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The DG24 is a general purpose digital I/O board for use in the IBM PCIXT/AT or compatible compurer.
Installed within a single short or full-size expansion slot in the computer, rhe DG24 features:

. 24 TTLICMOS 8255-based programmable digital I/O lines,

. Optional TTL buffered ourpurs for high driving capability (/B model),

. Optional pull-up/pulldown resistors,

. Simple I ) or strobed I/O operation,

. Hardware enabled intemrprs (IRQ2-IRQ7),

. BASIC, Turbo Pascal, and Turbo C source code.

The following paragraphs briefly describe the major function of the board. A more detailed discussion of board
functions is included in Chapter 3, Hardware Operatbn, and Chapter 4, Board Operarion and Programming. The
board setup is described in Chapter l, Board Settings.

Digital VO

The DG24 has 24 TTL/CMOS+ompatible digiral VO lines which can be direcrly interfaced with exrernal
devices or signals to sense switch closures, trigger digital evens, or activate solid-state relays. These lines are
provided by 0re on-board 8255 programmable peripheral interface chip. The unbuffered 8255 can be operated in any
one of the 8255's three modes. If you have purchased theDG24E with TTL buffers for high driving capacity, the
8255 can be operated in Mode 0 when the buffers are installed. CMOS buffen are available on request.

Pads for installing and activating pull-up or pull-down resistors are included on the board. Installation proce-
dures are given at the end of Chapter l, Board Settings.

IVhat Comes With Your Board

You receive the following items in your DG24 package:

. DG24 or DGZ4|B (wirh TTL buffers) interface board

. Software diskette with BASIC, Tubo Pascal, and Turbo C source code

. User's manual

If any item is missing m damaged, please call Real Time Devices' Customer Service Department at
(814) 234-8087. If you require service outside the U.S., contact your local disribuor.

Board Accessories

In addition to the items irrcluded in your DG24 package, Real Time Devices offers a full line of accessories.
Call your local disributor or our main office for more information about these accessories and for help in choosing
the best items to support your board's application.

Accessories for the DG24 include the TB40 terminal board and XB40 protorype/terminal board for prorotype
development and easy signal access, and the )P40 flat ribbon cable assembly for external interfacing.

Using This Manual

This manual is intended n help you install your new board and get it running quickly, while also providing
enough detail about the board and its functions so ttrat you can enjoy maximum use of its features even in the most
complex applications. We assume that you already have an undersunding of data acquisition principles and that you
can customize the example software or write your own applications prognms.
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When You Need Help

This manual and the example progams in the software package included with your board provide enough
information to properly use all of the board's features. If you have any problems installing or using rhis board,
contact our Technical Support Department, (814) 234-8087, during regular business houls, eastern standard time or
eastern daylight time, or send a FAX requesting assistance to (814) 234-5218. When sending a FAX request, please
include your company's name and address, your name, your telephone number, and a brief description of the
problem.



CHAPTER 1

BOARD SETTINGS

The DG24 board has jumper settings you can change if neces-
sary for your application. The factory settings are listed and shown
on a diagram in the beginning of this chapter. Should you need to
change these settings, use these easy-to-follow instructions before
you install the board in your computer.

Note that DIP switches Sl, 52, and 53 has been provided to
bypass the 8255 buffers if you have the DG24E buffered model.

Also note that by installing resistor packs at RNl-RN4 and
setting the jumpers on P5, you can configure your digital input
lines to be pulled up or pulled down. This procedure is explained
near the end of this chapter.

RN5 through RN8 are provided to install resistor packs for
ports configured as buffered oulputs. These pull-down resistor
packs are described at the end of this chapter.
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Factory-Configured Switch and Jumper Settings

Table l-l liss the factory settings of the user-configurable jumper and swirches on the DG24 board. Figure
shows the board layout and the locations of ttre facory-set jumpers. The following paragraphs explain how ro
change the facory settings. Pay special attention o the setting of P2, the base address jumper, to avoid address
contention when you first use your board in your system.

1-1

Table 1-l - Factory Settings

Swltch/
Jumper Function Controlled

Factory Settlngs
(Jumpers Install6d)

P2 Sels the base address to 1 of 8 l/O oorts 300 hEx (768 decimal)

P3
Connects 1 or more ol ihe 3 interrupt sources to an
interrupl channel Interrupt channels disabled

P4
Sets the direction of buffered digital l/O linEs on
Ports A, B, CL & CH (active on DG24B modelonly)

Ports A, B, CL & CH set as inputs
(4 jumpers installed on lN pins)

P5

Sets resistor networks RN1-RN4 for Ports A, B, CL
& CH as pull-ups (+5V) or pull-downs (GND); active
only when optional resistor packs are installsd Disabled (no jumpers installed)

S1
Bypasses 8255 Port A buffers for Mode 2 operation
(DG24|B only) Open (butfers not bypassed)

s2
Bypasses 8255 Port B bullErs for Mode 1 operation
(DG2{B only) Open (buffers not bypasssd)

S3
Bypasses 8255 Port C buffers for Modes 1 & 2
operation (DG24/B only) Open (buffers not bypassed)

Fig. 1-1 - Board Layout Showing Factory-Configured Settings
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P2 - Base Address (Factory Setting: 300 hex (768 decimat))

One of the most common causes of failure when you are first trying your board is address contention. Some of
yolu computer's Ir0 space is already occupied by intemal I/O and orher peripherals. When the DG24 board attempts
to use VO address locations already used by another device, contention results and the board does not work.

To avoid this problem, the DGZ has a header connector, P2, which lets you select any one of eight starting
addresses in the computer's VO. Should the factory setting of 300 hex (768 decimal) be unsuitable for your system,
you can select a different base address. These addresses are, from left o right on p2:

Heradeclmal Declmal

200 512

24A 576

280 640

2C0 704

300 768

340 932

380 896

3C0 960

To change the base address setting, remove ttre jumper from the fifth from right paii of pins (300 hex) and,
using Figure l-2 as a guide, install it in the desired location. Record the new base address setting on the able inside
the back cover of this manual.

te8E8e8E
ot 6t (\l N ci, c, c) g|t

Fig.1-2 - Base Address Jumper, p2

P3 - Interupt Source and Channel Select (Factory Setting: Disabled)

This header connector, shown in Figure 1-3, lets you connect one of three intemrpt sources o an intemrpt
channel for intemrpt generation. These sources are: PC0, which is ttre INTRB signal from the 8255 ppl; pCj, which
is the INTRA signal from 0re 8255 PPI; and EXTINT, an external intemrpt you can route onlo the board through the
P6llO connector. Each source has two IRQ channels available to avoid conten[ion. When selecting the intenupt and
channel you desire, be sure that ttre IRQ channel is not used by other devices yottr computer system. Note that it is
possible to use more than one interrupt source on the DG24. To connect an intemrpt source, place the jumper across
the desired set of pins. Figure 1-3a shows PC3 connected to IRQ3 and Figure l-3b shows EXTINT connected to
IRQ4.

It is important to note that the DG24 intemrpt soupes are not open collector. Therefore, do not atrempt to
connect one of these intemrpts to any other intemrpt output.

P2
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Fig. 1-3 - lnterupt Source and Channel Select Jumper, P3

P4 - Digital VO Direction (Model DG241B Only) (Factory Setting: IN)

This header connector, shown in Figure 14, sets the direction, input or output, of the buffered digital I/O lines
on the rEZlB board. This header is not used if the /B option is not installed.

One jumper is installed for each group of lines, Port A, Port B, Port C lower, and Port C upper. Installing a
jurnper vertically across the IN pins configures a goup as inpus; OUT configures them as outputs. One jumper
must be insalled for each buffered port for proper operation. If a particular port is shunted by using the port's DIp
switch and removing the corresponding buffer, then the jumper on P4 for that port has no effect on operation.

CL CH

Fig. 1-4 - Digitat l/O Direction Jumpers, p4

P5 - Pull-up/Pull-down select (Factory Setting: Disabled (No Jumpers Instalted))

The DG24 board provides four locations o add resistor networls to conrol the state of the port A, port B, port
C lower, and Port C upper Ir0 lines upon reseL The P5 header connector is used in conjunction with these optional
resistor networks to configure them to function as pull-ups or pull-downs. Until a jumper is installed on this header,
the conesponding resistor network is disabled. For each group of signals to be pulled up, install a jumper vertically
between the +5V pin and 0re corresponding port pin. To pull a goup of signals down, install the jumper between
GND and the conesponding port pin. Note that only one jumper can be installed for each group of lines. Figure l -5
shows all pors pulled up (resistor networks must be installed atRNl rhrough RN4 for the pull-ups ro be active).
There are no jumpers installed on this header connector when you receive the board.

