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INTRODUCTION

Microprocessor-based system designs are a cost-
effective solution to a wide variety of problems.
When 1 system designer is presented with the
task of selecting a microprocessor for a design, the
capabilities of the microprocessor should not be
the only consideration. The microprocessor should
be an ¢lement of a compatible family of devices.
The MCS-80 component family is a group of com-
patible devices which have been designed to
directly address and solve the problems of micro-
processor-based system design. One member of the
MCS-80 component family is Intel's 8255A pro-
grammable peripheral interface chip. This device
replaces a significant percentage of the logic re-
quired to support a variety of byte oriented Input/
Output interfaces. Through the use of the 82534,
the 1/O interface design task is significantly simpli-
fied, the design flexibility is increased, and the
number of components required is reduced.

This application note presents detailed design
examples from both the hardware and software
points of view. Since the 8255A is an extremely
flexible device, it is impossible to list all of the
applications and configurations of the device. A
number of designs are presented which may be
modified to fulfill specific user interface require-
ments.

Detailed design examples are discussed within the
context of the 8080 system shown in Figure 1. The
basic 8080 system is composed of the CPU mod-
ule, memory module, and the 1/O module. CPU
module and memory module design are discussed
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within other Intel publications. This application
note deals exclusively with 1/O module design.
1t is assumed that the reader is familiar with the
MCS-80 User’s Manual andfor the MCS-85 User’s
Manual, particularly the 8255A device description.

OVERVIEW OF THE 8255A

The 8255A block diagram shown in Figure 2 has
been divided into three sections: 8080 CPU Mod-
ule Interface, Peripheral Interface, and the Internal
Lagic.

Figure 2. 8255A Block Diagram

8080 CPU MODULE INTERFACE

Tie 8255A is a compatible member of the MCS-80
component family and, therefore, may be directly
interfaced to the 8080. Figure 3 displays one method
o interconnecting the 8255A and an 8080 CPU
module. The 8080 CPU module consists of the
8080A CPU, the 8224 Clock Generator, and the
8128 System Controller. The system shown in
Figure 3 utilizes a linear select scheme which dedi-
cates an address line as an exclusive enable (chip
select) for each specific 1/O device. The chip select
signal is used to enable communication between
the selected 825SA and the 8080 CPU. I/O Ports
A, B, C, or the Control Word Register are selected
by the two port select signals (A1, Ao). These
signals (A and Ag) are driven by the least signifi-
cant bits of the address bus. The [/O port select
characters required by this configuration are shown
in Figure 4.

When a system utilizing the linear select scheme is
implemented, a maximum of six 1/O devices may
be selected. If more than six 1/0O devices must be
addressed, the six device select bits must be en-
coded to generate a maximum of 64 device select
lines. Note that when large systems are imp}e-
mented, bus loading considerations may require
that bus drivers be included in the CPU module.
The MCS-80 component family contains parts
which are designed to perform this function (8216,

8226).

The 8255A 1/O read (RD) and 1/O write (WR)
signals may be directly driven by the 8228. This
results in an isolated 1/O architecture where 8080
Input/Output instructions are used to reference an
independent 1/O address space. An alternate ap-
proach is memory mapped 1/0. This architecture
treats an area of memory as the 1/0 address space.
The memory mapped 1/O architecture utilizes
8080 memory reference instructions to access the
[/O address space. Interfacing with the 8080 is
outlined in Chapter 3 of the “8080 Microcomputer
User's Manual™.

The most important feature of the 8255A to 8080
CPU Module Interface is that for small system
designs the 8255A may be interfaced directly to

the standard MCS-80 component farpily with. no
external logic. Minimum external logic is required

in large system designs.
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PERIPHERAL INTERF ACE SECTION

The peripheral interface section contains 24 per-
ipheral interface lines, buffers, and control logic.
The characteristics and functions of the interface
lines are determined by the operating mode se-
lected under program control. The flexibility of
the 8255A is due to the fact that the device is
programmable. Three modes of operation may be
selected under program control: Mode 0 — Basic
{nput/Qutput, Mode 1 — Strobed Input/Output

with interrupt support, and Mode 2 — Bidirectional—-

bus with interrupt support. Through selecting the
correct operating mode, the interface lines may be
configured to fulfill specific interface require-
ments. The characteristics of the interface lines
within each mode must be understood so that the
designer may utilize the §255A to achieve the most
efficient design. Table I lists the basic features of
the peripheral interface lines within each mode
group. Figure 5 shows the grouping of the periph-
eral interface lines within each mode.

Tabte |. Featuras of Peripheral Interface Lines

Mode 0 — Basic Input/Output

Two 8-bit ports

Two 4-bit ports with bit set/reset capability
Outputs are latched

Inputs are not latched

Mode 1 — Strobed Input/Cutput

One or two strobed ports
Each Mode 1 port contains:
8-bit data port
3 control lines
tnterrupt support logic
Any port may be input or output
If one Mode 1 port is used, the remaining 13 lines
may be configured in Mode 0.
I two Mode 1 ports ave used, the remaining 2 bits
may be input or output with bit set/reset capability.

Mode 2 — Strobed Bidir ectional Bus

One bidirectional bus which contains:
8-bit bidirectional bus supported by Port A
5 control lines
Interrupt support logic
Inputs and outputs are latched
The remaining 11 lines may be configured in either

Mocle O or Mode 1.

One feature of Port C is important to note. Each
Port C bit may be individually set and reset.
Through the use of this feature, device strobes may
be easily generated by software without utilizing
external Jogic. The Mode 1 and Mode 2 configura-
tions use a number of the Port C lines for interrupt
control lines. Thus, the 8255A contains a large por-
tion of the logic required to implement an inter-
rupt driven 1/0 interface. This feature simplifies
interrupt driveri hardware design and saves a signi-
ficant amount of the external logic that is normally
required when less powerful 1/O chips are used. In
fact, the design examples contained in this applica-
tion note describe how interrupt driven interfaces
may be designed such that the only interrupt con-
trol logic required is that contained in the 8255A.
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Figure 5. Grouping of Peripheral Interface Lines

INTERNAL LOGIC SECTION

The internal logic section manages the transfer of
data and control information on the internal data
bus (refer to Figure 2). If the port sclect lines (A
and Ag) specify Ports A, B, or C, the operation is
an 1/O port data transfer. The internal logic will
select the specified 1/O port and perform the data
transfer between the 1/O port and the CPU inter-
face. As was previously mentioned, both the func-
tional configuration of each port and bit set/reset
on Port C are controlled by the system’s software.
When the control word register is sclected, the
internal logic performs the operation described by
the control word. The controi word contains an
opcode field which defines which of the two func-
tions are to be performed (mode definition or bit
setfreset).

