01K, 00H
CEH, OFH,O00H, 01H, OCH
1EH, OFH,01H, 12H, 00H
34H,00H,00H,01H, 00H
12H,0DH, OEH,01H, 00H
02H, 16H, 10H,01H,00H
1EH,0CH,03H.01H, 00H
OEH, 10H,0CH, 01H, O0H
17H,11H,00H,01H,00H
OEH, 11H,00H, 01H, 00H
1EH, 11H,01H, 12H, 00H
394, 00H, 00H,01H, O0H
10H,01H,00H, 32H, 00H
1EH, 13H,01H, 23H, 00H

1EH,05H,0CH,01H, 00H



DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB

DFB

174, 134,00H,01H, O0H
174, 12H,00H,01H, O0H
0EH, 12H,00H,01H, 00H
1EH, i2H,01H, 12H, O0OH
32H,00H,00H,01H,00H
1DH,01H, 00H, 321, 00H
02H, 16H, 13H,01H,00H
1EH,0CH,05H,01H, O0H
OEH, 13H,00H,01H, 00H
17H, 14H,00H,01H, COH
OEH, 14H,00H,01H, 00H
1EH, 14H,01H, 12H,00H
37H,00H,00H,01H, COH
1DH, 1DH, 01H, 32H, 00H
1EH, 16H,01H,23H, 00H
1EH,02H, 16H, 23H,00H
17H,16H,00H,01H,00H
174, 15H,00H, 01H, O0OH
OEH, 15H,00H, 01H, 00H
1EH, 15H,01H, 12H, O0H
ODH, 00H, O0H, 01H, 00H
1DH, 23H,01H, 32H, O0H
02H, 16H, 16H,01H, O0H
1EH, 16H,02H, 23H, O0H
OEH, 16H,00H,01H,00H
174, 1AH,00H,01H, O0H

OEH, 1AH, 00H, 01H, O0H



DFB
DFB
DFB
DFB
DFB
DrB

DFB

DFB
DFB
DFB
DB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB

DFB

1EH, 1AH,01H, 12H,00H
OCH, O0H, 00H, 01H, 00H
1DH, 1CH,01H, 32H, 00H
1EH,22H,01H,23H,00H
{EH,02H,0CH, 23H, 00
17H,22H,00H,01H,00H
1714,06H,00H,01H, 00H
OEH,06H,00H,01H,00H
1EH,06H,01H, 12H,00H
3DH, 00H,00H,01H,00H
.DH,11H,01H, 32H,00H
02H, 16H,22H,01H, O0H
1EH,0CH,02H, 234,004
OEH, 22H,00H,01H,00H
17H,0CH,00H,01H,00H
OEH, 0CH,00H,01H, 00H
1EH,0CH,01H, 12H, 00H
06H,00H,00H,01H, 00H
1EH,OFH, OFH,01H,00H
1EH,OFH, 11H,01H,00H
1EH, OFH, 12H, 01H, 00H
1EH,OFH, 14H,01H, O0H
1EH,OFH, 15H,01H, 00H
1EH,0FH, 1AH, 01H, O0H
1EH,OFH, 06H,01H, 00H
1EH,OFH,0CH,01H, 00H

1EH, 11H,0FH,01H,00H



DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

1EH,11H, 11H,01H, 00H
LEH, 11H, 12H,01H, 00H
1EH, 11H, 14H,01H, 00H
1EH, i 1K, 15H.01H, 004
{EH, 11H. 1AH,01H.00H
1EH, 11H,06H,01H, 00H
1EH, 11H,0CH, 01H, 00H
1EH, 12H,OFH,01H, 00H
{EH, 124, 11H,01H,00H
LEH, 12H, 12H,01H, 00H
1EH, 12H, 14H,01H, 004
1EH, 12H, 15H,01H, 00K
1EH, 12H, 1AH,01H, 00H
1EH,12H,06H,01H, 004
1EH, 12H,0CH,01H, O0H
1EH, 14H,0FH, 01K, 00H
LEH, 14H, 11H,01H, 00
1EH, 14H, 12H,01H, 00H
LEH, 14H, 14H,01E, 004
1EH, 14H, 15H,01H,00H
1EH, 14H, 1AH, 01H, 00H
1EH, 14H,06H,01H, 00H
1EH, 14H,0CH, 01H, 00K
1EH,15H,0FH,01H, 00H
1EH, 15H, 11H,01H, 00H
1EH, 15H, 12H,01H, 00H

1EH, 15H, 14H,01H, 00H



DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DF3

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

1EH, 15H, 15H,01H,00H
1EH, 15H, 1AH,01H, 00H
1EH, 15H,06H,01H, 00H
1EH, 15H,0CH,01H, 00H
1EH, 1AH,OFH,01H, O0H
1EH, 1AH, 11H,01H, 00H
1EH, 1AH, 12H,01H, 00H
1EH, 1AH, 14H,01H,00H
1EH, 1AH, 15H,01H,00H
1EH, 1AH, 1AH,01H,00H
1EH, 1AH,06H, 01H, 00H
1EH, 1AH,O0CH,01H, OOH