EA

ACLCTIB

Fig. 1-5 - Pull-up/Pull-down Select Jumpers, P5
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S1/S2JS3 - Buffer Bypass Switches (DG}4|B Only) (Factory Setting: OPEN (Not Bypassed))

The 8255 can be operated in Mode 0 when buffers ard installed on the I/O lines. Mode I and Mode 2 operation
require some of these buffers to be removed. Additionally, buffers must be removed from any group of linei when
you wish o be able to change direction dynamically through sofrware. Table 1-2 shows fte pors of the 8255 and
their associated buffers and shunt switches.

Tabfe 1-2 - 8255 Buflers and Shunts

Port
Butfar

Locatlon
Butfer
TyPe

Shunt
DIP Swltch

A U4 74LS24s S1

B U5 74L5245 S2

CL U6 74L5243 s3, 1-4

CH U7 74L5243 s3, s-8

Mode 0 Operation - If the direction of a pon configured for Mode 0 operation is changed dynamically
through software, all of the switches on the corresponding DIP switch must be set ro the CLOSEDposition and the
buffer must be removed for tlrat port. This is required because the buffers are hardware-configured for a particular
direction using the jumper at P4. Therefore, their direction cannot be changed through software. When removing the
buffer, also remove the corresponding jumper on p4.

After closing the DIP switches, carefully remove the corresponding buffer from the printed circuit board.
Locate the port 0rat requires a DIP swirch shunt in Table l-2, then note the component dbeb of bottr the buffer and
the associated DIP switch to verify that dl serrings are as desired.

In the event that shunts are required for only one half of Port C, the switches on DIP switch 53 can be closed in
groups of four. Determine their positions from Table l-2, then close the appropriate group of switches. Only the
buffer corresponding to the half of Port C that requires shunts must be removed (refer to the able for is location).

Mode 1 Operation - When operating a goup of lines in Mode l, some of the Port C bits are used as hand-
shaking signals. Therefore, the buffers that are installed at locations U6 and U? must be removed and DIp switch 53
must have all swirches closed to allow for the transmission of these signals in both directions: both to and from port
C. Buffen may still be used for Ports A and B, input or ourpuL

As with Mode 0 operation, buffers cannot be used for Port A or Port B if the Mode I direction is changed
dynamically under software control. In this case, the appropriate DIP swirches must be closed for these pors and the
corresponding buffers and P4 jumpers removed.

Mode 2 Operation - When operating the 8255 in Mode 2, the lines of Port A musr be bidirectional and rhe
lines of Port C function as control lines, some as outputs and some as inputs. When using Mode 2, botr rhe port A
and Port c buffen must be removed and bypassed. Buffen may still be used for port B.

Installing and Removing Buffers - Whenever you install a buffer for an 8255 port, be srue !o OpEN irs
corresponding DIP swirches and set its direction on P4. When removing a buffer, CLOSE the corresponding DIp
swirches and remove the jumper from P4. Figure 1-6 shows the Port A buffer circuitry; Figure l-? shows thi port s
buffer circuitry; and Figrne 1-8 shows the Port C buffer circuirry.

CAUTION: Remember, whenever you close the switches on Sl, 52, or 53, be sure to remove tlre conespond-
ing buffen from the board. Failure to do so may damage the board.

l -6
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Fig. 1-6 - Port A Buffer Circuitry

P87

P86

Pa5

P84

PB3

PB2

Pts1

PSo

Fig. 1-7 - Port B Buffer Circuitry
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Fig. 1-8 - Port C Butfer Circuitry

Pull-up/Pull-down Resistors on Digital Input Lines (RNl-RN4)

The 8255 programmable peripheral interface provides 24parallel TTL|CMOS compatible digital VO lines
which can be interfaced with external devices. The lines are divided into four grcups: eight Port A lines, eight Port
B lines, four Port C Iower lines, and four Port C Upper lines. You can install and connect pull-up or pull-down
resistors for any or all of these four groups of lines when they are configured as input ports.

To use the pull-up/pull-down feanre, you must first install 10 kilohm resistor packs (recommended value) in
any or all of the four locations, RNl through RN4, as shown in the table below. Note ttnt these resistor networks are
independent of the pull-down resistor networks RN5 through RN8 used on buffered output lines as described in the
following section.

Port SIP Pack
Input Port

Resislor Nelwork

A 10 pin RN1

B 10 pin RN2

CL 6 pin RN3

CH 6 pin RN4

After the resistor pacls are installed, you must connect them into the circuit as pull-ups or pull-downs. This is
done by placing the corresponding jumper on P5 for each port's resistor network across the +5V pins (pull-up) or
across the GND pins (pull-down).

l -8



Pull-down Resistors on Buffered Digital Output Lines (RNS-RNg)

When you configure a port to provide buffered outputs, you may want to install a pull-down resistor nefwork in
the appropriate location on the board as shown in the table below to keep the buffered outpur lines low during the
time between system power-up or reset and initialization of the PPI. A recommended value of resistance for these
pull-downs is l0 kilohms.

Port SIP Pack
Bullered Oulput
Resistor Network

A 10 p in RN5

B 10  p in RN6

CL 6 pin RN7

CH 6 pin RN8

r-9





CHAPTER 2

BOARD INSTALLATION

The DG24 is easy to install in your IBM PC/XT/AT. It can be
placed in any slot, short or full-size. This chapter tells you step-by-
step how to install and connect the board.
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Keep the board in is antistatic bag until you are ready to install it in your computer. When removing it from the
bag, hold the board at the edges and do not touch the components or connectors.

Before installing the board in your computer, check the jumper setrings. Chapter I reviews rhe factory settings
and how o change them. If you need !o change any senings, refer to the appropriate instructions in Chapter t. NJte
that incompatible jumper settings can result in unpredictable board operation and erratic response.

To install the board:

l. Turn OFF the power !o your computer.
2. Remove the op cover of the computer housing (refer m your owner's manual if you do not already know

how to do this).

3. Select any unused short or full-size expansion slot and remove the slot bracket.
4. Touch the meal housing of the computer to discharge any static buildup and then remove tlre board from its

antistatic bag.

5. Holding the board by its edges, orient it so that its card edge (bus) connector lines up with the expansion slot
conn@tor in the bo0om of the selected expansion slol

6. After carefully positioning the board in the expansion slot so that the card edge conn@tor is resting on the
computer's bus conneclor, gently and evenly press down on the board until it is secured in ttre slot.
NOTE: Do not force the board into the slot. If the board does not slide into place, remove it and try again.
Wiggling the board or exerting too much pressure can result in damage o the board or to the compute;.

7. After the board is installed, secure the slot bracket back ino place and put the cover back on your computer.
The board is now ready o be connected via the external VO connector at the rear panel of your computer.

External VO Connections

Figure 2-l shows the DG24's P6 Vo connector pinout. Refer o this diagram as you make your I7O connections.

DIGITAL CNO

+5 VOLTS

DIGITAL GND

DIGIT L Gl{D

DIGITAL GilD

EXTIlIT

PA7

P 5

P 3

PAl

PC7

PC5

PC3

PCl

PB7

PB5

PB3

PSl

+12 VOLTS

+5 VOLTS

DIGITAL GI{D

DIGITAL GND

DIGITAL GI{D

DIGITAL GND

DIG]TAL GND

PA6

PA'

PA?

PAO

PC6

P93

PC2

PC0

P86

PB.

PA2

PBO

RESET DRV

DlG]TAL GND.r2 voLTs

Fig. 2-1 - PG yO Connector Pin Assignments
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Connecting the Digital VO

For all digital I/O connections, the high side of an external signal source or destinarion device is connected to
the appropriate signal pin on the VO connector, and rhe low side is connected o a DIGITAL GND (p6, pins 1,4-10,
and 40).

Connecting the External Interrupt

The DG24 can receive an extemally generated intemrpt signal, EXTINT, through I/O connector p6, pin 1l and
route it to an IRQ channel through on-board header connector P3. Intemrpt generation is enabled through hardware.
When intemtpts arc enabled, a rising edge on the EXTINT line will cause the selected IRQ line ro go high, and the
IRQ status bit will change from 0 to l. You must take the EXTINT line high until rhe intemrpt routine is serviced.