Mode Definition

When the opcode field (Bit 7) of the control word
is equal to a one, the control word is interpreted
by the 8255A as a mode delinition control word.
The mode definition control word (shown in Fig-
ure 6) is used to specify the configuration of the

CONTROL WORD

CEEEEREE]

GROUP B

PORT C(LOVER . PC3-PCq)
el IRERIN0)
0 - OUTPUT

PORT B
SE——— R
0= 0UTPUT

MODE SELECTION
9= MQDE ¢
¥« MODE 1

GROUP A

POAT C IUFPER - PCy - PCy)

1~ INPUT

0~ OUTPUT

PORT A
s B
0=0uTPUT

MODE SELECTION

90 = MODE 0
01 « MODE 1
1X 7 MODE 2

1+ MODE SET

Figure 6. Mode Definition Control Word

24 8255A peripheral interface lines. The system’s
software may specify the modes of Port A and Port
B independently. Port C may be treated independ-
ently or divided into two portions as required by
the Port A and Port B mode definitions.

Example #1: This example demonstrates how 3
mode control word is constructed and issued to an
8255A. The mode control word is passed to the
device through the use of an output instruction
that references an 8080 I/O port address. The value
of the 1/O port address is determined by the 8080
CPU interface implemented. This example refer-
ences the 1/0 port addresses realized by the simple
8080 to 8255A interface shown in Figuree3,

If an 8255A is to be configured through the use of
the mode control word interface as:

Port A Mode O Input

Port B Mode 1 Output

Port C Bits PC5-PCy4 Output
Port C Bit 2 Input

The following mode control word is used:

I07[Dsl'35]°n|'33l°7 IDI [Dol

L__PartC Bit 3input= 1

{ ____PoriB Outpui~0

___PotB Mode 1=t

P21 C 8113 PC7- PCq Output = 0

Port A Input = 1

Port A Mode = 00

_...Qpeode Mode St - 1

Mode Control Yord » 10010101 Binary

The assembly language program is:

CWR €QU  OFBH

ASSUE MODE CONTROL WORD

82554 £ 1 CONTROL WORD REGISTER

MVI A100100018
OUT  CWR

: GET MODE CONTROL WORD
OUTPUT TO 8255A = 1 CONTROL WORD
: REGISTER
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Bit Set/Reset

When the opcode field (Bit 7) of the control word
is equal to a zero, the control word is interpreted
by the §255A as a Port C bit set/reset command
word (see Figure 7). Through the use of the bit
set/reset command, any of the 8 bits on Port C
may be independently set or reset. Note that con-
trol word bits 64 are not used. Bits 6~4 should
be set to zero.

CONTROL WORD

[er]oe]ee o Joa oo ] %)
! it SET/RESET FLAG

0~ RESCTBIT
1 SETRIT

BT SELECT

| D30,0¢ PQRT C BIT

NOT USED SET T0 0Q1

ammwoOOO
P
.Gueme =0

2

=1

a

; 0« BITSET/RESET l

Figure 7. Bit Set/Reset Control Word

Example #2: This example demonstrates how a
Port C bit set/reset control word is constructed and
issued to an 8255A. The bit set/reset control word
is passed to the device through the use of an output
instruction that references an 8080 1/O port ad-
dress. The value of the 1/O port address is deter-
mined by the 8080 CPU interface implemented.
This example references the I/O port addresses
realized by the simple 8080 to 8255A interface
shown in Figure 3.
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Control word (see Figure 7).

SatBit« 1. AwerBi~0

Bit Salect » D11 (Binary) = 3 (Decimsl)

Not Used = 000 {Binary)

Bit Sat/Reset Opcode = 0

The controt word for set Port C kit 3 is 00000113 binsry.
The control ward for reset Port € bit 3 is 00000130 binery.

The assembly language program is:

CWR EOU OFBH ;B255A #1CONTROL WORD REGISTER

LSETEIT3

; GET SET 81T ) CONTROL WORD

MV A, 600001118
{OUTPUT TO 8255A = 1 CONTROL WORD REGISTER

OUT  CWR

RESETBIT 3

Mvi A.000001108  : GET RESET 817 3 CONTROL WORD

ouT cwWA S OUTPUT TO 8255A 1 CONTROL WORD REGISTER

NOTE: An MVI instruction is used to load the reset bit 3
contro! word into the A register. Since it is known
that the set bit control word is already in the A
register, a “DCR A” Instruction could be used to
generate the correct control word and save one
byte of code.
0000011 — § = 00000110 (RESET BIT 3 CON-
TROL WORD)

Example #3: This example demonstrates one
simple method of performing a bit set/reset opera-
tion on Ports A and B. The state of any output
port may be determined by reading the port. The
assembly language program which may be used to
set/reset Port A or B bits is:

PORTA EQU OF8H :B255A » 1 PORT A

SET 81T 0
N PORTA ;GET STATE OF POAT
ORI 01K JSETBITA

out PORTA OUTPUT TO PORT

RESET BITO
N PORTA (GET STATE OF POAT
ANY OFEH ;RESET 8ITQ

aut PORTA OUTPUT TOPORT

INTERRUPT CONTROL LOGIC STATUS
WORDS

As previously mentioned, the 8255A Mode 1 and
Mode 2 configurations support interrupt control
logic. If a read of Port C is issued when the 8255A is
configured in Mode 1, the software will regeive the
Mode 1 status word shown in Figure 8. The bits in
the status word correspond to the state of the asso-
ciated Port C lines (buffer full, interrupt request,
etc.). The INTE bit shown in the status word corre-
sponds to the interrupt enable flip-flop contained
in the 8255 A. This signal is not availuble externally.
The structure of the Mode | status word varies as a
function of the mode of the 8255A. Example #4
shows the status word which results from reading
Port C from an 8255A which is configured with
Port A Mode I input and Port B Mode 1 output.

no7 Ug .95 m.n3 .Dz .u. .Do

J

. NotUsed ~ Sot 10 0

118 Outout> 0

Part B Mode 1= 1

e OPC0de Mode Set v |

Mode Controt Word « 10110700 Binery

{\ﬂcr the 8255:\ mode control word has been
issued. a READ of Port C will obtain the following
Mode 1 status word:

PORTCBITS
lbyloslusln‘}oliDzln||ucl D 05 By Dy Dy Dy O Dbp
Mo cus Wor —
R e BE e I 1o ] o l|xaA]m;,,lmm,\lwwsjum,,]mm‘,]
GROUP A GROUP B Gioup A Grows 8
STATUS STATUS
INPUT l INPUT
e PORT
— LPORT
—— ¢
—— ——
D; Dg Dy 0y © o, © R . T+ .
[ —~ I = 1 = 1 2 1 o NOTE: The Port C /O bits D7 and Dg should be modified
I INTE, INTR,
AJ A] A] m through the use of the Port C bit set/reset com-
ouTPUT a - i v i tee
__eoRt outeur mand word. If a write to Port C is issued, the

INTEA and INTEp bits may be inadvertently

' maodificd by the user. The IBF 4, INTRR, OBFB',
and INTRg bits will not be modified by either a
write to Port ¢ or a bil sct/reset command. These
four bits always reflect the state of the interrupt
control logic.

