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D 0
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Cache
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Assembly Structure

Microprogrammin
Alternatives
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Review — |/O - nntn
 |/0 Hardware NNIN :
W

Memory Mapped I/O - ©v'79/0%7j "19'n §o
Programmed /O — v'79/0'7;7 N1dN
Interrupt /0 — v'79/0'7;7 NIj7*0D

CPU I
Cache 8255 Controller
SystemiMamary Bus |
e TR L SRR e TR o =l
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Main Controller | ua Controller | 0 12/07R
Controller 'R
Mamary DISKS L — Keyboard
:tT Mouse
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Controller
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V79
uP
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10'0an 8086 Tayna "Ia'n

AD{D..15] Mutiplexed - DATA BUS

AlD..19] ADDRESS BUY

DN MMM 3 — apnn movn_bap MY 4

8086 Tayna nooian N2 ANKIAN'T
Block Diagram Micro Computer based on UP8086

Data Bus
Address Bus

‘ Control Bus

T iy v

EPROM RAM PPI DISPLAY
uPBOB6 | | 57128 || 6116 | | 8255 =

8284 } Xtal 14.318MHz KEYPAD

DN DM 3 — awnn movn_ap XY

V79 / V7P 2NN NN 7Y NINNAIT
/O Device Examples and Speeds
+|/O Speed: bytes transferred per second
(from mouse to display: million-to-1)

* Device Behavior | Partner Data Rate

alb))| R Qniv (Kbytes/sec)
Keyboard (O 7] DTX 2 0.01
Mouse (W7 DTX 2 0.02
Line Printer 0'79 DTX 2 1.00
Floppy disk hptalJ] npn 50.00
Laser Printer 079 DTN 2 100.00
Magnetic Disk hatal} minn 10,000.00
Network-LAN 079 IXN V77| DN 100,000.00
Graphics Display 079 pTx 2 | 30,000.00

DIV MMM D v mawn dapwy 6




?079/077 1w D"'wON 7'YyONY? "TD NIYWYY? DDMIX DNIX AN
What do we need to make I/0O devices work?

YW D11 DRI0 WY T Al o

.Taynn 7w Nd>'T7 DN'won
,N7RN D'YON] VIPYWT? T
.0'2IN1 1ayni ,0n'7R Ny

NIDINY DNIX A'¥N7? T *
.0"YUIn'y 0N 27 ynnwnn

Operating System

{ _SCSIBus )
\
L |

= o0 B2
- -f@ = ,.’C)

data reg.
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1/0 and Device Interfacing - 0'79/0'1p "YW

IX (0777) 'TOINN TAYND JN7 WWNN DN X207 DTYIM DY
.(079) WWY7 '>INN Tavnnn DMl NIYY

Ports are accessed either to bring data from the port into the CPU (in) or to send data from the CPU to the port (out).

.0Myw7 nwat n'2a10n 0N 80X86 nMI0oNdNPM L|N2'T? NWAT qonae
In addition to memory, 80x86 microprocessors are able to access ports

Input/Output Instructions in the 8086 - V'79/V'17 NITIFD

N7 j0n2 nww? nwa? 7a10n 8086 100NN ,Ninroe
NITIRON T N7l ,|IT)'T'7
The 8086 microprocessor can access information from port as well as from memory.

(0') “IN” -1 (0%9) “OUT” +

(AX, AL, or AH) NaI¥nn DM NI7Y? NI7ID' D7RN NIRIINN®
2AIXD M7 DYYWNN 0RIM1 7apn I 0Nyw?

These instructions can send data from the accumulator (AX, AL, or AH) to ports or receive data from ports
into the accumulator.

DN DM O —awnn movn_Sap MY 8

(n1>'0) V79/V72 "YW
Port input and output

* Used to communicate with many
peripheral devices built into the processor,
motherboard or expansion cards

* IN instruction transfers data from a device
on the I/O bus to AL, AX, or EAX

* OUT instruction transfers data from AL,
AX, or EAX to a device connected to the
I/O bus

DN MMM 3 — awnn mavn_bap NNy 9

v79/0777 "YW - 8086
Port input and output

Two forms of port addressing
» Fixed-port addressing
— Allows an 8-bit I/O port address (use if port is 0 — 255)
— port number is immediate (follows the instruction opcode)
IN AL, 6Ah  ;data from I/O address 6Ah is input to AL
» Variable-port addressing

— Allows using 16-bit port address (addresses up to
FFFFh)

— the 1/0O port number is stored in register DX
MOV DX, OFA64h

OUT DX, AX  ;transfers contents of AX to I/O port
FA64h

DN MMM 3 — apnn movn_bap MY 10

Case 1: 8-bit data ports

InputtingData Outputting Data
Format IN dest,source OUT  dest,source
(1) IN AL, port# QUT  port# AL
(2) MOV DX, port# MOV DX, port#

IN AL,DX OuT DXAL

« In format (1), port# is the address of the port and can be from 00 to
FFH (256 ports), and no segment register is involved.

* In format (2), port# is the address of the port and can be from 0000 to
FFFFH (65536 ports), and no segment register is involved.

The following code transfers the contents of register BL to port address

378H. _ :

MOV DX, 378H ;DX=378 the port address

MOV  ALBL Jload data into accumulator

OUT  DX,AL ;write contents of AL to port whose address is in DX

DN DO 3 — awnn mavn_Sap NNy 11

Case 2: 16-bit data ports

Inputting Data Qutputting Data

(1) IN AX,port# OUT  port#,AX
() MOV DX, port MOV DX, port
IN  AX,DX OUT DXAX

« This requires two port addresses, one for each byte.

 Suppose AX = 98F6H and the port address is 47H
ouTt 47H,AX :send out AX to port 47H & 48H

« F6H, the contents of AL, goes to port address 47H.
* 98H, the contents of AH, goes to port address 48H.