1EH,06H,0FH,01H,00H

iEH,06H,11H,01H,C0H

1EH,06H, 12H,01H, 00H
1EH, 06H, 14H,01H, 00H
1EH, 06H, 15H,01H, 00H
1EH, 06H, 1AH,01H,00H
14H,00H,00H,01H,00H
1EH,06H,0CH,01H,00H
1EH,0CH,OFH,01H, 00H
1EH,0CH, 11H,01H, 00H
1EH,O0CH, 12H,01H, 00H
1EH,OCH, 14H,01H, 00H
1EH,OCH, 15H,01H,00H
1EH, OCH, 1AH, 01H, 00H

1EH,0CH,06H,01H, 00H



DEFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

1EH,0CH,0CH,01H, 00H
C2H,0CH,0FH,01H,00H
02H,0CH, 1iH,01H, 00H

024, Op“, 2H,01H.00H

O

024,0CH. 14H,014,00H
02H.0CH, 15H,01H,00H
02H,0CH, 1AH,01H, O0H
024,0CH,06H,01H, 00H
02H.,0CH,O0CH,01H,004
01H,0CH,0FH,01H, 00H
01H.0CH, L 1H,01H,00H
014,0CH,12H,01H,00H
C1H,0CH, 14H,01H.00H
01H,0CH, 18H,01H,00H
01H,0CH, 1AH,0iH,00H
01H,0CH,06H,01H, 00H
01H,0CH,0CH,01H,00H
+2H,0FH, O0H, C1H, O00H
424,11H,004H,01E, 00H
42H,124,00H,01H,00H
42H, 14H,C0H,01H, O0H
424, 15H,00H,01H, O0OH
42H, 1AH, 0CH, 01H, O0H
42H,06H,00H,01H, 00H
42H,0CH,00H,01H, 00H
3CH, OCH, OFH,01H, O0H

3CH,0CH, 11H,01H, 00H



DFB
DFB

DFB

DFB

DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB

DFB

3CH,0CH, 12H,01H.00H
3CH,0CH, 14H,01H,00H
3CH, 0CH, 15H,01H,00H
3CH,0CH, 1AH,01H,00H
3CH,0CH.06H,01H.00H
3CH,0CH,0CH,01H,00H
03H, OFH,00H,01H,00H
035H, +1H,00H,C1H,C0H
03H,12H,00H,C1H.00H
O3H, 14H,00H,01H,00H
03H, 15H,00H, 01H, 00H
C3H, LAH,00H,C1H,C0H
03H,06H,00E.01H,00H
03H,0CH,00H,01H, 00H
43H,0FH,00H,01H,0CH
43H,11H,00H,0!H,0CH
43H, 12H,00H,01H, OCH
43H, 14H,00H,01H, 0CH
43H,15H,00H,01H,00H
43H, 1AH,00H,01H, 00H
43H,06H,00H,01H,00H
43H,0CH, 00H,01H, 00H
25H,0FH,00H,01H, 00H
25H,11H,00H,01H,00H
25H,12H,00H,01H,00H
25H,14H,00H,01H,00H

25H,15H,00H,01H, 00H



DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

25H, 1AH,00H,01H, 00H
25H,06H,00H,01H,00H
25H,0CH,00H,01H,00H
07t,0FH,00H,01H, 004
O"H‘llH,OOH,OIH,00ﬁ
07, 12H,00H,01H, 004
07H, 14H,00H,01H, O0H
07H, 15H,C0H.01H, COH
07H, 1AH,00H,01H, 00H
07H,06H,00H,01H, 00H
07H,0CH, 00H,01H,00H
2EH, 1DH,00H,01H, 00H
2BH, 10H,00H, 015, 00H
1CH, IDH,01H, 23H, 00H
iCH,01H,00H, 23H, 00H
05H, 1DH,01H, 23H, 00H
2CH, 10H,00H,01H, 0CH
02H,0CH,01H, 12H,C0H
3BH,01H,00H, 01H, 304
2EH, 23H,00H, 01H, 00H
2EH, 00H, 00H, 01H, 00H
1CH,23H,01H, 23H,00H
OOH, 00H, O0H, O0H, O0H
05H,23H,01H, 23H, 00H
O5H,01H,00H, 23H, 00H
01H,0CH,01H, 12H,00H