—
07 Og D5 Da Dy o, o0,

Og
S G I Iy ERGATD

Figure 8. Mode 1 Status Word i

Note that the Mode 2 status word (shown in Fig- o
ure 9) differs from the Mode 1 status word. The
format of the status word data bits Da-Dg are
defined by the specification of the Port B cor{ﬁgw
ration. Example #S shows the structure of the
Mode 2 status word when the 8255A is configured

Example #4 — MODE | STATUS WORD

1f an 8255A is to be configured through the use of
the mode control word interface as:

Port A Mode 1 Input with Port A Mode 2 (bidi i

/ irectional bus) ¢ >
Port B Mode 1 Output Mode 1 input. cctional bush and Port b
Port C Bits 6 & 7 Qutput

The Mode T and Mode 2 status words reflect the

The following mode control word is used: state of the interrupt logic supported by the 8255A
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Example #6 demonstrates how the interrupt
enable bits are controlled through the use of the
Port C bit set/reset feature. The application exam-
ples provide a more detailed explanation of the use
of the Port C status word in the Mode | and Mode
2 configurations.

FORT C BITS

Blaf ]

[N SN N —
GROUP A GROUP 8
STATUS STATUS
MODE 0
INPUT/OUTPUT
[ D [ }
Oy Dg s 4 3
I BBF, I INTE, , 18F g } INTEp I'NT"A] b, Dy 0
vo | vo | wo
MODE 1
INPUT
PORT
PN S
0, 0y by
INTEg | 1875 | INTRg
MODE 1
outeut
PORT

Oz Dy Op

Figure 9. Mode 2 Status Word

Example #5 — MODE 2 STATUS WORD
If the 8255A is to be configured as follows:

Port A Mode 2 Bidirectional Bus
Port B Mode [ Input

The following mode con trol word is used:

D {Dg {05 | Da |03 {02 |0y [Og

Not Used » Set to 0

PortB Input~ 1

Nat Used = Set 10 00

Port A_Mode 2 » 10

Opcode Mode Set = 1

Mode Controt Word ~ 11000110 Birery.

After the 8255A mode control word has bgcn
issued, a read of Part C will obtain the following

Mode 2 status word:

Dy Dg D4 D3 D2 Dy Do

Mode 2 Status Word I OBF |mr5,| 18F 5 lmtezlwm,lmvz,] 18Fg lwmg]
from Port C READ

Geoup A Group B

Example #6 — MODE 2 INTERRUPT ENABLE/
DISABLE

The Mode 2 status word shown in Figure 9 con-
tains two interrupt enable bits:

INTE| — Bit 6 — Enable output interrupts
INTE2 — Bit 4 — Enable input interrupts

Bit set/reset contrcl words may be construct'ed
which may be usel to control the INTE bits.

Set Bit 6 (Enable Output Interrupts ) =
00001101 Binary

Reset Bit 6 (Disable Output Interrupts) =
00001 100 Binary

Set Bit 4 (Enable Input Interrupts) =
00001001 Binary

Reset Bit 4 (Disable Input Interrupts) =
00001000 Binary

The control words shown were constructed from
the standard bit set/reset format shown in Fig-
ure 7.

The value of CWR used in the following program
example corresponds to the 8080 configuration
shown in Figure 3.

CWR EOU OFBH /B256A 71 CONTROL WORD REGISTER
: ENABLE INTERNUPTS FOI MODE 2 OUYPUT (SET PORT C BIT 61
Mvi A, 000011018 :GET SET BIT6 CONTROL WORD
out CWR : OUTPUT T0 8255 =1 CONTHOL WORD REGISTER

DISABLE INTERRUPTS FOR MODE 2 QUTPUT (RESET PORT C BIT 61

’ v A. 000011008 :GET RESET BIT 6 CONTROL WORD
gu‘r CWR ;OUTPUT TO 8255A » 1 CONTROL WORD REGISTER

SOFTWARE CONSIDERATIONS

Regardless of the mode selected, the software must
always issue the correct mode control word after a
reset of the device. Generally, an initialization
routine is constructed which issues the correct
mode control word, sets up the initial state of the
control lines, and initializes any program internal
data.

Many of the software requirements of the 8235A
vary as a function of the mode selected. The
simplest mode supported by the device is Mode 0
(Basic Input/Output). Generally. Mode O is used
for simple status driven device interfaces (no inter-
rupts). Figure 10 illustrates sample software that
could be used to support such interfaces. Most
devices support a BUSY or READY signal which is
used to determine when the device is ready to
input or output data and a DATA STROBE which
is used to request data transfer (DATA STROBE
may easily be generated with the Port C bit set/
reset feature). In the Mode O configuration, Ports
A and B are used to input/output byte oriented
data. Port C is used to input 8255A status. peri-
pheral status and to drive peripheral control tines.

When the Mode 1 and Mode 2 configurations are
used, the software is generally required to support
interrupts. Software routines written for an inter-
rupt driven environment tend to be more complex
than status driven routines. The added complexity
is due to the fact that interrupt driven systems are
constructed such that other software tasks are run
while the I/O transaction is in progress. A software
routine that controls a peripheral device is gener-
ally referred to as a device driver. One method of
implementing an interrupt driven device driver is to
partition the device driver into a “Command Proc-
essor’” and an “Interrupt Service Routine™. The
command processor is the module that validates

Table Il. Sample Device Control Block

INPUT
0ATA

1SsUE
STROBE
T
{
YES | SETUP
DATA
NO I
]
GET ISSUE
Data STROBE

l i

Figure 10. Sample Status Driven Software Flowchart

and initiates user program requests to the device
driver. A common method of passing information
between the various software programs is to have
the requesting routine provide a device control
block in memory. A sample device control block is
shown in Tabie If.

