Microprocessors & Interfacing (MDU) 5.2

Introductionto Programming
— _h.

; these are identified

as B, C, D, E, 1 and L as shown in the Fig. 5.2.1. They can be combined as register pairs -

BC, DE, and to perform some 16-bit operations. The programmer can use these
registers to store'or copy data into the registers by using data copy instructions.
Accumulator

The accumulator ¥ an 8-bit register that is a part of arithmetic / logic unit (ALU),

This register is used to 8-bit data and to perform arithmetic and logical operations.
The result of an operation is sfored in the accumulator. The accumulator is also identified
as register A.

Flags

The ALU includes five flip-flopy, which are set or reset after an operation according
to data conditions of the result in the accumulator and other registers. They are called
Zero(Z), Carry (CY) , Sign (S), Parity (P), and Auxiliary Carry (AC) flags. The most |
commonly used flags are Zero, Carry, and Sign. The microprocessor uses these flags to test '
data conditions. | _ |

For example, after an addition of twh numbers, if the sum in the accurmulator i8
larger than eight bits, the flip-flop used to indicate a carry called the Carry flag (CY) is set
to one. When an arithmetic operation results in zero, the flip-flop called the Zero (Z) flag is
set to one. Fig. 5.2.1 shows an 8-bit register, called the flag register, adjacent to the
accumulator. However, it is not used as a registér; five bit positions out of eight are used
1 to store the outputs of the five flip-flops. The flags \are stored in the 8-bit register so that

the programmer can examine these flags (data donditions) by accessing the register
through an instruction. These flags have critical \importance in the degision-making
process of the microprocessor. The conditions (set or reset) of the flags are tested through
the software instructions. For example, the instructim JC (Jump on Carry) is
implemented to change the sequence of a program when €Y flag is set. The thorough
understanding of flag is essential in writing assembly language programs.

Program Counter (PC) |

This 16-bit register deals with sequencing the executioh of instructions. This
register is a memory pointer. 8085 has 16-bit addresses, and that\is why this is a 16-bit
register. The microprocessor uses this register to sequence :
mnstructions. The function of the program counter is to point to the ry address from
which the next byte is to be fetched. When a byte (machine code) is ing fetched, the
program counter is incremented by one to point to the next memory loca
Stack Pointer (SP)

The stack pointer is also a 16-bit register used as a memory pointer\Jt points to a

memory location in R/W memory, called the stack. The beginning of\the stack is
defined by loading 16-bit address in the stack pointer.

5.3 Instruction Formats

Q. What do you mean by instruction format in 8085 MPU? Describe the same by

giving suitable examples.




ming

ified
AIrs -
hese

LU).
iunﬂ.l
1fied

el Sl m— = o ==

. F-

5.3.1 1 Byte Instructions

Microprocessors & Interfacing (MDU) 5-3 Introduction to Prog

An instruction is & binary pattern designed inside a microprocessor to perform
specific function. [The entire group of instructions, called the instruction set,

determines what functions the microprocessor can perform
~ Each instruction basically consists of two parts. The first-part is called as opcode _

and the second is called as operand. _

The opcode part of an instruction_gpecifies

operands either provides data or specifies

2 number of ways. It includes® 3

(i) 8 bit/16 bit internal general purpose register.

(i) A memory location. -

(ii1)8 bit port address/16 bit memory address. |

(iv) Implicit operand : The operand is not specified, instead it is assumed in register.

Depending on the nummm

and the data, the instructions are of 3 types : -

One byte instructions  » Two byte instructions. ¢

L

Three byta-matmctlms.

.+~ A 1 byte instruction includes the opeode and the operand in the 8 bit only i.e. one

byte. |
« The one byte instructions specify the operation to be performed and who is going to
perform it. These, instructions, require one (single) memory location. - -

" Format:
Examples ,&'\ .

1) MOVBC | |
« _ This instruction moves the contents of register C in register B.

. Thisinstructiun'hasanopmdgril_ﬂ_ﬂndilnmminmucﬁm_m
| instruction copies the contents o register C in B register. .

5.3.2 2 Bytes Instructions

Q.. Explain two byte and three byte instructions. S _

\/Thezbytes instruction uses first byte to specify the operation i.e. opcode and second

byte to specify the operand. . -
..o~ These instructions require two successive memory locations in the memory.

. Firstbytestomdiaopwdeandsamndijyteaimediﬂdaui.a.opem or a
Format |

, Opcode | Operand I ~
Example _ <
G MV B57E V@
e This instruction moves the data 57H in register B.

3~ The first byte of this instruction is the opcode for instruction MVI B, and the
second byte is the data that is to be moved to register B .

— L e =
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533 3B |
yte Instructions tion i.e. opcode, gaCOﬂd

The 3 bytes instructi first byte to -poﬂfr ® oPlly these instructions_&re
L an: thirﬂm bytes are uu:d“z.lpodﬁry:u opor Ganon]ly t.hm instruction

used to specify 16 bit data or.memary ac g with the inatruct operand

f 16 bits
° First byte stored opcOdﬁ second ] lmro]ﬂorsblu'u S.
or address and l:h:'d byte ul;omdulg;ar ordarﬂbltl of 16 bits operand or. address .

Format |

Example
STA5600H .
o This instruction moves the contents of accumulator to the memory lmtmn
5600H. | , | _
¢  The first byte of this instruction is the opcode for instruction STA 5600 H ,
andﬂlenamdmdthﬁﬂbytqsmﬂlenddms%OOH. -

5.3.4 Opcode Formats

> Thamupmcamrsﬂﬂsusnsmnncmpmnrandhuﬁbltopwdas Each
instruction has a unique opcode.

The opeode contains information regarding the operation , type of operation to be
performed , registers to be used , flags . 'I‘houpcademﬁxadfnreachmamctmn
NummusadmuluactwdeurOPGJDEm '

'l‘uble 53. l(l)

9@(_ . f£=Emgiqter |
| ) | = H ister
()t\\(w‘/ 101=L::i.]:.,rrg |
Restart number 000 to 111 ' -
An 8 bit binary data L
A 16 bit binary data unit
Rﬁﬂiﬂtﬂl‘pﬂi}' 0=BC
1=DE
Reﬂ'ilterpnir W:BC

10-HL



Conditional return
Simple return / Miscellanen
Conditional jump

| Unconditional jump /
Miscellaneous
Conditional CALL

1/0]0[ JPO ]

1]o[1]| JPE Simple CALL / Miscellaneos
110 JP ; Special A /L operations _
1{1[1] M | [1[1]1 [Specialunconditionalump

For all the data transfer instructions except MOV instruction format of

Destination  Information

register operation
5.3.5 DataFormats . i
ly

* "The microprocessor 8085 is an 8 bit microprocessor. It Proces®

Howwur' the real world o umbers, ch
perates in deci ’
E:oe, we need to code the binary ::mu:lauﬂa‘:;:ml ’ .
commonly used codes and data formats for 8 bit ﬂﬁmmﬂ.ﬂ

J——
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K . 1t is a 7 bit alphanumeric code representing decimal numbers, english
1 1) ﬁ:lbect:d;d "'"mnpn'nEE[a characters Tike carriage return. E_:maa ASCII is an i

bit code. , _
i g&)ﬁ-——"cﬁ;,: (Binary coded decimal). It is used for representing decimal numbers

éom 0 to 9. To do this only four bits are required ranging from 0000 to 1001. The

remaining numbers are considered as invalid. Two BCD digits can be dtored in

register of microproces - Sp—— : |
iii) ‘Signed integer : A signed integer is a positive or a negative number. The most

! significant digit i.e. Dy is used to present the sign of a number. If this digit is 1 it
i indicates a ne ive number wﬁ_area_.g_,jg'__ it indi A positive n
e remaining bits represent the magnitude of the number. Hence, the largest

positive number at a time can be 0111 1111 (7¥H). While the remaining numbers .
from'80 H to FFH are considered to be negative numbers. The negative numbers in
microprocessor 8085 are represented in the 2's complement form .

iv) Unsigned integers :En integer without a sign can be represented by all the 8 bits
in the microprocessor register. Hence, the largest number that can be processed at a

time is FFH.
Ex.5341: Define opcode and operand. Write machine code for MOV H, A If opcode ~ 01,, register
code H=100,and A = 111, , . .

