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Pojednostavljena organizacija memorije

Address

Microprocessor

Ay Ay Ay A A Ay Ag Ay Ay Ag A A, Ay Ay A Ay (]
representation

0O 0 0 0 H o 000 0000 0000 0000
00 0 1 H ¢ 000 0000 0000 0001
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High-order byte

Low-order byte

Representation of microprocessor addresses

256 bytes of ROM

Open addresses
ino memory)

256 bytes of RAM

Open addresses
{no memory)

Simplified memory map showing ROM and RAM locations
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Tri postupka stvaranja 256x8 bitne RW memorije s \“;\“‘ Figh 256 1 B RAMS
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Op code Symbolic
Operation Mnemonic (hex) (all register labels refer to contents)
Add ADD A 8B A+ M= A
(a) Summary of the add instruction
Accumulator A [ 00011110 | m Accumulator A
Before operation After operation
Instrukcije Memory
zbrajanja i oduzimanja
? Symbolic
Operation ? (hex) (all register labels refer to contents)
Subtract SUB A 80 A-M-=A

(a) Summary of the subtract instruction

Accumulator A [ 00110111 | B ] Accumulator A

Before operation - After operation

Memory (NI 100

(B) - A subtraction problem
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Arithmetic and ¢
logic unit
Address ——=  Accumulator |-1—>
bus = Data
2 E -] bus
= £ 2 5 i
= - - =
g 5 R { Program counter |-1— = S| -
El 2 5 @
Instruction Insm..:ction
decoder register )
o e
Control
lines Input
lines
-—
-
Timing and control S
-
—-——
-
Simplified CPU architecture
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Accumulator m 0000 1111 Accumulator
Before ADD operation ALU After ADD operation
Temporary register m
(in CPU)
(a) The ALU executing the add instruction
ALU
[
Status register l -
. w
=
=]
‘ [ ( >
-— Tcmporary a
‘ register =
g =
Shifter Adder €
o
| | )

(b) Organization of the ALU




Program memory

Sadrzaj lokacija Address | Cantents
L . . . hex) hex)
memorije pri zbrajanju ‘ ‘
10 + 5 + 18 (LU B
— = Instruction 1—LOAD
o oA
5B
A | instruction 2 ADD
L s
o | @ |
| Instrsction 3—aDD
S 12
(UL B?
_:l;" - i) Instruction 4—STORE
(LGS o0
fLLLS
IIIP;\. i
*-.____,.J/r-\
I D memory |
I
'-..._________‘/-_\
ptii)
2001
2002 N
2003
| 9

A microcompater program segment for adding 10+ 5+ 18

P . Accumulator Accumulator
Primjeri instrukcija
Before operation After operation

Program memory (0001H)

(a) The load instruction

Accumulator W Accumulator

Before operation ° After operation

Program memory ((003H) m

(k) The add instruction

Accumulator 00001111 00100001 | Accumulator

Before operation After operation

Program memory ((MK5H) | 00010010

{c) The add instruction

Accumulator [ 00100001 | 100001 Accumulator

Before operation @ After operation
Data memory (2000H) )

(d) The store direct instruction




Set by operator ————

Ana“za Program counter m Address r
Ioad . Address register H m Address bus + memory
instrukcije
CPU RIW output F——{1]  Memory RIW inpur
Fetch Address decoder output Memaory s inpat
Iecremenr
Program counter Program counter
Program memory (000H) | 86H Data bus
g Data bus Instruction register
£
5 Decode { Instruction register seH Instruction decoder
g
Program counter m Address register
Address register m Address bus + memory
CPU RIW outpmt E'——-m Memory R/W input
Execute { Address decoder outpur Memory s input
Incremeat
Program counter Program counter
Program memory ((K01TH) nAH Data bus
Data bus 0AH I H I
E 11
A detailed analysis of the load immediate instruction
(a) Plastic 40-pin DIP microprocessor (b) Ceramic 40-pin DIP microprocessor
Either Index
index dot
/ ;"f
T oo T ¥ Vi Ve T Tom T T e P T T T T T P o S, =
r :f
Qg g g e = e o e AT R R as e s
1 »={ 20
1
(Top view)