Buffer Address
Character Count
Character Transferred Count

Completion Address

———
NAME DESCRIPTION
L —_— ]
Status This 1-byte field is used to transmit the status of the 170 transaction (busy,
complete, etc.).
Opcode This 1-byte field defines the type of 1/0 (READ, WRITE, etc.).

This 2-byte field specifies the source/destination of the data block.
This 1-byte field is a count of the number of characters involved in the transaction.
This 1-byte count of the number of characters which were actually transferred.

This 2-byte field is the address of the user supplied completion routine which will
- be called after the 1/0 has been performed.




The command processor validates the transaction
and initiates the operation described by the control
block. Control is then returned to the requestor so
that other processing may proceed. The interrupt
service routine processes the remainder of the
transaction.

The interrupt service routine supports the follow-

ing functions:

1. The state of the machine (registers, status, etc.)
must be saved so that it may be restored after
the interrupt is processed.

2. The source of the interrupt must be determineq.
The hardware may support a register whicl indi-
cates the interrupting device, or the software
may poll the devices through interrogating the
Port C status word of each 8255A.

3. Data must be passed to or from the device.
4, Control must be passed to the requesting routine
at the completion of the I/O.

5. The state of the machine must be restored be-
fore returning to the interrupted program.

VALID
TRANS £CTION?

RETUAN
YES EAROR
STATUS
SET UP INITIAL
STATE OF DEVICE & I
DEVICE CONTROL
BLOCK FOST
TO USER
COMPLETION,
ROUTINE

DECODE
GPCODE

OPCOCE 1

OPCODE 0 OPCODE n

START START START
vo o 10
ENABLE
INTERRUPTS

RETURN
TOCALLER

Figure 11. Command Processor

Figures 11 and 12 are simplified flowcharts of one
of the many methods of implementl.ng command
processor and interrupt service routine modules.

The rest of this application note presents specific
application examples. All of t.he 8080 ass;mbly
language programs supplied with the application
examples use the standard Intel 808.0 assembly
language mnemonics., The programs dI.SCUSSCd use
the program equate statement to specify all hard-
ware related data. Equate statements are used so
that all references to an 1/O port may be changed
through a simple reassignment of the port address
in the equate statement.

INTERRUPT

DETERMINE
SOURCE OF
INTERAUPT

|

o o] error

TRANSACTION
COMPLETE

STATUS

NO

l

CALL USER
COMPLETION
ADUTINE

INPUT/
OUTPUT
NEXT
CHARACTER

I

RESTORE
MACHINE
STATE

ENABLE
INTERRUPTS

RETURN

Figure 12. Interrupt Service Routine

MODE 0 — STATUS DRIVEN PERIPHERAL
INTERFACE

This design example sliows how a single 825SA in
Mode 0 may be used to develop a status driven
interface (no interrupts) for the Centronics 306
character printer, the Remex paper tape punch,
and the Remex paper tape reader.

8255A To Peripheral Hardware Interface

The first step in the design is to examine the speci-
fication for the peripheral devices and identify the
control and data signals which must be supported
by the interface. Table 1I] lists the signals which
were chosen to be supported by the 825SA inter-
face. All three of the devices support the standard

Table I11. Peripheral Interface Signals

’ CHARACTER PRINTER

Name: DATA 0-DATA 7

Definition:  input data levels. A high signal represents a
binary 1 and a low signal represents 3 binary
0. These eight lines are the data lines to the
printer.

Name: DATASTROBE

Definition: A 0.5 usec pulse minimum] used to trans-
fer data from the 82554 to the printer.

Name: BUSY

Definition: The level indicating that the printer cannot
receive data.

PAPER TAPE PUNCH

—_

Name: TRACKS 1-8 DATA INPUT

Definition: Input data levels. A high signal causes a
hote to be punched on the associated track.
These eight lines are the data lines to the
printer.

Name: PUNCH COMMAND INPUT

Definition: A true condition moves the tape and
initiates punching the tape. This signal is
actually a data strobe.

Name: PUNCH READY QUTPUT

Oefinition:  True signal indicates that the punch is ready
to accept a punch command. This is the
punch busy line.

PAPER TAPE READER

Name: DATA TRACK OUTPUTS

Definition:  True signal indicates data track hole. These
eight lines are the data lines from the punch,

Name: ORIVE RIGHT

Definition: True signal drives the tape to the right and
reads a character. This signal is actually the
data strobe (initiate read signal).

Name: DATA READY OUTPUT

Definition:  True signal indicates data track outputs are

in ’On character” condition. This signal is
the reader busy line.
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BUSY/DATA STROBE interface discussed previ-
ously (see Figure 10). Figure 13isa block diagram
of the interface design. The 8255A Port A is con-
figured as a Mode O output port which is used to
support the printer and the paper tape punch data
bus. Port B is configured as a Mode 0O input port
and is used to input the paper tape reader data.
Three of the Port C lower bits (PC2-PCp) config-
ured in input mode are used 1o input the device
busy indications. Three of the Port C upper bits
(PCq--PCy) configured in output mode are used to
support the device strobe signals required by cach
device.

The drive requirements of the interface lines are a
function of the peripheral interface circuitry, the
length of the interface cable, and the environment
in which the unit is running. In this particular de-
sign example. all output lines from the 8255A to
the peripherals were buffered through a 7407
buffer/driver. The input lines from the peripherals
were fed directly into the Port € and Port B inputs.

8080 CPU Module To 8255A Interface

The schematic of the completed hardware design is
shown in Figure 14. The CPU module design
shown is the design which was implemented for
Intel’s SDK 80 kit board. The 8255A is addressed
through the use of an isolated 1/ architecture
utilizing a linear select scheme. Address bits A and
AQ are used to select the 8235A port. Address bit
A3 is the exclusive enable for 82554 =1. Exami-
nation of the schematic shows that all of the
SISSA interface lines are directly driven by the
CPU module.

