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Instrukcje wegclia-wyjscia Z80
IN A, (n}
Operation: A« (n)
Op Code: IN

Operands: A, (n)
1 1 0 1 1 0 1 1 DB

== n -

Description: The operand n is placed on the bottom half ( AD through A7) of the address
bus to select the /'O device at one of 256 possible ports. The contents of the
Accumulator also appear on the top half { A8 through Al3) of the address
bus at this time. Then one byte from the selected port is placed on the data
bus and written to the Accumulator {register A) in the CPLI.

M Cycles T States 4 MHz LT.
3 11(4,3,4) 2.75

Odczyt na akumulator danej z gdzenia we-wy o0 adresie 8-mio
bitowym n



IN r{(C)
Operation: r« (C)
Op Code: IN

Operands: r,(C)

Description: The contents of register C are placed on the bottom half (A0 through A7) of
the address bus to select the 1/0 device at one of 256 possible ports. The
contents of Register B are placed on the top half ( A8 through Al5) of the
address bus at this time. Then one byte from the selected port is placed on
the data bus and written to register r in the CPU. Register r identifies any of
the CPLU registers shown in the following table, which also indicates the
corresponding 3-bit r field for each. The flags are affected, checking the

input data.
Register r
Flag 110 Undefined Op Code, set the flag

B Q00
C 001
D 010
E 011
H 100
L 141
A 111

M Cycles T States 4 MHz E.T.
3 1214, 4. 4) 3.00

Odczyt do rejestru r danej z gdzenia we-wy o adresie zawartym w
rejestrze C



OuT (n), A
Operation: (n)«< A
Op Code: OuT

Operands: (n). A
1 1 0 1 0 0] 1 1 | D2

- n i

Description: The operand n is placed on the bottom half ( AD through A7) of the address
bus to select the 10 device at one of 256 possible ports. The contents of the
Accumulator (register A) also appear on the top halt { A8 through Al135) of
the address bus at this time. Then the byte contained in the Accumulator is
placed on the data bus and written to the selected peripheral device.

M Cycles T States 4 MHz E.T.
3 1104, 3,4 2.75

Wyslij zawartas¢ akumulatora A do usrdlzenia we-wy o adresie 8-mio
bitowym n



OUT (C), r
Operation: (C)«r
Op Code: ouT

Operands: (C)r
1 1 1 0 1 1 0 1| ED

01 1 |- r = 0| 01

Description: The contents of register C are placed on the bottom half ( A0 through A7) of
the address bus to select the /O device at one of 256 possible ports. The
contents of Register B are placed on the top half (AS through Al5) of the
address bus at this time. Then the byte contained in register r is placed on
the data bus and written to the selected peripheral device. Register r
identifies any of the CPLU registers shown in the following table, which also
shows the corresponding three-bit r field for each that appears in the
assembled ohject code:

Register r
B 000
[ 0ol
D 010
E 011
H 100
L 101
A 111
M Cycles T States 4 MHz E.T.
3 124, 4, 4) 3.00

WYyslij zawartcs¢ rejestru r do urdzenia we-wy o adresie zawartym w
C



Przestania blokowe w obszarze pami



LDI
Operation: (DE)« (HL),DE<«DE+ |, HL« HL+ |,BC « BC -1
Op Code: LDI

Operands: (5P), HL
1 1 1 0 1 1 0 1 | ED

1T 0 1 0|0 0|0 ]|0]|AD

Description: A byte of data is transferred from the memory location addressed, by the
contents of the HL register pair to the memory location addressed by the
contents of the DE register pair. Then both these register pairs are
incremented and the BC (Byte Counter) register pair is decremented.

M Cycles T States 4 MHz E.T.
4 16 (4,4, 3, 3) 4.00

Condition Bits Affected:

Pojedyncze przestanie zawadbkomorki pameci o adresie
wskazywanym przez HL pod adres zawarty w DE, zipkitmentac]
zawartgci HL | DE oraz postdekrementagawartdci BC



LDIR
Operation: (DE)« (HL), DE « DE + |, HL «— HL + 1. BC F«= BC -1
Op Code: LDIR

Operands: BS
1 1 1 0 1 110 1 | ED

1 o1 (10|00 ]|0]ED

Description: This 2-byte instruction transfers a byte of data from the memory location
addressed by the contents of the HL register pair to the memory location
addressed by the DE register pair. Both these register pairs are incremented
and the BC (Byte Counter) register pair is decremented. If decrementing
causes the BC to go to zero, the instruction is terminated. If BC is not zero,
the program counter is decremented by two and the instruction is repeated.
Interrupts are recognized and two refresh cycles are executed after each
data transfer. When BC is set to zero prior to instruction execution, the
instruction loops through 64 Kbytes.

For BC =0:
M Cycles T States 4 MHz E.T.
3 21 (4.4, 3,5, 5) 3.25
For BC =
M Cycles T States 4 MHz E.T.

16(4,4,.3

Przestanie blokowe zawa ‘ﬁbmérl??ﬂpaw@ci spod adresu
wskazywanego przez HL pod adres wskazywany przezDE
postinkrementagjHL | DE oraz postdekrementadpC, powtarzana do
wyzerowania licznika BC



LDD
Operation: (DE)« (HL), DE « DE -1, HL « HL-1, BC « BC-I
Op Code: LDD

Operands: —
1 1 1 0 1 110 [ 1 ED

1| 0|1 0|1 0|0 |0]|ASB

Description: This 2-byte instruction transfers a byte of data from the memory location

addressed by the contents of the HL register pair to the memory location
addressed by the contents of the DE register pair. Then both of these register
pairs including the BC { Byte Counter) register pair are decremented.