(Top view)
(¢) Pin numbering on plastic 40-pin DIP IC

Opis Cipa mikroprocesora

(d) Pin numbering on ceramic 40-pin DIP 1C
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Ay O ~ a0 p—=0 Ay, X
GND 00— 2 3 =0 A Pin name Purpose Input or output
o, o=—2 W =0 A1y
0, o=—=ia 37 p—0 Ay
| ——0 &,
:: e} : : —— a“ GND, +5V, -5V, +12V Power supply connections Inputs
0, O=—el? M [0 & lock signals Inputs
n,u o © i 1,2 Clock .‘\Igna 5 -pl .
o, oe—efa 12— A DDy Data lines Bidirectional
oy & w 8080 = " ArArs Address lines Outputs
By o—o N ) fm ) Ay !
RESET O 12 2 =0 8, SYNC Synchronizer Output
MOLD o—ef 13 20 o 12¥ o )
e 1 55 a DBIN Data input strobe Output
N B 2 |—e0 8y WAIT MPU in wait state Output
NTE Da—i] 16 25 —=0 8 1 R
Dbiss & - ¢ ety mOTT WR Write strobe Output
wh Ow—dq 18 23 =0 READY HILDA Hold acknowledge Output
S¥YNC C=—q 19 2 "‘—062
way O] 20 21 [0 Hioa INTE Interrupt acknowledge Output
READY Data input stable Input
HOLI> Hold request Input
INT Interrupt request Input
RESET Reset MPU Input

Raspored i funkcija nozica (pinova) mikroprocesora Intel 8080 ,,

0, D  BIDIRECTIONAL
L)

DATA BUS
BUFFER/LATCH

INTERNAL DATA BUS INTERNAL DATA BUS

T Y 'T £ [
4 <L |
|nrccuuuuron TEMP REG INSTRLCTION
:III [ ...l REGISTER ) MULTIPLEXER
T T —
| i | w i 2w
| FLag & |
| ELIP FLOPS o {L TEMP REG TEMP REG
ACCUMULATOR ! . B ) c .
LATCH 181 | h REG REG,
L INSTRUCTION 2 D m G "
DECODER i REG REG,
AND u:
MACHINE y H H o T ®| | mecisten
CYCLE @ REG. REG ARAAY
ENCODING = T
z STACK POINTER
1161)
PROGRAM COUNTER
INCREMENTER/DECREMENTER
" ADDRESS LATCH (161

l AND
CONTROL
POWER = i, E ADDRESS BUFFER
SUPPLIES | —= 5w DATA BUS INTERRUPT HOLD  WAIT
o WRITE CONTROL CONTROL CONTROL CONTROL SYNC CLOCKS|
—_—

=o T TITTTITIM

Wh DBIN  INTE INT HOLD HOLDWAIT S¥YNC o1 2 RESET
ACK

3 Ay B
ADDRESS BUS

{a) Functional block diagram of the Intel 8080 microprocessor (Courtesy of Intel Corporation)
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8 bits
—
Flags A
B
D
H L
Stack pointer
Program counter

16 bits

Accumulator

General registers—
use as 8-bit registers or
as 16-bit register pairs

(b) Programming registers in the Intel 8080 CPU
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+5-V Power supply {

“

Address bus

-

GND

AL

INTR

RESET

?@?@@@@T?@
(AN

LiJL*Iw*J

21 j—

} Clock crysial

Clock

Interrupt request

Reset

Read
30 Write
29

=

28
27
26
25

Bidirectional data bus

‘ Pinovi op¢éenitog (generickog) procesora ‘
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Pin name Purpose Input or output
GND, V. Power supply connections Inputs

X, X Crystal connections for internal clock Inputs

CLK Clock signal Output

Ag-Ags Address bus QOutputs
De-D5 Data bus Bidirectional
RD Read control Output

WR Write control Qutput

INTR Interrupt request " Input

RESET Reset program counter Input

Pinovi opéenitog (generi¢kog) procesora

17

Koraci obrade prekida

na generiCkom procesoru

Input
interface

INTR -

MPU - —

Main program
memory
2005 .-+
(2006
2007 -+ - -
®/' 2008 ++ -

2009 - - -

| Program memory |

20040

- Interrupt
© service
* routine

20DE RETURN
N
!