CHARACTER
FRINTER
[T y
N —
82554 N
7307 V| sarer rare
PUNCH
8y o
PAPLA TARE
®EADEA

NOTE
1 OUTPUT DATA BUS BUFFERED WITH 7407
? ALLB25%A DUTPUT LINES ARE PULLED UP TO 15V AT THE PERIPHERAL

Figure 13. Interface Block Diagram
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Figure 14. SDK 80 Schematic

Mode 0 Interface Software

An initialization routine and three device drivers
(one for cach peripheral device) are required to
support the peripheral interface. The 1/0 port
addresses implemented by the hardware are shown
in Figure 15. The unused chip select bits are set to
one so that chip select conflicts will not result if

the unused bits are required by an expanded Sys-
tem.,

... B255A Part Seleer
0C Poit A
; 01 Pt B
10 Pt ¢
i 11 Contial Wourt Reqnim

__B251Sehct
0 - Selact
i 1 = Na Select

|
!
| L amsnssseen

0= Select
1+ No Select

BS54 22 Srieer
0 = Select.
1« No Selecr

Spare Select Lines

o 111 Binary

PortSeiect Charactmr |

Setected

PortA 82584 =1 Fa
Por1 B B255A x 1 F5
PortC B255A 21 F§
Contol Word Register 82554 = 1 F7
Port A B255A =2 EC
Fort B B2S5A =2 ED
PortC BS54 =2 EE
i Contral Word Registes B2654 =2 EF

Figure 75. 1/0 Port Addresses

Note that the inilialization routine issues the
mode control word (shown in Figure 16}. It also
sets the low true DATA STROBE signals to an
inactive (high) state.

Hardwae Requirements

Port A - Output Mcde 0

Port C Upper Bits C7--Cq - Output Mods 0
Port C Lowar Bits C3 Cp - Input Meda 0
Port 8 - lnput Mode 0

Pott € Lower 10 - luput Moxfe

Por1 B 10 - Input Made

{ PortA 1.0 - Output Mode
Port A PMorde - Set 10 Maie 0

Opcode = Modn Set - 1

Mode Controt Word + 1000000 11 Binney - B3 HE X

Figure 16. Mode Control Word
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[he three peripheral drivets which foilow all have
the basic structure discussed previously. Consider
the printer routine. Here the user routine places an
ASCIHI data character in the C-register and passes
control to the LPST location through a subroutine
call., The printer driver interrogates the status of
the printer by reading Port C. If the printer is busy,
the routine will loop until the printer is idle. When
the printer is ready to accept a data character, the
character is placed on the Port A lines and a DATA
STROBE is generated. After generating the DATA
STROBE, the driver executes a subroutine return
to the caller.

The DATA STROBE signals to the devices are
generated through the use of the Port C bit set/
reset feature. The bit set freset control words used
are shown in Figure 17.

Summary /Conclusions

This design example discussed the basic hardware
and software required to handle a simple device
interface. The 8253A will easily accommodate a
more complex interface design which utilizes addi-
tional interface lines supported by the peripheral.

Sot Bit= 1, Reset Bit= 0

Bit Select 110 Binary = 6 Decimal (Primect
101 Binery = 5 Decimal {Punch}
100 Binary = 4 Decimal (Readert

Not Used — Sat to 00
Bit Sat/Reset Opcode » 0

The control word for revet Prints) « 00001100 binsry.
The control word lor sat Punch DATASTROBE (PC 5) « 00001011 b

The controt word for reset Punch DATA STROBE (PC S) = 00001010 b
The control word for set Reader DATASTROBE (PC 4} = 00001001 bi
The control word for reey Reader DATA STROBE (PC 4) = 00001000 hinary.

Figure 17. Bit set/Reset Control Words

For instance, one of the spare Port C output lines
may be used to contol the punch direction. Sup-
port of this additiona feature would require minor
modification of the device driver so that the punch
direction line could be specified by the user

routine.

Through consideration of this example, the use of
the 8255A in Mode Oshould become evident.

—

GE
STATUS

|

BUSY?

YES

NO

ISSVE
DATA

]

FESET
STROBE

SET
STROBE

RETURN

PRENTER DRIVER

1SI8 8080 MACKC ASSENELER, ¥1.0 PAGE 3
AODE 1EM0 EXAMPLE - CHARACTER PRINTEN DALVER

CHARACTER PIINTER DRITER

i INMIS : CHARACTER TO PAINT IN C-REG
QUTHTS: CHARACTER TO PRINTER

& NEGISTEN WDIFLED

300D UBF6 Do PONC  ; GET STATUS OF PRINTER
3007 E6ON AN1 LPET 3 SEE LF MSY
e tes i 17 BUSY - JuNP TO LPST (WAiT L00P)
Jaeen
PRINTED 13 1DLE — OUTPUT A CHARACTER
anne

3018 79 oy L : GET DATA BITE SUPPLIED BY CALLER

3015 DIFY OUT  POMA ; OUTPUT DATA TO DATH LIW

017 3E WL AUSOF § GET DATA STROBE COKTROL WOKD

3019 DIFT Byt Ca : RESET DATA STROBE (LOW TRGE SIGNAL)
3018 3¢ w4 { GINERATE SET DATA STAORE CORTROL VORD
301 DFT out M i SET DATA STROBL

301E € T i RETURN T0 CALLER

GET PUNCH
STATUS
YES

lNO

ISSUE
catA

|

RESET
STROBE

l

SET
STROBE

|

PUNCH DRIVER

NATRO ALSEMBLER, V1 ¢ sa e
FRC LNAMPLE - PAPRR TAFE PUNM DRIWF R ;

A wr:

W4F CRFE i Fuere \ r
3021 L6z i PRRST T
Wy x oK

L T - CUMP T2 PNST (NAIT LOGPY

Loy TN IRE T4 uarAcTES
3025 1§ nev

xT

3023 OB Wi
3028 D31 ot
028 10 xa
J0ZE DN T X7
303 €3 RET
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SET
STROBE

GET STATUS

GETDATA

l

CLEAR
STROBE

READER DRIVER

SNTRTL WORT {L TR AT

eere

i
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MODE 1 INTERRUPT DRIVEN PRINTER
INTERFACE

The status driven interface described in the previ-
ous example required the software driver to poll
the device status for completion. An alternate
approach is to construct t he device interface such
that an interrupt is used to signal the completion
of the operation. When an interrupt driven inter-
face is utilized, the time that was dedicated to
poiling can be used to perform other functions and

the effective processor through-put is increased. .

- This example demonstrates how an 8255A config-
ared in Mode | may be used to develop an inter-
rupt driven interface for the Centronics 306 char-
acter printer.

CPU Module To 8255A Interface

The 8080 bus interface implemented for this ex-
ample is the same as the Mode 0 example with the
addition of interrupt support. Interrupt support

is implemented through the use of a special feature
of the 8228 System Controller. If only one inter-
rupt vector is required (such as in small systems),
the 8228 can automaticzlly assert an RST 7 in-
struction onto the data bus at the proper time.
This option is selected by connecting the INTA
output of the 8228 to the +12-volt supply through
a | K ohm series resistor.

The Mode 1 interrupt support logic of the 8255A
provides an interrupt request line for each port.
The 8255A interrupt request line (INTRA) must be
connected to the INT line of the 8080. A 10K ohm
pullup resistor js used to insure that the Viy re-
quirements of the 8080 axe met.

