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ABSTRACT

S~

This thesis i; about the design and the developement of the in-
cirggit emulator for Z-80 microprocessor. User interface can
bemadethrough serial port (RS-232C) of an IBM PC or a terminal. The
software system consists of Editor, Assembler, and Debugger which can
do single step and mark breakpoint. The target system can run under
realtime condition. The 64 KBytes of emulation memory can be located

by the memory map through the software system.
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INTEL-HEX FILE FCRMAT

Jwumas INTEL HEX FILE wsenmsfuiserash 2 tlefla sarashioys

(DATA RECORD) useisnrairlusmiidaym (end-of-file record) SAuquitimaa

LTRADSARL (SFaUTILSTRUN g fMdhes AUNEENR(AN) uRssiRDATnY 2 fdhus

TRalyunAsl

:BCAAATTHH. . . .HHCC

—_
H

“Ehus 1Sy

byte count YwIwlwizasdaysiuiianash e duisssw 18 (HEX)
(BC 1Dy QO 51Lﬁﬂl$ﬂﬁﬂ§h§ﬂ§ﬂﬂﬁﬂﬁa§ﬂ)
AaauwianaafayRiuelisn L sanash

usarlinnad LSARRSH

(TT iu 00 difiuisasashtann)

(TT 8u 01 ﬁﬁtﬁutﬁﬁﬂaﬁhéﬁgﬂuQN)

MR 1 A '

71289 check sum 29T DU 2°s complement TainatNTaIfoy

er:
2
ot
Lg
)
5=

LIARDSA SUVRESINEI WU BYR (BC) ,AAAA,TT
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- ¥uen/Mily (tiner/counter) 2uR 18 T 2 1A

- TwadnBumn/1a M wuumuy 2 e oy 4 ﬂé€h wasAes 8 Iin
SUGIA 32 LA UARMSLLEY 8031 9% LRE LT 16 & B0 15 1R uvdandu

nﬂﬁLﬁﬁﬁqmﬁduaﬂtﬂﬁsustﬁhya

HafhuuuaqnﬁMﬂﬂnﬁinﬁQ:ﬁUiunsunwsfuaeuuu Full Duplex w7

At

J
eny
&

- WiRARANSANRITIT AT 1 WA IUTE Arsn RS 12 Mz
- #ounn nsafayamsuan i 84 kBytes

- §1UEAASTIUSUASNANELEN T B4 kRytes

ﬂﬁuﬁﬁnnﬁwuﬂniﬁﬁoﬁagna azun LAV el IiAEAsY  (Direct Bit &
Byte Addressing}

- ﬁﬂawﬁudﬁhwanaﬁw€UQWiﬁa:nﬁwuﬂtna1ﬁﬁq 128 aruwiaim

- AN BUADTIMI 5 uveouat 6 uve &Sy 8032,/8052
wioudEn1sdn priority W 2 sziu

- M S IR TT NI wLLLRu (beolean) W

- ﬁﬂﬁéhgﬂﬂﬁ:ﬂﬂﬁﬂﬁoﬂﬁéhuﬁf MIAMEIY 4 BEasiunh

- fiRIRATIRF ARSI FITRL LI LU S LA LAl



- psudTURRANA (stack) awdutusuasaisudnd 9 vdindnatu

FNiRunImay NCS-51

ﬂuzuﬁ 1 Lﬁuguanwﬂhanssunﬁﬁﬁunad MCS-51 ZFuscanu WY central
processing unit, program WRt data memory, input/output ports,
registers &miL mode status WSt data Faudacdull I oartnaBaAuinuu
data bus U@ 8 v usshmdadumzuaniemiou I/0 port Fausisesnu
aﬂNﬂsnﬂquﬂaiﬁﬁhﬁ
]
"8
| i “Bewml A T EILILEET S RANPVEN- g TP e L % =
ey iy !
vey |
B ]
J H |
IE oa
| 5 HERE = =k |
! 1[ '
| ]
. |
: <> I
] > !
\ [rowmite mocew i
| < |WCETEN e I
! -m-stu Ty :: N 7 7)) |
I -co~ SSO™ 'ucc “CON “——-’-——l—-d@ :
I ZCDN T =g ‘::.-
' Soamr= | emd |
! BRGEE
d LI |
1 0cus sR0GCAMG
AN E{?l || E=ER
art TG ;g /' ' [rre———
.‘:' tco-:::os g;\l T > @ :
!
!
f
I
!

TaL 2

rony

5.

1

2Toes2-1



Central Processing imit
CPU owasn iy s 2a3WSAsTRaNrRY  (microcomputer)
& e o A 3 -: . . -
uusninmusand@mbuiian BewTRylAsissnertiiiog Arithretic/Logic

Unit (ALU), 33q.na9(Register) A, B,PSW,SP, Prcgram Counter Ust Data
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o

Pointer Tutn 16 Tn  wwARzdnumminad
Arithmetic Logic Unit

ALY Buimvwinidansandasiae 9 BAmdLee  tEunnsnn, NSaY,

n%ﬂﬂm, ANTINS  URENISATUIAMNSASSN  (Logiecal operation) (du AND, OR,

Exclusive—ORdﬂ:S?kﬁﬁﬁﬁtwﬁ(rngte)‘Lﬂ?ﬂ{(clear),ﬂauwﬁluufkcompletement)

AU favrwaidiBumnaiu  ues iiud¥sinesinaTn swiunassaiufayamuiuse

VA ALU ﬂﬁuﬁsnﬁqzﬁhauﬂqﬂunﬁsns:iﬂﬂ1UWﬁﬂﬁﬁhnaeinsunsuﬂudﬂuﬁu 7 A7 -

¢ R
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(Jauta¥iasu

éhtﬁunaaALU ASENR MCS-51 fim ﬁuaﬁuﬂsnﬁhnﬁsﬁhgaﬁdﬁuﬂﬂ 1 s 8 fm
W faysnuna 1 Iv swnsagn iin,  1nfed VvanABWE LAY (complement) , iA%au
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Interrupt Response Time: Refer to Hardware De-
scription Chapter.

instructions that Atfect Flag Settings(?)
Instruction Flag

C Ov AC C Ov AC

ADD x X X CLRC o
ADDC X X X CPLC X
susa X X X ANLCDHa X
MUL o X ANLC. /Bt X
o (o3 § ORLCht X
DA X ORLCbt X
RRAC X MOVCobt X
RLC X CJINE X
SETBC 1

{1'Note that operations on SFR byte address 208 or
bit addresses 209-215 (i.c., the PSW or bits in the
PSW) will also affect flag settings.