3BH,01H,00H,01H, 88H



DFB
DFB

DFB

DFB
DFB
DFB
DB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB

DFB

2EH, {CH,00H,01H,0CH
2BH, {3H,00H,01H,CCH
iCH, iCH,01H, 23H, 00H
284.02H,0CH, 12H,00d
05H, 1CH.01H, 23H,00H
2CH, i3H,00H,01H, 00H
42H,01H,00H, 12H,0CH
3BH,01H,00H,01H, 90H
2EH, 11H,00H,01H,00H
13H,00H,00H,01H, CO0H
1CH, 11H,01H, 23H, 0CH
16H,0CH,02H, :2H,00H
OsH, 11H,01H,23H,00H
00H, 00H, 00H, 00H, 00H
3CH,0CH,01H,12H,00H
3BH,01H,00H,01H, 98H
2EH, 20H,00H,01H, 00H
2BH, 16H,00H,01H, 00H
1CH,20H,01H,23H,00H
12H,0BH, 16H,01H, 00H
0SH, 20H,01H, 23H, 00H
2CH, 16H,00H,01H, 0CH
03H,01H,00H, 12H, 00H
3BH,01H,00H,01H, OAOH
2EH, 1FH,00H,01H, 00H
1CH, 06H, 00H, 01H,00H

1CH, 1FH,01H, 23H, 0CH



DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

l?H,lSH,léH.OlH,OOH
05H, 1FH,01H, 23H,COH
00H, 00H, 00H, OCH, 00H
43H,01H,00H. 12H.00H
3BH,01H,00H,C1H,0A8H
2EH, 1EH,00H,01H, 00H
2BH,0DH, 00H,01H,00H
1CH, 1EH,01H, 23H,0CH
0rH,00H,00H,01H,C0H
05H, lEH,01H, 23H,00H
2CH,0DbH,00H,01H,00H
25H,01H,0Q0H, 12H,00H
3BH,01H,00H,01H,0B0H
2EH, 1BH,0CH,01H,00H

A

iEH,22H, 16H,01H,00H

Pt

1CH, 1BH,01H, 23H,00H
11Hd,00H, 00H,01H,0CH

05H, 1BH,01H, 23H,00H

07H,01H,00H, 12H,00H

3BH,01H,00H,01H,0BSH

33H,0FH, 00H, 02H, 00H
33H,11H,00H, 02H, COH
33H, 12H, 00H, 02H, O0H
33H, 144, 00H, 02H, 00H

33H, 15H,00H, 02H, 00H



DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

33H. 1AH,C0H,02H,00H
33H,06H, 00H, 02H, 00H
33H,CCH, CCH, 02H, 00H
38E,CFH,00H,02H, OCH
538H,11H,00H,024,00H
38H, 12H,00H,Q2H, 00H
38H, 14H,00H,02H, 00H
28H, 15H,00H, 02H,00H
38H, lAH,C00H,02H, COH
38H,06H,00H,02H,00H
38H,0CH, 00H,02H, COH
31H,0FH,00H,02H,00H
31H, 11H,00H,C2H, 00H
J1H, 12H,00H,02H, 00H
J31H, 14H,00H,02H,00H
31H, 15H,00H, 02H, 00H
31H, 1AH,00H,02H,00H
31H,06H,00H, 02H, 00H
31H,0CH,00H,02H, 00H
36H, OFH, 00H, 02H, O0H
36H, 11H,00H, 02H, 00H
36H,12H,00H,02H,00H
36H, 144, 00H, 02H, 00H
36H, 15H,00H, 02H, 00H
36H, 1AH, 00H, 02H, OOH
36H,06H, 00H, 02H, 00H

36H, 0CH, 00H, 02H, 00H



OFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
ors

DFB

JFH,OFH, 00H, 02H, 00H
JFH, 11H,00H, 024, 00H
3FH, 12H,00H, 02H, 00H
SFH, 14H, 00H,02H, COH
3FH, 15H, 004, 02H, 00H
JFH, 1AH,00H, 024, 004
3FH,06H, 00H, 02H, O0H
3FH,0CH,00H, 02H,C0H
40H,O0FH,0CH, 02H. 004
40H, 11H,C0H, 02H, 00H
40H, 12H, 00H, 02H, 00H
+0H, 14H, 00H, 024, 00H
#0H, 15H, 00H, 02H, 00H
40H, 1AH, 004, 02H, 00H
40H, 06H, 00H, 024, 00H
40H, OCH, 0CH, 02H, 00H
OOH, 00H, 00H, 00H, 00H
OOH, 00H, O0H, 00H, 00H
OOH, 00H, OCH, 00H , 00H
00H, 00H, 0CH, 00OH, O0H
O0H, 00H, 00H, 00H, 00H
O0H, 00H, 00H, 00H, OOH
00H, 00H, 00H; 00H, 00H
00H, 00H, OOH, 00H, O0H
41H,0FH, 00H, 02H, O0H
41H,11H,00H, 02H, 00H