8255A To Peripheral Interface

The interrupt driven co nfiguration control signal
interface to the printer is different than the status
driven interface; Instead of a BUSY/DATA
STROBE interface, a DATA STROBE/ACK inter-
face is supported. The ACK signal notifies the
8255A that a character transferred to the printer
by a DATA STROBE has been accepted. After an
ACK is issued the printer is considered idle. The
block diagram shown in Figure 18 displays the
interface signals used.

The Mode | interrupt driven peripheral support
signals used are:

PA7—PAg - Output Data
Used to support the printer data
port.

OBE — Qutput Buffer Full
This line goes low when data is
placed in the output buffer. The
OBF signal may be used as a data

strobe signal when interfacing to
peripherals which do not require a
pulsed input. The Centronics 306
requires a pulsed DATA STROBE
signal. This signal is supported by
Port C bit 0.

ACK — ACKnowledge
This line is used to signal the 8255A
that the device has accepted the
data. This line is supported by the
printer ACKNLG signal.

45V

2 0kt

708080
INT

INTRA
Pcy

OUTPUT DATA CHARACTER
PA7-0 PRINTER

8255A 7407
PCq _P___D————> DATA STROBE

PCg-ACKA Jo———— ACKNLG
pCy-OBF 5 b

PC1.248 [— NOT USED

rer-e <:>
NOTES:

1. DATABUS BUFFERED WITH 7407
5 ALL B255A QUTPUT LINES ARE PULLED UP TO +5V AT THE PERIPHERAL.

Figure 18. Interface Block Diagram

Mode 1 Software Driver

The software driver implemented for this example
utilizes the typical interrupt driven software struc-
t'ure outlined previously. The initialization routine
issues the mode control word (shown in Figure 19)
.to the 8255A after reset of the device. The initial-
lZthi'On routine also places a jump to the interrupt
service routine in the interrupt location for RST 7.
The command processor is started by the user
routine through a subroutine call to PSTRT, with

the address of the control block in the D and E g ot
registers (the control block format is shown in e oo
Table [V). The command processor insures that an
I/O operation is not already in progress, starts the
I/O, enables interrupts, and returns to the caller so
that other processing may proceed.

Mardware Requnements

Port A - toput Mode 1

i Not Used.

After a character is placed in the output buffer, the !
DATA STROBE signal is generated through the use i
of the Port C bit set/reset feature. When the ACK o

__PortA 1'0)Set to Qutput

_PortA Moge Ore

i§ generated by the printer, the buffer full indica-
tion is cleared and the 8255A generates an inter-
rupt. lf:i11terrlx)wts are enabled. the mterrupt request
is serviced by the 8080 CPU through disabling
processor interrupts and then executing the in-
struction at location 38 hexadecimal in program
memory. The interrupt service routine saves the
processor state and polls the 8255A to determine
the source of the interrupt. Once the interrupting
device is located, the control block is used to
locate the next data character for transfer to the
8255A output buffer. After the entire buffer has
been printed. the interrupt service routine passes
control to the user-supplied completion routine.
Before returning from the interrupt, the state of
the processor is restored.

_ Opcade = Mode Set

Made Control Ward = 10101010 Binary - AA HEX

Figure 19. Mode Contral Word

Table IV, Printer Software Control Block

NAME POSITION DEFINITION

Status Byte 0 A 1-byte field which defines the completion status of an 1/0.

00 = Good completion

01 = Error — command already in progress
Buffer Address Byte {, 2 Pointer to the start of the data to print.
Character Count Byte 3 Count of the number of characters to print.
Character Byte 4 The number of characters transferred.
Transferred Count
Completi i i
Con pletion Byte 5, 6 Address of a user supplied routine which will be called after the 1/0 has
ress been performed.
NOTES:

1. Anopcode field is not required because WRITE is the only operation performed
2. The control block must reside above location FF Hex
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There are a number of error conditions which may
occur, such as an interrupt from a device which
does not have a contro! block in progress, or an
interrupt when polling establishes that no device
requires service. Neither of these errors should
occur, but if they do, the driver should perform in
a consistent fashion. The recovery routines imple-
mented to handle error conditions are determined
by the particular applications environment.

Swmmary/Conclusions

When utilized in a small system design, the 8255A
interrupt support logic provides all of the capabili-
ties required to implement an interrupt driven
hardware interface without the use of external
logic. In larger system designs, the designer may
chose to use additional hardware to detennine the
source of interrupt requests without software
polling. The software design required by an inter-
rupt driven system is inherently more complex
than the status driven interface. If an interrupt
driven system is required the added complexity is
a small price to pay for a significant increase in
system through-put.
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MODE 2 — 8080 TO 8080 INTERFACE

Due to the drastic reduction of hardware costs.
system designs which utilize multiple CPU Modu-
les are becoming more common. An 8080 may he
configured as a master CPU and used to control
multiple 8080 slave modules which act as intelli-
gent [/O controllers. When multiple CPUs are
utilized, a method of processor intercommunica-
tion must be supported. Figure 20 is a block dia-
gram of one method of implementing a master/
slave interface through the use of the 8255A Mode
2 bidirectional bus.

Hardware Discussion

Two complete 8080 systems are required for this
example. Intel’'s SBC 80/10 OEM board is used as
the master CPU module and Intel’'s SDK 80 board is
used as the slave CPU. The SBC 80/10 supports an
8255A which is configured in Mode 2. The 8255A
is selected through the use of a decoded select
scheme. Through the use of the 8228 RST 7 inter-
rupt feature, a simple interrupt structure is sup-
ported. The SDK 80 is configured without inter-
rupts for this example. The external logic required
for this example is associated with the slave CPU.
Simple logic is implemented which allows the slave
CPU to generate the ACK and STB signals required
to READ from and WRITE to the 8255A bidirec-
tional bus with a single [/O instruction.

The system shown in IFigure 20 utilizes SSI logic to
read the 825SA IBF and OBF signals. If two spare
&255A input lines are available they could be used
to input the IBE and OBF signals and eliminate the
SSI logic.

Software Discussion

Two sets of software are required to support the
Processor to processor interface. The master resi-
dent software which follows conforms to the
simple interrupt driven software structure outlined
previously. The initialization routine issues the
Mode 2 control word to the 8255A after device
resel. The command processor accepts READ/
WRITE control blocks which provide a simple us
interface for transferring data to/from the slave
CPU. The master software is capable of processing
both a read and a write control block simultance-
ously. The slave resident software shown at the end
of this example utilizes the status driven approach.