DN NMom 3 — awnn mavn_bap MY 12




8086 1/0 Bus Timing - V%29/0%2 y1nya IATh
5 gt | Port /0 example - nnart
The concept of bus timing for 1/O instruction is . .START
exactly the same as memory, with the following IN i" 61h ;read port 6lh: PC speaker control
- ) register
eXCGDtIOHS. OR al, 3 ;set bits 0 and 1
- OUT 61h, al ;turn speaker on
1. IOR and IOW are used instead of MEMR and MOV cx, 1000h ;delay count; if the count is increased,
MEMW. ( M/IO = 0) ;the beep will become longer
R R R R .L1 LOOP .L1 ;time delay — spin 1000h times
2. While the physical address for a memory location is IN  al, 61h
always 20 bits, which are put on address bus AO- AND al, Ofch ;clear bits 0 and 1
A19, the physical address for ports is 8 or 16 bits. our @i, &) S SEEEEr i
3. For an 1/0 port address, no segment register is used. 07 evs, destin Sl DU (2.4
INT 21h
DM MM 9 _awnn m2Ivn _ap XY 13 DN MM 9 _awnn m2Ivn _Yap XY 14

Printer Interface: Sequence of Operations

Keyboard Interface: Handshake . T

‘NP2 NIX 1X"7 27 DA NTEAN N9 AX'NY - [
A key pressed is indicated by the keyboard by Signal: {

New Character Available (NCA)
NT77nn 7 NIX'N'70 NI NNIY  [1ND'T XN .

1. Printer is ready t

Data Latches store the key data when key pressed 2 @ eain @

nTY9Nn fin3 X2 1200 ye1in n' yan nix fromthe Bov e

haracter Accepted (CA) 3. If it finds RDY HLAG s¢t, it can write th
signal from CPU indicates CPU has read the key data the character to the LATCHES (address = $1Q02)

NCA PNC signal for the printer
8086 il 5. The printer will then respond to PNC by readin
- Dy f LATCHES, negating the RDY signal, and starting to'Rrint.
CA 6. When printing finishes, printer re-asserts RDY (which sets
MY MM YD — avnn maavn Yap ik 15 RDY FLAG) MY MM YD — avnn maavn Yap ik 16

Printer Interface - "7'agnn 112'nn

DIVIAND WK DPTN 17 DY N¥) 1Y PADN 2WNNN DY X03apnn NN
YV NDNN NN D¥PIN NN .AWNND YPYN P2 YN DY PN 120 1Y
92y ¥ DN YD NDATHN DY DIWN DINITA NIND) AWNNY NOTNHN
((USB -n NN 77T NOOTH NN
TNNX Byte M2>NN TIT YN 1NN 7O NIN XD2APN YN DY Mynwnn
YN IWANNY 1NN NDNNN H>TANY .0YA 532 (Y11 HY V21 8 IMYI)
.DY9 991 YN HY TN VI
921 PNN DNYA DPTNN MNYY DNMN PR IDWN DY) PPan pTn 995 3
5YW DYIIXY DNNNA YN PPan P11 93 9913 7NN
SMNN YV KPan Mann
2532 D-type 101 1201 NN NN DY 71971 MDD
CONNECTOR 0825 [=Xran]
e oo =
Gllelsls
1284 Type A 1284 Type B 1284 Type C 9--u|—'-«—|-1 o
DB25 Contronlcs  Mini-Centronics b '
MMNY N1Momn %2 - awnn maayvn Saip DIk 17 DNy nmatn > _awnnnayn bapawe 18]




WMDY | mNn oY 0N yay 2900 | s
PN
M PN
Data strobe [out] 1 " 1 Data strobe [in)
Data bit 0 (out] 2 - . 2 Data bit 0 (ir) Set Low p1ulse >0.5 us to send co Strobe NNy 1 oY
Data bit 1 (out) 3 -— . Bl Data bit 1(in) ova - LSB DO Data 0 on 2 oy
Diata bit 2 [out] 4 — . Data bit 2 (in)
D1 Data 1
Data bit 2 (out] 5 -— 5 Data bit 3 (in) 0 B 3 XS
Data bit 4 (out) [ —_ & Data bit 4 (ir) 201 D2 Data 2 omd 4 NN
Data bit 5 (out) f —_— 7 Lt bit 5 1in) 300 D3 Data 3 Ry 5 .
Data Lit & [ o & Data bit 6 (in) =~ =5a
Data bit 7 () s a Data it 7 (ir) i ata 2L 8 bESED
Acknowledae finl 0 — 10 Acknowledge [out) 5071 D5 Data 5 ond 7 o>
Bust (in) n = | n Busy (out) 5001 D6 Data 6 . 3 e
Paper end (inl 2 — .| Paper end (out]
| Select (in] 13 -— = 13 Select [out] 701 -MSB D7 Data 7 9N 9 NoxX>
B ~uio Feed (out) 1 -— 14 Auta fFeed (in] IRQ; Low Pulse ~ 5 uS, after accept S6 Ack 1o 10 NI
S (1] " = | ¥ Fouittowy High for Busy/Offline/Error s7 Busy o 11 noNd
it (ouit) w | —————— | =: FrmedrivHesst (in)
Sround P High for out of paper S5 Paper End M P 12 NI
Ground Groun o High for printer selected S4 Select In 1% NNy 13 oMy
Fronnd Ground Set Low to auto feed one line c1 Auto Fd 15 on 14 oY
| Ground Graund
I Srene) Low for Error/Offline/Paper End 83 Error 15 OV 15 oM
Giround Ground Set Low pulse > 50uS to init c2 Init 1% oM 16 NN
Greund Grevnd Set Low to select printer c3 Select 15 P 17 oY
Ground Graund
Ground Ground 115 9N 18-25 PN
19 DIMAE AR _ PR MOWR SR 20|
LV5/V%p Y D™LVITIVO D"Mpa