M Cycles T States 4 MHz E.T.
4 |6 (4.4, 3, 5) 4.00

Condition Bits Affected:

Pojedyncze przestanie zawadbkomorki pamgci o adresie
wskazywanym przez HL pod adres zawarty w DE, zdwmsementag
zawartdci HL | DE oraz BC



LDDR
Operation: (DE)« (HL), DE+ D« |, HL « HL-1, BC « BC-I

Op Code: LDDR

Operands: —
1 1 1 0 1 1 0 1| ED

1l o1 |1|1]|0|0]|0]|BES8

Description: This 2-byte instruction transfers a byte of data from the memory
location addressed by the contents of the HL register pair to the memory
location addressed by the contents of the DE register pair. Then both of
these registers, as well as the BC (Byvte Counter), are decremented. If
decrementing causes BC to go to zero, the instruction i1s terminated. IT
BC is not zero, the program counter is decremented by two and the
instruction is repeated. Interrupts are recognized and two refresh cycles
execute after each data transfer.

When BC is set to zero, prior to instrmiction execution, the instruction loops
through 64 Kbytes,

For BC = 0:

M Cycles T States 4 MHz E.T.
5 21 (4.4, 3.5.5) 5.25

For BC = (
Przestanie blokowe zawastm komorki pam¢ci spod adresu

wskazywanego przez HL pod adres wskazywany przezDE
postdekrementagHL | DE oraz BC, powtarzana do wyzerowania
licznika BC



CPI
Operation:  A-(HL), HL « HL +1, BC « BC -]
Op Code: CPI

Operands: —
1110 1]|1]|0]|1]|ED

11 011 oo 0|0 |0 Al

Description: The contents of the memory location addressed by the HL register is
compared with the contents of the Accumulator. In case of a true compare,
a condition bit is set. Then HL 1= incremented and the Byte Counter
(register pair BC) is decremented.

M Cycles T States 4 MHz E.T.
4 164, 4,3, 5) 4.00

Porownanie zwartzi komorki pamgci o adresie wskazywanym przez
HL z zawartdcia akumulatora z postinkrenetadilL |
postdekrementagBC



CPIR
Operation:  A-(HL), HL « HL+1, BC « BC-1
Op Code: CPIR

Operands: —
11| 1|o|1]1]|0]|1|ED

1 o] 1 1 o)l oo |1]| Bl

Description: The contents of the memory location addressed by the HL register pair is
compared with the contents of the Accumulator. In case of a true compare, a
condition bit 1s set. HL 1s incremented and the Byte Counter (register pair
BC) is decremented. If decrementing causes BC to go to zero or if A = (HL),
the instruction is terminated. If BC is not zero and A = (HL), the program
counter is decremented by two and the instruction is repeated. Interrupts are
recognized and two refresh cycles are executed after each data transfer.

If BC is set to zero before instruction execution, the instruction loops
through 64 Kbytes if no match is found.

ForBC =0and A =(HL}:

M cycles T States 4 MHz E.T.
3 21 (4.4,3,5.3) 3.25
For BC=0and A =(HLY:
M Cycles T States 4 MHz E.T.
4 l6 (4, 4,3, 5) 4.00

Porownanie zwartzi komorki pamgci o adresie wskazywanym przez
HL z zawartdcia akumulatora z postinkrenetadilL |
postdekrementagBC, powtarzane do wyzerowania BC lub do
stwierdzenia rownsei w poréwnaniu



CPD
Operation: A -(HL), HL « HL-1, BC « BC -|
Op Code: CPD

Operands: —
1 1 1 0 1 1] 0 1 | ED

1 01 1 0 1 o101 | A2

Description: The contents of the memory location addressed by the HL register pair is
compared with the contents of the Accumulator. In case of a true
compare, a condition bit 15 set. The HL and Byte Counter (register pair
BC) are decremented.

M Cycles T States 4 MHz E.T.
4 164, 4,3, 5) 4.00

Porownanie zwartzi komorki pamgci o adresie wskazywanym przez
HL z zawartdcia akumulatora z postdekrenetakjL i BC



CPDR
Operation: A -(HL),HL « HL-1,BC « BC -1
Op Code: CPDR

Operands: —
1 1 1 0 1 1|0 1| ED

11 o011 | 1|00 ]|1]|BE2

Description: The contents of the memory location addressed by the HL register pair is
compared with the contents of the Accumulator. [n case of a true compare,
a condition bit is set. The HL and BC (Byte Counter) register pairs are
decremented. If decrementing causes the BC to go to zero or if A = (HL),
the instruction is terminated. [f BC is not zero and A = (HL), the program
counter 1s decremented by two and the instruction is repeated. Interrupts are
recognized and two refresh cycles execute after each data transfer. When
B( is set to zero, prior to instruction execution, the instruction loops
through 64 Kbytes if no match is found.

For BC =0and & =(HL):

M Cycles T States 4 MHz E.T.
5 21(4.4,3.5.5) 5.25
For BC =0and A =(HL):
M Cycles T States 4 MHz E.T.
4 164, 4,3,5) 4.00

Porownanie zwartzi komaorki pamgci o adresie wskazywanym przez
HL z zawartdcia akumulatora z postdekrenetatjL | BC, powtarzane
do wyzerowania BC lub do stwierdzenia réweciov poréwnaniu



Przestania blokowe w obszarze pamii we-wy



INI
Operation: (HL)<« (C),B« B-1,HL « HL + 1

Op Code: INI
1| 1|1|0o|1|1]0]|1]|ED

1 01 1 0 o 0|1 0| A2

Description: The contents of register C are placed on the bottom half (A0 through A7) of
the address bus to select the /O device at one of 256 possible ports.
Register B may be used as a byte counter, and its contents are placed on the
top half (A8 through A15) of the address bus at this time. Then one byte
from the selected port 1s placed on the data bus and written to the CPU. The
contents of the HL register pair are then placed on the address bus and the
input byte 1s written to the corresponding location of memory. Finally, the
byte counter 1s decremented and register pair HL 1s incremented.