41H, 12H,00H, 02H, 00H



DFB

DFB

DFB

OFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

41H, 14H,00H, 02H, 00H
41H, 15H,00H,02H, O0H
41H, 1AH, 00H, 02H, O0H
41H,06H,00H,02H, 004
41H,0CH, 00H, 02H, 00H
04H,01H, 0FH.02H, 304
044,01H, 1 1H,02H, SOH
04H,01H, 12H.02H, SOH
04H,01H, 14H,02H,30H
04H,01H, 15H,02H, 804
04H,01H, 1AH, (025, S0H
04H,01H,06H,02H, S0H
04H,01H,0CH, 025,304
04H,01H,0FH,02H, 314
04H,01H, 11H,02H,3S1H
04H,01H, 12H,02K,31H
04H,01H, 14H,02H, 314
04H,01H, 15H,02H, 31H
04H,01H, 1AH, 02H, 81K
04H,01H,06H,02H, 31H
04H,01H,0CH,02H,S1H
04H,01H,0FH, 02H, 82H
04H,01H, 1 1H,02H,82H
04H,01H, 12H,02H, 82H
04H,01H, 14H,02H, 82H
04H,01H, 15H,02H, 82H

04H,01H, 1AH,02H, 82H



DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB

DFB

04H,01H,06H,02H.82H
04H,01H,0CH,02H,82H

04H,01H,0FH,02H,83H

04H,01H, 15H,02H, 83H
D=H.Q1H, 1AH, 024, 83H
0+H,01H.06H,02H.33H
C4H,01H,0CH,02H,83H
04H,01H,0FH,02H. 84H
04H,01H,11H,02H, 34H
041,01H.12H,02K.84H

04H,01H, 124,024, S4H

(@7]

04H,01H, 15H,02H.S4H
04H,01H, LAH,02H, S4H
04H,01H,06H,02H, 84H
04H,01H,0CH, 024, S4H
04H,01H, OFH, 02H, 85H
04H,01H, 11H,02H, S5H
04H,01H, 12H,02H, 85H
04H,01H, 14H,02H, 85H
04H,01H, 15H,02H, 85H
04H,01H, 14aH,02H, 85H
04H,01H, 06H, 02H, 85H
04H,01H,0CH, 02H, 35H

04H,01H, OFH, 02H, 86H



DFB
DFB
DFB

DFB

DFB
DFB
DFB
DFB
DFB
DFB

DFB

DrB
DrB
DFB
' DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB

DFB

04H,01H, 1 1H,02H.86H
4H,01H, 12H,02H, 86H

04H,01H, 14H,02H, 36H
04H.C1H.15H,02H.86H
04H,01H, 1aH,02H, 36H
0+H,01H.06H,02H, S6H
04H,01H,0CH, 02H, 36H
04H.01H,0FH.02H,87d
044H,01H, 114,024,374
0+H,01H, 12H,02H,87H
0+d,01H, 14H,02H,87;
04H,01H, 15H4,02H,87H

4 01h,¢Aﬂ 02H, 371
04H, O;H 06H.02H,87H
04H,01H,0CH,02H, 874
2DH,01H,0FH,02H, SCH
2DH,01H, 11H,02H, 80H
2DH,01H, 124,024, 80H
2DH,01H, 14H,02H, S0H
2DH,01H, 15H,02H, S0H
2DH,01H, 1aH,02H, SOH
2DH,01H,06H, 02H,80H
2DH,01H,0CH, 02H, 80H
2DH,01H,0FH,02H,81H
2DH,01H, 11H,02H,81H
2DH,01H, 12H,02H,81H

2DH,01H, 14H,02H,81H



DFB
DFB
DFB
DFB
CFB
DFB
DFB
DrB

DFB

DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB

~DFB

2DH,01H, 15H,02H, S1H
2DH,01H, 1AH,02H,31H
2DH,01H,06H,02H, 31H
2DH,01H,0CH,02H,S1H
2DH,01H, OFH, 02H, 82K
2DH,01H4,11H,02H,382H
2DH,01H, 12H,02H,82H
2DH,01H, 14H,02H,82H
2DH,01H, 15H,02H,82H
2DH,C1H, 1AH, 024,324
2DH,01H,06H,02H, S2H
2DH,01H,0CH, 024, 8324

2DH,01H,0FH,024,83H
-DH,01H, 11H,02H,33H
2DH, OTH 28 8o 33T
2DH,01H, 14H,02H,83H
2DH,01H, 15H,02H, S3H
2DH,C1H, 1AH,02H,83H
2DH,01H,06H,02H, 83H
2DH,01H,0CH, 024, 83H
2DH,01H,0FH, 02H, 84H
2DH,01H, 11H,02H, 84H
2DH,01H, 12H,02H, 84H
2DH,01H, 14H, 02H, 84H
2DH,01H, 15H,02H, 84H
2DH,01H, 1AH, 02H, 84H