Soln.: "

Machine code : .
Address | Memory
2000H | 01 Opeode of MOV H, A ‘
2001H | Next instruction.

: Ex.53.2: Define opcode, operand 'and in;tmcﬁnn format. Derive the .;pcoda for instruction
L MOV A. H if code for MOV = (01),, register code for H = (100), and register code for
L A=(111), o

Soln. :

* The format of opcode for MOV instructions is,

[0 1 dld d.l']' 8
Hence, opcode for the instruction MOV AHis,
[o]1]1]1]1]1]0]o] = 7cH

5.4 Addressing Modes

Q. Mention the various addressing modes in 8085 microprocessor with a|
corresponding example. ~ '

’ EDJB different methods (modes) to select (address) the operands are called the
addressing modegnr 8085, they are : .
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e Immediate addressing ¢ Register addressing. ¢ Direct addressing.
e Indirect addressing. * Implied addressing

5.4.1 Immediate Addressing Mode
. | In immediate addressing mode the data (8 / 16 bit ) is specified in_the i

itself. .

.  The immediate addressing instructions are either 2 byte or 3 byte long. In 2 byte
instruction first byte is OPCODE and second byte is the 8 bit data. In 3 byte
instructions first byte is OPCODE, second and.third bytes are the 16 bit data.

\'/A'he instructions containing the letter “I” [nstruction \—

indicate immediate addressing mode. — -
o  Fig. 5.4.1shows the location of operand. . - i
Examples : " Fig 5.4.1 : Immediate addressing mode
) MVIAAOH : - .. instruction format Ca?

This instruction transfers immediate data (A0 H) to A register. | > H

Gi) LXIH,C200H : | | 00 —?-'L

This instruction transfers 16 bit immediate data C200 to HL register pair.
~Lower order data (00 H) to L register and high order data (C2 H) to H register.

4

B S

y¢  In register addressing mode the source and destination operands are general

» The register addressing instructions
are generally of 1 byte
ie. OPCODE only. The OPCODE
specifies the operation and registers
to be used to perform the operation.

e  Fig. 542 shows the location of
operand.

Fig. 5.4.2 : Register addressing mode instruction format

Examples

@/MOV D,B: This instruction copies the contents of register B to the D register. The
source and destination operands are both registers. _

(GADDB : This instruction adds the contents of B register and A register. 'It‘;

data is present in both B and A registers. The result is stored in the

| | accumulator o 0

(i) PCHL : This instruction will transfer the contents of register pair HL to the

5.4.3 Direct Addressing Mode N
"‘/— @,ﬂimt addressing mode the 16 bit address of the operand is given within the

instruction @
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e The instructions in the direct
addressing mode are 3 byte
' instructions. First byte is a
_EWDEL second is lower order
address byte and third is higher

order address byte.

o  For /O instruction that use direct
addressing mode are 2 byte as the
address of /O is one byte.

»  Fig. 5.4.3 shows the location of
operand.

Examples | | i '

() EDA C200H: Load accumulator directly from memory location. t!: m‘tihg
= instruction the contents of C200 memory location are trans
accumulator.

\(STAC200H: Store accumulator directly to memory location. In this han'ucﬁﬁon'
the contents of accumulator are stored at memory location C200 H.

el TN Tl
i, B _U..E

Fig. 5.4.3 : Direct addressing mode inatruclil?n format

5.4.4 Indirect Addressing Mode |
o In indirect addressing mode the instructions reference the memory l:hroug‘h a
mginterpﬁr.imthummryaddrmwhamtheopamdiuhcatadisspwﬁedby
the contents of a register pair. - | -
o  Fig. 5.4.4 shows the location of operand. |
Instruction

i
|
¥ : i
Cn.
ey
,"‘}'
-t
¥y
1
i M

Examples . | 7
1 i) MOVAM : In this case M is a memo : 3 . o 3 :?.
" Iy pomter specifying HL reg; .

R/ where th:ndadir:u is stored. The contents an{ .pairmﬂllter pair E

accumulator, 2 are transferred ;
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& :H,ﬁ'&lntﬂfa&ﬂg(“w’;r s
M . Addressing Mode N

jied Addressing ¢ ' .
5_4.5, - .1 mode of ﬂdﬁﬂw fmé{:l}:;?nd 2
-,/ The implied OCE." - hin the OPCODE itself. Generally, the impl;eq
3 The data 15 spec ction.

W in socomulator-
The data i8 SU
¥ _ .

ﬂddrh\m

", ExamPple 2 | left, it operates on the data i
5 ; tate accumulator 1€t . e In _
?.l)ﬁ}/m]l : f:ly So whenever RAL 15 uﬂ\ed it 18 lI[Iphed t-hat th:‘::{:'lluq
) . operated on » nvailabl_e in the accumulator only. o},
ﬁrgs Introduction to Programmll‘lﬂ : Writing, Assembling ang
%_ Executing a Program

.-—‘ g \ —

The 8085 is capable %f performing & few operations at very high-speed 8

::insu'lJCtinn.aet_ indicates that : | |
4" The ALU in combinatiox with various registers can be controlled by bing
operational codes to perforn arithmetic operations. | |

iLﬂ Microprocessor can transfer data inside the CPU.

©3  Microprocessor can perform logics and arithmetic manipulations.

- 4 Microprocessor can make decisiong based on the status of the result and

=5 Microprocessor can move data into'gnd out of the microprocessor. -

"'+ The microprocessor cannot, by itself, erform simple calculations or data transfer.!

must be told in clear terms, in complete detail, just what to do and in what orde
The physical components, connection and logic circuits that take part in decodn
and execution of operation codes constitutd the computer hardware.

4 The lists of specific instructions, selected figm those allowed by the microproct

& ¢
. manafacturer and organized to control ope ations constitute computer software
the followi

; .WE Wiu ﬂtudy thﬂ pm - tmhn- . .
: - ' programming iques \and programming 1o
chapters. The programming is divided ints two parts)Simple programs and afer %

b 5

z éoncept of looping 18 introduced for programs.

} Programming Steps |

* In programm; ique five differ

3 gramming technique five different points have been
| S%P1:  Define the pmblém to be solv

a : s | m

E P2 :  Solution plan o =

given, we follow those -

Step5

Check the result
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ADC: Add Register to Accumulator with Cazry
Opcode Opersnd  Byts  M-Cycle T-States Hex Codes
ADC Reg. : | 4
Mem. ! 2 7

>Errzmunw ;
SREREs3 §

Description Thmdh-ltu_-mlﬂhm'yhl‘
mhhmduwﬂnﬂhﬂhhw.m
contents of the operand are not ahered; however, the previous Carry flag is reset.

Flags Al flags are modified 1 reflect the result of the addition.

Example M#ﬁtoﬂ”ﬂ“ﬂm“mlﬂ.
Add these 16-bit numbers and seve the result in BC registers. *
The steps in adding 16-bit sumbers are as follows:

L Mhmd“tdﬁhﬂhmd-*hh
sccumulstor. This addition generstes & Carry. Use instruction ADD (explained on the
mn)dmhhaﬁlﬂhqﬁc.

98H = 1001 1000
AlH = 1010 0001

| WH=1 0011 1001 Sworein register C
CY

CcY

3. Add e pontents of registers B and D by placing the contents of cee register in the
sccumulator. Use instruction ADC.

The result will be as follows.