M Cycles T States 4 MHz E.T.
4 16 (4, 5, 3, 4) 4.00

Przestanie danej z wdzenia we-wy o adresie zawartym w C do
komorki o adresie w HL z postinkrementgaEIL | postdekrementagjB



INIR
Operation: (HL)« (C), B« B -1, HL « HL +1

Op Code: INIR
1111|011 |0]|1]|ED

11 01 1 o 01 0| B2

Description: The contents of register C are placed on the bottom half ( A0 through A7) of
the address bus to select the 1/0 device at one of 256 possible ports.
Register B is used as a byte counter, and its contents are placed on the top
half (A8 through Al3) of the address bus at this time. Then one byte from
the selected port is placed on the data bus and written to the CPU. The
contents of the HL register pair are placed on the address bus and the input
byte 1s written to the corresponding location of memory. Then register pair
HL is incremented, the byte counter is decremented. If decrementing causes
B to go to zero, the instruction is terminated. If B is not zero, the PC is
decremented by two and the instruction repeated. Intermupts are recognized
and two refresh cycles execute after each data transfer.

Mote: if B is set to zero prior to instruction execution, 256 bytes of data

are input.
If B = 0
M Cycles T States 4 MHz E.T.
3 21 (4,5, 3. 4.5) 525
fB =0:
M Cycles T States 4 MHz E.T.
4 164, 5,3.4) 4.00

Przestanie danej z wdzenia we-wy o adresie zawartym w C do
komorki o adresie w HL z postinkrementakjL | postdekrementagjB,
powtarzane do wyzerowania rejestru B



IND

Operation: (HL)« (C), B« B -1. HL « HL -1

Op Code: IND

.1

1

1

0

1

.1

0

.1

1

0

1

0

1

0

1

0

ED

AR

Description: The contents of register C are placed on the bottom half { A0 through A7) of
the address bus to select the 1O device at one of 236 possible ports.
Register B may be used as a byte counter, and its contents are placed on the
top half (A8 through A15) of the address bus at this time. Then one byte
from the selected port 1s placed on the data bus and written to the CPU. The
contents of the HL register pair are placed on the address bus and the input
byte is written to the corresponding location of memory. Finally, the byte
counter and register pair HL are decremented.

M Cycles

4

164, 5,3, 4)

T States

4 MHz E.T.
4.00

Przestanie danej z wdzenia we-wy o adresie zawartym w C do
komorki o adresie w HL z postdekremenidd] | B



INDR
Operation: (HL)« (C), B+« 131, HL « HLI

Op Code: INDR
tl11]|of1|1|0]|1]|ED

1 0] 1 1 1 011 0| BA

Description: The contents of register C are placed on the bottom half ( A0 through A7)
of the address bus to select the /O device at one of 256 possible ports.
Register B is used as a byte counter, and its contents are placed on the top
half (A& through A15) of the address bus at this time. Then one byte from
the selected port is placed on the data bus and written to the CPU. The
contents of the HL register pair are placed on the address bus and the
input byte is written to the corresponding location of memory. Then HL
and the byte counter are decremented. If decrementing causes B to go to
zero, the instruction is terminated. If B is not zero, the PC is decremented
by two and the instruction repeated. Intermipts are recognized and two
refresh cycles are executed atter each data transfer.

When B is set to zero prior to instruction execution, 256 bytes of data are

input.
fB=0
M Cycles T States 4 MHz E.T.
. L‘J'E 21(4,5,3,4,5) 5.25
M Cycles T States 4 MHzE.T.
4 16 (4.5, 3. 4) 4.00

Przestanie danej z wdzenia we-wy o adresie zawartym w C do
komorki o adresie w HL z postdekremenidd] | B, powtarzane do
wyzerowania rejestru B



OuUTI
Operation: (C)« (HL), B« B-1,HL « HL + 1

Op Code: OUTI
1 1 1 0 1 1 0 1 | ED

1 a1 0 0 o1 1 | A3

Description: The contents of the HL register pair are placed on the address bus to select a
location in memory. The byte contained in this memory location is
temporarily stored in the CPU. Then, after the byte counter (B) is
decremented, the contents of register C are placed on the bottom half (AQ
through A7) of the address bus to select the ['O device at one of 236
possible ports. Register B may be used as a byte counter, and its
decremented value is placed on the top half (A% through Al35) of the
address bus. The byte to be output is placed on the data bus and written to a
selected peripheral device. Finally, the register pair HL 1s incremented.

M Cycles T States 4 MHz E.T.
4 16 (4, 5,3, 4) 4.00)

Przestanie danej z komorki o adresie w HL dadzenia we-wy 0
adresie zawartym w C, z postinkremendddf. | postdekrementagjB



OTIR
Operation: (C)« (HL), B« B -1,HL « HL + 1

Op Code: OTIR
111 ]o|1]|1]0]|1]|ED

1 o1 1 o] o1 1| B2

Description: The contents of the HL register pair are placed on the address bus to select
a location in memory. The byte contained in this memory location is tempo-
rarily stored in the CPU. Then, after the byte counter (B) is decremented, the
contents of register C are placed on the bottom half ( A0 through A7) of the
address bus to select the /0 device at one of 256 possible ports. Register B
may be used as a byte counter, and its decremented value is placed on the top
half (A% through A15) of the address bus at this time. Next, the byte to be
output is placed on the data bus and writien to the selected peripheral device.
Then register pair HL is incremented. If the decremented B register is not
Zero, the Program Counter (PC) is decremented by two and the instruction is
repeated. If B has gone to zero, the instruction is terminated. Intermupts are
recognized and two refresh cycles are executed after each data transfer.

Mote: When B is set to zero prior to instruction execution, the instruc-
tion outputs 256 bytes of data.