2DH,01H,06H,02H, 84H



DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

2DH,01H,0CH, 02H, 34H
2DH,01H,0FH, 02H, 85H
ZDH,OLH,llg,OEH,SSH
2DH,01H,12H,02H,8S5H
ZDH,01H, 14H,02H, 35H
2DH,01H, 154,024, 35H
2DH,01H, 1AH,C2H,35H
2DH,01H,06H,02H,85H
2bH,01H,0CH,02H, 85H
2DH.01H,0FH,02H, 86H
2DH,01H,11H,02H,86H
2DH,01H, 12H,02H, S6H
2DH,01H, 14H,02H, 86H
2DH,01H, 15H,02H,86H
ZDH,01H, 1AH,O02H, 86H
2DH,01H,06H,02H,86H
2DH,01H,CCH,02H, Sé6H
2DH.O1H,COFH,02H,37H
2DH,01H, 11H,02H,87H
2DH,01H, 12H,02H,S7H
2DH,01H, 14H,02H,87H

2DH,01H, 15H,02H,87H

‘2DH, 01H, 1AH,02H,87H

2DH,01H,06H,02H, 87H
2DH,01H,0CH,02H,87H
3EH,01H, OFH,02H, 80H

3EH,01H, 11H,02H, SOH



OFB

DF3

o3

DFB

DFB

5FB

D

o)

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

JEH,01H. 12H,02H, 30H

3EH,C1H,0CH,02H,30H
3EH,01H.OFH4,02H,81H
SEH,01H, 11H,02H,8:H
JEH,0:H,12H.02H.31H

EH.01H. 14H,02H,31H
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3EH,01H,06H.024.81H
3EH,01H,0CH,02H,S81H
3EH,01H,0FH,02H, 82H
SEH,C1H,11H,02H,32H
3EH,01H, 12H,02H,382H
3EH,01H, i4H,02H, 828
3EH, O1H, 15H,02H,82H
3EH,01H, 1AH,02H, 32H
3EH,01H,06H,02H, S2H
3EH, 01H,0CH, 02H,82H
3EH,01H,0FH,02H,83H
3EH,01H,11H,02H,83H
3EH,01H, 12H,02H,83H
3EH,01H, 14H,02H,83H

3EH,01H, 15H,02H,83H



DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

3EH,01H, 1AH,02H, 83H
3EH,01H,06H,02H, 83H
3EH,C01H,0CH, 02H, 833H
3EH,01H,0FH,02H, 84H
3EH,CiH, 11H,02H.84H
JEH,O01H, 12H,02H,84H
3EH,01H, 14H,02H, 34H
3EH,01H, 15H,02H,84H
3EH,01H, 1AH,02H, S4H
3EH,01H,06H,02H,84H
3EH,01H,0CH,02H, S4H
3EH,01H,0FH,02H,S5H
3EH,01H, 11H,02H,35H
3EH,01H, 12H,02H, 35H
3EH,01H, 14H,02H, S5H
3EH,01H, 15H,02H,85H
3EH,01H, 1AH,02H,8SH
3EH,01H,06H,02H,85H
3EH,01H,0CH, 02H, 35H
3EH,01H, OFH, 02H, S86H
3EH,01H, 11H,02H,36H
3EH,01H, 12H,02H, 86H
3EH,01H, 14H,02H, 86H
3EH,01H, 15H,02H, 86H
3EH,01H, 1AH, 02H, 86H
3EH,01H,06H,02H, 86H

3EH,01H,0CH, 02H, 86H



DD:

DFB

DFB

DFB

DFB

DFB

OFB

DFB

DFB

DFB

DFB

1

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

3EH,01H,0FH,02H,87H
3EH,01H, 11H,02H,87H
3EH,01H, 12H,02H, 874
3EH,01H, 14H,02H,387H
3EH,01H, 15H.02H.87H
3EH,01H, 1AH,C02H,37H
3EH,01H,06H,02H,87H

JEH,01H,0CH,02E.87H

09H,02H, 18H, i0H, 02H,00H
1SH,02H, 18H, L 3H,02H,00H
21H,1EH, 18H,01H.6+H,00H
22H, !EH,02H, 18H, 64H, 00H
23H, 17H, 18E,00H,02H, O0H
29H,02H, 18H, 18H,02H,00H
2AH, 1EH, 18H,02H, 64H, O0H
2BH,OEH, 1SH,00H, 02H, C0H
34H, 17H,08H,0CH, 43H, 00H
35H,0EH,08H, 00H, 434, 00H
36H, 1EH,08H,01H, 54H, O0H
39H,02H, 18H, 22H, 02H, O00H
46H, 1EH,OFH, O8H, 43H, O0H
4EH, 1EH, 11H,08H, 43H, 00H
56H, 1EH, 12H, 08H, 43H, O0H
SEH, 1EH, 14H,08H, 43H, O0H
66H, 1EH, 15H, 08H, 43H, 00H