Note on instruction set and addressing modes:

Rn — Register R7-R0O of the currently se-
lected Register Bank.
direct  — 8-bit :nternal data location’s address.

This could be an Internal Data RAM
location (0-127) or a SFR [ie. 170
port. control regisier, status register,
ete. (126-285)).

SR — 8.bit intermal data RAM location (0~
245) addressed indirectly through reg-
ister R1 or RO.

#data — 8-bit constant included in instruction

o data 16 — 16-bit constant included in instruction.

addr 16 — 16-bit destination address. Used by
LCALL & LIMP. A branch can be
arywhere within the 64K-byte Pro-
gram Memory address space.

addr i1 — 11.bu destination address. Used by
ACALL & AJMP. The branch will be

. within the same 2K-byte page of pro-

gram memory as the first byte of the
following instruction.

rel — Signed (two's complement) 8-bit offset
byte. Used by SIMP and all condition-
al jumps Range is —118 to +127
bytes relative to first byte of the fol-
fowing instruction.

bit — Direct AdZressed bit in Internal Data
RAM or Spec:al Function Register.

Osciliator

Mnemonic Description Byte

ARITHMETIC OPERATIONS

ADD ARn Add regrster to 1 12
Accumulator

ADD  Adrect Adddiectbyteto 2 12

Accumulator

Ada mdrect RAM 1 12

to Accumulator

ADD A edata Adc rmmediate 2 12

catato

Accumnuiator

Adg register 10 1 12

Accumuiator

with Carry

ADDC Adrect Aocdirectbyteto 2 12

Accumulator

with Carry

Add ndwect 1 12

RAM to

Accumulator

with Carry

ADDC A.#gata  Azcimmediate 2 22

daato Ace

with Carry

Suttract Register 1 2

frem Acc with

borow

SUBB Aorect Subdtract dect 2 12

byte trom Acc

wit™ DOrrow

Subtract ndirect 1 12

RAM trom ACC

with DOTOwW

SUSB A, ecata Subtract 2 12

immediate data

from Acc with

borrow

incrgment 1 12

Accurnuiator

incremaent register 1 12

Increment direct 2 12

tyte

incremaent direct 1 12

RAM

Decrement 1 12

Aczumulator

Decrement 1 12

Register N

Decremem direct 2 12

byte

JEC  sfR Decrement 1 12

[ indrect RAM

ADD  AGHR

ADDC  ARn

ADOC AcCRi

SU38 ARn

SUgB  A@R:

INC A

INC Rn
INC direct

INC SR
DEC A
DEC HRn

DEC  direct

All mnemonics copyngntes T intet Corporation 1380



Mnemonic Description  Byte Opciiator Mnemonic Dwscription  Byte Opotietor
ARITHMETIC OPERATIONS (Contrued) LOGICAL OPERATIONS (Continued)
INC  DPTR increment Data 1 24 AL A Rotate 1 12
Ponter Accumulator Left
MUL AB Muftoly A & 8 1 49 RLC A Rotate 1 12
OV AB Dwde A by 8 1 48 Accumutator Left
CA A Decwngi Adpst 1 12 through the Carry
Actumutator RR A Rotate 1 12
LOGICAL OPERATIONS Accumulator
ANL ARN AND Regrster 10 1 12 Right
Accumuiator [9C A Actats 1 12
ANL  Adrect AND dwect byte 2 12 Accumuiator
to Accumutator Right through
ANL A @A AND ndivect 1 12 the Carry
RAM 10 SWAP A Swap nibbles 1 12
Accumulator withun the
ANL A sdata AND immediata 2 12 . &ccumulator
datato DATA TRANSFER
Accusmulator MOV  ARn Move 1 12
ANy dwrectA AND Accumuigtor 2 12 register to
to direct byte Accurmuiator
ANL  drect.#data ANDwmmaediate 3 24 MOV Adirect Move direct 2 12
Cata ic direct byte byte to
ORL ARn OFR register to 1 12 Accumulstor
Accumulator MOV A @Ri Move indrect 1 2
ORL  Adrect 0= drect byte to 2 12 RAM to
Accumulator Accurnulator
ORL AeAl OR indirect IaM 1 12 MOV A odats Move 2 12
to Accumulstor immaediate
AL A edata OR simmechats 2 12 datato
data 10 Accumuiator
. Accumulator MOV AnA Move . 1 12
ORL drectA OR Accumutator 2 12 Accumuiator
1o direct byte o register
ORL drrect. #data OA mmediate 3 24 MOV Rn,direct Move direct 2 24
data tc direct byte byte to
XBL ARn Exciusive-OR 1 12 register
register to MOV Rn ecsta Move 2 12
Accumulator immaeciate data
XRL Advect Exclusive-OR 2 12 10 register
direct byte to MOV  direct A Move 2 12
Accumulator Accumulator -
XPL A@RI Exclusve-OR 1 12 o drrect byte
inc.rect AAM to MOV directRn Move register 2 24
Accumulator to direct byte
XR. A edata Exchusve-OR 2 12 MOV direct.direct  Move direct 3 24
immediate cata to byte to direct
Accumulgior MCV  direct,8R1  Move indirect 2 24
XAL  avectA Exclusive-OR 2 12 RAM to
Accumutator to diroct byt
airect byte MOV  direct. #data Move 3 24
XRL drectecata Exclrave-OR 3 24 immediate data
mmecate data 1o direct byte
to direct byte MOV @RiA Move 1 12
CLA A Cloar 1 12 Accumuiator to
Accumulator indicect RAM
CPL A Complament 1 12