]

-~

— >
A=

£

Stack

Read/write
memory

18




| GRADA MIKROPROCESORA |

MPLU

[ Internal bus
ey

Status
regisier

L Temporary
} Complementer v register bL)ala
pine o, |
shifer ] Buffer/ [==
Internal bus — — latches f——

Data /address register

Buffer/

| latches { j
A;—AU Program counter

Instruction
decoder

Instruction
register

Write _L— T * f

Eﬁ Timing and control RESET -Q—Rﬁﬂ
-] &
Read
Interrupt
i , interrupt Fequest

Clock +5V GND control

- —

Crysial Power supply

Functional block diagram of the generic microprocessor

Valni oblik signala
vremenskog vodenja e | #1

clock phases

(clock) B

CLK output

Machine

STORE instruction
= contents of accumulator in memory location given by the next two bytes in program memory

n

Vremenski i strojni
ciklusi instrukcije Instruction cycle

spremanja i zbrajanja

My M, M; M,
EET PR F R T, T T " T T T T T
Op code Read Read Write
fetch program program in
memory memory memory

{a) Timing and machine cyeles for a store immediate instruction

ADD instruction
add contents of accumulator to contents of next byte in program memory and leave sum in accumulator

Instruction cycle

M, M: M,
T T: T Ts Li] T Ty T T
Op code Read Audd
fetch program
memory

(#) Timing and machine cycles for an add immediate instruction
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Program memaory

Sadrzaj memorije i Adtres | Cotents
. . . . hex) ihex)
instrukcije zbrajanja
20000 aa
2001 o I Imstruction 1—LOAD accumislator
]
L it) 2 1
— 1
2004 ol Instruction 2—LOAD HL register pair
s ) .- Instruction 3—ADD
207 z ;. Instruction $—INCREMENT HL register pair
2008 £ .' Instruction S—ADD
2000 n II Instraction 6—INCREMENT ML register pair
2004 7 \ Instruction 7—STORE accumwulator
j—
1 |
| Drata memory |

Accumulator [:] Accumulator
Before operation After operation

Data memory (2100)

(a) Instruction 1—load accumulator

H L

Before operation After operation

p———
Program memory (2004) | 0000 0001
(2005) | 0010 0001

(b) Instruction 2—Iload HL register pair

Data/address register

Sadrzaji registara pri izvodenju instrukcija za rad s podacima i adresiranje

11



Accumulator

00010110} Accumulator

After operation

0000 1100

Before operation

Data memory (2101)

Address
i pointer

L

(¢) Instruction 3—add

Sadrzaji registara pri izvodenju instrukcija za rad s podacima i adresiranje

H L
[0070 w01 T o000 0010

Afiter operation

H L
(60100001 [ oo o

Before operation

Data/address register Data/address register

Increment

(d) Instruction 4—increment HL register pair

Accumulator 00011101 | Accumulator

Before operation After operation

Data memory (2102) m

Address
pointer

HYL

(e) Instruction 5—add

Sadrzaji registara pri izvodenju instrukcija za rad s podacima i adresiranje

12



H

Datafaddress register | 0010 0001 | 0000 0010

Before operation

L H L

After operation

Increment

(f) Instruction 6—increment HL register pair

At lator

F 0001 1101 0001 1101 | Accumulator

Before operation \‘ Aftter operation

(2103)

Address pointer
H L

(g) Instruction 7—store accumulator

00100001 | 00000011 | Datafaddress register

Sadrzaji registara pri izvodenju instrukcija za rad s podacima i adresiranje

Data memory

Address Contents

| I
: - e —

ra
&

Stack pointer 220A
230AH | —— |
I '
i I

Fig. 5-15 Setting up the stack in RAM

| Rad sa stogom |

26
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Rad sa stogom
- obnavljanje sadrZaja registra
vra¢anjem sa stoga (POP)  ju e