HUH=0010 0100

S4H=0101 0100

: - | (Carry from the previous addition)
=011 001  Swre in register B

Comments: Thia insroction is generally used in 16-bit addifion. For example, 10 add the
contents of BC registers 1 the contents of DE registers this instruction is used 1 account
for the carry genersted by low-order bytes. '
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ADD: Add Registar to Accumulator

Opeode Opersad Byt  M-Cycles Jonie "

ADD Reg. ] ! S Reg. < Hex | |
Mem. ! 2 : B 0 |

C 8l

D 52

E [ &)

H 4

L 85

¥ 86

A 87

Descripuoa The comtens of the operand (register or memory) ae added 10 the contents
of the accumulator and e reswlt is siored i e sccumalaor. If the operand is 8 memory

location, that is indicated by the 16-but address in the HL register.
Flags All flags are modified 10 reficct the result of the addition.

Example Register B has S1H and the accumelator .
lbhmdhmﬁ: N —— of gt

Instructionn ADDB  Hex Code: 80

Register conteats
instruétion
A[G ] X]F TH=010 S
0100 0111 AC P CY

B[S1 [ X ]|C SIH=0101 000 | :F

MH=1001 1000 AL ¥ "lc

Flags: S=1,Z=0, ACw(

-°| -0



-W"
Register conteats
A% | X |F
'C
D!
H[ 2 | %L

|
(2050H)uen A2H= 1010 0010
I/I8H= 1000 | 0

cY Y
Fags S=0.2=0 AC=0,
P=1.CY=|
B = ——_—__-_.—___________
ADL: Add Immediate to Accumalasor |
Opcode Operand Byiw  MOyoim Touin O




ANA: Logical AND with Accurmulator
Opode Operssd Bytm MOy TSt  Hex Codes
ANA Reg. 1 1 4 Reg. Hex
Mem 1 2 7 A m-l
C Al
D A2
E Al
H Ad
L AS
M A6
A A7

Description The comtents of the sccumulstor are logically ANDed with the contents of
the operahd (register or memory), and the result is placed in the accumulator. If the
operand is & memory location, its address is specified by the comtents of HL registers.

Flags S.Z, P e modified 10 reflect the result of the operation. CY is reset. In 8085, AC
is set, and in SOB0A AC is the result of ORing biss D, of the operands.

Example The comtents of the accumulator and the register D are S4H and 82H, respec-

tively. Logically AND the contents of register D with the contents of the accumulator.
Show the flags and the contents of each register afler ANDing.

Instructionn. ANAD  Hex Code: A2

Register contents Logical Register contents
before instruction AND

e lnstruction
SZ AC P
A\CETX]r  s-o0101 0100 A B Bl ar
AND |
p(@TXJe wmm=10000010 DB _ T e
— 00000000
Plags: S=0,Z=1,P=| |
AC=1,CY=0
- (for 8080A, AC = 0) .
Opsde  Opersnd Byt - MCydes  TStates  Hex Code
AN g 2 2 L BS
data




@
L) &

The coments of the scumulator are logically ANDed with the 8-bit data
( and the results are placed in the accumulator.

Flags S, Z P are modified o reflect the results of the operation. CY is reset. In 8085,

AC is set

Example AND data by 97H with the contents of the sccumulator, which contains
AJH. |
lnstruction: ANI97H  Hex Code: B6 97

Logical AND:

(A) : ASH = 1010 001

Description mm“il*ﬂnhh-ﬂﬁhw
and Before the transfer, the address of the seat instruction © CALL (the contents of the
program counter) is pushed on the stack. The sequence of events is described in the

exampie below
Flags No flags are affected.

Example Wnite CALL mstruction st memory location 2010H o call s subroutine located
st 2050H. Explain the sequence of events when the stack poimter is at location 2099H.

Memory Hex
Addres  Code M acmonks
2010 (&) CALL 2050H

2011 X
002 @ DN

Note See the difference between writing & 16-bit address as maemonics and code. In
the code. the low-order byte (50) is entered first. then the high-order byte (20) is entered.
However, in mnemonics the address is shown in the proper sequence. If an assembler is
used 10 obtan the codes, i will automancally reverse the sequence of the mEeMORICS.
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aNgHe Q%R ‘g_g |

Call on No Zero Z=0

MP'
Execution of CALL: mmmmmﬂww‘fﬂn :
as follows. . .

. Stack pointer is decremented to 2098H e m 20 |~
MSB is stored i ' ; . . 209
Suctpoinwhqﬂnw o SP=. '

| C:H:aeumioﬂjlsmnpmnlyuomdmmmdﬁzﬂllﬂmm

placed on the bus for the fetch cycle . - |
Comments: MMMMidMW“W““.”‘".“““(m“_
| mdnmalm)mmmmmthcwhmnme ' '
wm»w | W—l"““m

Description Status Code M'C?‘.*'-T'S“F'

Call on Carry . CY=1 DC 2/9 (if condition is not true)
Call with NoCamy ~CY=0 - D4 * -5/18 (if condition is true)
Call on positive = =~ S§=0 F4 - Note: If condition is not true it continues
Call on minus S=1 FC the sequence, and thus requires
Call on Parity Even P=] EC fewer T-states, :

Call oo Parity Odd P=0 E4 " If condition is true it calls the
Call on Zero - Z=1 - CC mhmuune.thusmqummum

C4 T-states.

Flags No flags are affected.

CMA: Complement Accumulator

S




-

oET
e o
| iy
mcwmﬂ' 3 \.Cycles - T-States Hex yy
- Opersnd 1 ! 4 I 16
M .
e .mmﬂﬂ*’mﬂmtd' -

B
& iy
D BA|
| | ﬁ BB
- BC
M BE
A - BF

Description Tchuunh:opmnd(m;inﬂ‘mmm}mmmmwimm

- contents of the accumulator, Both conteats are preserved and the comparison is shown by

setting the flags as follows:

le{h}{(ac;miem]:&nyﬂaghmw&mﬂngi:m.
O If (A) = (Reg/Mem): Zero flag is set and Carry flag is reset.
O If (A) > (Reg/Mem): Carry and Zero flags are reset.

The comparison of two bytes is performed by subtracting the contents of the operand from
the conteats of the accumulator; however, neither contents are modi | |

chl'S.P.ACarnlsomdiﬁadinaddiﬁonanthwmﬂeclduerﬂuluofm
Compare hhm ?:ﬂn:l:r‘: b,'r‘:uﬁmzlm the accumulator contains data byte S7H
e, w of the accum
Instruction; Cp g Mo Coie. 3 ulator
Bdmm _ N SR
' W; = .
Al XX | Wty cy -
F i
Bl & m c A -ﬂ F
| B62] XX | C



Results after executing the instruction:

Dﬂncmwnﬂmchlnlﬁ
Dmmummum(n)
Nk ZP, ACﬂmwillﬂwbeMﬂeduluwdlb:we

: | .
cPI:_Canparﬂr'mmdhtewithAccumuhtor |
Opcode  Operand  Bytes  M-Cycles  T-States  Hex Code
Pl gbit  2- 2 7  FE
Miptlon WMM(E-htdm)ﬂwwmmﬂnmmdtMm |

lator. ﬂnvdmbmgcmqmedmmnmmmumﬂudmmMm
indicated by setting the flags as follows. * ,

. DH(A){Dm.CIrryﬁqumdemﬂuisum
O-If (A) = Data: Zero flag is set and Carry flag is reset.

.0 If (A) > Data: Carry and Zero flags are reset.
3

mwdmmhpﬁmw”m;mmmmumd
Mwmulmrhwem nmﬂwtmmmnnd:ﬁed :

Fags S, P, ACmdeﬂedlnddlmeMCYtnuﬁmmcmhofm
~ operation.

. Example Ammﬂnmnmmmwmdmbywcm Compmilﬁﬂwhﬂ:m
mulator contents. .