All mnemomcs copynghted € Intel Corporation 1580




Oscillator Osciliator
Mnemonic Desncription Byte P Mnemonie Description Byte pe :
DATA TRANSFER (Continued) BOOLEAN VARIABLE WMANIPULATION '
MOV €8, direct Move drect 2 24 CLR C Clear Carry 1 12
byte o CLR bet Clear dwact bt 2 12
ndwect RAM SET8 C Set Carry 1 12
MOV  &Ri #data Move 2 12 SETE  bot Set drectbnt 2 12
immediate CPL Cc Complement 1 12
datato Carry
indicect RAM CcPL it Complement 2 12
MOV DPTR,¢data'6 LoadData 3 24 direct bt
Pomnte-witha ANL C.bt AND dhrect bit 2 24
16-bet constant to CARRY
MOVC A.@A+DPTR MoveCode 1 24 ANL C./bt  AND compiament 2 24
byte refative to of dwect be
DPTR 10 Acc to Carry
MOVC AGA~+PC Move Code 1 24 ORL C.ba OR dwect bt 2 24
byte reigtve to to Carry
PCto Acc ORL C./ot OR complement 2 24
MOVX A @R: Move 1 24 of direct
Extenal to Carry
RAAM [B-bet MOV c.bt Move direct it 2 12
acdri to Ace to Carry
MOVX A @DPTR Move 1 24 MOV on.C Move Cany to 2 24
External direct bt
RAM (16-bit JC ret Jumg d Carry 2 24
adort to Acc s sot
MOVX @RILA Move Acc to 1 24 JNC rel Jump o Casry 2 24
External RAM - not set
{8-b4 addr) J8 bit.rel Jump if drect 3 24
MOVX @DPTRA Maove Acc to 1 24 Bit s sat
Extenal RAM JINB bitrel  Jump i dwect 3 24
{16-0n aadr) Bit1s Not set
PUSH direct Push direct 2 24 Jsc brtrel  Jumg i dwect 3 24
byte onlo Bitissetd
siack clear bit
POP  drect Pop direct 2 24 PROGRAM BRANCHING
byte from ACALL addri1  Absotute 2 24
stack Subdbroubne
XCH  ARn Exchange 1 12 Call
rogrstar with LCALL addrié Long 3 24
Accumutator Subroutine
XCH  A.girect Exchange 2 12 Call
direct byte RET Return from 1 24
with Subroutne
Accumulator RET! Return trom 1 24
XCH  AQRI Exchange 1 12 interrupt
indirect RAM AJMP  addri1  Absohsta 2 24
wr Jurmp
Accumulator LIMP  addri6 Long jumo 3 24
XCHD A @RI Exchangeiow- 1 12 SUMP  rel Short Jump 2 24
order Drgit ({relatres adon
incwect RAM All mnemonics copyrighted € Intet Corporation 1980
wth Ace
—_
Mremonic Description  Byte m“ Mnemonic Description  Byte porcy
PROGRAM BRANCHING (Continuec) PROGRAM BRANCHING {Tontinued)
JMP @A~ DPTR  Jumpindirect 1 24 CINE Rr. esdatarel Comcare 3 24
relative to the immedhate to
OPTR rogster and
Jz roi Jump it 2 24 Jumg it Not
Accumulator Egual
s Zero CUNE @R ¢dataret Comgare 3 24
INZ et Jump 8t 2 24 anmediate to
Accumulator indrect and
is Not Zero Jump o Not
CJNE Aavectrel  Compare 3 24 Equal ,
direct byte to DJINZ Rnrel Decrement 2 24
Acc and Jump regster and
f Not Equat Jurnp d Not
CJUNE A edataret Compare 3 24 Zero
mmediate to DJUNZ  dwect.ret Decrement 3 24
Acc and Jump dwrect byte
H +f Not Equal anct Jump it
Not Zero
NOP Nz Operabon 1 12

All mnemorics copynghied T ntel Corporation 1980
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(TR AIEY

Lbc.8

imsm:m':a*mﬁogUéﬁolmﬁwmwé'\ fia -

[o l"‘ﬁ*"[‘—’c‘—q

g ¢ 3 . " - -
1.6.8 msé’nuammmmuau?wa (implied addressing) lunidist Wgate

" -ta € P - ol o) « [ 4 [} *
ﬂ’J'lUHUWULéNIﬂUﬂT‘J‘J’I 1aamawnvma'lwnwga:xﬂu‘[mﬂammﬂ 1TU AR
ADD Ar

a"msm:mﬁ'm'lazﬂﬁ'xé'ﬂumbummé‘l fo

[ 10001 [c—r—:l

IMNAFTIRITIAUTA v ludsaimuair eI Imea s A UARTBIvsAnINY
¥ T . o~ sl ¢
ua MBI DU R RN TN T T S mne T A

1.6.9 ms5mmnmsmﬁan71q'ﬁﬂdn 7 (bit addressing) z-80 T TRy
FwTanIziImaranieTion wieniremautaladantslu o fald 15u ey

RES b, r (reset bit b of operand )"

é’nsm:m75’6111431.!61&"41%1«":0911'1&151 fie

I
[ S m——
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n16‘4mmm‘lﬁ'ﬁn‘uﬂuawﬁagauunﬁuﬁnﬁuaiﬂﬂul’&'ﬁﬁo
LD H, 36
é’nvmzmsi’a‘:‘ngﬂﬁwﬁ'c'lumi‘wn‘nui'1 fin