Connecting the Reset Drv Pin

The RESET DRV pin (P6-38) can be used o connect the RESET signal generated by rhe PC o external
circui0ry. The RESET DRV is an active high signal (i.e., the line goes high during a RESET condition).

24



CHAPTER 3

HARDWARE DESCRIPTION

This chapter describes the major features of the DG24's 8255
based digttal VO. This chapter also describes the hardware-select-
able intemrpts.

3-l
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The DG24 provides 24 dtgiral VO lines, with buffered lines available on the DG24E model, as shown Figure.
3-1. This chapter describes the hardware which makes up the digital VO circuiury and hardware-selectable intemrps.

Fig.3-1 - DG24 Block Diagram

Digital VO, 8255 Programmable Peripheral Interface

The 8255 programmable peripheral interface @PI) can be easily configured to solve a wide range of digital
real-world problems. This high-performance TTLTCMOS compatible chip has 24 parallel programmable digital VO
lines divided inlo two goups of 12lines each:

Group A - Port A (8 lines) and Port C Uper (4 lines);
Group B - Port B (8 lines) and Port C Lower (4 lines).

The PPI has three modes of operation:

Mode 0 - Basic inpuUoutput- Provides simple input and output operations for each port. Data is
wriren to or read from a specified port.

Mode I - Srobed inpuVoutput. Provides a means for transfening VO data !o or from Port A or Port
B in conjunction with strobes or handshaking signals.

Mode2 -Srobedbidirectional inpuVoutput. Provides abidirectional means of communicuing with
another device on a single eight-bit bus . Handshaking signals are similar to mode I . This mode applies
to Port A onlY.

In Mode 0, all four pors (A, B, C lower, and C upper) are available as Il0 lines. Sixteen configurations are
possible in ftis mode, and any port can be configured as an input or an output. The outputs are larched, but Ore
inpus are not latched.

In Mode l, the four ports are gouped ino nvo goups. Each group contains one eight-bit data port @ort A or
Port B) and one four-bil control/data port (Port C lower or Port C upper) which is used for control and status of the
eight-bit port. The eight-bit dau port in each group can be configured as an input or an outpul Bo$r inputs and
outputs are latched. Because Port C is used bidirectionally in this mode, Port C buffers must be removed from ttre 4l
board and bypassed for Mode I (see Chapter l).
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In Mode Z,Put A is an eight-bit bidirectional bus and Port C is a five-bit control porr Port B cannor be used in
this mode, but is available for use in Mode 0 or Mode I while Port A is in Mode 2. Both inpus and outputs are
latched. On the /3 board, Port A and Port C buffers must be removed and blpassed when using Mode 2 (see
Chapter l).

The PPI is configured by writing a control word to the appropriate VO address location, as described in Chap-
ter4. The control word can also be used to individually set or reset the Port C bis. This feature allows any bit of
Port C to be set or reset without affecting the other port C bits.

The PPI can also be used to generate intemrpts in Mode I or Mode 2 operation. In these modes, the intemrpt
enable (bl'IE) mask is used to enable the INTRA (PC3) and INTRB @C0) intemrpr signals.

To enhance is capabilities, the PPI can be ordered widr the 73 TTL buffer option. The buffer circuitry allows
the PPI to drive long cables with output signals and provides noise immunity for input signals. However, as noted
above, buffers cannot be used for some ports when operating in Modes I or 2, or when dynamically changing the
port direction through software control. On-board DIP switches are included to bypass rhe buffen. When these DIp
switches are closed and their conesponding buffers are removed, then the VO lines conrolled by ttrem are shunted.
Each of the four ports, A, B, CL, or CH, is controlled by one DIP swirch and buffer. Chapter I describes how to set
the switches and remove buffers.

Interrupts

The DG24 can use any one of three signal sources to generate intemrpts. These sources are: PC3, which is the
INTRA signal ftom the 8255 PPI; PC0, which is the INTRB signal from the 8255 PpI; andEXTINT, an exrernal
intemtpt you can route onto the board through the P6 VO connector. Chapter I tells you how o set the jumpers on
intemrpt header connecbr P3, and chapter 4 provides some programming information.

34



CHAPTER 4

BOARD OPERATION AND PROGRAMMING

This chapter shows you how to progmm and use your DG24
board. It provides a complete description of the VO map and a
detailed description of programming operations to aid you in
progxamming. The example programs included on the disk in your
board package are listed at the end of this chapter. These programs,
written in Turbo C, Turbo Pascal, and BASIC, include source code
to simplify your applications programming.

4-l
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Defining the VO Map
Th" vo map for them,24 is shown in Table.4-l befow. As shown, the board occupies four consecutive I/offir'ffilii;ffi"',,T#ffi1ifl:'i-#**::r;;;;;;i'ngr,eaoe,connecbrp2asdescribedinchaper t'Board settinss. rhe r,iu""i',gl*u.il, i#iil trJfffi:::#1Tu:trj:ffi,1*Tftr,b,n.0

BA + 0: ppl port A _ Digitat VO (Read/Write)
Transfers the 8-bit Port A digital input and digital ouput data between the board and an exemd device. A readffi'fffifflfffi:ffi*:;*'r'no"d ro, -o i"iippr p* e; a ,u,it" *n,r* n" *iren daa rrom

BA + 1: ppl port B _ Digitat VO (Read/Write)
Transfers ttre 8-bit Port B digital input and digial output data between rhe board and an exbrnar device. A readffi'filffi,ff1,*"::#"*fjild m, -oi"'oiinffi;; a wrire transrers the written daa from

BA + 2: PpI port C - Digital VO (Read/Write)
Transfers ilre mo 4-bit Port c digial input 

Tgdgjd gurpuJ dara groups (pgn c upper and port c Lower)between the board and an exemal device. e tr"o tranifers o"i r.r n?extelnal device, through p6, and ino pplPort c; a write transfers ne written oa; ilp* c rhrough p6 o an exrernar device.

Table 4-1 - DG24 t/O Map

Read Port A digital input lines Program port A digitalourput lines8255 PPtporr I Read Port B digital input lines Program Port B digitaloutput lines
Read Port C digital input lines Program Port C digital output lines8255 PPlControlWord

tpgr"r Ppl conliguration
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BA + 3: 8255 PPI Control Word (Write Only)

When bit 7 of this word is set !o l, a write programs the PPI configuration. Note that the D2 and D6 Mode
Select bis should be set for 0 (Mode 0 operation) in the fully buffered /B board. The table below shows the control
words for the 16 possible Mode 0 Port I/O combinations.

l X X X X X X X

Mode Set
1 = active

D7 D6 D5 D4 D3 D2 D1 DO

-l

I
I
I
I
I
I
I
I
I

|  |  PortC

|  |  o - o u l
|  |  1 - i n p
l l
I Port B
| 0 - output

I 1 = inpur
I

Mode Select
0 - m o d e 0
1 = m o d e 1

r's 
i
!"
i3:
I  t x
I
I
I
I

rde Seler
- mode t
= mode
- mode i

;l

Port A
0 - outPut
1 = input

-1
Lower

output
input

Port C Uppar
0 - oulput

L- -_-OYIBJ

f'af---lit--t
8255 Port l/O Flow Dlreaion and ControlWords, Mode 0

Group A Group B ControlWord

Port A
Port C
Upper Port B

Port C
Lower Binary Declmal Hex

Output Output Output Oulput 1 0 0 0 0 0 0 0 128 80

Oulpul Output Output Input 1 0 0 0 0 0 0 1 't29 81

Output Outpul lnpul Output 1 0 0 0 0 0 1 0 130 82

Output Output Input lnput 1 0 0 0 0 0 1 1 1 3 1 83

Output Input Outpul Output 1 0 0 0 1 0 0 0 136 88

Output Input Output lnput 1 0 0 0 1 0 0 1 'l97 89

Outpul Input lnput Output 1 0 0 0 1 0 1 0 138 8A

Output Input Inpul Input 1 0 0 0 1 0 1 1 139 8B

Inpul Outpul Output Ouput 1 0 0 1 0 0 0 0 1& 90

lnput Output Oulput lnput 1 0 0 1 0 0 0 1 145 91

Input Outpul Inpul Output 1 0 0 1 0 0 1 0 146 92

lnput Outpul Input Input 1 0 0 1 0 0 1 1 147 93

Inpul Input Output Output 1 0 0 1 1 0 0 0 152 98

Inpul lnput Outpul lnpul 1 0 0 1 1 0 0 1 153 99

Input Input Input Oulput 1 0 0 1 1 0 1 0 154 9A

lnpul Input lnput Input 1 0 0 1 1 0 1 1 155 9B
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When bit 7 of this word is set to 0, a write can be used o individually program the Port C lines.