o AR TTL Jpna m221pna nnnm M DR MaRin

eI RXm

oMY RN | 70°303 InR | RXWT AR | nonhn amen
1 5V R pm 5V 1
% 0 0V X ov 1% 0

:10M57 A1TAINT
.0 4.7K Yw mmann

9RPOPR KXW B

12mA %¥1°0% 1 5w 23232mA 5y Mins? Tn0? WO .2WnnD Wnmn TR DN XYM 07
2 05w a¥na

2907 RO YW 0 NOT 912,100 22vnn anna YR 01v4.7K Hw 0v7A1 oY N2 RXIRT 0D
TR N93M R AT

07177 5932 o7% X2 1208 07N¥°n 0°2°07 Nhysn? 47K 0NN Y DDIANAY 171 KY 9w 1100
0°2'3771 MM *PTAD D°PT2 PDN0M IR TWANA BXTW D733 932 10 5V M poonw Tl
(1M nNnR PR YW NTR? 12N YW TR DR AN 77 28103 W) N80T Inn poon
WO AT YPWA NTIRAT YPW DR 3V ANWY X, 0K NN 0NN PR PR OX ,NIR MWDK
SNRMA P3N 17817 w5V Y nnn
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D'VIYD DMIN'N DN'YIN DY YN Y punn? 907 '

RW
AS DECODE -

e 1 vl
CPU Address || LOGIC -

Bus

= CONTROL REG. Control _| 110
- e ~ Status .
Registers STEER I Device
or
1/0 ports = DATA OF REG
Diata o

DATA P REG, -

, DYV 7¥ nIxIIaoipI n7yonY? (modes) orTinn

1Ny nhnia nang P'p'ub
MR DM %0 —avnn mMawvn Y2p iy 22

Parallel interface - "7'apn pwnn

Parallel interface - *7'apm pwnn

.T272 N109Tn Dy Win'w7 ax1y n7'nna »

I'YdY ,0%79 71 N'7'NN1) 0'IM1 7Y NNavn? nirao 8 oon ¢
(T

.TTL (5V) 7w nn1a v79/0%7 NN poon »

VaIpI 072N 0NyYn 75 0'7an AT ,avnnn 7INNK T e
(LPT1, LPT2, LPT3).0n'nmw nx 1mni ,'n"a? o'

:Taynn 7w /0 pyw witwa wnnwn mapn e 7D e
v (byte) naa ni?wY '1,data output - nramna nxx —
(output data nx'x' 77 IMan D'N7IY ,NOSTY7 DM
register)
awnn? nooTnnn status —axvn nmix —
nooTn? Aawnnnn control/commands — naja / NiTIES —

DN MMM 3 — apnn mavn_bap NNy 23

079/0%7 WY 1Y TN NN 72 A7 [N D e
Device| Data Port | Status Port|Control Port
LPTO: 3BCh 3BDh 3BEh
LPT1: 378h 379h 37Ah
LPT2: 278h 27%h 27Ah

* The parallel port base addresses are stored at 40:0008h, and
can be viewed by using debug or td FEEERETRTTTS i

_ Atthe command prompt, type “debug” " o]
to get the “-” debug prompt G eomniem i

— type d40:0008 (and hit return)

[CETEpre———

— you get : 0040:0008 i |
BC0378 037802 ... Sy j
— the first six bytes are addr of the BN TUpA iR - T OT7E
; i ptivaan 0 =l

| installed printeradapters

DN NMom 3 — awnn mavn_bap MY 24




rynnn 'NJ DY NINIR
Parallel interface major signals

Signal(s) |Input/Output Notes

Data[7:0] Bi-directional | Byte-wide data bus
Strobe To device Write signal

Busy From device | Don't send more data
Ack From device | Acknowledge interrupts
Initialize To device Initialize external device
Out of Paper From device | Status signal

DN DM 3 —awnn Mvn_Sap NNy 25

Writing to the parallel interface '7'1|7Dn FW)’]D'? nl'J'D

Data [720]< Byte O X Byte 1 >
A

Strobe L] L]
F Y
Busy [ 1 1

Ack U

Write data to port™
Issue fStrobe Command =
Wait for /Busy or Interrupt with ACK

DN DM O —awnn movn_Sap MY 26

Control & Status Ports - 2X1I1 N7 "YY

Control Port Status Port
Bit | Description Bit Description
7-5 | Unused 7 Busy [inverted]
4 IRQ Enable 6 Ack
3 Select [inverted] 5 Out-of-Paper
2 Initialize 4 Selected
1 AutoFeed [inverted] 3 1/0 Error
0 Strobe [inverted] 2-0 Unused

MY MM YD — avnn maavn Yap iy 27

PC Parallel Port

1981 - IBM PC printer port - transfer 8-bits in parallel to printer

Problems
1. PC performance has increased substantially so original
parallel port is not adequate. Max. speed ~ 150KByte/s

2. Originally only for output, no standard electrical interface
3. Lack of standards limited cable length.
1991 - Discussion of a new standard began. Want a high speed
bidirectional parallel port for the PC which is fully compatible

with the original parallel port software and peripherals, but with a
data rate greater than 1 megabyte/second in and out.

DN N 3 — awnn mavn_Sap NNy 28

The IEEE 1284 Standard (1994)

Standard Signaling Method for a Bi-directional Parallel
Peripheral Interface for Personal Computers

Overview
4 control lines
5 status lines
8 data lines (originally out only, later bi-directional)

Ports (original PC)
Base address 278H, 378H, or 3BCH

There are three ports for each base address,

e.g., 378H, 379H, 37AH.
The last port was on the monochrome monitor card of the
original PC.