UERATR A 26 | osulda

a1 | 36 | Tawafusud

) [ . o J d'- - - -
u.ﬂmﬂv«amagaao‘lwmum‘mﬁamwumw.h:anﬁmwgaﬂa 3 vaalay

-

15Bwding Tismefidumitdaya us:l i maBulidiumduns fivmaundadudu (source)
vaITaya 11U

LD (IX-15), 21

é’msm:mﬁ'omagﬂé‘xé’ﬂuml‘zun‘nuiw o

UIMATH A Do
gaylfa
A1 | 36
A2} F1 FNRY -15=F1
A3l 2 Towafusud

Pndnsusmdisniumaintuenz: it umisn s feumiana T
IX-15 uan=nnw.ﬂuammm'l'nmaﬂnaammﬂnamaua’tmﬂuuwnmﬂvxamaua
w170 16 DaldBntan  usnRaseminavasrid sl uiu mmawoxﬂuanumwaams
u.anzﬂ‘é‘ﬂut‘:’agwaaﬁﬁmﬁam’m 9

1.7.2 ﬂaumaﬂum'mumwumm maeummaumﬂunau 7-80 HFNEY
nm'l'nm'm'lnmw‘luamwm:ammw Taumm7naﬂmmmamﬂﬂmnwaa‘lamn
anuru:-uaanqumaelunaum:mﬂumm'mmwnwuaoﬂﬁmaa'smulwnwg 3¢ fin

f‘\f a
e ugTimaaindafisiumisgaduns
DE L:Jugnamasnaummmmqaﬂmuma
BC umiuinunlud

» [ Y -1
'lum'mum-naga I lingudigadaiife
CPI (compare with increment)

a”num:mﬁ'mngﬂéwé"ﬂumi‘mmwiw fa
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luftiazld e b unulawefusudiniudalolusisney wu
. by oo wwiwiie dao
b WAy 111 wuwd a7
v ¥ oa . va “a ¢ - v ¢ o -
amuisrmnsailiiale 9 uiimaafidu o 167 ou f16s ResS 0, A svunn iy
. 1 v rr [ 4 -
YIALA 0 18353FmaT a Wy o

n 10 AR TILEMIS BaARIARANE UMY 9 wuuwn TN le

v o &
1.7 ﬂﬁﬂﬂ]ﬁ@

mae’uae z-80 §f14 158 Ada Iaumma‘mauoxﬂumamulu 8080 (78 AY)
maommummmumaamﬂunau 9 'lﬂmu

1.7.1 ﬂauﬂmammnumsfﬁaﬂvauaua“uamﬂ‘auu‘uaqa nms Mamﬂu
msmae_umumauara'mm luz-80 uuxﬂ'nmsnmaaumwaua'lﬂamwds s&nfnmn
.aa%wamm‘mvu’nhnunaumaﬂaaa IWITNINGIDLI § Wik

LD E, (X +08)

é’nvm:msi‘ﬂﬂagﬂﬁwéﬂuv\ﬁdum‘miw fio

uEMATA A Do )
paulda
A1 S5E
A2 | o8

mnnaumamnmamum siuinduidaemne 3 vl uazandd e
3 ludd e Tal P Fmadunneve weneta e Tooldiads
LD A, (6F 32)
* SN s “.1iﬂvwoaﬂéwi‘v"qluuﬁmnr\uiw fe

UBMATA A 3 | eaylda

Aot | 32 | uesmImludyan

A2 6F | usmaTmilnddgge

anvm.maqma'ma‘mum1Tnamaua1wmumma1muuuouaamm 6F 32
Fofidaunnde 32 a:ag’lu‘lum 2 §I46F a:ag‘lu‘lum 3
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28  Wwinsl/niyarvas z-80

m:m\nuluantm.u TAga: u'mauaa‘mnmumwwnuamma HL 'lUmu‘H‘lu
WA NLDMATH DE uamae'e‘muum'luﬂﬂamas BC. HL UAZ DE 3zifiudidiy 1
ussIzannaly 1 Iumuaammnuxﬂmm1n'lmwuamaommlumnﬂaaumwamm
uaan‘lﬂ Taummmmﬁmmanawlﬂunﬁmﬂm 8¢ u&1FA189 LoIR MIYeuYDs
I siazaduRLAE Lo uasyingn 9 ‘hjnau 9 vum-mmlumwmas 8c1uo fias
wyeuazlunTsvinddadaly

1.7.3 ngumdimsassimuadamantiazasin stz nTsvingay
F3man A Judulng é‘num-maanﬁuﬁwé’oi{ﬁs:nauﬁwé’nvm~n11 ADD, SUB, ADC,
SBC, INC. DEC. AND, OR, XoR lumidrsusaassvasalawlafusndiu (i lenauyy
-uwuagnunwuuurm'nnu

msn1-m1unaumacua~1vmaawmnummmaamas A URsHBNIINTUIFYE4
undneziinadamInssinuesidadn 1u drenlniianes A v o uWBnaIgnd  flag)
fzldfumeiganly

1 7.4 naumaﬂuﬂmaawegmﬂma (rotate) HAZNIIFWA (shift) arm
mmmwugwmxm z-80 lumnaawauauwmwwnnmuaunulwwgmaaﬂaumma's
m‘hj un"luz 80 ummmnmnnmnaawauamm-u BCD 8y 2 ANF9fla AN RAD uA:
&1 ALD 1 2 maam*m'lmana 1 (#2487 BCD) quannmmmanmmﬂmnwm.maua
2 (7218 BCO) 'lmmummv’mawuamma'[ﬂunﬂamm HL anum-mmv:ma:u_lumu