D7 D6 D5 D4 D3 D2 D1 DO

SeUReset
Functlon Blt
0 - active

Bit Select
000 = PCO
001 = PC1
010 = PG2
011 = PC3
100 = PC4
101 - PCS
1 1 0 = P C 6
1 1 1  - P C 7

Blt SeUReset
0 = s € t b i t t o 0
1 = s e t b i t t o l

For example, if you want to set Port C bit 0 to 1, you would set up the control word so that bit 7 is 0; bis 1, 2,
and 3 are 0 (this selecs PC-0); and bit 0 is I (this ses PCO to l). The control word is set up like this:

Sets PCo to 1:
(written to BA +3)

D7 D6 D5 D4 D3 D2 D1 DO

X = don'l care

Blt
Set P@SeUReset

Function

Blt Select
000 - PCO
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Programming the DG24

This section gives you some general information about programming and the DG24 board, and then walks you
through the major DG24 programming functions. These descriptions will help you as you use the example progams
included with the board. All of the program descriptions in this section use decimal values unless otherwise speci-
fied.

The DG24 is programmed by writing o and reading from the correct VO port locations on the board. These VO
ports were defined in the previous section. Most highJevel languages such as BASIC, Pascal, C, and C+r, and of
course assembly language, make it very easy to read/write these pors. The table below shows you how to read from
and write o VO ports using some popular programming languages.

Language Read Writa

BASIC Data = INP(Address) OUT Address, Data

Turbo C Data - inportb(Mdress) outportb(Address, Data)

Turbo Pascal Data :- Porl[Address] Port[Address] := Data

Assembly mov dx, Address
in al. dx

mov dx, Address
mov al, Data
out dx, al

In addition to being able o read/write the VO ports on the DG24, you must be able to perform a variety of
operations that you might not normally use in your programming. The able below shows you some of the operaton
discussed in this section, with an example of how each is used with Pascal, C, and BASIC. Note that the modulus
operator is used to retrieve the least significant byte (LSB) of a two-byte word, and 0re integer division operator is
used to retrieve the most significant byte (MSB).

Language Modulus Intsger Divlslon AND OR

c o/o

a - b 7 o C
I

a = b l c
&

a=b&c
I

a - b l c

Pascal MOD
a : - b M O D c

DIV
a : - b D l V c

AND
a : = b A N D c

OR
a : - b O R c

BASIC MOD
a = b M O D c

\ (backslash)
a - b \ c

AND
a = b A N D c

OR
a - b O R c

Many compilers have functions that can read/write either 8 or 16 bis from/to an I/O porl For example, Turbo
Pascal uses Port for 8-bitport operations and PortW for 16 bits, Turbo C uses inportb for an 8-bit read ofa port
and inport for a l6-bit read. Be sure to use oirly 8-bit operations with the DG24!
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Clearing and Setting Bits in a Port

When you clear or set one or more bis in a porl you must be careful that you do not change the status of the
other bits. You can preserve the sEnrs of all bits you do not wish to change by proper use of the AND and OR
binary operalors. Using AND and OR, single or multiple bia can be easily cleared in one operation.

To cfear a single bit in a port, AND the curcnt value of the port with the value b, where b = 255 - 2d'.

Example: Clear bit 5 in a port. Read in the current value of the port, AND itwith223
(223 = 255 - 25), and then write the resulting value to the port. In BASIC, this is programmed as:

V = INP (PortAddress)
V = V A l . l D 2 2 3
OUT PortAddress, V

To set a single bit in a port, OR the curent value of the port with the value b, where b = 2h'.

Example: Set bit 3 in a port. Read in the current value of the port, OR it with 8 (8 = 23), and then
write the resulting value to the port. In Pascal, ttris is programmed as:

V :=  Por t  [Por tAddress ] ;
V : = V O R 8 ;
Port  lPortAddress] := V;

Sening or clearing more than one bit at a time is accomplished just as easily. To clear multiple bis in a port,
AND the current, value of the pon with the value b, where b = 255 - (the sum of the values of the bis o be cleared).
Note that the bis do not have !o be consecutive.

F.ramnle: Clear bis 2 A,and 6 in a port- Read in the cunent value of the port, AND it with lTl
(l7l = 255 -22 - T - 2"), and then write the resulting value to tlre port In C, this is programmed
as:

v = inportb(port_address) ;
v = v & 1 7 1 , '
outportb (port_address, v) ;

To set multiple bits in a port, OR the current value of the port with the value b, where b = the sum of the
individual bits to be set. Note that the bits to be set do not have to be consecutive.

F.rample: Set bis 3, 5, and 7 in a port. Read in the cunent value of the port, OR it with 168
(168 = 23 + 2s + 2), and then write ttre resulting value back to the porl In assembly language, this
is programmed as:

mov dx, PortAddress
. in al ,  dx

o r  a I ,  1 5 8
out dxr aI

Often, assigning a range of bits is a mixture of setting and clearing operations. You can set or clear each bit
individually or use a faster meftod of first clearing all the bis in the range then setting only those bia that must 59
set using the method shown above for setting multiple bits in a port. The following example shows how this rwo-
step operation is done.

Eramnle: Assign bits 3, 4, and 5 in a port to 101 Oits 3 and 5 set, bit 4 cleared). First, read in the
port and clear bis 3,4, and 5 by ANDing them with 199. Then set bits 3 and 5 by ORing them
with 40, and finally write the resulting value back to the port- In C, this is programmed as:
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v = inportb(port_address), .
v  =  v  e  1 9 9 ;
v  =  v  |  4 0 ;
outportb(port_address, v) ;

A final note: Don't, be intimidated by the binary operators AND and OR and try to use operators for which you
have a better intuition. For instance, if you are tempted o use addition and subtraction to set and clear bits in place
of the methods shown above, DON'T! Addition and subtraction may seem logical, but they will not work if you try
to clear a bit that is already clear or set a bit that is already set. For example, you might think that to set bit 5 of a
porL you simply need to read in the pon, and'32 (25) o that value, and then write the resulting value back to ttre port.
This works fine if bit 5 is not already set. But, what happens when bit 5 is already set? Bits 0 to 4 will be unaffected
and we can't say for sure what happens to bis 6 and 7, but we can say for sure that bit 5 ends up cleared instead of
being set- A similar problem happens when you use subtraction to clear a bit in place of the method shown above.

Now that you know how to clear and set bits, we are ready to lmk at the programming steps for the DG24
board functions.

Initializing the 8255 PPI

Before you can operate the DG24, the 8255 must be initialized. This step must be executed every time you start
up, r€set, or reboot your computer.

The 8255 is inirjalized by writing the appropriate control word ro Il() porr BA + 3. The contenrs of your conrrol
word will vary, depending on how you want o configure your I/O lines. Use the control word description in the
previous I/O map section to help you program the right value. Remember that certain modes are no1 supported when
the digital VO lines are buffered (78 board). In the example below, a decimal value of 128 sets up the 82ss so that
all I/O lines are Mode 0 outputs.

D7 D6 D5 D4 D3 D2 D1 DO

Digital VO Operations

Once the 8255 is initialized, you can use the digital VO lines o control or monitor external devices.

Interrupts

- What Is an Interrupt?

An intemrpt is an event that causes the processor in your computer to temporarily halt its current process and
execute another routine. Upon completion of the new routine, control is retumed to ttre original routinl at the point
where iB execution was intemrpted.

Intemrps are very handy for dealing with asyrrchronous events (events that occur at less tlan regular intervals).
Keyboard activity is a good example; your oomputer cannot predict when you might press a key and it would be a
waste of processor time for it o do nothing while waiting for a keysnoke to occur. Thus, the intemrpt scheme is
used and the processor proceeds with other tasks. Then, when a keystroke does occur, the keyboard 'inlemrpts' the
processor, and the processor gets the keyboard data, places it in memory, and then returns o what it was doing
before it was intemrpted. Other common devices that use intemlpts are modems, disk drives, and mice.