Summary/Conclusions

It is important to note that this design may be ex-
panded to include more slave CPUs by simply
adding another 8255A to the master module for
each shave. The software drivers discussed address
only the passing of data between the two proces-
sors. Specific applications generally dictate a soft-
wire protocol be implemented for information
transfer.

MASTER MUDUE

INTERRUPT REQUEST

|

| L
SYSTEM !

[_so

SLAVE MODLI E

SYSTEM DATA BUS
1T DATA BUS . BIDIRECTIONAL BUS T I
7y . =
oBF _;_‘7 | 8080
8060 ADDRESS BUS stave
MASTER 82554 ¢ T‘— —
fTa Y PO — L
CONTROL BUS . [ !
578 |-— | .
l i E
[ | 78128 CONTROL
(. (— N O BUS
( E N 72 ¢
| | A7
' e\ 4
! 7432
| e
|
| ra32
|
|

Figure 20. Interface Block Diagram
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i i kit S

INT 7

PINT

1515 BOAD MACRQ ASSENBLER, ¥1.0 PAGE 3
PSTRT COMMIND PROCESSOR
. A o o
PRTRNSR i
eoene s

AVE
REGISTERS

COMUND PROCESOR

CLEARCY Lerere
INPUTS: CONTROL BLOCK ADDRESS 1 D AND E FEGISTEFS
QUTPUTS: START 170 OR TRAOR STATUS I¥ CORTAGL RLOCK : e :
l AH,L MODIFED
N
PSTAT: e
3005 210500 LK1 W,CECT ; GET INDFX 10 €T fai TES PRIR B NI S
AEAD 008 19 oAD D COMPUTE ATDPESS OF CT s o - R P FAR T ANt
OPCODE? 3009 300 WYX WOPRY  CLEAR €T R tEs Tate koA
3008 210300 (831 H,CBOF GET INDEX TO OPCODE YES N
3c08 19 bAD D i COMPUTE ACDRESS ; : e
Hoy LI § GET OPCODE
3010 FE0O CPI  OOH i SEE IF FEAD DISABLE 2 L i FoRs g oe -
NO 3012 £h2130 an PSRD  § YES - GO PROCESS READ 8255A B
. 3015 FEQY CP1 . OPNT ; SEE IF WRITE INTERRUPTS ¢ FEOL .
3017 CA35I0 3T PseT ; YES - GO PRDCESS WRITE N H B
WRITE - "o " STATUS €0
3014 3ED2 N1 4,516 ; GET FARGE STATUS COUE
OPCODE? JMP  FOST ;i CALL COMPLETION ROUTINE ::‘{";‘115‘(’0"
. : ERAOR - TRANSICTION ALREADY TN PROGRESS NTLRRUPTS
. SET YES
ERROR 307F 301 Wi ASTE ; SET ERRGR STATUS CODE
321 €3IDC30 JMP POST  ; CALL COMPLETION ROUTINE LT WFITE 0 KTETL RIOOK
Sieas a e
WRITE :EELD w PROCESS AEAD [OMMAND READ .
N ] PROGRESS o N g
PROGRESS 302% JAEA30 LDA PRGAD! 3 GET READ IN PROGFESS ACDRESS ROGRESS
3027 A7 ANA I § S6F IF MEAD IN PAOGRESS (TEST FOR ZERO) J T —
POST 3028 c21r30 NI FSTE {17 TES - BRANCH POLL OTHER . :
3028 B XCHS . DEVICES & :
SET 302¢ 226930 SHLD  PRGRD ; SAVE CONTROL BLOCK ADDFF3S PROCE SS . S
i ERROR INPUT 302F EB XCHG : STER PALY © WML €
3030 COTC30 CALL PIN START 1/0 i STER FALR B OAND ©
seT DATA 3033 F8 EX ENABLE INTERRUFTS i
WRITE IN 3038 <2 RET i FETURK TO CALLER i iF recesson TR
H PROGRESS H ATERRLTVD PR CF
i
POST
- Aag Ve - B
i QUTPUT rT :
DATA - ] t
1SI5 5080 HACRO ASSEMBLER, ¥1.0 PAGE ¥ | . H
‘ . boRs iy | :
t ; i :
YES
‘ | B oo mEe s veecs :
ENABLE |
PROCESSOR PROCESS WRIT! COMMAND i lenaes
! INTERRUPTS | Pl
B 3035 JAEC30 Lba PRGMIeS ; GET WAITE IN PRUGRESS ADDRESS | ) - FRTR . ETURN
Il 3038 A7 LLL) L3 ; SEE AF WRITE IN PRCCRESS (TEST FON ZERO) 1 i
: 3039 21730 JNI BSTE ;i If YES - BAARCH i Rk inE :
0% B XCHG SRRSO HFICURRY aonTING
| 1030 22883¢ SHLD  PRGW  ; SRYE CONTROL BLOCK ADDRESS .
Joug B ACHG. ¥ - - -
RETURN 3081 CDIC3C CALL  POUT  ; START 10 RESTORE VRN
B louk FB [33 ; FNABLE INTERRUPTS .
308 €9 RET 3 PETURN TO CALLER REGISTERS

: ENABLE

PROCESSOR
INTERRUPTS

|

RETURN ‘
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PN

NPUT NO
BUFFER
ULLY,

GET
BUFFER
ADDRESS

DONE? AL

NO

DISABLE
PROCESSOR
INTERRUPTS

|

ENABLE

(NPUT
INTERRUPTS

GETDATA
FHOM B255A

CLEAR
READ IN
PROGRESS

PLACE DATA
INBUFFER

AETURN

SIS B8O MACNO ASSENBLEW, V1.0
TRPUT DATA ROUTINE

josver

307C DBEL w PoATe
J07E £820 I 1B
3080 CAg63C a PRTE
3083 CLBCI0 caL CBR
3086 DABF0 ¥ PIDOK
3089 DBEN ] PORTA
080 77 oy M H
08¢ €31€30 we PN

3087 AF [T :
3090 32€A30 STA PRGAD4N ¢
3093 €39630 we e

3096 F1
3097 jE0D
3099 B3ET
3098 €9

PACE T

INPUT DATA MOUTINE

GET STATUS OF EEVICE

i SEE 1F INPUT BUFFER FULL

KO - BRANCH
GET ADDRESS IN BUFFER

i LF DONE - BRANCH

GET

TA
i PLACE IN MUFFER

Loor

AcTION

cLean 2
CLEAN FEAD IN PROGRESS
TURN

1 el

; DISABLE PROCESSOM INTERAUPYS
} GET ENABLE IKPUT INTERNUPTS CONTROL WORD

QUTAUT TO CONTAOL WORD REGISTER
RETURY TO CALLEA

FasE

]