1. M3 RRD
é’nutu:m‘s,i'm'n;ﬂéﬂé’dwﬂ'mm‘mi'z fi

uanaiusng§

mi‘zun11ui‘1ﬁuamma HL

2. AT RLD

[ o3

SNBUzNIIMRIUMA lkmben i A

|
[ [T
uongﬁ‘uama?L ] | I

¥ o
AWMNWIIMUBMNTE HL
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usALATE A £
paulfm

A-1 Al

-

Anp e mMItuaniudi fa 'ﬁwga'uwauamnumumwa‘mumuamma
aylugTiment v uFoufouiuTinned A naemn-ﬂnwaeﬂﬁamm HL 3suRuengn
1 U883 3mnaT BC azanduanslufias 1 amsru.mnﬂmumum-lv&nsawsn
uWan fnnmmwsw-lv\msmﬂm-ﬂmmaa wet sc iDuimianludidosmasiudioy
mmamﬂmﬂm BC 32 anmmwni’lu 0 ua‘:n‘maaaumvaamaama‘: 8¢ 1dviany o a2
muﬂnnﬂsmmum fvasgIimnas H e muum'lnns.mmmu'lnuuammu
'lwmnmwmw:mummm- 1 a8

WaRulse ansmwuaa Z-80 u’mmammmtn'lwnwgnrn'm'maaumumu
mamludinely u fags '

CPIR (compare with increment and repeat)

a'?wm:mﬁ'mwgﬂéwé’ﬂwﬁ'mﬂ-nuiw fie

UaMRATH A ED i
pavlda

Asl B1

ﬂ'lTYﬂﬂ'\ﬁdu'i"W!UBuﬂUﬂ’lﬂJ CPI uwwga:mun .maaaum'luﬂﬂﬂmm BC
uduo usnTeds muam*m:mmmmuuman mﬂﬂumwmm BC a*aaaamna* 1

—

swilwo Jmyanszin uarmnwrmammmlwmuaﬂm*ahﬂﬂamat HL faARIfias
Thgunu Taoldaqds CPD w3ef 89 cPoOR

a‘rmumswaaumwguaxﬂuuaan (block) AnssvutuauItumTIoLALY
Taoldgiimna nL nJumuanuammamammum‘mmnaaamw'm uszgIsmaes oe
Lﬂumuan‘nmuaammm.m'lﬂmuaumﬂ fetivaidsfa
' LD! (foad location (DE) with location (HL) increment)

LDI (DE). (HL)

é’n&tu:n‘nﬁ'm'mgx.lﬁwﬁ"ﬂuuﬁaumwﬁ fio

UORATR A ED .
payda




[FUNSISEEII S

30 winsl/siwanss z-80

ISP 7

- ] o - .
ATINN 1.1 (RB) urmidnyusvasTiaunulonly )
& 1
cc Jeuly fNUNEN .
101 wialug p
110 fiaTeamneuan
m GnToavunuay .

lurimenduiu z-s0 Aiadefild rer wwufidanly 1u

RET cC

o cc \waTaasnisimanizlaandulsuntundn  usith cc Liifiuasefiae
nisvfasadaly

wenimnmnionliaunsutasudy z-so fafiindsludnm s s0s0 wuvee g 3n
Feoaduleunddaulanielutdanle '

1. 7 7 ﬂaUﬂTﬁQlﬂﬂjf\Ufniﬂﬂﬂ3707‘“]3auWﬂla]ﬂ"ﬂﬂU‘ﬂ“q 1% 8080
naummuumuo 2 AINAYNUAD IN URS OUT  uAlw 2-80 imwwmummmanuauwa
Lmnwnmnumu vl¥Ussininmeasmitedaduwluldandu

fnd Ry soso A

IN A, PORT ’

ﬁ'msm:n’ni’n’mgﬂﬁwé’o'lumhumnm"\ fia

As) PORT

_soUlfa

ms m-mmaeu v.tﬂumm’mauam nwammﬂuauwa'(%amauamma RLG‘IE)T A

SeniRuLTes 2-80 A n'nummmlumnuan'[naﬂlnnumuarwamaﬂﬂrﬂa Iﬂu'l'nmm
IN T.(C)

a’msm:ms5'a11a31]ﬁw&'a1umiwmm€1 fia

Asl J0le— o r—oooq

soulfa
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1.7.5 na:uﬁaz':"qxgmf‘r'nmms:ﬁmm‘lu%gaﬁadu 9 2-80 faruEanTa
maslumage Tirn wionessudialedaniisluiimesians g uazlumiauaansa e
swanduevaimion mMIdioa ua-mmﬂaaummmuumﬂummuau ‘Jlunauu‘iﬂ
LN NI sURsz AR s udid ey 9 TGma 8 e

lummesaufiads 9 3uluowio 1 du 13 13udan o Wuduiudays ou

muarmaamﬁu 0 na.umuwanﬂuu"luummu 1

1 e u Ay ' : . a a

1.7.6 nquamdmennullsunsudes weldmnIenlusunsudestussing-

nwgs  z-80 1938 muTunlagdds caLL uasAde RET Fnd9 CALL 3:nTsvin WA ung
u . N ,

U o« - -t ] - ] ) | -
Iﬂ':unwz.mwaa:muﬁuag'lﬂmu‘l%’ﬁﬂuﬂn ud2 Inaaduamasavaslusuntutsunduau
nlWllaunsuaitiead usslumanssrindads rer MsnTsiinduiiu wufesndyms
P % . < < - “ ate o & - -
@3 (pop) Tayslusuananlildsunsmaihaad sansnd z-so gallAFydaninfe