Your DG24 board can intemrpt fie processor when any of the three intemrpt sources is enabled (iumpers
insalled on P3). By using these intemrpts, you can write software that effective-ly deals with real world events.

. Interrupt Request Lines

To allow different peripheral devices to generate intemrpts on the same computer, the PC bus has eight different
intemrpt request (IRQ) lines. A nansition from low to high on one of these lines generares an inrcmrpr request
which is handled by the PC's intemrpt controller. The intemrpt connoller checks to see if intemrprs are tobe
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acknowledged from that IRQ and, if another intemrpt is already in progress, ir decides if the new request should
supersede the one in progress or if it has to wait until the one in progress is done. This prioritizing allows an
intemrpt to be intemrpted if fte second request has a higher pnority. The priority level is based on the number of the
IRQ; IRQ0 has the highest priority, IRQI is second-highest, and so on through IRQ7, which has the lowest. Many of
the IRQs are used by the sundard system resources. IRQ0 is used by the system timer,IRQI is used by the key-
board, IRQ3 by COM2,IRQ4 by COMI, and IRQ6 by the disk drives. Therefore, it is important for you to know
which IRQ lines are available in your system for use by the DG24 board.

- t259 Programmable Interrupt Controller

The chip responsible for handling intemrpt requests in ttre PC is the 8259 Programmable Intemrpt Controller.
To use intemrpts, you will need o know how to read and set the 8259's intemrpt mask register QMR) and how to
send the end-of-intemrpt (EOI) command to the 8259.

- Interrupt Mask Register (IMR)

Each bit in the intemrpt ma.sk register (IMR) contains the mask status of an IRQ line; bit 0 is for IRQO, bit I is
for IRQI, and so on. If a bit is set (eqrul to l), then the corresponding IRQ is masked and it will not generate an
intemrpt. If a bit is clear (equal to 0), then the corresponding IRQ is unmasked and can generate intemrpts. The
IMR is programmed through port 2lH.

IRQT rR06 IRQ5 tR04 rR03 IRQ2 IRQl tRoo UO Port 21H

For all blts:
0 = IRO unmasked (enabled)
1 - IRQ masked (disabled)

- End.of-Interrupt (EOI) Command

After an intemrpt senrice routine is complete, the 8259 intemrpt controller must be notified. This is done by
writing the value 20H to VO port 20H.

- Itrhat Exactly Happens \ilhen an Interrupt Occurs?

Undersunding the sequence of events when an intemrpt is triggered is necessary to properly write software
intemrpt handlers. When an intemrpt request line is driven high by a peripheral device (such as the DGZ), the
intemrpt controller checks to see if intemrps are enabled for that IRQ, and then checks to see if other intemrpts are
active or requested and determines which intemrpt has priority. The intemrpt controller then intemrps the proces-
sor. The current, code segment (CS), instruction pointer (IP), ard flags are pushed on the stack for storage, and a new
CS and IP are loaded from a table that exists in tlp lowest 1024 bytes of memory. This table is refened o as the
intemrpt vector table and each entry is called an intemrpt vector. Once the new CS and IP are loaded from the
intemrpt vector table, the processor begins executing the code located at CS:IP. When the intemrpt routine is
cornpleted, the CS, IP, and flags that were pushed on tlp sack when the intemrpt occurred are now popped from the
stack and execution resumes from the point where it was intemrpted.

. Using Interrupts in Your Programs

Adding intemrps to your software is not as difficult as it may seem, and what they add in terms of performance
is often worth the effort. Note, however, that although it is not that hard to use intemrpts, the smallest mistake will
often lead to a system hang that requires a reboot This can be both frusnadng and time-consuming. But, after a few
tries, you'll get the bugs worked out and enjoy the benefits of properly executed intemlps.

- \trriting an Intenupt Service Routine flSR)

The first step in adding intemrps to your software is o write the intemrpt service routine (ISR). This is the
routine that will automatically be executed each time an intemrpt request occurs on the specified IRQ. An ISR is
different 0ran sundard routines that you write. First, on enEance, he processor registers should be pushed onto the
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stack BEFORE you do anything else. Second, just before exiting your ISR, you musr write an end-of-intemrpt
command o the 8259 controller. Finally, when exiting the ISR, in addition to popping all the registers you pushed
on entrance, you must use the IRET insruction and not a plain RET. The IRET automatically pops the flags, CS,
and IP tlr,at were pushed when the intemtpt was called.

If you find yourself intimidated by intemrpt programming, take heart. Most Pascal and C compilers allow you
to identify a procedure (function) as an intemrpt type and will automatically add these instructions to your ISR, with
one important exception: most compilers do not automatically add the end-of-intemrpt command o the procedure;
you must do this younelf. Other than this and the few exceptions discussed below, you can write your ISR just like
any other routine. It can call other functions and procedures in your program and it can accqss global daa. If you are
writing your fint ISR, we recommend that you stick o the basics; just something thar will convince you thar it
works, such as incrementing a global variable.

NOTE: If you are rwiting an ISR using assembly language, you arc responsible forpushing and popping
registers and using IRET instead of RET.

There are a few cautions you must consider when writing your ISR. The most important is, do not use any
DOS functions or routines that calt DOS functions fron within an ISR. DOS is not reenrranq rhat is, a DOS
function cannot call iself. In typical programming, this will not happen because of the way DOS is wrinen. But
what about when using intemrps? Then, you could have a sitlation such a.s this in your program. If DOS function X
is being executed when an intemrpt occurs and 0re intemrpt routine makes a call o DOS function X, then function
)( i5 sg5gntiq[y being called while it is already active. Such a reentrancy auempt spells disaster because DOS
functions are not written to support it" This is a complex concept and you do not need to understand it Just make
sure that you do not call any DOS functions from within your ISR. The one wrinkle is that, unfortunately, it is nor
obvious which library routines included with your compiler use DOS functions. A rule of thumb is that routines
which write to the screen, or check the status of or read the keyboard, and any disk I/CI routines use DOS and should
be avoided in your ISR.

The same problem of reentrancy exists for many floating point emulamn as well, meaning you may have to
avoid floating point (real) mattr in your ISR.

Note that the problem of reentrancy exis8, no matter what programming language you are using. Even if you
are writing your ISR in assembly language, DOS and many floating point emulators are not r@ntrant. Of course,
there are ways around this problem, such as those which involve checking to see if any DOS functions are currently
active when your ISR is called, but such solutions are well beyond the scope of this discussion.

The second major concern when writing your ISR is to make it as short as possible in terms of execution time.
Spending long periods of time in your ISR may mean that other important interrupts are being ignored. Also, if you
qpend oo long in your ISR, it may be called again before you have completed handling the first run. This often leads
to a hang that requires a rebool

Your ISR should have this srrucur€:

. Push any processor registers used in your ISR. Most C and Pascal intemrpt routines au&omatically do this for
you.

. Put the body of your rcutine here.

. Issue the EOI command to the 8259 intemrpt conroller by writing 20H o port 20H.

. Pop all registers pushed on entrance. Most C and Pascal intemrpt routines automatically do this for you.

The following C and Pascal examples show what the shell of your ISR should be like:

In C:

void interrupt ISR(void)
{

/* Your code goes here. Do not
o u t p o r t b ( 0 x 2 0 ,  0 x 2 0 ) ;

l

use any DOS functions ! * /
/* Send EOI corunand to 8259 */
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In Pascal:

Procedure fSR; Interrupt ;
begin

{  Your code goes here.  Do not  use any DOS funct ions!  }
Po r t  [ 920 ]  :=  $20 ,  {  Send  EOI  command  to  8259  }

end;

- Saving the Startup Interrupt Mask Register (tMR) and Interrupt Vector

The next step after witing the ISR is !o save the startup state of the intemrpt mask register and the interrupt
vector thar you will be using. The IMR is located at VO port 2lH. The intemlpt vector you will be using is located
in the intemrpt veclor table which is simply an array of 256-bit (4-byte) pointers and is located in tlre fint 1024
bytes of memory (Segment = 0, Offset = 0). You can read this value directly, but it is a better practice to use DOS
function 35H (get intemrpt vector). Most C and Pascal compilers provide a library rourine for reading the value of a
vector. The veclors for the hardware intemrpts are vectors 8 through 15, where IRQ0 uses vector 8, IRQI uses
vector 9, and so on. Thus, if the DG24 will be using IRQ3, you should save the value of intemrpt vector I l.