DN MM 3 — awnn movn_Sap NNy 291

The 1284 standard has 8 to 16 ports starting at 378H or 278H
or can relocate the ports.

IEEE 1284 Data Transfer Modes
Can have forward and reverse channel connections, only one
set of data lines, therefore half duplex.

Compatibility and nibble modes - any existing parallel port (input
is 4-bits using status lines).

Compatibility and byte modes - need direction bit in the control
register. Can now input on external data lines.

EPP - Enhanced Parallel Port. CD-ROM, zip, tape drives
ECP - Extended Capability Port. Scanners, new printers
EPP and ECP require hardware to implement a state machine
capable

of automatically generating control strobes needed for high

performance data transfer modes.
DN MM 3 — apnn mavn_ap NNy 30




Intel 8255 PIA Z"7'3.|7Y.1ﬂ ONXIN

8255 Programmable Peripheral Interfacing Chip

I/O 7w N1 1ao1177 NWa-ny D00 NYAIX PIA-7

Four Addressable registers for PIA configuration and 1/O operations

« It can be used for both memory mapped and peripheral 1/0.

*One can program the individual ports of the 8255 to
be input or output, and change them dynamically.

*It has three separately accessible ports, A, B, and C. ,

4
D7..D0 *The 8255 is a 40-pin DIP chip. 218
N 255 —3f] 23
PORT A ——= PA7..PAO i P-!nl::?n:[.':.-.rfu:l —%2] [g)g
ALLA) —» Tosetace) _252_| 08
e PORT B = PB7..PBO : : 4%
RD ——» P Daax Pt A i A AL_
WE PORT C = PC7.PCO =l o] feser
—_— oy 4
Ll CONTROL :i“ {_.._
CE — —lz {1
Reset T
DM MM 9 _awnn m2Ivn _ap XY 31 DN MMoTh 3 _awnn maavn _bap bm&:s«s 32
PAO-PA7

This 8-bit port A can be programmed all as input or all as output or all bits as
bidirectional input/output.

PBO-PB7

This 8-bit port B can be programmed all as input or all as output. Port cannot
be used as a bidirectional input/output.

PCO-PC7

This 8-bit port C can be programmed all as input or all as output. It can also split into
two parts, CU and CL. Each can be used for input or output. In addition, any of PCO-
PC3 can be programmed.

RD and WR  Control from cpu , read or write to ppi
RESET

This is an active-High signal input into the 8255 used to clear the control register.
When RESET is activated, all ports are initialized as input ports.

A0, Al and CS
To select port A, port B, port C, and control register. (refer to Table 4-1)

DN MMM 3 — awnn movn_ap MY 33]

8255 External Description
Microcomputer bus general purpose /0O component
address bus

control bus
data bus

RD.WR D7...D0 A0.A1

11/09/'98

DN MMM 3 — apnn movn_bap MY 34

]| =
| Group
A PAO-PA7
> A

Bi-directional L
data bus

9808 Wwol4

PB0-PB7

DN MMM 3 — apnn mavn_bap NNy

Dual-dn-Line Plastic Packages (POWP)

82C55A (DIP)
TOP VIEW

HIHIT

o

NN DM O — awnn movn_bap MY




8255 Programmable Peripheral Interfacing Chip

mdr 2k

g o =R 8255 1w mnon p7n7 nwnia

RD ) & 1 WR

.13“:: : g;CE:W '_l‘ablel 4-1: 8255 Port Selection

B0 s TR | CSYALAOSects

rsqe 8 mpos 0,0 0 PortA |

ren A whom 0|0 1 PortB N

ez d 16 wprr [ L0 10 PortC .

el u sbm |0 | 1|1 |Control register |

mae npem |11 | x| x |8255isnotselected |
(Rep

- - d by ission of Intel C
Figure 4-4 P ! P

o o 1t poruon,  Copy. COPYTight Intel Corp. 1983)
right Intel Corp. 1983}

DM MM 3 _awnn moIvn _Yap XY 37

8255 a7 np'm "Mia'n

AD{0..15] Multiplexed - DATA BUS

oAl

b b

soseaan

DN DM O —awnn movn_Sap MY 38

8255 1w mn19a p'1n7 nwna
Operation Word Format
= : :

4. BSR (bit set/reset) mode. In this mode, only the individual bits of

0 0 0 1 0 port A - data bus

0 1 0 1 0 port B - data bus

1 00 1 0 port C - data bus

1 1 0 1 0 control word - data bus

Al AD RD WR CS output operation (write )

00 1 0 0 data bus - port A

0 1 1 0 0 data bus - port B

1 01 0 0 data bus - port C

1 1 1 (0] (0] data bus - control

Disable function

X X X X 1 data bus - 3 - state

X X 1 1 0 -3 SlatFMnn'qn
MY MM YD — avnn maavn Yap iy 391

Mode Selection of the 8255A

While ports A, B, and C are used for I/O data, it is the control register
that must be programmed to select the operation mode of the three
ports A, B, and C.

1. Mode 0, simple I/O mode. In this mode, any of the ports A, B, CL,
and CU can be programmed as input or output. In this mode, all bits
are out or all are in.

2. Mode 1. In this mode, ports A and B can be used as input or output
ports with handshaking capabilities. Handshaking signals are
provided by the bits of port C.

3. Mode 2. In this mode, Port A can be used as a bidirectional /O port
with handshaking capability whose signal s are provided by port C.
Port B can be used either in simple 1/0 mode or handshaking mode 1.

port C can be programmed.