6EH, 1EH, 1AH, 08H, 43H, 00H



ED:

DFB
DFB
DFB
DFB
DFB

DrB

DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB

DFB

DFB
DFB
DFB
DFB

DFB

70H, 1EH, 08H, OFH, 43H, 00H
71H, 1EH, 08H, 11H, 43H, 00H
72H, 1EH, 08H, 12H, 43H, 00H
73H, 1EH, O8H, 14H, 43H, 00H
74H, 1EH, 0SH, 15H, 43H, 00H
75H, 1EH, OSH, 1AH, 43H, 00H
77H, LEH, 08H, OCH, 43H, 00H
"EH, 1EH,0CH, 08H, 43H, 00H
86H,02H, 0CH, 08H, 43H, 00H
SEH, 01H, OCH, 08H, 43H, 00H
96H, 42H, 08H, 00H, 43H, 00H
9EH, 5CH, 0CH, 08H, 43H, 004
0A6H, 03H, 0SH, 00H, 43H, 00H
OAEH, 43H, 08H, C0H, 43H, 00H
0B6H, 25H, 08H, 00H, 4 3H, 00H
OBEH, 07H,0SH, O0H, 43H, 00H
OE1H,2BH, 18H, 00H, 02H, 00H
OE3H, 12H,0BH, 18H,02H, 00H
OE5H, 2CH, 18H, 00H, 02H, 00H
OESH, 1CH,07H, 00H, 02H, 00H

OFSH, 1EH, 22H, 18H,02H, 00H

40H, 16H, OFH, 04H, 02H, 00H
41H, 28H, 04H, OFH, 02H, 00H
42H, 3CH, 16H, 10H, 02H, 00H
43H, 1EH,02H, 10H, 64H, 00H

44H,23H,00H, 00H, 02H, 00H



DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFR
DFB
DFR
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB

DFB

45H, 30H, 00H, O0H, 0211, 00H
46H, 1 5H,01H,00H, 02H, SOH
47H,1EH,17H,OCH,62H,OOH
48H,16H,11H,04H,02H,06H
494, 28H,04H, 1 1H, 028, 00H
4AH,01H, 16H, 10H,02H, O0H
4BH, 1EH, 10H,02H, 64H, O0H
4DH, 2FH, 00H, 00H, 02H, O0H
4FH, 1EH, 21H,0CH, 02H, OOH
S0H, 16H, 1211,04H,02H, OOH
51H, 28H,04H, 12H,02H, 00H
52H,3CH, 16H, 13H,02H, O0H
33H, 1EH,02H, 1 3H, 64H, 001
56H, 154,011,00H,02H, 811
57H, 1EH,0CH, 17H,02H, 00H
58H,16H, 141, 04H,02H, 00l
S9H, 28H, 041, 14H,02H, 0011
5AH,01H, 16H, 13H,02H, OOH
SBH, 1EH, 13H,02H, 64H, 00H
SEH, 15H,01H,00H, 02H, 82H
SFH, 1EH,O0CH, 21H,02H, O0H
60H,16H,15H104H,02H,00H
61H,28H, 04H, 15H,02H, OOH
62H, 3CH, 16l1, 16GH, 02H, 00I1
67H,3AH;OOH,OOH,02H,OOH
6SH, 16H, 1AH,04H,02H, O0H

69H, 28H,04H, 1AH,02H, 00H



FD:

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

6AH,01H, 16H, 16H,02H, 001
6FH, 35H, 001, 00H,02H, 00H
72H,3CH, 16H,22H,02H,00H
73H, 1EH,02H, 22H, 64H, 00H
78H, 16H,0CH, 04H,02H, O0H
79H, 284,044, 0CH, 02H, 00H
7AH,01H, 16H,22H,02H,00H
7BH, 1EH, 22H,02H, 64H, 00H
0AOH, 211, 00H, 0011, 02H, O0H
0A1H,0AH, O0H, 00H, 02H, O0H
0A2H, 1AH,00H, 00H, 02H, OOH
0A3H, 2AH,00H,00H, 02H, OOH
0AS8H, | FH,00H, 00H,02H, OOH
0A9H, 08H, 00H, 00H, 02H, O0H
0AAH, 181],00H,00H,02H, O0H
OABH, 29H, 00H, OOH, 02H, OOH
OBOH, 22H,00H,00H, 02H, OOH
OB1H, OBH, OOH, 00H,02H, OOH
0B2H, 1BH, 00H, 00H, 02H, OOH
0B3H,27H,00H,00H,02H, O0H
OB8H, 20H, 00H, 00H, 02H, OOH
0B9H,09H,00H, 00H, 02H, OOH
0OBAH, 194, 00H, O0H, 02H, OOH