CALL CC, nn
a“msru.:mﬁ'm‘w;:ﬂéwé’duuﬂ'zummh fia

[n l ce 11001

C 1 n|
= N
[ I
I 2 -

é‘wé"az‘la~tﬂum'm6\aam3'auh'lu cc Tdaulmiuags mintsvineudngs CALL
fazifintu Aoelasszidon (push) Tayalulysunsue e Ay lusunn u§IAT nn
TWilusunsmenised dudaulalu co Wiiiuey FRgaznIzindndadaly maidaie
uwnwdenlviae 3 0a szeunsounudewlale s wuy duaaslunsren 1.1

AIUN 1.1 unesdnwnzvossdaumuianly

ce Gouly 99 INUAEN
000 NiiTugud z
001 Wugud b4
010 Lifidane c
o1 fifme c
100 ynFmiud P’
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1.8.1 {IYUHOHMIAIAIVABHINGSIHA DIWYLIU NMIE LTSN IRaY

FUDITUN Iﬂua:m:'[ﬂﬂ'hln1:ﬁ15’aﬁ1uuﬁauamma 0066, iU URzLAUA 1TunTy

« Ca B d o e v o . - & - - Co € o

wiee Tt S uuauan 'nen‘maemﬂmaumm'[ﬂmm:manmamwmsawﬂaﬁwnum

:‘ﬂﬂmnmmmml'ﬁ'éﬁq RETN (return from nonmaskable interrupt) mluauane: 18y
- ¢ « - - - - P
.mmom‘l"ﬂumtunmnmumauwans:n‘msu‘lﬂnﬂﬂmmwan

" ‘ - - & : ) b
1.8.2 HUUNmALaduaosSwe mIdwasiSwiuuuiinyeenld 3 uuumiy

- ¢ ¢ d - we .- a - o —_— W - -
Wrerarand Suflusunsudugimue duda wasgym INT 1dhan Rgazatang
’ < [ ve 1 e —-T o L/
NrzvvTeniLfsesdTuaunsuliinmseauavesmedynnn ivF fuuyle Tatuiu
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Wuleshinymyas z.30 33
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[ ..- .U L Q‘: : . - lb
W lUffe drda 1 lud Taold msTb UL ammﬁaiﬁgm:mmm RSTD  dayaves.
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ANIRINATY RST udInTziddsdalumuTysuntme s s
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mfm*\éhnm 780 Ay

MNEMONIC  OP CODE

COMMENT

FLACS M T
H -P/\' N C CYCLFS STATES

INR

" HIL)
AN
oY)
it C.nn

P AL nn

it NCoan

if an

tii’ NZ.nn
P P.nn
¥ PE,nn
i PO,nn

1P Z.nn

ACe

Ae

ANCe

ANZe

- -

EDB2

F9

DDE9
FDE9
DAun

FAnn
D2un

Cinn

C2nn
Flan

EAnn

CAnn

38¢

18¢
30e

20¢

Input duta from input port pointed to by
C mito memory pointed to by Hi. Dec-
renent B Increment HL. Repeat B=0

Jump to the address pointd to by HL
Jump to the address pointed to by IX
Junp to the address pointed to by 1Y
If C=0, disregard instruction. If C=1,
jump to address pointed to by bytes 3 and
2

If sign flag=10, disregard instruction. If
sgn flag =1, jump to address pointed to
by bytes 3 and 2

If carry RBag=1, disregard instruction. If
carry Rag=0, jump to address pointed to
by bytes 3 and 2

Unconditional jump to address pointed to
by bytes 3 and 2

If z¢ro flag = 1 disregard instruction. If zero
flag=0, jump to address pointed to bytes
1and 2

If sign Rag=1, disregard instruction. If
sign flag=0, jump to address pointed to
by -bytes 3 and 2

If parity lag=0, disregard instruction. If
panty flag= |, jump ta address pointed to
by bytes 3 and 2

If parity Rag=1, disregard instruction. If
parity flag=0, jump to address pointed to
by bytes 3 and 2

1f zero flag =0, then disregard instruction.
If zeto Aag=1, then jump to address
pointed to by bytes 3 and 2

If carry Rlag=0, disregard instruction. If
carry flag=1, jump to PC+¢

Inconditional relative junp to PC + ¢
If carry flag =1, disregard jump. If C=0),
junip to PC+e¢

If Z=1. distegard instructions. If Z=0,
jumpto PC+c

X X 1 X 5 12
o B#U)
4 16
(if B=yy
1 +
2 8
2 8
3 10
3 10
3 10
3 10
3 10
3 ‘ 10
3 10
3 10
- 3 10
1
2 7
uf C=0),
3 12
ufC=1)
3 12
2 7
(lfc=l)l
3 12
W C=0),
2 7
Z=1)
3 12
(fZ=U)



Y

FLAGS M T

i MNEMONIC OP CODE - COMMENT S Z H PV N C CYCLES STATES
LOUY+d),D FD7d Load contents of register D into memory . . . . 5 19
ponted to by 1Y +d
LDUY+d)LE FD73d Load contents of register E into memory . . . . 5 19
pointed to by 1Y +d
LDUY+d)H FD7#d Load contents of register H into memory . . . | S 19
pointed to by IY +d
LDAY+dL  FD73d Load contents of register L into memory ., . . .. 5 19
pointed to by 1Y +d '
LD Y +d)n FIN6dn Load data in byte 4 into memory pointed ... . .. 5 19
to by 1Y +d
LD (nn), A 32nn Load contents of A into memory pointed . . | . h N\ 4 13
to by bytes 3 and 2
LD (nn), BC EI>X3inn Load contents of C into meory pointed h : . . .\ 6 20
to by bytes 4 and 3. Load B into the fol-
lowing address
LD (), DE ED33an Load contents of E into memory pointed . . . € . o 6 20
to by bytes 4 and 3. Load D into following
address
LD (nn},HL 22nn Load L into menory pointed to by bytes . . . { L 5 " 16
, 3 and 2. Load H into the next higher
address
1 LD (nn),IX DD22nn 1 iad the LOW byte of the IX register into . : . - . - 6 ] 20
i micon pointed to by bytes 4 and 3. | oad i
' the HIGH byte of IX into the next higher
address
LD (nn),1Y FD22nn Load the LOW byte of the IY registerinte . . . . . 4 6 20

memory pointed to by bytes 4 and 3. Load
the HIGH byte of 1Y inta the next higher
address
LD (nn),SP ED%3nn Load the LOW byte of the stack pointer . . . g .. 6 20
into the address painted to by bytes 4 and
3. Load the HICH byte of SP into the
next higher address