DN MMM 3 — apnn movn_bap MY 40

Control Word
Ds [ o4 [ D3 [p2 [ D1 [ DO |

[o7 T oe

Figure 4-5. B255 Conirol Word Format (110 Mode)
(Repemeed by permission of Intel Corporation, Copyright Insel Ceep. 1953}

77220 AR N11oN 70T
Operation Definition Format

[D7 ] p6] p5] pap3|p2] ot oo

Ny NMomn %3 — aYnn maIyvn_ap JIXKY. 41

mode set flag i E
1=active group A group B
r]md,e H mode
selection selection
00=mode 0 i 0O=mode 0
Ol=model  * 1=mode 1 port B
1x=mode2 POrtA 1=input
1=input
O=output
O=output
port C (upper) port C (lower)
1=input 1=input
O=output O=output

DN MM 3 — apnn mavn_ap NNy 42




Mode 0: Simple Input or Output
« Intel calls mode 0 the basic input output mode (or simple 1/0).

* In this mode a given port cannot be both an input and output port at the
same time.

« Port can program CL (PC0-PC3) and CU (PC4-PC7) independent of
each other.

[ 2] oJoJm[10] o a0 Jto |

8 II0 410 8jl II0 41 110

PAO-PA7 PC4-PC7  PBO-PB7  PCO-PC3

RD.WR D7...D0 A0.A1

8255A
C

Example 4-5

The 8255 shown in Figure 4-6 is configured as follows: port A as input, B as output, and all the bits of|
port C as output.

{a) Find the port addresses assigned to A, B, C, and the control register.

(b} Find the control byte {word) for this configuration.

() Program the ports to input data from port A and send it to both ports B and C.

Solution:

{a) The port addresses are as follows:

cs* Al A0 Address Port

0101 00 o ] S0H Port A

0101 00 o 1 51H Port B

0101 00 1 o 52H Port C

0101 00 1 1 53H Control register

() The control word is 90H, or 1001 0000,

(¢} One version of the program is as follows:

E < A MOV ALSOH wcontrol byte PA=in, PB=out, PC=out

OUT  S3HAL :send it to control register
™ ALSOH :get the data from PA

stuo 4 4¢ o stuo OUT SIHAL send it to both PB
OUT  SIHAL ; and PC

PBO-PB7 PCO0-PC3  PC4-PC7 PAO-PA7
DM MM 9 _awnn m2Ivn _ap XY 43 DMK MM 3 _awnn moIvn _Hap XY 44
Using the EQU directive one can rewrite the above program as follows: |__Example 4-6

PORTA EQU  50H
PORTE EQU  5IH
PORTC EQU  SMH
CNTLREG EQU 53H
MOV ALSOH scontrod byte PA=in, PB=out, PC=out
OUT  CNTLREGAL ssend it to control register
N AL PORTA iget the data from PA
OUT PORTBAL ;send it to both PB
OUT  PORTCAL ; and PC

Do
b7

AT
Figure 4-6. 8255 Configuration for Example 4-5

DN MMM 3 — awnn mavn_bap NNy 45]

{a) Find the post address for Figure 4.7,

ib) Find the control word if PA =out, PB=in, PCO - PC3 =in, and PC4 - PCT=out.

() Program the 8235 1o get data from pon A and send it ta part B, In addition, data from PCL is
send ot 1o the PCLL

Solution:

(3} The port addresses are as follows:

st Al A0 Address Port

o [ o TCH Part A

ol 0 ] TDH Part B

ot 1 o TEH Port ©

ot 1 I TFH Control register

b} The contrel word is 83H, or 10000011,

{¢) The code is as follows.

MOV ALSIH scontrol byte PA=oul, PB=in, PCL=in, PCU=out
OUT  TFHAL ;send it to control register
i AL TDH 1get the data rom PB
H . isend it to PA
gt the bits from PCL

;mask the upper bits

ishafl the bits.
it upper pasition

OUT '.‘IElli‘Al. ssend it to PCL 461

Alternately, the four instructions above of "ROL AL,17 could be replaced with the following two
instructions:

MOV CL4 count = 4
ROL  ALCI irotate 4 times

Figure 4-7. Configuration for Example 4-6

BSR (Bit/Set/Reset) Mode

BSR mode allows one to set to high or low any of PC0-PC7 as shown in
Fig. 4-8.

DN MMM 3 — apnn mavn_bap NNy 4L

100 = Bit4
101 =Bit5
| 110=BitB

111=8it7

Figure 4-8. BSR Control Word
(Reprinted by pormission of Intel Corporation, Copyright Intel Corp. 1963)

AT

Figure 4-8. Configuration for Example 4-7




Example 4-8

Example 4-7

Program PC4 of the 8255 in Figure 4-9 to generate a pulse of 50 ms with 50% duty eycle,

Solution:

To program the 8255 in BSR mode, bit D7 of the control word must be low. For PC4 to be high, we
need a control word of "0xxx1001", Likewise, for low we would need "0xxx1000" as the control
word. The x's are for "don’t care” and generally are set to zero.

MOV AL00001001R sload the control byte (PC4=1)

OUT 93HAL ;set PC4 1o high, sent to control reg
CALL DELAY stime for the high part of pulse
MOV AL000010008 sload the control byte (PC4=0)
OUT  93AL iset PC4 to low, sent to control reg
CALL DELAY stime for the low part of pulse

In the above program, in the instruction "MOV AL,00001001B" the B stands for binary. There are
various methods of writing a DELAY subroutine. Some are shown in Chapter 5.

Program the 8255 in Figure 4-9 for the following.
(a) Set PC2 to high.
(b) Use PC6 to generate a square wave of 66% duty cycle continuously.