IfB =
M Cycles T States 4 MHz E.T.
5 21{4,5, 3. 4.5) 5.25
IfB=0:
M Cycles T States 4 MHz E.T.

Przestanie danej z komorki o adresie w HL dadzenia we-wy 0
adresie zawartym w C, z postinkremenddf. | postdekrementag|B,
powtarzane do wyzerowania rejestru B



QUTD
Operation: (C)«(HL), B« B -1, HL « HL -1

Op Code: OuUTD
1111|011 ]|0]|1]|ED

1| ol1|o|1] 0|1 ]|1]AB

Description: The contents of the HL register pair are placed on the address bus to select a
location in memory. The byte contained in this memory location 1s
temporarily stored in the CPL. Then, after the byte counter (B) 1s
decremented, the contents of register C are placed on the bottom half ( AD
through A7) of the address bus to select the ['O device at one of 256
possible ports. Register B may be used as a byte counter, and its
decremented value is placed on the top half (A% through Al135) of the
address bus at this time. Next, the byte to be output 15 placed on the data bus
and written to the selected peripheral device. Finally, the register pair HL 1s
decremented.

M Cycles T States 4 MHz E.T.
4 l6 (4,5, 3. 4) 4.04

Przestanie danej z komorki o adresie w HL dadzenia we-wy 0
adresie zawartym w C, z postdekrementéti] | B



OTDR
Operation: (C)« (HL), B« B-1,HL « HL-1

Op Code: OTDR
1|11 |o]|1|1]|0]|1]|ED

1lol1|1[1]0o|1]1|EB

Description: The contents of the HL register pair are placed on the address bus to select a
location in memory. The byte contained in this memory location is tempo-
rarily stored in the CPU. Then, after the byte counter (B) is decremented,
the contents of register C are placed on the bottom half { Al through A7) of
the address bus to select the 1/0 device at one of 256 possible ports. Regis-
ter B may be used as a byte counter, and its decremented value is placed on
the top half (A8 through Al3) of the address bus at this time. Next, the byte
to be output is placed on the data bus and written to the selected peripheral
device. Then, register pair HL is decremented and if the decremented B
register is not zero, the Program Counter (PC) is decremented by two and
the instruction is repeated. If B has gone to zero, the instruction is termi-
nated. Interrupts are recognized and two refresh cycles are executed after
each data transfer.

Note: When B is set to zero prior to instruction execution, the instruc-
tion outputs 256 bytes of data.

IfB =0

M Cycles T States 4 MHz E.T.
5 21(4.5,3,4,5) 5.25

Przestanie danej z komorki o adresie w HL dadzenia we-wy 0
adresie zawartym w C, z postdekrementétl] i postdekrementag|B,
powtarzane do wyzerowania rejestru B



System mikroprocesorowy z uktadem Z80

System mikroprocesorowy z procesorem Z8&@no
zaadresowamaksymalnie 64 k-Bajty pagul programu |
danych oraz 256 ugdzen we-wy.

Urzadzenia we-wy moglby¢ lokowanew przestrzeni
adresowe] pameci | wtedy adresacja odbywacgak dla
komorek panwci (adresy 16-bitowe, rejestry adresowe HL,
IX, 1Y, adres bezpg&edni)- rozkazy typu LD.

Moga by¢ tez adresowan®s przestrzeni adresowe] wejcia-
wyjscia (maksymalnie 256 lokacji)- rozkazy IN, OUT.



Zatozenia systemu w wersji minimalnej:
- niepeiny dekoder adresowy,
- podziat przestrzeni pagui na osiem obszarow po 8kB,
- adresy 0000-1FFF- pagti ROM programu,
-adresy 2000-3FFF- paati RAM danych,
-urzadzenia we-wy w iléci 6 sztuk pod adresami:
-4000, 6000, 8000, A00O, C000, EOO0O,

-llos¢ lokacji zajmowanych prze wdzenie we-wy- 8 lokaciji.



1 74L.S04

==

2MHz

BUSREQ
BUSACK

RESET
INT
NMI

_D._I—CL

RESH
M1
vCC

GND

A0
Al
A2

A3
A4

A5
A6
A7
A8
A9
A10

All
Al12

A13
Al4
A15
RD
WR
IORQ
MREQ

741542

CSO0

CS1
CS2
CS3
CS4

CS5

CS6

:

System mikroprocesorowy 280‘
w wersji minimalnej z
pameciami 8kB pamigci
programu | 8kB pamgci danych.

CS2 CS4

CS3

CS/I—

Dekoder adresowy

8kB ROM

A0 DO
Al D1
A2 D2
A3 D3
A4 D4
A5 D5
A6 D6
A7 D7
A8 _
A9 OE
A10 CS
All GND
Al2 VCC

A0 DO
Al D1
A2 D2
A3 D3
A4 D4
A5 D5
A6 D6
A7 D7
A8 RD
A9 WR
A10 CS
All GND
Al12 VCC
8kB RAM
AOA1 A2
MEMW MEMR




Generator kwarcowy przebiegu prostolatnego ze
zlinearyzowanymi bramkami negacji 74L.S04

Literatura: Jan Pi&kos, Janusz Turcagki, ,, Uklady scalone TTL w
systemach cyfrowych”.

E Irﬂlnf ’ C = 680 pF (f =1 MHz)

ke . C =330 pF (f =2 MHz)
{0 | € =120 pF (f=5 MHz)
F2 MKy J0pF Ir:

Zrédto: [Jan Pigkos, Janusz Turcagki, , Uklady scalone....]