LD A,(BC) 0A Load contents of memory pointed to by . . . . 2 7
BC into the accumulator
: LD A (DE) 1A Loud contents of memory pointed to by . . . . 2 7
' DE. into the accumulator -
LD A (HL) 7E Load contents of memory pointed to by . . . . .o 2 7
’ HL. into thie accumulator
IDAUX+d)  DD7Ed Load contents of memory pointed to by .., . .o 5 19
IX +d into the accumulator
DAY +d) FD7kd Luad contents of memory pointed to by . . . . .. 5 19
IY +d into the accumulator
LD A (hn) 3Ann Load contents of memory pointed to by . . . . .. + 13
bytes 3 and 2 into the accumulator ‘
LA A 7 Load contents of accunwlstor into the aec- . . . . | 4

cumulator



FLAGS M T
MNEMONIC  OP CODE COMMENT S Z W PV N C CYCLES STATES

LODAX+d) DDA Load contents of memory pointed to by . . . c 5 19
IX+dwmto DD

LD DAY +d) . FDS Load contents of memory pointed to by 3 19
5 IY +d into D
DDA 37 Laad cuntents of accumulator into D I 4
O DB 50 Load contents of register B into D l 4
I D.C 51 Load contents of register C into D 1 4
Hnn 52 Luad contents of register D into D ! 4
1D DK 33 Load contents of register E into D 1 +
FRRONE] 54 Laoud contents of register Hinto D ! 4
LD DL 53 Load contents of register L into D ! 4
1D Do l6n Load data in bvte 2anto 1) 2 7
LD DEtng EDSBun Load contents of memory pointed to by 6 20
bytes 4 und 3 into E. Load the neat byte
in memmory into 1)
D D Inn Lovad data i byte 2 1ato register . Load 0 0 . . 3 10
data in byte 3 into 1)
DL Sk Load contents of memory pointed to by 2 7
HLomto B
LD EAX+dy DDSEd Load contents of memory pointed to by .. : ). 5 19
IX+dinto K '
iDLAY +d DS Load contents of memory pointed to by 5 ¢ 19
IY +d into I
D EA Ha Load contents of accumulator into £ 1 4
LDE,B 58 Lwad contents of register B into £ | 4
LhE.C 39 Load contents of segister C into E ] 4
DO ED 5A Loud contents of register 1D mto £ 1 4
LD EE 5B Load contents of register E into B ! 4
LD EH 5C Load contents of segister Hointo E ! 4
LD EL 5D Load contents of register L into E | 4
IDEn 1En Load data in byt 2into E 2 v
LD H,(HL, 66 Load contents of memory pointed to by 2 7
HL into H )
LD H(IX+dy  DD66d Load contents of memory pointed to IX +d > 19
into H
LD H.AY +d) FhHend 1 oad contents of memony pointed to 1Y +d N v
| into H ,
LD H A 67 ‘ l.oad contents of accumulator into H ! 4
LDHB’ 6U 1.oad contents of register B into H I 4
LD H,C 61 Loud contents of register C ianto H ! 4
IDHD 62 Loud contents of register D into 1 I 4
LD ILE 63 Load contents of register B into H ! 4
LD I 04 Loud contents of register [T mta 11 l +
LD I 05 Lasad contents of wegister 1. into H i 4
l LD H,n 2 Lasad data e byte 2 anta 1 - 7
D HL(ns 2Aun Lasrd comtents of menney painted to by 5 ™

N N . v d
bytes 3 and 2into L 1oud the following

byvte it H
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COMMENT
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Z

FLAGS M
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T

PV N C CYCLES STATH

LD HL,nn

LDIA
LD IX,(nn)

LD IX,nn

LD 1Y,(nn)

LD IY,nn
LD L(HL)
LD L,(IX+d)
LD L(IY +d)

LDLA
LDLB
LDLC
LDLD
LDLE
LDLH
LDLL
LDL,n
LDRA
LD SP,(nn)

LD SP,HL
LD SP,IX
LD SP,1Y
LD SP,nn

LDD

2lnn

ED47
DD2Ann

DD2lnn

FD2Ann

FD2lan
6E
DD6Ed
FD6Ed
6F

69

6A

6B

6D

2En

ED4F
ED7Bnn

DDF9
FDF9
31nn

EDAS

Load byte 2 into L and load byte 3 into
H

Load accumulator into interrupt register
Load contents of memory pointed to by
bytes 4 and 3 into the LOW bytc of IX.
Loud the following byte into the HICH
byte of IX

Load byte 3 into LOW byte of £X and byte
4 into the HIGH byte of IX

Load contents of memory pointed to by
bytes 4 and 3 into the LOW byte of 1Y.
Load the following byte into the HICH
byte of 1Y

Load byte 3 into LOW byte of 1Y and byte
4 into the HIGH bytc of 1Y

l.oad cuntents of memory pointed to by
HL into L

Load contents of memory pointed to by
IX+dinto L

Load contents of memory pointed to by
1Y +dinto L

Load contents of accumulator into L
Load contents of register B into L

Load contents of register Cinto L

Load contents of register D into L

Load contents of register E into L

Load contents of register H into, L

Load contents of regizter L into L

Load data in byte 2 into L.