Solution:

(a)
MOV AL,Oxxx0101 ;LOAD THE CONTROL BYTE (PC2=1)
OUT  93HAL :SET PC2=HIGH

(b)

AGAIN: MOV AL Oxxx1101 ;load the control byte (PC6=1)
OUT  93H,AL ;set PC6 to high, sent to control reg
CALL DELAY stime for the high part of pulse
CALL DELAY 0ne more time
MOV AL,0xxx 1100 sload the control byte (PC6=0)
OUT 93,AL sset PC6 1o low, sent to control reg
CALL DELAY stime for the low part of pulsc

IMP AGAIN sstay in loop indefinitely

MY MM 91 — awnn maayn_Yap Ik 49] MNNY MM 9D — awnn maayvn_Yap Ik 50
MODE 1 8255 in Mode 1: 1/0 with Handshaking Capability
«  One of the most powerful features of the 8255 is its ability to handle
handshaking signals.
ROVR EY{20 AOAL +  Handshaking refers to the process of communicating back and forth
8255A between two intelligent devices.
c Let us take the printer as an example:
A 1. A byte of data is presented to the data bus of the printer.
~ ™
B PCO  PC1 PC2 PC3 PC4 PC5 PC6  PCT A 2. The printer is informed of the presence of a byte of data to be printed
by activating its STROBE input signal.
8 1lo 8| 1o 3. Whenever the printer receives the data it informs the sender by
activating an output signal called ACK (acknowledge)
PEOPBT  ntR BFS STEE NTR STBIBEACK OBF - PAC-PA7 4. The ACK signal initiates the process of providing another byte of

A
OBFB ACKB OR OR OR OR
e} [lle] /1o 110

DN MMM 3 — awnn mavn_bap NNy 21

data to the printer.

DN MMM 3 — apnn movn_bap MY 52

Mode 1: Outputting Data with Handshaking Signals

« As shown in Fig. 4-10, A and B can be used as output ports to send
data to a device with handshaking signals.

* The handshaking signals for both ports A and B are provided by the
bits of Port C.

* Fig. 4-11 provides a timing diagram.

OBFa (output buffer full for port A)

« This is an active-low signal going out of PC7 to indicate the fact that
the CPU has written a byte of data into port A.

» OBFa must be connected to STROBE of the receiving equipment
(such as a printer) to inform it that now it can read a byte of data from
the port A latch.

DN MMM 3 — apnn mavn_bap NNy 53]

| T i — |l- e

TLA i snirated by PR i B .
BNTER i csreses by P 859 mote

Figure 4-10. 8255A Mode 1 Output Diagram
(Rt by perimsssose of esel Corpuation, Copyright Iatel Corp. 1953}

m

HER

Setpt — X

Figure 4-11_ Timing Diagram for Mode 1 Output
L e e Nede L0 o
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ACKa (acknowledge for port A)
« This is an active low input signal received at PC6 of the 8255.

« Through ACK, the 8255 knows that the data at port A has been picked up by
the receiving device.

« The 8255 in turn makes OBFa high, to indicate that the data at the port is old
data now.

« OBFa will not go low until the CPU writes a new byte of data to PORT A.
INTRa (interrupt request for port A)
*This is an active-high signal coming out of PC3.

» The ACK signal is a signal of limited duration. When it goes active (low) it
makes OBFa inactive, stays low for a small amount of time and then goes back
to high (inactive)

« It is the rising edge of ACK that activates INTRa by making it high.
« This high signal on INTRa can be used to get the attention of the CPU.

DN NMom 3 —awnn movn_Sap NNy 55

INTEa (interrupt enable for port A)

« To disable INTRa to prevent it from interrupting the CPU.
« INTEa is controlled by PC2 in BSR mode.

Status word

* The 8255 enables monitoring the status of signals INTR, OBF, and
INTE for both ports A and B.

« This is done by reading port C into the accumulator and testing the bits.
Interrupts vs. Polling

* There are two ways for the CPU to provide service to those devices:
interrupt and polling

* In the interrupt method, whenever any device needs its service, the
device informs the CPU by sending it an interrupt signal.

« In polling, the CPU continuously monitors a status condition and when
the conditions are met it yyill,perfarm the Service ..o v 5

T — 255 i prmtes_ Wit
asges: *Hi. How are youT™, ™ am fise, How are yo™, 5" The § sign mdicates the
8255 Printar
| P ] £ - 017
loar |

PeT STROBE |
Iﬂl.._‘“_ ACK |

Salstien: |

From fhe s segmest
MY _DATA i3

eep checkng
ade D06~500 s port

BMPAGAIN
avin

Mode 1: input ports with handshaking signals

The 8255 can be programmed to receive data through ports A and B
using handshaking signals through port C.

STB (strobe)
« This is an active-low input signal.

» When an external peripheral device provides a byte of data to an input
port (A or B), it informs the 8255 through the STB pin that it can load
(latch in) the data into its internal register.

IBF (input buffer full)
« This is an active-high output signal.

* In response to STB, the 8255 latches into its internal register the data
present at PA0-PA7 or PB0-PB7, and through IBF indicates that it has
latched the data, but has not been read by the CPU yet.

DN MMM 3 — apnn movn_bap MY 58

INTR (interrupt request)
« This is an active-high output signal.

« If INTE = 1 when IBF goes active, INTR is activated (set to high) to
inform the CPU that there is a byte of data in the 8255.

« The falling edge of RD makes INTR go low.
INTE (interrupt enable)

« An internal flip-flop can be used to enable or disable (mask) INTR
generation.

* It is controlled by PC4 and PC2 in BSR mode.
« To control INTEa and INTEb, use PC4 and PC2, respectively.
Status word

* To allow implementation of polling, the status of the handshaking
signals provided by port C can be checked by reading port C.