Instroction: CP198H  Hex Code: .FE 98
B Results after executing the instruction:

O The accumulator contents remain unchanged.
O Z and CY flags are reset becatise (A) > Data.
UOIhuﬂagrS 0,AC=0,P=0,

Example Compmmmczﬂwiﬂ\dnwmmofdummlummum
.example.

Instruction: CPIC2H ~ Hex Gode: FE C2
'Dﬁemmulmwmummbm

O Zero flag is set because (A) =Data. .
D Other flags: S=0, AC=1,P=1, CY=0,

E—

—




Opcode Operand Bytes M-Cycles '_Hhu- Hex Code
DAA None | | 4 27

Description mmdhmndﬂnpdﬁumthmnhewm
4-bit binary-coded decimal (BCD) digits. Th:uhmlymmhuuhmﬂ:q

nug(mmny)mpsfmﬂnhmy-h-ﬁm the
A conversion; mmu

Flags S,Z,AC,P, C‘!’ﬂnpmﬂmdumﬂeuﬂ:emhdhm Instroction
DMmmthcbmymmdﬂumhmufoﬂom :

1. Hmemofmmmfmmm,-m-ummhuuwmomf I
AC flag is set, the instruction adds 6 (06) to the low-order four bits. ey |

2. If the value of the high-order four bits (D;-D,) in the accumulator is greater than 9 or if -
mmmunmmmam)mum«hhm

Example Mddectmllhmﬂnmm MMM

(A)= 3%ep=0011 1001
+123cp=0001 00170

Slapcp=0100 1011
4° B

ThbmqmulBHThmmddrbﬁuﬂrhm:th9 Mdtﬁbdn '
low-order four bits. .

4=0100.1011
+06=0000 0110
- 111
51=0101 0001

i

Example Add decimal 68gcp fo the accumalator, which contains 85pcy.

(A)= Spcp=1000 0101
+ 68pcp=0110 1000

153.@=!llﬂ 1101

Thelmqmumﬂ mm«mm«dﬂnﬂw four bits are higher
than 9. Mdhobod: . . :

= ED= 1110 1101
+ 6= 01100110
I & N O
[Ms3=[TJo101 0011




e | X - . umtDl'-l'-r
mw«mﬁmmmnuismmwmmmwhwwm |
; ' dlh'“"ﬂﬁ)-mpwmmﬂmpmknfmcw;qmﬁnilnﬂyhcll s
by the subsequent instructions. .
DAD:MMUManIdLWm _ -
Opcode  Operand  Bytes MCycles  T-States Hex Codes
DAD  Reg.pair | 3 10 Reg.
. - par  Hex
Mo B 09
M/ D 19
. s | H 29
- | ~ SP 39
Wwﬂwmtmtmf

Exxmple MWP‘&}EE.C:@ Hf . :
Wn”_MWMmeﬂm}iﬁq p::r'h" stack poin.tﬁ' (register) ;h:.t :_
lnstruction: DADSP  HexCode: 39

b i DAD s - A o

"'nﬁﬂdm?‘m“uMW.ﬂw,mofﬂnmwh R




- | ;
- R Docrement 50?7 ‘
\ | , M.Cychl T-States Hﬂ%
v o
! l 4 Reg. e
Reg: . )
DCR. 3 ) [
Mem. 3 - ;
l E 1Ip
H 2
- ¢ 2D
M 35
MI i . ' mory is decremented by | and the
, mufthedeupmdrepfftlme s
ummmm lfd:copalndmmmym is specified by
uwcommuofdw}ﬂ.rpgislﬁfp@“ |
I S, ZP ACm‘modlﬁedtomﬂectdwmultofﬁeopmmn CY is not modi-
M' » 50 |
- fied.
mtmtnfwmcdu-
B. which is cleared, andopeczfym
Example Decrement regisier o, g ' .
"HIIIII!II - ' | ' Ir .
[nstruction: DCRB Hex Code: 0'5' .- o
Bcfoummncuon muw;tmoo
-E::IF | (B)'OO
;c =01 = =0000 0001
Subtraction is performed in 2's complement: | * S
®j= 0000 oooo
| +

Z'scnmplcmlofl- 1115314 L~
@)= 11111111l

. this
d“m“MOfﬂtDCRmMonmﬂmbdlwnmeﬂiW |
instruction does not modify the CY flag. - i

gt Do ' AOH
Iﬂlcmmdmuymm MMW

X - | I

i

|




| 2086
HETE]L wu |
* 2085 | OF |
2086
Dcx:DommtRogistoerhyll |
Opcode  Operand  Bytes M<Cycles . T-States ~ Hex Codes
DCX  Reg.pair 1 | 6 | Reg |
1 _ ‘Hex
B - 0B
D 1B
H 2B
| ‘ e s | SP 3B
Description The contents of the specified register pair are decremented by 1 Th
imucdmﬁmldnmunfﬂtmmallﬁ-ﬁtmbﬁ.n by -m’.

Flags No flags are affected.

w Register pair DE contains 2000H. Specify the contents of r.h:e entire register if
it is decremented by I. | 3

Instruction:. DCX D He:Code IB
After subtracting 1 from the DE register pair the answer is

P[EIF]e .

Example Write instructions to set the Zero flag when a register pair (such as BC) is used
as a down-counter, |

To decrement the register pair, instruction DCX is necessary; instruction DCR is
used for one register. However, instruction DCX does not set the Zero flag when the
register pair goes to 0 and it continues counting indefinitely. The Zero flag can be set by
using the following instructions. ' ;

B ¥



.

: '-"-'_.'l-- — ke

=
-
- i
el e
]
"

A . ———

~ 'For BC pair:

~DCX B .Demnentmlmrpmnc |
MOV AC .Lmdmmuhlmvnﬂiti:mtmuofmtuc

ORA B :Set Zero flag if B and C are both 0
=Nz ﬂmnqumm,phwkudmhmdﬂc ¢
pair
DI Disable Interrupts
Opcode  Operand  Bytes = M-Cycles  T-States . Hex Code /
DI - None 1 ] 4 | R

- Description The Interrupt Enable ﬂ:p-ﬂopumﬂmd ﬂlﬂummme:uptﬂwmﬂ
(80835) are disabled.

Flags No flags are affected.
'Commcnts Thlllmumuwnumﬂymedwmwumoflmdenqnmu'

cannot be interrupted. For example, in critical time delays, this instruction is used at the
begmmngofdwmdundthcmtmpummlbledmheendofmm The 8085 TRAP

cannot be disabled.

EI:Emhlak:tem_m. . : | -
Opcode ~ Operand Byts  M-Cycles  T-States ~ Hex Code -
Bl Nome L 4 FB

Description nnmmpcmuip-ﬂopi}qmﬂlinwmw.

Flags No flags are affected.

Comments: Aﬂeruymmrmtnnhuckmwldmlofummhlmm
Enable flip-flop is reset, thus disabling the interrupts. mlmmﬂnumb

reenabie the interrupts (except- TRAP). - | -

}mm.ndmwm‘sm_ - | |
Opcode Operand  Bytes © M-Cycdes  T-States  HexCode’
HLT None - 1 2ormore 5 or.more . 76

‘Description mmmwmdemmw |

execution. mmmmmmmmmvfamn




rron !