Stack pointer

(a) Pushing data/address register comtents on the stack

Accumulator Seatus regraer

Stack posster

Seack pinter

b) Pusbing the sceumulstor and status roginter contests o0 the stack

Accumulator States regiser Accumulator Szatus register
[ Cmiemy) _[winim)

Belure cperation [ _IJ Afer speration
Stack Saack
2o Junnn} L I E
207 | oW1 0K1 L 0aikd ik
Stack pointer 2w | o it o000 1111 |
23| e | ooon oo [ 29|
24} i t 0M

fe} Restoring accumalaior and states negiser contents by popping from the stack

Diatajaddress register i] |_"—'|

Hetore operution

5

1
[0 o] o 1111 Diatataddress reginer

o
R

Srack Stack poanter

X
Seack pownicr INE

() Restoring duia/address register contents by popping from the sack

PROGRAMIRANJE MIKROPROCESORA

Program memory Program memory
Address Contents Address Contents

(hex) (binary) (hex) (hex)

2000 00111110 Start of program 2000 3E +~——— Start of program
2001 10110100 2001 B4

2002 00101111 2002 2F

2003 00110010 N .2-[).(13 32

2004 DODINERD 2004 00

2005 00100001 2005 21

2006 01110110 2006 To

\ _
2007 . End of program 2007 - End of program
{a) Binary machine code program i#)  Hexadecimal machine code program

28
BIN i HEX oblik strojnog koda programa

14



Mnemonic code for ASCII Transl from bl Machine code for
compl ac lator  rej jon  lang to hine languag pl z
C 01000011 A hl SFH
M _ 01001101 ol 00101111 or 2
ram
A- 01000001 prog

(a) Translation of assembly language mnemonic to machine code by an assembly program

Label Mnemonic | Operand Comments
MVI A,B4H | Load accumulator with the data that immediately follows, which is
B4H
CMA ; Complement the contents of the accumulator
STA 2100H |; Store the contents of the accumulator in memory location 2100H
HLT . Stop MPU
(b) Assembly language program
. . . o 29
Program u simboli¢kom strojnom jeziku
Address Contents
(hex) (hex) Label | Mnemonic | Operand Comments
2000 3E MVI AB4H |; Load accumulator with the data that
immediately follows, which is B4
2001 B4
2002 2F CMA ; Complement the contents of the accumulator
2003 32 STA 2100H |; Store the contents of the accumulator in
memory location 2100H
2004 00
2005 21
2006 76 HLT ; Stop MPU
{c} Combined machine and assembly language program
Kombinirani strojni i simboli¢ki oblik programa 30

15



POJEDNOSTAVLJENI INSTRUKCIJSKI SKUP

B; By Bs By By By B, B,

ol e[ ][]+ ]2
b v
~ \

Flags (8) A (8

H ©® L (8
PC (16)
SP (16)

Programming model for the generic microprocessor

31
Accumulator i (LU LYY Accumulator
1 toanm Before operation After operation
LRRRRR RN ADD M
+ DO00000 1 )
1 [LLEL LT Data memory [ (NN (K0 1 I 1]- ——t 1 I Status register
_— T (LOC) cy z
Carry  Contents
of 8-bit
accumulator

Adding binary numbers showing carry (k) The ADD M instruction’s effect on the flags and accumulator

Aritmeticke instru kcije ' |Inll(|lirlulxln

+ 11111111 2s complement form of (0000001

[ —==(1y 00001000

———
[& 4 T Contents
“Noborrow”  Overflow ¢ g 10
accumulator

{a) Binary subtraction by converting subtrahend to 2s complement form and adding

Accumulator OO0 1001 Accumulator
Before operation After operation

<Y Z

DeH Status register

memaory e
Program : 000 (001

() The subtract immediate instruction

16



AritmetiCke instrukcije

cy hR

Register L | (001 (X000

e -7
—

Accumulator

e~ Alter op
CMP L Suatus register
Y F4

Register L

{a) The compare A with L instruction

i
OO0 000
110000

25 complement form of (K100

Overflow Contents of

a temporary
register in CPU

(b) Effect on carry flag when the internal CPU binary subtraction occurs during the compare operation