Before you install your ISR, temporarily mask out the IRQ you will be using. This prevents the IRQ from
requesting an intemrpt while you are insnlling and inirializing your ISR. To mask the IRQ, read in the current IMR
at VO port 2lH and set the bit that corresponds to your IRQ (remember, serting a bit disables intemrpts on that IRe
while clearing a bit enables them). The IMR is arranged so that bit 0 is for IRQO, bit I is for IRQI, and so on. See
the paragraph entitled Intenupt Mask Register (IMR) earlier in this chapter for help in determining your IRQ's bit.
After setting the bit, write the new value !o I/O port 2lH.

With the startup IMR saved and the intemrpts on your IRQ temporarily disabled, you can assign the interrupt
vector to point to your ISR. Again, you can overwrite the appropriate entry in the vector able with a direct memory
write, but this is a bad practice. Instead, use either DOS function 25H (set intemrpt vecor) or, if your compiler
provides it, the library routine for setting an intemrpt vector. Remember that vector 8 is for IRQ0, vector 9 is for
IRQI, and so on.

If you need to program the source of your intemrpts, do that nexl For example, if you are using the program-
mable interval timer to generate intemrpts, you must program it o run in the proper mode and at the proper rate.

Finally, clear the bit in the IMR for the IRQ you are using. This enables intemrps on the IRQ.

- Restoring the Startup IMR and Interrupt Vector

Before exiting your program, you must restore the intemrpt mask register and intemrpt vectors o the state they
were in when your progxam started. To restore the IMR, write ttre value that was saved when your program started
to I/O pon 2lH. Restore the intemrpt vector that was saved at sartup wittr either DOS function 35H (get intemrpt
vector), or use the library routine supplied with your compiler. Performing these two steps will guarantee that the
intemrpt status of your computer is the same after running your prognm as it was before your progxarn started
running.

- Common Interrupt Mistakes

' Remember that hardware intemrpts are numbered 8 through 15, even though the corresponding IRQs are
numbered 0 through 7.

. The most common mistake when writing an ISR is forgetting to issue the EOI command to the 8259 intemrpt
controller before exiting the ISR.
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Example Programs

Included with the DG24 is a set of example programs that demonstrate the use of many of the board's features.
These examples are in wriuen in C, Pascal, and BASIC. Also included is an easy-to-use menu-driven diagnostics
program, DG24DIAG, which is especially helpful when you are first checking out your board after installation.

Before using the software included with your board, make a backup copy of the disk. You may make:rs many
backups as you need.

C and Pascal Programs

These programs are sour@ code files so that you can easily develop your own custom sofnvare for your DG24
board.

Digital UO:

DIGITAL Simple program the shows how to read and write the digital VO lines.

BASIC hograms

These programs are souroe code files so that you can easily &velop your own cuslom software for your DG24
board.

Digital VO:

DIGITAL Simple prograrn the shows how !o read and write ttre digiul VO lines.
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DG24 Characteristics rypicar @ 25 c

lnterrace
Jumper-selectable base address, l/O mapped
Jumper-selectable interrupts

Dlgl talUo.. . . . . . . . . . . .  CMOS 82CS5
Number of l ines . . . . . . . . . . . . . . . . . . . . . .24
Logic compatibility ............ .............TTUCMOS

(Conf igurable with optional l/O pul l-up/pull-down resistors)
High-level output voltage................... ....................4.2V, min
Low{evel output vohage .................. ..................0.45V, max
High-level input voltage.
Low-level input vohage .-0.3V, min; 0.8V, max
High-level output current, lsource ................... Unbutfered: -100 pA, max;

A TTL buffer: -15 mA, max
Low-level output current, |sink.......... ................. Unbuflered: 1.7 mA, max

/B TTL butter:24 mA, max
Darlington drive current ................... -1 mA, min; -5 mA max

(Available on any 8 pins on Ports B & C)
Input load currsnt ............. Unbuffered: +1 0 FA

Input capac'ance............... .: ":.:1Ti::iill?3[i
Input capacitance,

C(IN)@F=1MHz . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .10 pF
Output capacitance,

C(OUT)<@F=1MHz .......20 pF

Miscellaneous l/Os
t12V, +5V, DigitalGND (PC bus-sourced)
EXTlNT
RESET DRV

Current Requlrements
12 mA @ +5 volts (unbuffered)
125 mA @ +5 vohs (/B butlers installed)

Connectors
P6 - 40-pin right angle shrouded header with ejector tabs

Size
Short slot - 3.875'H x 5.25"W (99mm x 134mm)
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P6 CONNECTOR PIN ASSIGNMENTS
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OIGITAL GND

+5 VOLTS

DIGITAL GND

DIGITAL GND

DIGITAL GND

EXTINT

PA7

PA5

PA3

PAl

PC7

PC5

PC3

PC1

P87

PB5

PB3

P B 1

+12 VOLTS

.12 VOLTS

+5 VOLTS

DIGITAL GND

DIGITAL GNO

DIGITAL GND

DIGITAL GND

OTGITAL GND

PA6

PA4

PA2

PAO

PC6

PC4

PC2

PC0

P86

PB4

P82

PBO

BESET DFV

DIGITAL GND

DG24 P6 ConnectorflVlating Connector

Manufacturer DG24 P6 Connector P6 Mating Connector

Fujitsu
3M
Robinson Nugent
MrL C-83503

FCN-705Q040-AUAd FCN-7O7B04O-AU/B
3417-7M0
IDS.C4OPK-C-SR-TG
M83503t-09
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Intel 82C55A Programmable Peripheral Interface
Data Sheet Reprint





intel' 82C55A
CHMOS PROGRAMMABLE PERIPHERAL INTERFACE

I Compatlble wlth all Intel and llost
Other lllcroprocessorg

r Hlgh Speed, "Zero Walt State"
Operation wlth 8 MHz 8086/88 and
80186/188

) 24 Programmable l/O Plns

I Low PoweTCHMOS

I Completely TTL Compatlble

I Control Word Read'Back Capablllty

r Direct Blt Set/Reset GaPabllltY

r 2.5 mA DC Drive Capablllty on all l/O
Port OutPuts

I Available In 40-Pin DIP and 44.Pin PLCC

I Avallablein EXPRESS
- Standard Temperature Range
- Extended Temperature Range

The Intel 82C55A is a high-performance, CHMOS version of the industry standard 82554 general purPose
programmable 1/O device whlch is designed for use with all lntel and most olher microprocessors. lt provides

ZqltO pins which may be indMdually programmed in 2 groups of 12 and used in 3 major modes of operation'
The 82C55A is pin compatible with the NMOS 8255A and 8255A'5.

fn MODE 0, each group of 12 ll) pins may be programmed in sets of 4 and 8 to be inputs or outputs. In
MODE 1, each gro;p miy be programmed to have 8 lines of input or output. 3 of the remaining 4 pins are used
for handshafinj ani intenupi control signals. MODE 2 is a strobed bi-directional bus configuration.

The 82C55A is labricated on Intel's advanced CHMOS lll technology which provides low power consumption
with performance equal to or greater than the equivalent NMOS product. The 82C55A is available in 4o'pin
DIP and 44-9in plastic leaded chip canier (PLCC) packages.
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Flgure 1.82C55A Block Diagram
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Figure 2.82C55A Plnout
Diagrams rre for pin toleronce only. Packag€
siz6s ar€ not to scale.
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82C55A

Teble 1. Pln

Symbol Pln llumber
Dlp PLCC Type Name and Functlon

PAg-o 1-4 2-5 uo PORT A, PINS 0-3: Lower nibbte of an B-bit data output tatch/
butfer and an 8-bit data input latch.

FD 5 6 READ CONTROL: This input is low during CpU read operations.es 6 7 CHIP SELECT: A low on this input enables the 82C55A to
respond to RE and WFIsignals. FD and WR are ignored
otherwise.

GND 7 I System Ground
Ar-o 8-9 9-10 I ADDRESS: These input signals, in conjunction FiD and WFi,

control the selection of one of the three ports or the control
word registers.