Al5 Al14 A13 Al12 All............... AOQ ADDR HEX
0000
1FFF
2000

4000
5FFF

0

1

0

1 3FFF
0

1

0 6000
1

, O B O Lk O Bk

7FFF

1 1 1 1 1 1 FFFF

Podziat obszaru pagui na pola 8k-Bajtowe



Uktad pracy krokowej co cykl maszynowy mikroprocesd80



Uktady wejscia-wyjscia w systemach
mikroprocesorowych
- Porty réwnolegte.
- Porty szeregowe (synchroniczne | asynchroniczne).
- Uktady czasowo-licznikowe.
- Kontrolery bezpéredniego dospu do pangci- DMA.
- Interfejsy zegara czasu rzeczywistego.
- Interfejsy ekranu CRT.
- Interfejsy stacji dyskow elastycznych.
- Interfejsy stacji dyskow twardych.

- Interfejsy portow USB.
- Itp..



PORT ROWNOLEGLY 8255

Literatura:

intersi 82C55A

CMOS Programmable
Peripheral Interface



Uktad 8255 jest programowalnym uktadem we-wy, zaapgeym trzy
osmio bitowe porty: PA, PB, PC. kdy z portdw mae pracowa jako
wejscie lub wygcie w trybie bez potwierdagzwykty port wygciowy
lub wegciowy). Jest to tzw. tryb O.

Port A i B mog pracowa jako wefcie lub wygcie w trybie pierwszym
Z potwierdzeniami. Linie potwierdzenia znajglgjec wtedy na
wybranych liniach portu C.

Dla wegcia s to sygnaty:

-STB- strob zapisu danych,

-IBF - bufor wegciowy petny (dana zapisana).
Dla wyjscia g to sygnaty:

-OBF- bufor wyjsciowy petny,

-ACK - potwierdzenie odczytu danych



W trybie dwukierunkowym portu A sygnaty strobcog g analogiczne:
-STB,

-1BF,

-OBF,

-ACK.

Gdy port A pracuje w trybie 1. port B m® pracowa jedynie w trybie O
( z braku dodatkowych linii steragych)

W trybach 11 2 uktad me generowaprzerwania na okéonych
liniach portu C, ktoressmaskowane wybranymi bitami portu C.

Odmaskowanie przerwianastpuje przez ustawienie na ,1” wybranych
bitdw portu C.



Port rownolegty 8255A firmy Intel

POWER | —* *W
GND

SUPPLIES

BI-DIRECTIONAL
DATA BUS

DT-0x

DATA BUS
BUFFER

GROUP A
CONTROL

GROUP A
PORT A

()

EI-EIT>

INTERMAL
DATA BUS

GROUP A
FORTC

GROUP B
PORT C

GROUP B
CONTROL

GROUP B
FORTE

()

UPPER u
(4]

LD::'I.I::IEH -

[http://www.dsi.unifi.it/~nesi/8255.pdf]

iy
PAT-PAD

iy
PCT-PC4

1y
PCI-PCO

iy
FBT-PBED

Schemat blokowy uktadu portow rownolegtych 8255



B2CS55A (DIP)

TOP VIEW
PA3 [T ~ 7] P4
PA2 [ 0] PAS
Pat [F 79 PAG
PAD [ 7] PAT
RO [ 35 WR
TS [F] 5] RESET
GND [T] 53] D
Al [E 33 D1
AD [T 2] D2
PCT ) D3
PCE 5] D
PCS 29 D5
PC4 78] D6
PCO 27 o7
PG T8 Vo
PC2 74 PET
PC3 74 PEE
PBO 73] PES
PE1 77 PE4
PB2 27 PB3

Wyprowadzenia uktadu 8255

[http://www.dsi.unifi.it/~nesi/8255.pdf]



Sygnaty sterupce:

RESET- aktywny stanem wysokim sygnat zegey ukiad
(wprowadzajcy w stan poctkowy- porty jako wy$cia w stanie
wysokie] impedanciji).

RD- aktywny stanem niski strob odczytu.
WR- aktywny stanem niskim strob zapisul.
CS- aktywny stanem niskim sygnat wyboru uktadu.

AO0,Al- linie adresowe wyboru jednej z czterech wetanych lokacji
uktadu: portu A, portu B, portu C, rejestru trylongdu) pracy uktadu.

PAO-PAY- linie portu A
PBO-PB* linie portu B
PCO-PC* linie portu C
GND, VCC- zasilanie ukfadu.



82C55A BASIC OPERATION

INPUT OPERATION
Al | A0 | RD | WR | CS {READ)
0 0 0 1 0 | Port A — Data Bus
0 1 0 1 0 | Port B — Data Bus
1 0 0 1 0 | Port C — Data Bus
1 1 0 1 0 | Control Word — Data Bus
OUTPUT OPERATION
(WRITE)
0 0 1 0 0 | Data Bus — Port A
0 1 1 0 0 | Data Bus — Port B
1 0 1 0 0 | Data Bus — Port C
1 1 1 0 0 | Data Bus — Control
DISABLE FUNCTION
X X X X 1 Diata Bus — Three-State
x X 1 1 0 | Data Bus — Three-State

Zestawienie operacji zapisu |
odczytu- wykorzystanie linii
sterupcych | adresowych

[http://www.dsi.unifi.it/~nesi/8255.pdf]



Al AO CS RD WR

0

0
1
1

Al A0 CS RD WR
0

0

0
1
1

0

1
0
1

1
0
1

0

0
0
0

1

1
1
1

0

0
0
0

0

0
0
0

e e

Zapis danej na port A

Zapis danej na port B

Zapis danej na port C

Zapis stowa trybu pracy lub
ustawienia bitow portu C

Oo0
Oo0
Oo0

Oo0

czyt danej z portu A
czyt danej z portu B

czyt danej z portu C
czyt stowa trybu pracy



Dotaczenie 8255 do systemu mikroprocesorowego W pzagstr
adresowe] pamci

MEMR
MEMW

RESET



1 ADDRESS BUS . 1

CONTROL BUS 'E

DATA BUS . 1

O7-0i

B2C55A
MODE 0

PET-FBO PCI-PCO  PCT-PC4  PAT-PAD

PET-FBO CONTROL CONTROL PAT-PAD
OR 0 ORI

MODE 2

El-
DIRECTIONAL

PET-FBO FAT-PAD

CONTROL

Wykorzystanie portow
uktadu 8255 w rinych
modach pracy

[http://www.dsi.unifi.it/~nesi/8255.pdf]