. very clock period. The address and _ -
e s f o i s o b HLT it A il
of reset is necessary to exit from the Halt state. |

Flags No flags are affected. . I
_M.

m:mwMtoAmntﬂitortromnPo;twithB-hi Address

Opeode  Operand  Bytes . MCyces  T-States . Hex Code
N $-bitpot . 2 3 0 - DB

Descripéion mwmuofﬂnhphpmdcﬁmmdintbqwmlm"ﬂdlmh

inl:otlummulnor_.
Flags No flags are affected. -

Comments: “The operand is an 8-bit address; therefore, port addresses' can range from
OGHmFFH.Whﬂemﬁngthcinmim.lpmaddmkdupﬂmwdonlw-ordﬂ- |

(A7-Ao) and high-order (A;5~Aq) address buses. Any one of the sets of address lines can
be decoded to enable the input port. i . '

mRhmmedem/Mmbyl ‘
Opcode Operand Bytes M-Cycles Tmrmw%w
INR Reg l 1 | 4 | Reg.  Hex.
Mew: I 3 10 $- 2
| D - 14
. &, 1
H %
L 2
. M 34
Description Thcr A X
_ conteats of the desis |
the results are siored in the mmwﬁmnwhlm
by the contents of HL register pair. - "“._.“‘Whﬂﬂnmthwu
$,Z, P, AC are modified
::l.. - umhmdmm CY is not mod;.
Example Register D containg :
ment, | Hwhwdhw ,

the data bus are placed in the high imped-

o

>

"'—l-—.-n--..‘_h'




“§2 31D getd il Sl _.!',....' S0 W ilA
i : .

qnmﬁlﬂ
Iostroction: INRD HoxCodal*‘
. . 1111 1111
fpf. 0000 0001
11111111 Cany
CcY . _
wmw'dmmw.ungwﬂlmwmmem 0 Cany
flag is set.
W'Mmtmemmuofmmylmﬁm'WSH.mhmym
TFH.AmmHh:HLmeuianDTSH. £

| After instruction .
H[20 78]L = 2074
B 2075 [80

5 Hasi AyTeY A Sof ctia | mudedy

]

don views the contnts o the two regisiers s 1 16.5i¢ number, -

Flags  No flags are affected.

ithhm:::ﬂ:;?"mmm.swﬂuwydlhlﬂ””ﬂ# f



Comments: Thelﬁ-buldd:mﬂdwopcmﬂummedmnmwmmmm the
low-order byte first, followed by the high-order byte.

——

©

Jump Conditionally
Operand: 16-bit address |

Op Flag . Hex 9
Code Description . Status  Code M-Cycles/T-States

IC Jump on Carry CY=| DA MT (if condition
JNC  Jump on No Camy Cy=0 D2 unutm]
JP Jump on positive §=0 R 3M/10T (if condition
M Jump on minus §=1 FA is true)
JPE  JumponParityEven P=1 EA

JPO  Jump on Parity Odd P=0 E2

Iz Jump on Zero Z=1 CA

INZ o

~ | -l S"T N



Flags No flags are affected. -

Comments: The 8085 requires only seven T-states when condition is not true. For
example, instruction JZ 2050H will transfer the program sequence to location 2050H when
'. the Zero flag is set (Z = 1) and the execution requires ten T-states. When the Zero flag is

reset (Z=0), the execution sequence will not be changed and this requires seven
T-states. .

—_— = = —_— ———

LDA: Load Accumulator Direct

Opcode Operand Bytes M-Cycles T-States Hex Code
LDA 16-bit 3 4 ¢ B - 3A
address | |

Description' The contents of a memory location, lp&lﬁedbyllﬁ-hitlddrminﬂle
operand, are copied to the accumulator. The.contents of the source are not altered. This is a
3-byte instruction; ﬂnmondbyw;pmﬁuﬂnhwmmmdﬂumm
specifies the hlgh-ordet Iddrcu/

Flags No flags are affected. = o

Example Assume memory location 2050H contains byte F8H. Load the accumulator
with the contents of Ioc;uun 2050H.

Instruction: LDA 2050H Hr.x Code: 3A 5020 [nolc the reverse order)

CAmXF (B

LDAX: Load Accumulator Indirect

Opcode  Operand ~ Bytes ~ M-Cycles  T-States ~ Hex Code
. LDAX  B/Dreg. 1 2 | 7 | Reg.  Hex
 pair - o .BC  0A
’ - DE 1A

. Description “The contents of the designated register pair point to a memory location, This
instruction copies the contents of that memory location into the accumulator. The contents
ofeithuﬂwugiﬂﬂplhmthcmnmwmmmtdtmd. - -
Flags .No flags are affected. |

Example Assume the contents of register B = M.C-m.ﬂmh‘
tion 2050H = 9FH. Tmnmdﬂnmmm“ﬂ'm
mulator.,



Memory . Regilm'mlfntl, |
- after instrucion -

before instruction | _
AlXX[XX|F | A 9F|XX‘F
50 B|20]| 50 & -

" LHLD: Load H and L Registers Direct |
Opcode Operand Bytes  M-Cycles T-States Hex Code
LHLD 16-bit g 5 &% 16 2A
Mm_mimmfmmiunwmmnuofﬂn'ﬁumymﬁonpoimd?qﬂfy
the 16-bit address in register L and copies the contents of the next memory location in

mwrylocaﬁommmtaltmd

register H. The contents of source

Flags No flags are affected. |
Example Assume memory location 2050H cdﬁuini 90H Illd zomi contains 'DIH. ‘
Tnnsfq'qnmmycomutomﬁm}ﬂ.. R - | .

Instruction: LHLD 2050H ~ Hex Code: 2A5020

Register contents

'N.[em?mmﬁ |
before instruction after instruction
2050 [90] P vt
2051 (01 g -
) By et
LXI: Load Register Pair lmmediate - Wy by
Opcode  Operand ~ Bytes  M-Cycles - T-States .. Hex Code
CLXI Reg. pair, 3 . 3 .10 Reg.
-+ 16-bit , : Pair Hex
= | Boe
- D . 11
H 2t |
P31

Description ﬂninmhdllﬁ-bitdﬁliullﬁré;;iuﬂ' bt ey d |
This is e - pair designaied in the oper-
and. This is a 3-byte i ; the second byte specifies the low-order byt oper
MWMMNM byte. | i - hm__"'dﬂ‘elhlrd

" Flags Noflagsarcaffected. - .



cample Losd 8¢ b dan 2050 in egiser P D
= +de: 01 50 20

This | i in m‘ﬂtcmdeuf lB—bEl data. This e
Comments: My joad & 16-bit address 1n the Itf-’k pointer register

Ony
' rom Source to Destination B

OF“"‘- Operand = Byies MCycles T"St_"ﬂ Hex Coge

MOV RARs - 1 R . See table ey,
MOV M.Rs 2 '_7 =
Mov.  R4M o | y
Description Thil&urmﬁaﬂoopiu&wmwm of the source register into the desti;
ﬁnnmﬁsm:ﬂnmmnflh_mmnﬁﬂﬁdemFd.Hmofmmhl
nmy]oclﬁon;itiispeciﬁedbythGMOﬁﬂ;wm. |
Fligs No flags we affected. ;
Hex Code | '
1" Source Location
B C D E H L M A
B[40 41 42 43 44 45 46 47
‘Cl48 49 4A 4B 4C.4D 4E 4F
) DIso s1 52 53 54 55 56 57
Destination E 53.59 SA SB SC SD SE SF
* Lication” ' H [60 61+ 6263 64 65 666
| L|68 69 6A 6B 6C 6D 6E GF
M|70 71 72 73 74 75 77
A|78 | I1C 1D -7E TF

 Exampe Wnﬁmammmnﬁmcmnimm Transfer ¢
"mdwcmmg_ . 3 - i o
i : IMOVBI-C m!‘% ‘l

Note the first operand . R : - s
 source, % B'P”'““ﬂwdudmmmmndopmdcwﬁ“

Register contents Rea 2
B :tim*_ after instruction
C
v PR ¢ B mm C




i

APPENDIXF

mmmdmmmmmm rupecuvnly Memosy

tocation 20S0H coatains 9FH. Transfer the contents of the mr.lnory location to uglm R

[nstruction: M{.‘N BM  Hex Code: 46

. Register contents

9

“ after instruction

TR
D E
H[20[5|L:

Regisier contents Memory
before instruction contents
BIXX[XX|C
D|XX|XX|E I——-»zﬁso -
H|20(%|L— |
~ MVL: Move Immediate 8-Bit
Opcode Opennd Bytes M-Cydu 'LStltﬁ - Hex Code
MVI Regl:lm 2 -+ "2

Mem.Daa 2 ]

Flags Nonq:imaffm. ,
- Example Lmd?ZHmm;lmB

Instruction: M‘VIBQZH Hex Code: 0692 -«
This instruction loads 92H in register B.