33
Logi¢ke instrukcije
Accumulator Accumulator Accumulator Accumulator
Before operation After operation

Dana

{a) The AND immediate instruction

Accumulator
Before operation (AND)

Data memory
L

n=u Staws register

Yy e

Program memaory

Q000 0000 | Accumulator

After operation

Y

Stitus register

Pointer

HIL register pair

(b) The ANA M instruction

After operation

Register L | 00001111

The OR A with L instruction

Accumulator

m Accumulator

Before operation After operation

Status register [0F---] ] [T ] Status register

cy 7 cy z

The rotate A right through carry instruction

34

17



Instrukcije za prijenos podataka

Accumulator

Accumulator

After operation

Before operation
Register L

The move A to L instruction

FH11O000 D000 0000 | Stack pointer

Before operation After operation

H
1111 (000 LI11 0000 | 0000 0000 | HL register pair

HL register pair

The move HL to SP instruction

Op code
21H

L data
Program memory | o000 (011

H data

D011 1100

Before operation

35
The load HL immediate instruction
Instrukcije za prijenos podataka
Before aperation @ After operation
Data memory (LOC) 1t HIL register pair
LOC+1 | 0000 0000 |
Op code
2AH
Low-order byte
of address | Program memory
High-order byte
of address
The load HL direct instruction
Accumulator | 1100 0000 ] P00 0000 | Accumulator
Before operation After operation
Drata memory
(L0
Address pointer
Op code
b onr ity
TRH ] [t addies]
Low-order byte
Program memory of address
High-order byte
of address
36

The store A direct instruction

18



Instrukcije za prijenos podataka (sa ulaza)

o000 1111 ] Accumulator

Before operation @ After operation

Input port
(LOC)

0000 1111

Op code

An
#-bit address

Program memaory

The input direct instruction

Instrukcije za grananje i skok u programu

Op code
GH_|
Program memory 0000 0000 | <
0010 0000 "Q’»

Before operation V%‘%Q- @ After operation

Program counter
The unconditional jump instruction

Op code
CAH
Program memory | 0000 1000

OO0 000

Lo,
G

v o

&
Before operation %fz\‘ o

Status register

oY 4

Alter operation
Iz

m m Program counter

The jump if zero instruetion

38
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Instrukcije za poziv i povratak iz potprograma

Main program

Address Contents
200DH CALL
1
00EH 0H } Jump T
..
200FH 10H J i 1000H
2000H 15
time delay
subroutine
2020H CALL RETURN
2021H MH
2022H 10H
2023H
39
Program flow from main program to subroutine and back using call and return instructions
Instrukcije za poziv i povratak iz potprograma
Stack Stack
Stack 2107 2107
pointer 2108 (N0 000 | 2108
2109 OO0 0000 | 2109 |
210AH 2104 H 20A e -
Program counter
Before operation After operation
Address  Op code H L
20DH]  CDH [ o001 0000T 0000 0000 ] Program counter
Program memory | 200EH | 0000 (000
200FH | (001 (000
The subroutine call instruction
Stack Stack Stack
pointer 2107 2107
f 2108H l—j 2108 | 0001 (000 2108
2109 | 0010 0000 2109
210A ¢ ! 210A
1 ! 1 1
3
Before operation After operation
H L
0010 0000 Program counter
The return from subroutine instruction 10

20



PISANJE PROGRAMA

Add
first number

second number

Add
third number

{a) Functional lowchart for adding three numbers

Sart )

Load ML register
with 2010H

T

Load A with
first aumber
from M

i

Increment
HL 10 2011H

Increment
HL 10 2012H

t

Add third
Rumber
from M 1o A

.