CONTROL WORD

o7 [oe s o< os [oz o1 oo

GROUP B

PORT C (LOWER)
1= INPU
0= OUTPUT

oRTE Format stowa sterggego
1= INPUT uktadu 8255

0=0UTPUT

MODE SELECTION

0= MODE O
1=MODE1

GROUP A

PORT C (UPPER)

1= INPUT
0= OUTPUT

PORT A
1= INPUT
0= OUTPUT

MODE SELECTION
00 = MODE O

01 = MCDE 1
1X = MODE 2

o MODE SET FLAG
1= ACTIVE

[http://www.dsi.unifi.it/~nesi/8255.pdf]




CONTROL WORD

D7]D&| D5 | D4 | D3| D2 ) D] DO

BIT SET/RESET
1=5ET
0 =RESET

DON'T
CARE

BIT SELECT

Q1112134

0
0
1

1
1
0

BIT SET/RESET FLAG
0= ACTIVE

Indywidualne ustawianie-kasowanie bitow portu C
[http://www.dsi.unifi.it/~nesi/8255.pdf]

1110
a1
ad




Mode 0 (Basic Input) Tryb O- Wejécie [http://www.dsi.unifi.it/~nesi/8255.pdf]
== )i‘ tRR .
7{
tIR fe— — tHR
INPUT ;L l{

. tAR ’ . tRA o
TE, A1, AD -k

D?-Dﬂ---------------------( HEEEENEBR
—— tRD — +— tOF

Tryb O- wyjscie

Mode 0 (Basic Output)

‘ tWW
tDw—hl&h
D7-D0
|
AW ————— " FWWA >
TE, A1, AD
OUTPUT \’ql'-
t tWB -

Przebiegi czasowe dla trybu zerowego (zwykty pagarowy-
wyjsciowy, bez potwierdzag



MODE 1 (PORT A)

CONTROL WORD PAT-PAD ﬁ
r— —n"
A

DY D& D5 D4 D3 D2 DA P4 TTEA

IHIIII-FUWE!

IEFA
PC&, PCT v 1
= INPUT Tryb 1 wepciowy
0= OUTPUT
INTRA
—_— 2
RD PC&, PCT 10

INTE A

Controlled by bit set/reset of PC4,
MODE 1 (PORT B}

PBT-PBD 3 INTE B
CONTROL WORD Controlled by bit set/reset of PC2.
DT D6 D5 D4 D3 D2 D1 DO
STEB
1 D] 1] 1K org
INTRE

RO—»

[http://www.dsi.unifi.it/~nesi/8255.pdf]



5THB

IBF

INTR

INFUT FROM
FERIFHERAL

— 15T —»

Ihl—l

tS1B

A

|

tSIT

| _tRiB ._\
L tRIT "R

tPH

C

———— P53 —————»

gy’ N

S

FIGURET. MODE 1 (STROBED INPUT)

Tryb 1 wepciowy- przebiegi czasowe

[http://www.dsi.unifi.it/~nesi/8255.pdf]



MODE 1 (PORT A}

CONTROL WORD PAT-FAD
07 De DED#DS DEEA
KRS0 il
PC4, PCS
1=INPUT -,
0= OUTPUT Tryb 1 wygciowy
INTRA
WR ‘ PG4, PCS
INTE A
Controlled by Bit Set'Reset of PCE.
MODE 1 (PORT B) INTE B
CONTROL WORD PET-FED “ Controlled by Bit Set'Reset of PC2.
DT D& DS Dd D3 D2 D1 DO OEEE
o | | | A
TR X il
INTRE

[http://www.dsi.unifi.it/~nesi/8255.pdf]



INTR

OUTPUT
— +— tWE.

Tryb 1 wygciowy- przebiegi czasowe

4 LAk . tAIT —

[http://www.dsi.unifi.it/~nesi/8255.pdf]



INTRA

OBFA

Tryb 2 portu A

ACEA

STEA

IBFA

3
PC2-PCO Vo

FIGURE 12. MODE 2
INTE 1 - (The INTE flip-flop associated with OBF). Con-

trolled by bit setreset of PCA4.

INTE 2 - (The INTE flip-flop associated with |IBF). Controlled
by bit set'reset of PC4.

[http://www.dsi.unifi.it/~nesi/8255.pdf]



INTR

DATA FROM
CPU TO B2C55A

tADE —

ANTEA

ACH

IBF

PERIFHERAL
BUS

RO

+—t5T —s

|+ tPS

/f tPH —=

¢
DATA FROM
PERIFHERAL TO 320554

i
DATA FROM
E2C55A TO PERIPHERAL

. . tKD
|
»---- -----------
— \j:}i

DATA FROM
E2CH5A TO CPU

Tryb 2 portu A, przebiegi czasowe

[http://www.dsi.unifi.it/~nesi/8255.pdf]



Timing Waveforms (Continued)

AQ-A1, AD-AT, '
C5 [
W () —  — WA (3) AR (1) 1 {RA (2)
DATA # | | _-k_ - tRR (3)
W {10 WD (1] w02,

BUS
K [=— tDF !5!
DATA
WH BUS VALID
:—- HIGH IMPEDANCE :
EWWA ()
FIGURE 30. WRITE TIMING FIGURE 31. READ TIMING

Przebiegi czasowe zapisu | odczytu uktadu 8255zoma&roprocesor

[http://www.dsi.unifi.it/~nesi/8255.pdf]



Programowanie uktadu 8255 w asemblerze Z80
port A- tryb 1 wygcie,
port B- tryb 1 wejcie,
wolne bity portu C- wyjcia,

Odmaskowanie przerwania od obu portow.
Uktad zajmuje lokacje adresowlel-00-FFO3w przestrzeni pamci.