Load contents of accumulator into R
Load contents of memory pointed to by
bytes 3 and 2 into the LOW byte of SP
and the contents of the next location in
memory into the HICH byte of SP
Load contents of HL into stack pointer
Load contents of IX into stack pointer
Load contents of 1Y into stack pointer
Load byte 2 into_the LOW byte of the
stack pointer and byte 3 into the HICH
byte

Load contents of memory pointed to by
HL into memory pointed to by DE. Dec-
remeat HL.. Decrement BC. Decrement
DE. P/V Flag=10 if BC becomes 0 as a
result of the decrement. Otherwise PV =]

3

2
6

O e o o e o o — —

W NS e

——

10

20

IR R R e o e T Y

[
o

10
i]
10
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FLACS LM

CuUT (C),B
OuT (C).C
ouT (C).D
OUT (C),E
OuT (C),H
OUT (C).L
OUT (n),A

OouTD

OUTI

POP AF

POP BC

POP DE

POP HL

POP IX

POP IY

PUSH AF

EDA41

EDA9

EDs)
ED39
ED6]
EDG9
Din

EDAB

EDA3

Fl

Ci

Dl

El

DDEI

FDEI

F5

Output contents of register B to output
port pointed to by C ~

Output contents of register C to output
port pointed to by C

Output contents of register D to output
port pointed to by C

Output contents of register E to output
port pointed to by C

Output contents of register H to output
port pointed to by C

Qutput contents of register L to output
port pointed to by C

Output contents of accumulator to Hutput
purt pointed to by byte 2

Output contents of memory pointed to by
HL to the output purt pointed to by reg-
ister C. Decrement B Deerement HELAf
the result of B-4 is zero, then 2= 1. Oth-
erwise Z=U

Output contents of memory puinted to by
HL to the output port pointed to by reg-
ister C. Decrement B Increment HL. If
the result of B-1 15 zero, then Z=1 Oth-
erwise Z=0

Load contents of memony pointed to by
SP into F and contents of memory pointed
to by SP+1 into accumulator

Load contents of memory pointed to by
stack pointer into C and contents of mem-
ory pointed to by SP+1 into B

Load contents of memory puinted to by
SPinto E and contents of memor pointed
to by SP+1 into D

Load contents of memory pointed to by
SPinto L and contents of memory pointed
to by SP+1 into H

Load contents of memory pointed to by
stack pointer into LOW byte of IX and
cantents of inemory pointed to by SP+ |
into HIGH byte of IX

Lwad contents of memory pointed to by
stack puinter into LOW byte of 1Y and
contents of memory pointed to by SP+ |
into HIGII byte of 1Y

Load contents of accumulator into mem-
ory pointed to by SP—1 and Rags register
into memory pointed to by SP-2

S Z H PV N C CYCLES STATES



FLACS M T

| MNEMONIC OP CODE COMMENT S Z H PV NC CYCLFS STATES
| PUSH BC Cs Load B into memory pointedtoby SP-1 . . | . 3 11
and C into micinony pointed to by SP-2
PUSH DE D5 Lead contents of D into memory pointed . . . A 3 11
to by SP—1 and contents of E into mem-
ory pointed to by SP-2
PUSH HL E5 Load contents of H into address pointed . . . . .. 3 11
: to by SP— 1 and load L into address pointed
: to by SP-2 )
" PUSH IX DDES Load contents of HICH byte of IX into . . . . .o 4 15
memorny puinted to by SP - [ and contents
of LOW byte into memory pointed to by
Sp-2
PUSH IY FDE5 Load contents of HICH byte of IY into . . . . AN 4 15
‘ memory puinted to by SP— | and contents
of LOW byte into memory pointed to by
SP-2
RES 0,(HL) CB&6 Reset bit zero in memory puinted to by . ., . - 4 15
1L to 0
RES 0,(IX+d) DICBd86  Reset bit eero in memory pointed 1o by ... A ~ ¢ 6 23
IX+dto0 '
RES 0.(IY+d) FDCBd86 Reset finst bit in memory pointed to by . .. = 54 6 23
1IY+dto 0 {
RES 0,A CBy7- Rueset bit zero of accumulator to 0 2 8
RES 0,B CBsU Reset bit zero of B register to 0 2 8
RES 0,C CBsl Reset bit zero of C register to 0 2 8
RES 0D CB82 Rexet bit zero of D register to 0 2 8
RES 0K CB43 Reset bit cero of E register to 0 2 Y
RES UH CBs4 Reset bit zero of H register to 0 2 8
RES O.L CBS5 Reset bit zero of L register to 0 : 2 8
'RES 1,(HL) CBhE Reset bit 1in memony pointed taby HL. . ., . o . + 15
! to 0 !
RES I,(IX+d) DDCBASE Resetbit lin memon pointed to by X+ d 6 . 23
to U
RES 1,1Y+d) FDCBdBE  Resct bit 1 in memory pointed to by 1Y +d 6 23
to 0
RES 1,A CBRYF Reset bit 1 in accumulator to 0 2 8
RES 1,B CBss Reset bit 1 in B reguster fo 0 2 3
KES 1,C CBY%9 Resct bit 1 in C register to 0 2 ]
RES 1.D” CBSA Reset bat b in D register to 0 2 8
RES 1LE CBsB Reset bit tin E register to 0 2 8
RES 1.LH CBSC Resct bat 1 in H register to 0 2 8
'RES I.L CBSD Reset bit 1in L register to 0 2 8
1RES 2,(HL) CB96 Reset it 2 in memony pointed to by HIL 4 15
to U
RES 2,1X+d) DDCBd96 Resctbit2inmemon pointedtoby IX+d . . . .. 6 23
to 0 )
RES 2.(1Y +d)  FDCBd96  Rectbit2in momun pointedtoby 1Y +d . . . .. 6 23

to )
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