A1 Ao m WF 6 Input Operatlon (Read)
0 0 0 1 0 PortA-DataBus
0 1 0 1 0 PortB-DataBus
1 0 0 1 0 PortC-DataBus
1 1 0 1 0 ControlWord - Data Bus

Output Operatlon (Wrttc)
0 0 1 0 0 Data Bus - Po'rt 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 Functlon
x x x x 1 DataBus-3-State
x x 1 1 0 DataBus-3-State

Pcz-r 10-13 1 1 , 1 3 - 1 5 vo PORT C, PINS {-7: Upper nibble of an 8-bit data output latch/
buffer and an &bit data input butfer (no latch for input). This port
can b€ dividEd into tlro 4-bit ports under the mode control. Each
4'bit port contains a 4-bit latch and it can be used for the control
signal outputs and status signal inputs in conjunction with ports
A and B.

PCo-:r 14-17 1 6 - 1 9 t/o PORT C, PINS 0-3: Lower nibble of port C.
PBo-z 18-25 20-22,

24-28
l to PORT B, PINS 0-7: An 8-bit data output latch/butfer and an 8-

bit data input buffer.
Vcc 26 29 SYSTEI, POWER: * 5V power Supply.
Dz-o 27-34 30-33,

35-38
t/o DATA BUS: Bi-directional, tri-state data bus lines, connected to

system data bus.
RESET 35 39 I RESET: A high on this input clears the control register and all

ports are set to the input mode.
WF 36 40 WRITE COI{TROI : This input is tow during CpU write

operations.
PAt-a 37-40 41-4/ vo PORT A, Pll{S 4-7: Upper nibble of an 8-bit data output latch/

butfer and an 8-bit data input latch.
NC 1 , 1 2 ,

29,u
No Connect
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82C55A FUNCTIONAL DESCRIPTION

Gcneral

The 82C55A is a programmable peripheral interlace
device designed for use in Intel microcomputer sys'
tems. lts function is that of a general purpose l/O
component to interface peripheral equipment to the
microcomputer system bus. The functional configu-
ration of the 82C55A is programmed by the system
software so that normally no external logic is neces'
sary to interface peripheral devices or structur€s'

Data Bus Bu?lsr

This 3-state bidirectional 8-bit butfer is used to inter'
lace the 82C55A to the system data bus. Data is
transmitted or received by the butler upon execution
of input or output instructions by the CPU. Control
words and status intormation are also transfened
through the data bus buffer.

Read/Wrlte and Control Loglc

The function of this block is to manage all of the
internal and external transfers of both Data and
Control or Status words. lt accepts inputs from the
CPU Address and Control busses and in tum, issues
commands to both of the Control Groups.

Group A and Group B Controls

The functional configuration of each port is pro'
grammed by the systems software. ln essence, the
OPU "outputs" a control word to the 82C55A' The
control word contains information such as "mode",
"bit s€t", "bit res€t", etc., that initializes the func'
tional configuration of the 82C55A.

Each of the Control blocks (Group A and Group B)
accepts "commands" from the Read/Write Control
Logic, receives "control words" from the internal
data bus and issues the proper commands to its as'
socaated ports.

Gontrol Group A - Port A and Port C upper (C7-C4)
Control Group B - Port B and Port C lower (C3-C0)

The control word register can be both written and
read as shown in the address decode table in the
pin descriptions. Figure 6 shows the control word
format lor both Read and Write operations. When
the control word is read, bit D7 will always be a logic
"1", as this implies control word mode information.

Portg A, B, and C

The 82C55A contains three 8-bit ports (A, B, and G),
All can be configured in a wide variety of functional
characteristics by the system sottware but each has
its own special features or "p€rsonality" to further
enhance the power and flexibility of the 82C55A.

Port A. One 8-bit data ouput latch/butler and one
8-bit input latch butfer. Both "pull'up'! and "pull'
down" bus hold devices are prssent on Port A.

Port B. One 8-bit data input/output latch/butfer.
Only "pull-up" bus hold devices ar€ presont on Port
B.

Port C. One 8-bit data output latch/buffer and one
8-bit data input buffer (no latch for input). This port
can be divided into two 4-bit ports under the mode
control. Each 4-bit port contains a 4'bit latch and it
can be used for the control signal outputs and status
signal inputs in coniunction with ports A and B. Only
"pull-up" bus hold devices are present on Port C.

See Figure 4 for the bus-hold circuit configuration lor
Port A, B, and C.
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Flgure 3.82c55A Block Dlagram Showlng Data Bua Buffcr and Beatl/wrlte Control Logtc Funclone

Figure 4. Port A, B, C, Bus.hold Gonfiguration
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'NOTE: ffi

Port pins load€d with more than 20 pF capacitanoe may not have their logic
231236-1

l€y€l guarante€d lollowing I hardwar€ r€s€t.
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82C55A OPERATIONAL DESCRIPTION

llode Selcctlon

There are three basic modes of operation that can
be selected by the system software:

Mode 0 - Basic input/output
Mode 1 - Strobed Input/output
Mode 2 - Bi-directional Bus

When the reset input goes "high" all ports will be set
to the input mode with all 24 port lines held at a logic
"ons" level by the internal bus hold devices (see
Figure 4 Note). Atter the reset is removed the
82C55A can remain in the input mode with no addi-
tional initialization required. This eliminates the need
for pullup or pulldown devices in "all CMOS" de-
signs. During the execution of the system program,
any of the other modes may be selected by using a
single output instruction. This allows a single
82C55A to service a variety of peripheral devices
with a simple software maintenance routine.

The modes for Port A and Port B can be separately
defined, while Port C is divided into tfyo portions as
required by the Port A and Port B definitions. All of
the output registers, including the status flipflops,
will be reset whenever th€ mode is changed. Modes
may be combined so that their functional definition
can be "tailored" to almost any l/O structure. For
instance; Group B can be programmed in Mode 0 to
monitor simple switch closings or display computa-
tional results, Group A could be programmed in
Mode 1 to monitor a keyboard or tape rEader on an
interrupt-driven basis.

Figure 5. Basic Mode Deflnltions and Bus
lnterface

Flgure 6. llocle Dcflnltlon Format

The mode definitions and possible mode combina-
tions may seem confusing at first but after a cursory
review of the complete device operation a simple,
logical l/O approach will surface. The design of the
82C55A has taken into account things such as etfi-
cient PC board layout, controlsignaldefinition vs PC
layout and complete functional flexibility to support
almost any pedpheral device with no extemal logic.
Such design r€pr€sents the maximum us€ ol the
available pins.

Slngle Blt Set/Reget Feature

Any ol the eight bits of Port C can be Set or Reset
using a single OUTput instruction. This featur€ re-
duces sottware requirements in ConfoFbasad appli-
cations.

When Port C is being used as status/controlfor Port
A or B, these bits can be set or reset by using the Bit
Set/Reset op€ration just as if they were data outpul
ports.

3-128

ooi,Tlot noao

q or D r l o . l D r l D ? l D r l o o

J I

/ oiorr! \

rcntc|l6rctl
l . l l tu t
0. OUTitt

tott !
l . l l tu l
0.Oul'ttf

hoE3€LEgnoir
O. r |oo l0
l . rcOE I

/ oro'a \

|oilrctr'lrt
l.lFlrf
O.Oltrut

xrir l
l.ltfur
O.OlrTtUf

FEaatEcrc{
O.rcOl0
Ot.rcOE I
| I . r e i 2

ME tf,Y 'LAG
t . lctlvt

23r256-6



irltgr 82C55A

oofrmtioio

23125€-7

Flgure 7. 8lt SGt/Rgset Format

Interrupt Control Functlons

When the 82C55A is programmed to operate in
mode 1 or mode 2, control signals are provided that
can b€ used as interrupt request inputs to the CpU.
The int€nupt request signals, generated from port C,
can be inhibited or enabled by setting or resetting
the associated INTE flipflop, using the bit set/reset
function of port C.

This function allows the Programmer to disallow or
allow a specific l/O device to intenupt the CpU with-
out affecting any other device in the intenupt struc-
ture.