OISABLE
GET PROCESSOR
BUFFER INTERRUPTS
ADDRESS 1
ENABLE
ouTRUT
YES INTERRUPTS
o CLEAR
WRITE IN
GET
CHARACTER PROGRESS
BUFFER
outeut
0 82558
RETURN

1515 HOBO MACRG ASSEMBLER, V1.0
QUTFUT DATA KOUTINE

£aGE 8

OUSPUT DATA ROUTINE

rout:
309C DBEE m PORTC 3 GET PORTC STATUS
3098 EA20 ant 18FA  { SEE 1F DUTPUT BUFFER FULL
i PRT0 3 YES - BRANCH
30A3 COBCIO caL CBFA TT UP ADDNESS OF DATA
J0A% DAATID J¢ PODON F DOME - BAN
009 7€ MoY LM GET DATA FACK SUFFER
30A4 DI eur PONTA | OUTPUT DATA
JoAC €39€30 e oyt LOOP
£AD OF OUTPUT TRANSACTION
JoAF A s 2 § CLEAN B REG
3080 3ZEC30 STh PRGUTs1 | CLEAR WRITE I¥ PROCKESS
3093 €IB630 e PRTO G RN
SETURR PROM OUTHUT
PATO:
3086 13 o1 ; DISABLE PROCESSOR INTERRUPTS
3087 3£09 w1 a,feno ; GET ENIBLE QUTPUT INTERRUPTS COKTAOL WCRD
3089 D367 oup  cWn § OUTPUT TO COMTAOL WO REGISTER
JoBm €9 RET RETURN TO CALLER

nr
ves wint
T Am
»
"
lNO ”
SET GOOD
COMPLETION [
HAL ¢
ADDRESS .
INBUFFER 1 i
L
¥
cALL s
POST CAETEE ATTPED
B W1 BLICK ATORELS
CLEAR .
CARRY
SET
CARRY
RETURN

Setup Bulter Address Subrou:

IN O AXE FRES
TETLo "

1K

LORLCUE DN PROGRESS

¢ IN TROCRESS MEAL CONTROL BLOCK
> 1K FROSHESS VRITE TONTROL MLICK

OF MASTEP fOFTMARS DRIVER
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APPENDIX A —8255A QUICK REFERENCE

CONTROL WORD

DOTRANND
T GROUFP B

PORT C {LOWER ~ PC3—PCol
1= INPUT

0= OUTPUT
]
PORT B

1 INPUT

0= DUTPUT
O
MODE SELECTION
0= MODEQ

1= MODE

PORT C [UPPER ~ PC,J’D‘\
1= INPUT
| 0 = OUTPUT

POAT A

1< INPUT

0= 0UTPUT

| MODE SELECTION
| 00 = MODE O

01 = MODE 1

1% = MODE 2

m

MODE CONTROL WORD

PORT CBITS

0; uleS}D.lD,‘uzlm [
GROUP A
STATUS L

Vs Dg O3

GROUP B
STATUS

MODE 0
INPUT/OUTPUT

0, O

5
‘ OBF 5 1|NTE‘ ‘ 18F 5 ‘ INTE; \INTR,J

\

WTEg| 18Fg |INTRg

MODE 1STATUS WORD

MODE 1 CONFIGURATIONS

CONTROL WORD

EEl e
T——«—-’ —_——

SEV/RESET FLAG

0= RESET AIT
1=SETBIT

NOT USED SET T0 000

PORT C BITS

EEEREEEE

GROUP B
STATUS

INPUT

GROUP A
STATUS

b, Dy Us Oa D3

' o | "o t!BFA 1\NTEAI|N1RA
QUTPUT
PORT

0; 04

0= BITSET/RESET

BIT SET/RESET CONTROL WORD

O Os 03
bBFlimtsAI Vo l Vo lnmzA

MODE 2 STATUS WORD
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COMTROL WOHD
0y D Dy Gy By 0 U Oa pay Bhg «
Lol b o 9 ~
Plur
pCi gy Y P
Ry PR "

POAT A STROBED INPUT
PORT B STROBEDOVIPET

CONTRN WDRD ey

p; Dg Dg Dg D3 Uz Dy Do Pay Pag K a

ey |
PCq 7
1 INPUT

Gl

o - ouTRuT e

¢y f——

oCp 7

PORT A - STROBED INPUT
PORT B - STROBED INPUT
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W

—e INTRR

- nary,

arvg

- Ry

— = BT

oo INTRR

e = STRg

[——1 T

INTHY

CONTROL WORD

Dy Dg Ds Da 03 Dz D1 Oo PAy PAg

el b I

ey
PCa s
et = tNPUT
0-0UTPUT
outry PCg b=
Pey p— meicm INTRA

2
oy |o—plo—m O

PRy PBg 8

PCo

FORT A - STROBEDOUIPUL
PORT 8 . STROSIDINPUY

CONFROU wORD
D; ©f Ps Dz ©7 Dz 91 Po Pa, FAg 2
0 R0 I R B I (A "
l‘l“‘.‘lﬂ, rafrio
| B
i PCas
Leremeot
o-outPUT .
ACkn
PCy frme e TR
2R, PRy 8
ey v e OBl
ocy |omm e ACng
sy e N TR

PORT A - STROBED OUTPUT
PORT B . STROBED OUTPUT
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MODE 2 CONFIGURATIONS

CONTRUL WORD
07 Dg Os 04 D3 02 D1 Do
PC2-0

1= INPUT
0 = OUTPUT

6 ———Of

PAg-PAg \‘ 8 bl

PCg

PCy

PCs

PCa2_g

PB7-PBg

PORT A ~ MODE 2
PORY 8 — MODE 0 (NPUT

CONTROL WORD

Dy Dg D5 Os Oy Oz D1 Do

1 n}vAN}Av{ ofolwe

12 INPUT
0 = QUTPUT

#0 ————O]

WR ———0

peg fr——

a
S B

Pay-PBg 8

PORT A - MODE 2
PORT B — MODE 0 DUTPUT

CONTROL WORD
D; Dg Dg Dy D3 02 D1 Oo
1 170

Ap ————]

PC3

PAy-PAQ

PCy

rce

PCa

pCs

PB;-PHg

L]

[

)

PORT A - MODE 2
PORT B — MODE ) OUTPUT

CONTAOL WORD

by Dg Ls Ug Uy Uz D1 Yo

L a4 A

WR ———>0

PCy f———

PCo

2
PORT B - MODE ¥ INPUT
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