OBBH, 26H,00H, 00H, 02H, O0H

0%H,02H, 19H, 10H,02H, 00H

19H4,02H, 19H, 13H,02H,00H



DrB

DFR

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DrB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFD

DFB

DFR

DFB

DFB

DFB

21H, LEH, 191,011, 641,001
22H, 1EH,02H, 19H, G4H, 00N
23H, 17H, 1911, 00H, 02H, 00H
29H,02H, 19H, 191,021, OOH
2AH, 1EH, 19H,02H, G4H, 00H
2BH,0OEH, 19H,00H, 02H,00H
34H, 17H,0AH,00H, 43H, OOH
35H, OFH, 0AH, 00H, 4 3H, O0H
36H, 1EH,0AH, 0 1H, 54H, 00H
39H,02H, 19H, 22H, 02H, O0H
4GH, LEH,0FH, 0AH, 43H, O0H
4EH, 1EH, 1 111,0AH, 4 3H, O0H
SGH, 1 EIl, 1211,0Al, 43H, 00H
SFH, ITH, 1411,0AH, 43H, 00H
6611, 1EH, |5H,0AH, 4311, 00H
6FH, 1E0, 1AH, 0Al, 43H, OCH
70H, 1EH, OAH, OFH, 4 3H, OOH
71H, 1EH,0AH, { 1H,43H,00H
721, 1EH, OAH, 1211, 43H,00H
73H, LEII, 0AH, 14H,43H,00H
74H, 1EH,0AH, 15H,43H, 00H
75H, LEH, OAIl, [ AH, 43H, 00H
77H, lEH, 0AH,0CH, 43H, 00H
7TH, 1EH, 0CH, 0Al, 43H, O0H
S6H,02H,0CH, 0AH, 43H, O0H
SEH,01H,0CH, 0AH, 43H, O0H

96H,42H,0AH, 00H,43H, 00H



v

BDCB:

DFB

DFR

DFB

DFR

DFB

DB

DFB

DFB

DFB

DFB

Drn

DFD}

DIFR

DFR

DI'B

DFB

DFB

DIFB

DEFR

DFR

Drp

DFB

DFR

DFBR

DFB

DFB

9El, 3CIL, OCHL, 0AIT, 4311, 001

0A6H,03H,0AI,00H.43H,00H
0AEH, 4 3H, OAlL, OOIT, 4 311, O0H
0B6H, 25H, 0AH, 00H, 431, 00H
OBEH, 0711, 0All, 00H, 43H, 0041
OE1H, 2RH, 1911, 00H,02H,00H
OE3!, 12H,0BH, 19H,02H, 0011
0ESH, 2CH, 19H, 00H,02H, 00H
OESH, 1CH, 091, 00H, 02H, 001

OF9H, ITH. 221, 19H,02H, 00H

0611, 331, 08H, 0011, 4411, 0011
OEH, 38H,0SH, 001, 441, 00H
1611, 3111, 0811, 0011, 4411, 00!
1EH, 361, 08H. 00H, 44H, 00H
26H, 3F11, 0811, 0011, 44H, 00H
2nn,40u.08ngoon,44ﬂ,oou
3rH, 4 LH, 08I, 00IT, 4411, 00H
4GI1, 041,011,081, 44H, SOH
4FI1, 0411, 011, 08H, 4411, 8 1H
S6H,0411,0 14, 08H,44H, 824
STH,0411,0111,0811, 4411,8311
6611, 04H,0111, 0SH, 441, 34K
GEH, 0411, 0 111, 0811, 4411, 85H
76H,04H,01H,08H, 4411, 861
7EH, 044,011,081, 444,371

8GH, 2DH, 0111, 0811, 4411, SOH



FDCB:

Dri

DFB

DI

DIB

DIR

DI'B

DFB

DI

DFB

DI'B

DFB

DIB

DFI3

DR

DI

DFB

DFB

DFB

DFB

DFB

D¥B

DFB

DFB

DFB

DFB

DFB

SEH, 2DH, 0111, 0811, 4411, 8111
9GH, 2DH, 011,081, 44H, 821

9FH, 2DH, 0111, 08H, 4411, 8311

OAGH, 2D, 0 111, 0811, 4411, 3411
OAEH, 2D, 0 1H, 081, 44H, S511
OBGH, 2DI1, 011,081, 4411, SGH
OBEH, 2DH, 01H, 08H, 44H. S7H
0C6IT, 3B, 0 111, 08I, 44H, 30H
OCEH, 3EH,0 (1, 0SH, 4411, $1H
ODGI, 3EH, 0 1H, OSH, 4411, 32H
ODEH, 3EH,01H,08H,44H,S3H
OEGH , 3EIL, 0 11, 08, 4411, 3411
OEEH, 3EH, 011, 08H, 44H.85H
OFGIL, SEHL, 0 111, O8H , 441, S6H