DN MMM 3 — apnn mavn_bap NNy 59

FR -

- Pt A gt LT
TRA il Harhinate bgeae
! L) o7 o4 DS D4 B9 0@ 61 D9
. EIO KN IR R
O s Part B ingwt
Pt ——— et
) e LTS ot & roas

1u ingat
LH-—

ﬁ‘
-"".—EG— —
B
T

Figure 4-12. 8255A Made 1 Input Diagram
{Repristed by permission of batel Corporation, Copyright batel Corp. 1963}

Figure 4-13 Timing Diagrarm for Mode 1 In
i

put
iopranted by peerinsion of Iinke] Corporation. Cepyraght Il Coep. 1983) 60
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RD.WR D7...D0 A0.A1
C
'z —= N
B PCO PC1 PC2 PC3 PC4 PC5 PC6 PC7 A
8f /0 8] I/0
PBO-PB7 INTR STB IBF ACK OBF PAO-PA7
A A A A A
PORT B MAY C(I;Cr\)]Tclé?)L
BE MODE 0 PORT A CONTROL
OR MODE1
DM MM 9 _awnn m2Ivn _ap XY 61

Mode 2: Bidirectional 1/0 with handshaking

* To transfer data both in and out via the same port with handshaking
capability, port A is used in Mode 2.

« The handshaking signals for port A are provided by selected bits of port
C.

» We can also configure Port B in either mode 0 or 1.

Mods 2 and Mode 0 (Input) Mede 2 and Mads 1 [Cutput)
P

Figure 4-14, 82554 Modes 1 and 2 Input/Output Diagram
(Represted by permissiom of Intel Corporation, Copyraght Intel Corp. 1983)

DN DM O —awnn movn_Sap MY 62

7¢ N'0 95 TR 09X 17 W7 NIY NIPan MAIK 7 7 19010 N'2'0 DX
.N720N ' 7Y TNX IX 09XD NIDNY N1 '0 WY
If bit 7 of the control word is a logical 0 then each bit of the port
C can be set or reset according to the table.

[p7 [ p6[ ps[pa[p3[p2] p1] o]

Bit set/reset
X X X 1=set
2 =reset
Don’t Care
Bit SELECT
0[1|2|3/4|5/6|7
Bit set/reset Bigiﬁiﬂi@
0= ACTIVE 0/0({1/1|0/0|1|1B1
0/0/0(0|1|1/12]|1B2

Examples: If you want to set/reset bit 0 of port C then set D3 to D1 to 000.
Bit 1 of port C will be set/reset if you code 001 to D3 to D1.
Bit 6 of port C is set/reset if D3 to D1 is 110.

MY MM YD — avnn maavn Yap iy 63

Parallel Interface Block
Diagram
L CHBED pAQ|—>  mverte register
IBM PC 1 papl_, [Inverter register
Gi LED
control signals reen
S A 8255
PPI 5V
address Lo ﬁ Ri
BUS ) _ PBO O 01
— /| (design) =
8255 setting
mode 0
port A : output
port B : input
MMNY M2 %D — awnn moayvn_Yap NIk 64

Intel 8255 PPI control

* |/O port address
—0x318 : 8255 PPI port A
—0x319 : 8255 PPl port B

Al

—0x31A: 8255 PPl port C r
— 0x31B : 8255 PPI Control Byte |
+ Control Byte ,

— 0x31B address data

DN MMM 3 — apnn mavn_bap NNy 651

Mode 2 Operation

* In mode 2, PORT A becomes a bidirectional
bus supported by five handshaking signals

* The handshaking signals are the same as the
five used in mode 1 for both input and output
only then now apply to PORT A at the same
time

* PORT B can be in either mode 0 or mode 1

DN NMom 3 — awnn mavn_bap MY 66




Mode 2 Input Mode 2 Output
« INPUT-peripheral sends data along A;-A; to * OUTPUT - the 8255 sends data to the

the 8255 peripheral
— from the standpoint of the peripheral this is an —when the data is loaded in the 8255 the

output mode OBF signal goes low
— the peripheral sends an STB pulse to the 8255 - Lhes%?tr'ir?g%\réll(alc(:)knOWbdges the low OBF
— when the data is latched, the IBF high y setll W

\;VfteernST; r:tjrlnss ?ochieh wifh IBngct)iﬁsseltgthen —on the falling edge of ACK, the 8255
- , 9 ’ places its data on PORT A

INTR goes high — OBF returns high
— polling is possible at this point 9

DM MM 9 _awnn m2Ivn _ap XY 67 DM MM 9 _awnn m2Ivn _Sap XY 68

Example 1

» Two 8255As may be used to interface two
dissimilar computers over a common data
bus

13 conductor cable

DN MMM 3 — awnn mavn_bap NNy 691

DN MMM 3 — apnn movn_bap MY

Operation Requirements
+ Communication from CPU a to CPU b - For this computer-to-computer

— CPU a outputs its data to 8255A L . L
— the OBF signal goes low on the 8255A communication link to work the following is
— As a result, the STB signal goes low into the required:

82558 . . . — an 8255 initialization routine
- ;IggeBangEtJEtrhees%%r%dss'&vgéhgg?(IBF signal which — a polling routing to monitor IBF and OBF
— 50, the 8255A places its data on PORT A — areceiver program to read a data byte when IBF
— the 8255B reads the data, terminates the IBF goes high

forcing AC_K high ) — a transmitter program to output a data byte when
— the OBF signal of the 8255A goes high

OBF goes low

DN MMM 3 — apnn mavn_bap NNy Z1

DN NMom 3 — awnn mavn_bap MY 2
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Example 2

* PROBLEM: use the 8255 to interface to a parallel
printer. Assume that a data table is stored at location
DATA and the number of bytes to print is stored at
location NUMB

Strobe

DN NMom 3 —awnn movn_Sap NNy 3

Code |

DATA = ADDR1 :address of the data table

NUMB= ADDR2 ;address of the byte counter
;initialize the 8255

MOV AL, 81h ;mode 0 control word

OUT O0F3h,(AL) ;send to the 8255 control port

MOV AL, OFH ;set bit 7 of C high

OUT O0F3h,(AL) ;send to the control port
;point at the data table and get the byte counter
LXI  DX,DATA
MOV BL,(NUMB)
;check to see if the printer is ready