Stowo sterujce ustawiajce tryby pracy:

1 tybA PA-IO PC4-7 trypB PB-/O PCO0-3
1 0 1 O 0 1 1 0

Stowo sterupce A6 hex



Aby odmaskowa przerwania naley wystat sterugce ustawiajce bity:
PC2

O X X X numerbitu set/reset
O 0 0 O O 1 O 1

Stowo sterujce- 05 hex

PC6

O X X X numerbitu set/reset
O 0 O O 1 1 O 1

Stowo sterujgce- 0D hex



Po zaprogramowaniu odczyté port B i odczytana dana zapisa na
port A.

W asemblerze Z80 liczby heksadecymalne poprzedak Z1, brak
' oznacz liczle dziesgtng, przeliczam podczas asemblacji (zamiany
na kod maszynowy) na liceltheksadecymalin

Przyktad programu w asemblerze Z80:
LD HL, #FF03 ; zatadowanie do rejestru HL adresu rejestru sieegjo

LD (HL),#A6 ; wystanie stowa sterggego stawiacego tryby pracy
portow

LD (HL),#05 ; odmaskowanie przenfaod portu B

LD (HL),#0D ; odmaskowanie przernfiabd portu A

LD HL,#FFO01 ; zatadowanie do rejestru HL adresu portu B
LD A,(HL) ; odczyt danej do akumulatora



LD HL,#FFO0O0 ;zatadowanie do rejestru HL adresu portu A

LD (HL),A ; wystanie na port A zawarldol akumulatora czyli liczby
odczytanej z portu B

UWAGA!

Program nie korzystat z obstugi przetfwadczyt danej z portu B mogt
nasgpi¢ dopiero po zapisie danej na port sygnathi, po zapisaniu
danej na port B pojawIBF.

Przepisanie danej na port A spowodowato aktywaggnatuOBF,
powinien pojawt sic sygnatACK od zewrtrznego urzdzenia
odczytupcego dan z portu A



FILyjinujernny, ze.

Uktad zajmuje lokacje adresowe0-F3w przestrzeni
pamkci.
LD A,#AG6 ;zapis do rejestru A stowa stesoggo ustawiacego tryby
pracy portow

OUT (#F3),A ; wystanie stowa steraggego pod adres rejestru
sterupcego

LD A,#05 ,zatadowanie do A stowa odmaskoweggo przerwania
od portu B

OUT (#F3),A ;wystanie

LD A,#0D ;zatadowanie do A stowa odmaskoweggo przerwania od
portu A

OUT (#F3),A ;wystanie
LD C,#F1); zatadowanie do C adresu portu B



IN E,(C) ;odczyt danej z portu B do rejestru E
LD C,#FO0 ;zatadowanie do C adresu portu A
OUT (C),E ;wystanie danej z rejestru E na port A



Programowalny interfejs portu szeregowego 8251C

intal.
te' 8251A
PROGRAMMABLE COMMUNICATION INTERFACE



Schemat blokowy uktadu 8251
[http://www.moxsyn.com/Altera/c8251.pdf |



28] O,

27 ['.'In

° "_"‘v_'-_ Wyprowadzenia uktadu 8251C

26 [ ] RaC

24 ] OTR

23 [ J ATS
8261A 22 [ ] DsR

M RESET

20 CLK

19 Tul?

18 TeEMPTY

7] cTs

16 SYNDET/BD
15 TeRDY

[http://www.abandah.com/gheith/wp-content/upload$f02/8251A Datasheet.pdf]



Wyprowadzenia uktadu 8251C
RESET- zerowanie uktadu aktywne stanem niskim
CLK- taktowanie uktadu
TX_CLK- zegar nadajnika
RX CLK- zegar odbiornika
RD- aktywny stanem niskim strob odczytu
WR- aktywny stanem niskim strob zapisu
CS-aktywny stanem niskim sygnat wyboru uktadu
C/D- wybor rodzaju dospu (rejestry kontrolne/rejestr danych)

EXTSYNDET, we-wy- zewretrzny sygnat detekcji synchronizacji lub
braku synchronizacji

DO-D7-8-mio bitowa magistrala danych

TxD- wyjscie danych nadajnika szeregowego



RxD- wejscie danych odbiornika szeregowego

CTS- wejscie modemowe Clear to Send (aktywne stanem niskim)
DSR- wejscie modemowe Data Set Ready (aktywne stanem niskim)
TXE- nadajnik pusty (aktywny stanem niskim)

RTS- wyjscie modemowe Request to Send (aktywne stanem niskim

DTR- wyjscie modemowe Data Terminal Ready (aktywne stanem
niskim)

TXRDY - wyjscie nadajnik gotowy
RXRDY - wyjscie odbiornik gotowy



Komunikacja z uktadem 8251

C/DR
0 0 1 0 |8251ADATA — DATABUS
0 1 0 0 |DATABUS — 8251ADATA
1 0 1 0 |STATUS — DATABUS |
1 1 0 0 |DATABUS — CONTROL |
X 1 1 0 |DATABUS — 3-STATE
X X X 1 |DATABUS — 3-STATE

[http://www.abandah.com/gheith/wp-content/upload$/X202/8251A Datasheet.pdf]

Wysterowanie liniilC/D nal powoduje i przy zapisie uktadu nitwy
jest dos¢p do stowa trybu i stowa stengego, przy odczycie daginy
jest stan rejestru statusoweqgo.

Gdy linia ta jest w stanigiskim przy zapisie nagpuje wpis do bufora
nadajnika, przy odczycie odczyt bufora odbiornikaregoweqgo.