Increment
HI 1o 2003H

L

Store sum
in M

41

(b} Detailed Aowchart

Sadrzaj memorije i instrukcije
za zbrajanje tri broja i spremanje
zbroja

Data memory
Address | Comtents
ihex) {hex)
010 0F
2001 "
:nl:- :
013 B
[ —]
Program memary
T
2020 b3
2021 10
22 kil
2023 TE
2024 il
028 . m
2026 - k] |
2027 £
2028 b1
| m |
2024 70
—— .l—'—'_"‘-,

«=Sum

Instruction |—Load HI.

Instruction 2—Load A with first number

Instructhon 3—Increment HI.

Instruction 4—Add second number

Instruction S—Increment HI

Instruction 6—Add third number

Instruction T—Increment HL

Instruction 8—Store sum

Instruction 9—Stop

Memory contents and instructions for adding three numbers and storing the sum

21



NACINI ADRESIRANJA

11000011 | Accumulator

Before operation After operation

Input port [ 11000011
ks [ 1000011 |

Op code
B
(5000 1010 | 2001 ]

The input instruction (direct addressing)

Address

pointer Program memory

[(io0m]  Accumuiaor

Before operation After operation
MOV AM

Data memory
(2080)

F L
HL register pair
An address

The load A from memory instruction (register indirect addressing)
43

GRANANJE PROGRAMA

Load first

number in

register A
(accumulator)

I

Load second
number in
register L

Compare

Aand L
(A} = (L)

Y

Mo
(A4) = (L) Yes (LY = (A)
Store (A) Store (L)
in memory in memory

(a) Detailed flowchart for comparing and storing the larger number 44

22



PONAVLJANJE DIJELOVA PROGRAMA (PETLJE)

Loop

—

Clear 4
o 00H

Output 4 and
delay = 15

‘ Increment 4

Compare
() with FFH

No
Yes
(Sor )

Initialize

Repeated
process

Modify

count

Test
procedure

Flowchart of the counting problem that uses program loopin

45
POTPROGRAMI
[
Add A
1o LOC (W & L)
Muhiply
mf;.l:n‘.:"’
Suoee the
i
e
from wack
Compare
46

11 Functionsl Biwchart for

¥} pe
‘and-loops again instremcetation problem

23



Enler Trom main program

Push ML
regier

POTPROGRAMI

1) = Mskiphier

Wy = Multiplicand

Store
Tt

I Mone
| ) -w
| .
- uq\r(mml 1 [ Decremens malsiplier by |
I m..w
| | ——w

Load
lurml product

m reaimer
-.< om sack

L always
Return
froe ..n- cuise |

Resume main peogram

Detailed flowchart of multiply subroutine used in instrumentation problem

47

SPAJANJE MIKROPROCESORA NA VANJSKE JEDINICE

Peripheral device

e —" Input
. interface e
— adapier A

Address bus
{16 lines) —
e
A MPU e
rt—
(= Control bus 1
N
=TT ROM T —
1 v
E— |, Databus
(8 lines)

RAM '_'_"")===

Output
interface

adapter

Block diagram of microprocessor-based system

48
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Suceljavanje prema ROM-u

Address bus

Address
decoder

@

)=

Chip select line

MPU
signals I Memory read

Address line (A, - A,,) b ):

Read output (RD)

Data inputs (D, - D)) — =

Timing diagram—MPU signals during ROM read operation

Data bus

[T
il B 5 brnrae 40
MO

A gromat

Suceljavanje prema RAM-u

Address bus

T 4k x 8

e e module
Device select line | Module ==
select (M)

Interfacing RAM with microprocessor

Data

bus

(LU
ROM
Ak % 8
_OFFF
1000
IFFF
2000

4096 word x 8 bit
RAM
2FFF

Memory map

50
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Suceljavanje prema RAM-u

signals

Address (A-A,) X Address valid X Address (4,-4 ) X 4

Read (RN { N, / Write (FR) _Jl-/—‘

el ] _ Moy ted NP | e

In
bty —=q== Y= R B SLTTTTID SEEE
RAM . RAM .
signals | Memory read signals | Memory write

Write cycle time ————=

Module select (M5) / Module select (¥75)

Read /write (R/)