. memory location 2050H,
Instruction: MVIM,JAH  Hex Code: 36

before instruction after instruction

e p——— ]

0

Reg. Hex
| B 06|
C. 0E
D 16
E IE
| H 26
L 2E
M 36
A IE

Description mwtdﬂilsmdmﬂndﬁummmgumwmnm If the operand
is 2 memory location, it is specified by the contents of HL registers.

Example MWHMLWMDHHM respectively. Load 3AH in

Hl2 S]L

£l
T c? r"’

A




NOP: No Oponﬂon.
Opcode  Operand  Byts  MCycles  TStates  Hex Code
NOP -~ None' ' | 1 ‘ 00

Description Nooperltlonupufomnd The instruction is fetched and decoded; how-

* ever, no operation is executed,

N

Flags No flags are affected.

Comments: The instruction is used to fill in time delays or to delete and insert instruc-
tions while troubleshooting. | 4

u _—

ORA: Logically OR with Accumulator -
Opcode  Operand  Bytes  MCyces  T-States Hex Code

ORA*  Reg. I ! 4 Reg.  Hex |
- - | B BO

, - K, = & cC B |

| D B2

E B3

H . B4

L BS

M B6

A B7

Description - The contents of the accumulator are logically ORed with the contents of the
operand (register or memory), and the results are placed in the accumulator. If the operand
is 2 memory location, its address is specified l:-y the contents of HL registers.

Flags Z, S, P are modified tn*ﬂmﬁmlu of the operation. ACMCY-#

Example Assume the accumulator has data byte 03H and register C holds byte 81H.

Comhimunuuornﬁsmaiq:dnmmulmbiu. "
Instruction: ORAC  Hex Code: BI et
~ Register contents | J . 1: : .Register contents
before instruction ~ Logical OR $° . after instruction
i " SZACPCY
Al 03 | XX |F 03H=0000 001 1 Al 8 (10 0 0 OIF
BLXX | 81 |C S8IH=1000 000 1 B[ XX | 8 |C
83 =1000 04 ¢ 0
S=1,Z=0,P=0

: Flags: CY = 0, AC = 0




APPENDIXF

Comments: The instruction is commonly used to-

O reset the CY flad by ORing the contents of the accumulator with itself.

O set the Zero flag when 0 is loaded into the accumulator by ORing the contents of the
accumulator with itself, . . :

O combine bits from different r:gi:lm:

____-__'—_————-—'_-—-——-——_—.—.___

ORI Logically OR Immediate |
Opcode  Operand  Bytes  M-Cycles  T-States  Hex Code
" ORI 8-bit PR S |

| | F6

Description  The contents of the accumulator are logically ORed with the 8-bit data in the
operand and the results are placed in the dccumulator. |

L

Fx S.Z.Pmnmdifadtnmﬂeclthcmultsufﬂw'opﬁaﬁon.CYandhCué




“mﬁwm

The contents of registers H and L. are copied'into the progra,

Description laced as A hilh-nlﬂﬂ byte and of L as a low-order bm.mnhl‘. The

conlcins ﬂ'f H are p
wmdfeﬂnﬂ. | |

comments:  TH jon is equivalent to 8 l—bylc‘_mconditit‘mﬂ Jump i _
‘WI""“ - u::cl: :*.m be changed o any location by 5“:"?')’ Idading the H .m'on x O
| v sddress and by using this instruction. Bister,

Opcode  Operand  Bytes  M-Cycles  T-tates Hex Code

S - <1 % B

g D DI
H El
PSW  F|

Description The contents of the memory location pointed out by the stack pointer reg.
ister are copied to the low-order register (such as C, E, L, and flags) of the operand. The
stack pointer is incremented by | and the contents of that memory location are copied to the
high-order register (B, D, H, A) of the operand. The stack pointer register is again incre-
mented by 1. ; L : . -

Flags ﬁn flags are modified.

Example Assume the stack pointer register contains 2090H, data byte FS is stored in
memory location 2090H, and data byte O1H is stored in location 2091H. Transfer the
contents of the stack to register pair Hand L. - - | ; P

Instruction: POPH  Hex Code: 3l

Register <ontents  Stack | Regism contents
before instruction contents . ° after instruction
RDOXXIL o oew[F) H[OL[B]L
“'E’E. oofor] SP

mmwrsmeHMWﬂ)mmmm'ome;
lw-udungiu:rl.'um“mmiﬁ-lhehilh«dareﬁmmdmmﬂﬁ'. .

_ &’“‘“mﬁhﬁM'MW.mmmmyﬂw

]
’ L
L] |
w/
L] =
W Y

—




'Arlfm_r
PUSH: Push Register Pair onto Stack
Opcode Operand  Bytes  M-Cycles  T-States Hex Code
PUSH Reg. pair l 3 12 Reg | Hex
B ' O
D . D5
H ES
PSW FS

Description The contents of the register pair designated in the operand are copied into
the stack in the following sequence. The stack pointer register is decremented and the
lcufnenu at:the high-order register (B, D, H, A) are copied into that location. The stack
pointer register is decremented again and the contents of the low-order register (C,E,L,
'flags) are copied to that location. | -

Flags No flags are modified.

Example Assu;ncﬂw stack pointer register contains 2099H.-r¢gister B contains 32H and
register C contains 57H. Save the contents of the BC register pair on the stack. '

Instruction: PUSHB  Hex Code: C5 .

Register contents - Stack contents Register contents
‘before instruction after instruction after instruction

B [32]57]C | B [32][57]C

¥ - 2098 - :
v SB 2099 [XX] SP

Coniments: Operand PSW (Program Status Word) represents the contents of the accu-
mulator and the flag register; the accumulator is the high-order register and the flags are the

low-order regisfer. ‘ -
' chthgtdiemwnudﬂwmmmnmmﬂmmmwﬁﬂlm-

Gpode  Opersnd Byt - MGy TSwa  Ha®E

RAL None ! 1 ‘- 17

- | ; W . m
Description Ead\umbitofﬂnmummiimwdkﬂbymwn.lmmﬁ.
Carry flag. mahptmdhmmhm_MMMMMMuplmdgm
" Jeast significant position Do. - ~ ‘

Flags CYis modified according 10 bit D1 S.-;.AC. P are not d’fected.'.

H-}# i R -
-




—-J’ —— i —
-

o "

Example Rotate the contents of the accumulator through Carry, assuming the accumu-
lator has ATH and the Carry flag is reset,

Instruction:. RAL  Hex Code: 17
Cm'f |

D, D¢ Dy D, Dy D; Dy Dy
before instruction IIﬂIIIEIIElIlIIll

CY

Accumulator contents ofrjofoftfrfrfo]
.h ‘“’"‘”Hﬂh VRS UL e

Comment: This instruction effectively provides a 9-bit' accumulator. 'I'horililllm

mdﬂwmlnumbemdbymn;mmmmmhmm
Right through Carry). However; the contents will be modified if the instruction RRC
{Rmhmulquklgm)lsuwdmmmw

883

RAR: Rotate Accurulator Right through Carry
Opcode  Operand  Bytes  M-Cycles

T-States  Hex Code
R._AR_ None ! 1

4 IF

Dell:rlpﬂu Eachbumbuufﬂwmulmumﬂnghtbympmﬁmm

the Carry flag. BltDuupludmdquﬂlglnddtebnmd\ch'yﬂquplmdinthe
most significant position, Dy.