POLL:IN AX,0F2h ;read PORT C

RAR AX ;move bit 0 into the carry

JC POLL ;if printer is busy continue in loop
;printer is ready so send the data byte

MOV AL,(DX) ;move the byte to A

OUT AL,0FOh ;send it to PORT A

DN DM O —awnn movn_Sap MY Z4

Code Il

;tell the printer that the data is ready

MOV AL,0Eh ;reset bit 7 of C

OUT 0F3h,AL ;send to PORT C

INC AL ;increment A (it now has OFh)
OUT O0F3h,AL ;set bit 7

;advance the data pointer and byte counter

INC DX ;point to the next byte

DCR BL ;decrement the byte counter
JNZ POLL ;if there are more bytes
RET ;else stop

DN MMM 3 — awnn mavn_bap NNy Z5

SDK-86 Parallel I/O Ports

The parallel I/O ports consist of two 8255A programmable peripheral
interfaces (PPI).

Each PPI contains three 8-bit I/O data ports and one write only control port.
The three I/O ports are designated A, B, and C.

One 8255A, Port 1 or P1, is connected to the high data byte (d8-d15).
The other 8255A, Port 2 or P2, is connected to the low data byte (d0 -d7).

All ports can be addressed individually with byte instructions (e.g., P1A or
P2C) or corresponding ports can be addressed in pairs to form a 16-bit wide
data port.

Figure 7-8, Sheet 5 of 9, of the textbook shows the SDK-86 parallel port. Note
that the chip selects LOW PORT SELECT’ and HIGH PORT SELECT' come
from the I/O decode PROM.

Pins Al and A0 on the 8255A are connected to Al and A2 on the address bus.

Al AO

0 0 PortA
0 1 PortB

1 0 PortC

1 1 Control Port
DN MMM 3 — apnn movn_bap MY 1V-45 76

8255A

Address Assignments

Port Address Port Address
P2A OFFF8H P1A OFFF9H
P2B OFFFAH P1B OFFFBH
p2C OFFFCH P1C OFFFDH
P2 Control OFFFEH P1 Control OFFFFH

The 8255A has 24 programmable I/O pins - in two groups of 12. Figure 9-3 of
the textbook shows the block diagram of the 8255A. Ports A and B are 8-bit
ports, and Port C is split into two 4-bit ports.

The 8255A has three modes of operation.
Mode 0 -- Each 8-bit and 4-bit port can an input or output port.

Mode 1 -- Ports A or B can be an input or output port. Three lines of Port C
are used for handshaking and interrupt control for each 8-bit port. If both
ports are in Mode 1, only two pins in Port C are data pins.

Mode 2 -- Only Port A can be in mode 2. This is a bidirectional bus mode and
requires five pins from Port C for handshaking. If Aiis in mode 2 and B is in
mode 1, then there are no data lines left in Port C.

DN MMM 3 — apnn mavn_bap NNy 1V-46 7L

Figure 9-4 of the textbook shows a summary of the operating modes. Note
that the pins in Port C Upper that are data pins when Port A is in mode 1
depends on whether Port A is input or output.

Figure 9-5 of the textbook shows the two control word formats. If D7 =1, the
control word is the mode-set control word. If D7 =0, the control word is the
Port C set/reset control word. This allows you to control single pins in Port C.

Interrupt Control Functions
In mode 1 or 2, control signals can be used as interrupt request inputs. The

interrupt request signals, generated from Port C, can be inhibited or enabled
by setting or resetting a flip-flop using the single-bit set/reset function of
Port C.

Figure 9-9 shows the Port C bits used for the interrupt request and for the
interrupt enable flag (flip-flop).

Interrupt Req Pin Interrupt Enable Bit
Mode 1 Port A IN PC4

Port B IN PCO PC2
Port A OUT PC3 PC6
Port B OUT PCO PC2
Mode 2 Port A IN PC3 PC4
Port A OUT PC3 PC6
DN NMom 3 — awnn mavn_bap MY V-47 78
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8255 CONTROL WORD EXAMPLES

MODE-SET CONTROL WORD

Three lines in Port C lower

‘ 1 | 0 | 0 | 0 | 1 | 1 H 1 | 0 ‘ are used for control, leaving
. PORTCBIT3=0UT only 1 line for data.
PORT B INPUT
PORT B MODE 1

PORT C UPPER = IN
PORT A OUTPUT
PORT A MODE 0
MODE SET COMMAND

‘0 H 0 |° |0 |0 | 1 H 1 | 1 ‘ PortdC bit Set:(rese[ control
e el e e s o i
BIT3

MUST BE ZERO
BIT SET/RESET COMMAND

‘0 HO |0 |0 |0 Hl HO |l ‘ ?ior#l:ﬁlzr?(rjtsiti: Ecgevdheiclﬁ tehniesnbFI'g?t(tf(-:‘bii:\tseertrupt
request line on Port B.

MRy MM 3 —avnn maavn Sap iy |V-48 79

SDK-86 8255A Programming

The SDK-86 has two 8255A’s, one on the lower half of the data bus

and one on the upper half. 16-bit words are input or output by reading or
writing to the even address. This means you write to port A, B, or C on
each chip at the same time.

Example: Mode definition on the SDK-86

MOV DX,0FFFEH
MOV AX,9090H
OUT DX,AX

; send the command word 90H to each 8255A
; A -input, B - output, C - output

[1]ofols]ofoo]o]
]

Port C lower- output
Port B output

—— Port B mode 0

Port C upper - output
Port A - input
Port A - mode 0

Mode set active

DN DM O —awnn movn_Sap MY IV-49 80