Dutput enable (OF) M, /
o 0,09 = =1 == -
| Read
BCCESS
time

ming diagram—MPLU and RAM signals during memory

__Write pulse

Read/write (R width

Data inpuis (=) — —

Address
setup time

Timing diagram—MPL and RAM signals during memory write operation

ad operation

51

Suceljavanje prema ulazu/izlazu | [

Port addros

g meU
‘1

Port  bnpet/outpen
addrowm  wrise signal

Instruction formal
Op oode

Inpt inteuctson
Ll Por: addrevs

Pon
address

fa) Isolased DY instructions and MPL! sgnak:

Insruction fosmat

Output instruction

Low-ceder address
(STAl—sore A ditect

High-order address

MPU

Inzraction format

Op code

Input instrustion

(LDA)—load A direct LIRS

High-order addrms ey

=) 52

(B Memory-mapped 1/0 instructions asd MPU signals

26



Suceljavanje prema 7-segmentnom pokazivacu

Output interface adapler

Peripheral device

D,

(a)

b @
P> Ck

Interfacing single LED output bit indicator

Output interface adapler

Peripheral device

2, —
<& :
MPU D° TR ‘?I 2, ¢
oy by o o
2 £
| 2
| 2 !
| 6
| o_l‘ 13
| 4
| Write control line - 1Y - el
| Device select line D— Enable
(b)) Imterfacing seven-segment display 53
Suceljavanje prema tipkovnici
Peripheral device Inpat interface adapier
HIGH
g
Ok
Device sclect line o P " o,
oMU
; =, 5,
Read connrol line pu
(@) Interfacing single switch input
Peripheral device Input interface adapues
ooa
0oo
latches buffers =
000og ® )
Oggd Enable Enable
@u -
Device select line
o .J
MPLU .
; HT=
Read control line o
ik 54

(B} Interfacing keyboard input

27



Suceljavanje prema ulazno/izlaznim pristupima

Address
decoder

Write control line . 8212 140 port
Device select line .
Data =
latches “”o .
HIGH = output Mode control
( LOW = input ) HIGH rroee

buff §

HIGH —— ~rup 0o, - vuflers oo, Output interface adapter

;
I

[T

—— Peripheral device

55
Interfacing with seven-segment display using Intel 8212 1/O port
Suceljavanje prema ulazno/izlaznim pristupima
Signals at
8212 1/0 port Ousips: giods
Data input DI-DI, Qq Input data X
Y
B T N\ [/
Input
control |
signals
082 — :] "
Data outputs D0, -D0, x" Latched data appears at output pins
Timing diagram—1/0O port signals during output mode
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Sinkronizacija U/l prijenosa podataka prekidima

Peripheral device
O 0O O] Gebows
YYYYYY
Strobe line
- STH Input interface adapter
HIGH = output Mode control P Bl
LOW = input LOW =MD
HIGH ——————QCLR Data Output 200,
Device select line latches buffers W_E i
= 052
1/0 read line __ i
D51 T
8212 1/O port INT
Interrup
request = s
line L
MPU %
Address L ] L ‘:'7
INTR
. . . ; ez . 57
Interfacing with keyboard using the Intel 8212 1/O port with simple interrupt
Sinkronizacija U/l prijenosa podataka prekidima
Signals at '
mzpln,ro port Input mode
Data input DI-DI, § Input data X
Strobe input STH
Data latches b Stored in latches
f7]
Buffer
controls
Ds?
Ouwpuwsw DO-DO, _
data bus
Interrupt output INT " I
Timing diagram—1/0 port signals during input mode with simple interrupt
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Dekodiranje adresa
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Dekodiranje adresa

Device select line

(9000-9FFFH) To input
_DC interface
adapier
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of 14
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Using the 1-of-16 decoder as an address decoder
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Dekodiranje adresa

Microprocessor

BOOOH address =

Address
decoder
Device select lime
S000H
To cutpur interface adapter
fla)  Logh diagram for fully decoding outpit device a1 address R00H
Device select lime
(S000H) N B
To input imterface adapter
Address
decoder

Microprocessor

(B) Logic diagram for fully decoding inpat device at address 9000H
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