Flags CYumdtﬁedacwdmgtubuDo S.Z, P, ACmnuuﬂemd

Example Rmmmnlenuufﬂnmmuhmrmm;ummhmmdh&ry
flag is reset 10 0.

Instruction: RAR HuCod::'lF

before instruction llﬂ[ll':llillll]ll
: oy

- (CIENCAEN CARNN NN




694

m Rotate Accumulator Left =
Opcode  Operand . Bytes  MCycles  T-Stales *Mm
RLC None 1 l 4 -

Description Each binary bit of the ::cumxﬂmr is rotated left by one position. Bit Dy s

pllcedmd'npmilmnofbouwellumﬂtCm'yﬂls
Flags CYumodlﬁedmdmgwbuD-; S. Z. P, AC are not affected.

Example mummudmemmummumunmmthHMme
Carry flag is reset to 0. | | ,

ln.wuml.kl.c Hc:l.Codem

w WY

"Accumulatorcontents . - Dy D¢ Dy Dy Dy D, D; Dg
beforeinstruction . [ 1]OJTJOJOJY 11
Accumusoe conens (0 [T [0 [0 [T T[T ]T]

lﬂﬂlllll.mf:tlﬁn |

Com:mm mmunuofbummphudmbnbo mdtheCmyﬂlgi:modtﬁcdl

mdmgly Hmm.ﬂtconmofﬂu&rrymnmmmdiuhtboumtumon

RRC,Rohtvownmlatorhgm |
Opesde | Operad Bt MCpcs TSt Hex Cod
RRC None I .7 e OF 4



 Accumslator conteas TTT[o] T o]0 i]1] -
ents of bit Do are:placed in bit Dy, and the Carry flag is mod;
Camry ¢ not placed in bit D, as in dﬁm

Cm:‘ulnenu:- The con
 accordingly. However, the contents of the
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96

0P o oucription Status . Code M-Cycles/T-States
Code
on Carry CY=I D8
R m with No Carry Cy=0 DO 1/6 (if condition is not true)
g Return on positive §s=0 R 3/12 (if condition is true)
<~ Return on minus S=1 F8 Note: If condition is not true, it continues
E:‘E Return on Parity Even P=1 E8 the sequence and thus requires
po  Rewm on Parity Odd P=0 K0 fewer T-states:
EZ Return on Zero =1 C8 Hoondiﬁunism.qlrﬁmsmﬂn
RNZ  Rewmon No Zero Z=0 O calling program and thus re-
~ quires more T-states.
. Flags No flags are affected.
RIM: Read Interrupt Mask

Opeode . Operand  Byts  MCydes  T-States  Hex Code
RIM None | | - 20
Description Thmslmulupm'pouemstrncuunusedtumdﬂ\emmoflmcmpu?5

6.5, 5.5 and to read serial data input bit, The msnucnnnlmdsmghtbm in the accumulator
with the following interpretations:

D, D¢ Ds Di Dy D; D,
ST 116 [ 15 [IE [7.5 65]'55

Senal input J | . Interrupt
data bit | masked if
bit = |
Interrupts Interrupt Enable
pending if « > flip-flop is set

bit = | o ifbit=1

Flags Nnnmutdfemd

Example mumdmwm ﬂumnhmmmdiﬁﬂ
Explain the accumulator contents. .

-.F-I— . m — e —

=i - B — -*

s3> ™ 5ESY



8088 INSTRUCTION SET L a o @
: : 4

(A 49H = 01001001

897

RST 7.5 is pendin';c—‘ . \—~ RST 5.5 masked
Interrupt Ensble RST 7.5 and 6.5
flip-flop is set are enabled
RST: Restart
Bytes M-Cycles T-States
! 3 12
Opcode/Operand ‘Binary Code - _Hex Code ‘Address (H)
RST 0 11 000 111  C7 0000
RST 1 - 11 001 111 CF 0008
RST 2 11 010 111 D? 0010"
RST3 Vvt 13t B¢ 0018
RST 4 11.100 111 E7 . 002
RST S 11 101 111 EF 0028
RST §, 1IN 14 F7 0030
RST 7 R RS FF 0038

Description . The RST instructions are equivalent to 1-byte call instructions to one of the
 ¢ight memory locations on page 0. The instructions are generally used in conjunction with
 interrupts and inserted using external hardware. However, these can be used as software

instructions in a program fo transfer progrdm execution to one of the eight locations,

Flags No flags are affected.

Additional 8085 Interrupts The 8085 has four additional interrupts and these interrupts
generate RST instructions internally and thus do not require any external hardware. These
instructions and their Restart addresses are as follows: | :

| | Restart
~ Interrupts ~ Address
~ TRAP - UH
RSTSS -2CH
RST 6.5 | 34H | .
RST7.5 ~~  3CH




- APPENDIX F

| -m:mbtaamuﬂhﬁowtommmm

Opcode  Operand . Bytes  M-Cycles  T-States Hex Code
SBB Reg. | l 4 Reg. Hex
Mem. 1 2 B | B 98

- | C 99

D 9A

E 9B

H 9C

L 9D

M 9E

| A . OF

Dﬂﬂ'lllﬂo?rm'l'he contents of the operand (register or memory) and the Borrow flag are
subtracted the contents of the accumulator and the results are placed in the accumu-

lator. The contents of ' ' ‘ |
- the operand are not altered; however, the previous Borrow flag is



~ Description mwtmtw).ndmmmmmm“' |
" the accumulator, and the results are placed in the accumulator &‘M
_ _ | ‘ A

Fag mmmdmmmtmemullofhopmum

Example A;m&ummuhmmnuimﬂumdmwﬂ :
with borrow from the accumulator. ""'ﬂ-suhmu"

Instroction: SBI2SH  Hex Code: DE 25 |

(Data): 25H |

~2
-
=
Z
il
o
= -

10
10 -
WIH=0011 0111

1_'“_—
10001 0001 =1y
Complement Carry: /0001 000 1 = 1y

W Flags:$ = 0,Z=0,AC = |
WMHMLMM
Opesde - Operand  Bytes M-Cycles  TStates  Hex Code
SHLD 16-bit 3 g 16
address ' 2

]
£
F
£




SIM: Set Interrupt Mask
Opcode Operand Bytes M-Cycles T-States Hex Code
SIM Nonc¢ | | 4 30

This is a multipurpose instruction and used to implement the 8085 isterrupts
(RST 7.5, 6.5, and 5.5) and serial data output..
The instruction interprets the accumulator contents as follows:

. Dy D Dy D, D
SOD [ SDE [ XXX | R7.5 | MSE [M7.5 [ M6.5 [ M5.£

_| | I 1 |
Senial Output data Reset RST 7.5 | Masks Interrupts
flip-flopif De =1 | if bits = |
Serial data Enable « . Mask Set | -
| = Enable | Enable if «
0 = Disable Dy =1

O SOD—Serial Output Dm Bit D, of thc accumulator is latched into thc SOD output
line and made available to a serial peripheral if bit Dg = 1.

O SDE—Serial Data Enable: If this bit = 1, it enables the serial output. To implement
serial output, this bit needs to be enabled. " A

0 XXX—Don't Care |

0O R7.5—Reset RST 7.5: If this bit = I RST 7.5 flip-flop is reset. Thls lilﬂlddmoml
control to reset RST 7.5.

O MSE—Mask Set Enable: If this bit is hlgh. it enables the functions of bits D3, Dy, Do.
This is a master control over all the interrupt masking bits. If this bit is low, bits D, D,,
and Dy do not have any effect on the masks.

O M7.5—D; = 0, RST 7.5 is enabled

= |, RST 7.5 is masked or disabled
O M6.5—D, = 0, RST 6.5 is enabled

= |, RST 6.5 is masked or disabled
O MS5.5—Dg =0, RST 5.5 is enabled

= |, RST 5.5 is masked or disabled

Example Write instructions to enable interrupt RST 5.5 and mask other interrupts.