OFEH, 3EUI, O 111, OSH1, 441, 871

0GH, 33H, 0All, 00H, 44H, 00H
OEH, 3SH, 0AH, O0H, 44H, OOH
16H, 31H, 0AH, 00H, 44H, OOH
1EH, 3GH, 0AH, O0H, 44H, OOH
2GH, 3FH, OAH, O0H, 44H, O0H
2EH, 40H, 0AH, OOH, 44H, 0011
3EM, 4 1H, OAH, O0H, 44H, 00H
46H,04H,01H, OAH, 44H, SOH
4EH,04H,01H, 0AH, 44H, S 1H
56H,04H,01H,0AH,44H,821

SEH,04H,01H, 0AH, 44H, 83H



MNETAB:

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DIB

DB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFR

DFB

DFB

DFB

66!, 04H,01H,0AH, 44H, 341
GEH, 04H,01H,0AH, 44H, 85H
76H,04H,01H,0AH, 44H, SGH
7CEH,04H,01H,0AH, 44H,87H
36H, 2DH, 01H, 0AH, 44H, SOH
SEH, 2DH,01H,0AH, 44H,81H
96H, 2DH,01H, 0AH, 44H, 82H
SEH, 2DH, 01H, 0AH, 44H, 830
OAGH, 2DH,01H,0AH, 441, S4H
O0AEH, 2DH, 0 1H, 0AH, 44H, 851
OB6H, 2DH, 0 11],0AH, 44H, S6H
OBE!l, 2DH, 0 {11, UAll, 44H,87H
OCGH,3EH,O)H.OAH,44H,80H
OCEH, 3EH, 011, 0AI1,44H,S1H
ODGH, 3EH.0111,0AH, 44H . 82H
ODEH, 3EH,01H,0All,44H,83H
OEGH, 3EH,01H, 0AH, 44H, 84H
OEEH, 3EH,01H, 0AH, 44H, 85H
OFGH, 3EH,0111,0AR, 44H, 8611

OFEN, 3EU,01H,0AH, 44H,87H

"ADC "
"ADD "
"AND "
"BIT "
"CALL"

"(:‘CF 1"t



DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DIFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

"ep
"CpD "
"CPDR"
"CpI "
"CPIR"
"CpL "
"DAA "
SPEC
nppo M
"DINZ"
ngp
"EX %",
"EXX Y’
4
"HALT”E
3 (YRR
oIy
"INC "
"IND "
"INDR"
"INI "
"INIR"
nip "
"JR "
np v
"LDD "
"LDDR"

HLDI 113



DFB

DIB

DFB

DIB

DFB

DFB

DFB

DFB

DFB

DI'B

DFD}

DIFB

DFB

DFB

DFR

DFB

DIB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFB

DFR

DFB

"LDIR"
HNEG 1

"NOP "

”()R "

"OTDR"
"OTIR"
"ouT "
"ouTD"
"ouTL"
"POP "
"PUSH"
RN
CERT
"RETT
"RETN"
A
"RLA "
"RLC "
"RLCA"
"RLD "
-
"RRA "
——_
"RRCA"
"RRD
"RST "

"SB(‘ "



OPRTAB:

DFB

DFB

DFB

DFBR

DFB

Dr3

DFB

DF3

DFB

DFB

DFB

DFB

DFB

" Sp A ”

” SRL "

1" L i ed .
{5

=

u( \-) i
TArE"
" ( IY) e
n( I"-"'"

p 3

"(SP) "



DFB

DFR

DFB

DFB

DFB

DFB

DFB

DFB

DEDR

DFB

DFB

DFB

DFB

DFR

DR

END

l'}{

"HL

"IX

"IY

"h1
"NC

" NZ

'"P

"PE
PO
"R

"Sp

”Z

"

"

"



SR L

.“RTC V.4 USER'S MANUAL’ 13t 87ifi i

2. "DOT MATRIX LCD MODULE" u3ifn 8% drio

-goteflulnsTunasmafunsloffifiendor i Sdayedu drin 2535 @naunrRe
666 wi.

gfaadnlelingsza’ Z60160" ETT CO., LTD

. *Z80180 MPU USER MANUAL" ETT CO., LTD

.“ET- BOARD V.4 USER'S MANUAL” ETT CO., LTD

. RODNEY ZAKS "PROGRAMING THE Z80",SYBEX ,THIRD EDITICN.

8. LANCE A. LEVENTHAL AND WINTHROP SAVILLE Z80 ASSEMBLY

LANGUAGE SUBROUTINES'.
9. "MPF-1 MONITOR PROGRAM SOURCE LISTING" ACER INCORPORATED.
PRELIMINARY TECHNICAL MANUAL ZILOG 1988,

10. “CP-cR180 Z180 MICROPRCCESSOR” ETT CO., LTD.
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