Format stowa trybu dla pracy asynchronicznej

D7

D6

D5

D4

D3

D2 | D1 | DO

D3 D2 - dtugosc

stowa
00-5
01-6
10-7
11 - 8

Ditow
DItow
DItow

Ditow

D1 DO wybor
szybkosci transmis;ji
00 - zarezerwowane dla
tr. synchronicznej

Ol-k=1
10-k =16
11 -k =64



D7 | D6 | D5 | D4 | D3| D2 | D1|DO0

D4 - zezwolenie na

D5 - rodzaj kontroli kontrole
0 - bit nieparzystosci parzystosci/nieparzystosci
1 - bit parzystosci 0 - kontrola
1 - nie ma zezwolenia na
kontrole

D6 D7 - dtugosc bitu stopu
00 - zabronione
01 - 1 bit stopu

10 - 1,5 bitu stopu
11 — 2 bity stopu



Ramka transmisji asynchronicznej

GENERATED
TRANSMITTER QUTPUT Dx  BY “ﬁ”‘

‘ START ‘ :JI | nmw ‘
TAD  MARKING | gy DATA BITS T "E':Elf

DOES NOT AFFEAR
STOP
BITS

Dg Oy ====Dx ON THE DATA BUS

0 A S |

_ .
‘ START ‘
AxD YT Eﬁ.TA}H-ITE

e —— —————
FROGRAMMED

CHARALCTER
LENGTH

RECEIVER INPUT

[http://www.abandah.com/gheith/wp-content/upload$f02/8251A Datasheet.pdf]



Stowo trybu dla pracy synchronicznej

D7 | D6 | D5 | D4 | D3| D2 | D1|DO0

D3 D2 - dtugosc stowa D1 DO — 00- tryb syn.

00 - 5 bitow
01 - 6 bitéw
10 - 7 bitéw
11 - 8 bitow

DD4 - zezwolenie na
kontrole
parzystosci/nieparzystosci
0 - kontrola poprawnosci
1 - nie ma zezwolenia na
kontrole



D7 | D6 | D5 | D4 | D3| D2 | D1|DO0

D7 - iloé¢ znakéw D6 - rodzaj D5 - rodzaj kontroli
Synchronizujacych SynChronizaCji O = b|t nieparZYStOéCi
0 - pojedynCZ.y Znak 0 - SYNDET jakO Wy 1 - b|t parZYStOSC|
1 - dwa znaki - synchronizacja

wewretrzna

1 - SYNDET jako we
- synchronizacja
zewretrzna



Ramka transmisji synchronicznej

CPUBYTES (5B BITS/CHAR)

— —
DATA CHARACTERS 1
el [

ASSEMBLED SERIAL DATA QUTPUT (TxD)

¥ —— l. ' .
3YNC SYNC _]
CHAR 1 CHAR 7 DATA CHARACTERS
1 -

RECEIVE FORMAT

SERIAL DATA INPUT (RxD)

-Evnc SYNC ‘
DATA CHARACTERS

CPUBYTES ISBBITS/CHAR)

— b
L DATA CHARACTERS I

[http://www.abandah.com/gheith/wp-content/upload$M02/8251A Datasheet.pdf]




Stowo sterujce

D7 | D6 | D5 | D4 | D3| D2 | D1|DO0

D1 - DTR- wymusza DO — TXen- odblokowanie
zmiane na wyjsciu DTR (1 nadajnika

- 0)

+ D3 - SBRK- wymusza . D2 - RXen- odblokowanie

stan niski na linii TxD odbiornika



D7 | D6 | D5 | D4 | D3| D2 | D1|DO0

. D5 — RTS- wymusza D4 - ER- zerowanie bjfedC,)W
Zmiane na PE,OE,FE W rejeStrze statusu
wyprowadzeniu RTS (1 -
0)

D6 -IR- wymusza zerowanie
-D7-EH- ukfadu i mozliwos¢
synchronizacja ponownego wpisu stowa
wewnetrzna (dotyczy modu
transmisji

synchronicznej)



Stowo statusowe

D7 | D6 | D5 | D4 | D3| D2 | D1|DO0

D1 — RxRDY - znak DO — TXRDY- nastgpito
przepisany z wejscia Drzepisanie bajtu z rejestru
szeregowego do rejestru puforowego (rejestr nadajnika
buforowego pDuUsty)
- D3 — PE - wystapit biad D2 - TxE (odzwierciedla stan
parzystosci

wyprowadzenia o tej samej
nazwie)



D7 | D6 | D5 | D4 | D3| D2 | D1|DO0

. D5 — FE- wystapit D4 — OV - wystapit btad

biad bitu stopu przepetnienia

D7 — DSR - aktywna D6 -SYNDET/BREAKDETECTED
linia DSR (powtdrzenie stanu

wyprowadzenia)



Programujemy uktad 8251 do transmisji asynchrorag8amio bitowej
bez kontroli parzyskzi z jednym bitem stopu i pdkoscig transmisji
CLK/64.

Uktad lokowany w przestrzeni pagoi pod adresami 8000 hex (dane) |
8001 hex (stowo modu | stenage)

Stowo sterujce

D7

D6

D5

D4

D3

D2

D1

DO

0

1

0

5F hex




Stowo sterujce (Whcz odbiornik i nadajnik)

D7/

D6

D5

D4

D3

D2

D1

DO

0

0

0

1

1

05 hex




LD HL,#8001 ; wpisz do HL adres rejestru trybu

LD (HL),#5F ; wpisz stowo trybu

LD (HL),#05 ;wpisz stowo sterugce

LD HL,#8000 ;wpisz adres rejestru danych

LD A,(HL) ; odczytaj na akumulator bufor odbiornika

LD (HL),A ;zapisz bufor nadajnika

LD HL,#8001 ; wpisz do HL adres rejestru stowa stecggo

LD (HL),#40 ; zerowanie ukladu nima na nowo wpigatryb pracy
uktadu