L

Instructions: MVI A OEH ;Biub,-lwnuto
SIM [Enable RST 5.5

Example A TTY receiver line is connected 1o the SOD pin of the 808S. Disable al
interrupts and send START bit (logic 0) to TTY without affecting interrupt masks.
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Instructions: MVIA4OH D, = 0, START bit at logic 0
\Dg = 1, Enables serial ouput bit D,
Dy = 0, Does not affect masks
SIM wend START bit

Comments: This instruction does not affect TRAP inﬁmpl.

SPHL: Copy H and L Registers o the Stack Pointer

—

Opode  Operand  Byts ~ MCyces  TStates  Hex Code -
SPHL | None "1 1 6 (8085) P
' ~ 5 (8080)

Description Tblmummhﬂsﬂnmta#ofunﬂuﬂLupmmd!mt
pointer register; the contents of the H register provide the high-order address, and the

contents of the L register provide the low-order address. Thecommudthel-llndl..
registers are not altered. = .

Flags No flags are lffucwd._

STA: Store Accumulator Direct . _
Opcode  Operand  Bytes ~ M-Cycdes  TStates  HexCode
STA 16-bit 3 4 T n 32

Description mmdummm“mpﬂmlmhuﬁmmﬁd.
by the operand. This is a 3-byte instruction; the second byte specifies the low-order address
and the third byte specifies the high-order address.

Flags No flags are affected.

Example Ammtmmm9ﬂi Load the accumulator contents into
memory location 2050H.

Instruction: STA 2050H  Hex Code: 325020

Register contents Manu'y contents |
before instruction |

A5F_XX] ¥ m- !
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STAX: Store Accumulator Indirect v
Opcode  Operand Byt  M-Cycles  T-States hco:..
STAx ; mﬂ. l 2 7 |"' |
Fk . B 02 \
. | _ D 12
m Thmﬁ;hommuhmmcophdinmmnmlmﬁonw

iﬁdbymemmormw(qum.mmam sccumulator are not
serd .
hﬂl No flags are affected.

of registers B
Example M&mdhmﬂmnﬁﬂwnmm _
and C are 20H and SOH, respectively. SMmmmmumw:m ‘

ms m II - ) !

Instruction: STAX B  Hex Code: ' 02

Rnpﬂum ) mﬂmm :
before instruction . after instruction | .:

L AL wo[®] - A[EX]F
BC = Bc

Comments: mhﬂmoupufmhmhMHﬂﬁV AMuwptthu
mmmhmmudﬂtubﬂumm |

Opcode  Operand  Byts  MCycles.  T-States Hex Code
STC° Nowe 1 1 g o

 Description. The Cary flag is set 10 1.
Flags No other flags are affected.
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sUB: Subtract Register or Memory from Accumulator
SUB Reg. - 2 7 Hey
Mem. I L B .
| ¢ 9%
< .
g 2
= 9
I
L 98
M g
A 9

Description ﬂummndﬁewwﬁwmmw&“
. msumdﬁumﬂnmunuufﬂmmumulm mdthsnﬂﬂummmh
ac:umulator. Themunuufﬂwmummnmllm : |

Flags Mlﬂmmnﬁmdmmﬁeﬂthemhoflhcwbum

Exainple Amﬁemntentsoﬁhemmulmrmﬂﬂmdﬂumﬁmmc
are 40H. Submm:munuofmpmcmmcmmulm s .

Instruction: sunc Hucm 91

©: WH=0100
Iconwlmut(C) ‘ ,--! 100
- 1
1
1

ﬂ'l:l:mull ulﬂtllnvcnumber wmhmz-lmwﬁummw)
is set

SUL Subtract Immediate from Accumulator
perand  Byts  M-Cydes  T-States  Hex Code
SUI e . : o -
R |
| L |
W"'"Hﬂ mwummwmmmumoﬂwﬂ*
M&W“Mlﬂﬂgm b

i
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Flags All flags arc modified to reflect the results of the wbmcti:;n. | '
Assume the accumulator contains 40H. Subtract 37H from the accumulator.

gruction: SUI37H  Hex Code: D637

Subtrahend: 37H = 0.0 1 1
2's complement of37H= 1100
(A 40H = 0100 0000 L "-

| 10000 1001
Complement Carry: o/ 0000 100 1'=0%H
Flags: $ =0,Z = 0,AC=0 . . .

p="1,CY=0"
-IXCHG:ExchmgaHnndeimDde
Opcode  Operand  Bytes' . MCycles - T-States Hex Code'
XCHG None - Re -4 B

Description The contents of register H are exchanged with the contents of register D,
and the contents of register L are exchanged with the contents of register E.

Flags No flags are affected.

XRA: Exclusive OR with Accumulator |
Opcode  Operand  Bytes MCydes  T-States  HexCode
XRA Reg. - | | 4 | Reg.  Hex
Mem. | I 2. | 7 3 A8
C A9
D AA
EE AB
B AC
L AD
M  AE
A AF

of the operand are not altered.

:
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Flags Z, S, Pmﬂmhmﬁ'dﬂumdﬂnom CY and AC,are reset.

Example Asmlhemmofthemmmﬂmrmmmdufumnmﬁﬂ
Exdmnuﬁkﬂummdﬂnmmnmmemmulum -

Instruction; XRAD  ‘Hex Code: AA

0
thss 0,Z=
. CY= O_ACG

XRI: Exclusive on'mmmamm&

Opcode  Operand  Byts  M-Cycles  TStates . Hex Code

XRI C8bit 2 2 7 'EE

Description The 8-bit data (operand) are Exclusive ORed with the contents of the accu-

mulator, and the results are placed in the accumulator.

Flags Z. S, P are altered 10 reiect the resuls of the operation. CY and AC are reset,

Example Assume the contents of the lccnmullut are 8FH. Excluslu OR the contents of
Ihe accumulator with A2H.

[nstruction: XRIA2H - Hex Code: EE A2

(A:SFH =1000 1111
" (Daa: A2H=1010 0010
1101

Exclusive OR: 0010
- Flags: s-uz 0,P=1

| '| CY = ACﬂ

108

XTHL: Exchange H and-L with Top of Stack

Opcode ' Operand . Byts  MCycles  TeStates  Hex Code

XTHL  Nome L' - S s B




108 APPENDIX F

Descripton mmumun‘wmmwéimmmmmm .
out by the contents of the stack pointer register. The contents of the H register are

exchanged with the next stack location (SP + 1); however, the contents of the stack pointer -
register are not altered. - |

Flags No flags are affected. - _ | -
| Example The contents of various registers and stack locations are as shown:
| | L Stacks |
| - H[AZ, 57]L - 2095 [ 38

| | SP [ 2095 o 2096[ 67 ,

[llustrate the contents of these registers after instruction XTHL

'Re;isur contents K -
H{67 38|L - 2095 [ 57 |

‘
' r d . . .

E
!
5
;

H
|
i

| NOP 1

1 01 LXI B 12 LXI D 21 . LX1

e STAX D . . | B

o - dcs [B mxp [ SHp o p W
e INN B | s el B INR : 3 INX |
05 DCR B 16 DCR p | 25 | H. | 34 IN SP
06 MVI B n . MVI'D | o DCR H 36 R M
09 DAD B I DAD p 2 DAA | ‘37 MVI‘ M
0A ‘LDAX B IB LDAX D . 2A DAD 39 STC
8 DX B o 4 X D gy oy | 3 JAD gp
X mMc [p. pRE [ JXH [y s

{ oD DCR. ¢ | Igu DCR E aw . INR L 30 DCX sp

] & Mvi ¢ |- MVI g OCR | * - INR

| OF RRC ;:: RAR g MVl '332 DCR :

- n gl * | MA
40 = -