INTE flipflop definition:

(BIT.SETF-INTE is SET-tnterrupr €nable
(BIT-RESETFINTE is RESET-lntenupt disabte

Note:
All Mask flipflops are automaticaily reset during
mode selection and device Reset.
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Opcratlng llodcs ModE 0 Basic Functional Definitions:

Mode 0 (Baetc Input/output). This functionat con- 
o 

lwo 
8'bit ports and two 4'bit ports'

figuration providei simple'input and output opere- o AnY port can be input or output.
tions for each of the thr€€ ports. No "handshaking" o Outputs ar€ latched.
is required, data is simply written to or read trom a o Inpirts are not latched.specified port' . 

lir,:,fffii:, 
lnpuvoutpur conrisurations are posF

iroDE 0 (BAstc tNP[rr)

231256-6

MODE 0 (BASTC OUTPUT)

231256-9
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iloDE 0 Port Dcllnltlon

A B GROUP A GROUP B

Da D3 D1 De POFTA PORT C
(UPPERI # POFT B POBTC

(LOWERI
0 0 0 0 OUTPUT OUTPUT 0 OUTPUT OUTPUT
0 0 0 1 OUTPUT OUTPUT 1 OUTPUT INPUT
0 0 1 0 OUTPUT OUTPUT 2 INPUT OUTPUT
0 0 1 1 OUTPUT OUTPUT 3 INPUT INPUT
0 1 0 0 OUTPUT INPUT 4 OUTPUT OUTPUT
0 1 0 1 OUTPUT INPUT 5 OUTPUT INPUT
0 1 1 0 OUTPUT INPUT 6 INPUT OUTPUT
0 1 1 1 OUTPUT INPUT 7 INPUT INPUT
1 0 0 0 INPUT OUTPUT 8 OUTPUT OUTPUT
1 0 0 1 INPUT OUTPUT I OUTPUT INPUT
1 0 1 0 INPUT OUTPUT 10 INPUT OUTPUT
1 0 1 1 INPUT OUTPUT 1 1 INPUT INPUT
1 1 0 0 INPUT INPUT 12 OUTPUT OUTPUT
1 1 0 1 INPUT INPUT 't3 OUTPUT INPUT
1 1 1 0 INPUT INPUT 1 4 INPUT OUTPUT
1 1 1 1 INPUT INPUT 1 5 INPUT INPUT

ilODE 0 Conllguratlone

oorrlol roiD r0 cofi?tot meD a2

catraYroL roRD ,r
D7 Or O! O. Dr D: Ot Oo
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IIODE 0 Conllguratlons (Continued)

co||rtol fi)iD al

ooaf?rot rorD aS

oof{rror roao -

ot xlhor r(no,'
o, o. Dr D. or o, or Do

coNrRor ronoa
D, Or Ot O. Or D, Or Oo

o(xttoL firro rr

co|rtor ilteo arc
o, Da o3 o. Dt Dr or oo

oofltol roto att

I o l o l r  l 0 l 0 l r  l 0

0 0 I 0 0 0 0

0 0 o t 0 t
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ilODE 0 ConllgureUonr (Continued)

Opcretlng llodcr

ilODE 1 (Strobcd Input/Output). This functional
configuration provides a means for transfening l/O
data to or from a specified port in conjunction with
strob€s or "handshaking" signals. In mode 1, port A
and Port B use the lines on Port C to g€n€rate or
accept these "handshaking" signals.

Mode 1 Basic lunctional Definitions:
o Tvyo Groups (Group A and Group B).
o Each group contains one g-bit data port and one

4-bit control/data port.
. 

Ihg 8-bit clata port can be either input or output
Both inputs and ouputs are latched.

o The 4-bit port is used for control and status ol th€
8-bit data port.

o r o . q o . o r D r O r D o
oox?Rot iotData

D, Da Or D. Dr gt o, Do

oortaot rotD att
D r O r D r O . O r O r O r %

ffi

I 0 0 t 0 0

D, O. Dr D. Ot D, Ot Oo
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Input Control Slgnal Dcllnltlon

SfE (Strole Input). A "low" on this input loads
data into the input latch.

IBF (lnput Buflcr FullF/F)

A "high" on this output indicates that the data has
been loaded into the input latch; in essence, an ac-
knowledgement. IBF is set by STB ingl being low
and is reset by the rising edge of th€ RD input.

ll{TR (lntenupt Requeat)

A "high" on this output can be us€d to intenupt the
CPU when an input device is requesting service.
INTR is s€t by the STE is a "ono", IBF is a "one"
and INTE is e "on€". lt is reset by the falling edge of
HD. ttris procedure allows an input device to re-
quest service from the CPU by simply strobing its
data into the port.

INTE A
controlled by bit set/res€t of Pc4.
INTE B
controlled by bit set/reset ot Pc2.

oarfftiol tolD

ffi^

l fe

lfti^

tro

@fttol ioio

s o r D t D r O r D :
ltl,

l?r

nr\

.ztr256-13

| ilatt !

Ll-..i

rmt r |r0l?al

Flgure 8. ilODE I Input

nl

F

xt,?tto- - -
'lr|,xar/rt

2312*-11

Flgure 9. ilODE 1 (Strobcd lnput)
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Output Control Slgnal Dcflnltlon

ffi (Output Buftcr Fult F/fl. The 6-6F output wiil
go "low" to indicate that the CPU has written data
out to the specified port. The 6EF fff willbe set by
th€ rising edge of the WF input and reset by ffi
Input being low.

ER (lctnowledge Input). A "low" on this input
informs the 82C55A that the data from Port A or port
B has been accepted. ln essence, a response from
the peripheral device indicating that it has received
the data output by the CPU.

INTR (lnterrupt Rcqucet). A "high"'on this output
can be used to intenupt the CPU when an output
device has accepted data transmitted bv the cpu.
]NTR is s€t when ATR is a "on€", 6gf--is a ,.one"
and INTE is a "on€". lt is reset by the falling edge of
wR.

It\tTE A
Controlled by bit set/reset of pC6.
INTE B
Controlled by bit set/reset of pC2.

231256-16

Flgurc ll.llODE I (Strobcd Output)

od,rtol roto

cf.

lFre

tttir

?;'J;:", o, D, Do
trtvTqryIrPl mr

Et

lf,t\

231256-15

Flgure l0.llODE 1 Output
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Gomblnatlons of MODE 1

Port A and Port B cbn be individually defined as input or output in Mode 1 to support a wide variety of strobed
l/O applications.

clatlioL ioFo

tia^

llf^

r{tR^

UO

cofirf,ot woio

6F^

iFxe

txTi^

r/0

5lt

tafr

Irflir

o!-Ft

iFx.

|rt?hr

fotla-t3tiolEDnrun
foitl - l3?ioatooutru?)

toi?A-BtiorEoouTruTl
toi? I - lt?iotlD rlr?u?l

231256-17

Flgure 12. Gomblnatlons of ilODE 1

Operatlng Modes Output Operatlons

MODE 2 (Strobed Bldlrectlonal Bus l/O).This 6af- (Output Buffer Full). The 6EF output will go
lunctional configuration provides a means for com- "low" to indicate that the CPU has written data out
municating with a peripheral device or structure on a to port A.
single 8-bit bus for both transmitting and receiving
data (bidirectional bus l/O). "Handshaking" signals ACK (Acknowledge). A "low" on this input enables
are provided to maintain prop€r bus flow discipline in the tri-state output butler of Port A to send out the
a similar mann€r to MODE 1. Intenupt generation data. Oherwise, the output butfer willbe in the high
and enable/disable functions are also available. impedance state.

MODE 2 Basic Functional Definitions: FfF 1 fihe INTE Fllp-Flop Assoclated wlth
o Used in Group A only. OBF). Controlled by bit set/reset of PC6.

o One 8-bit, bi-directional bus port (Port A) and a 5-
bit control port (Port C). Input Operetlons

o Both inputs and outputs are latched. STB (Strobe Input). A "low" on lhis input loads
o The s-bit control port (Port C) is used foi control data into the input latch.

and status for the 8-bit, bi-directional bus port
(Port A). IBF (lnput Buller Full F/F). A "high" on this output

indicates that data has been loaded into the input

Bldirectional Bus l/o Gontrol signal Definltion latch'

1NTR (tnrerrupr Request). A high on this outpur can l$-li,!r-.h." 
INTE Fllp'FloP.As-sociated wlth IBF).

be used to interrupt the GPU forlnput or outpft;per- Controlled by bit set/reset of PCa'

ations.

3-136



oilttot wonD

q o . o ! o r

t9o
r. r.'ut
0- Ou?rur

foal I
t. trtut
O. OUTrul

ctour 3 xoot
O - ,,(tltE 0
1 - lrOO€ t

231256-r8

Flgure 13. MODE ControtWord

intef 82C5sA

6t^

&-re

231255-19

Flgure 14.llODE 2

Figure 15. MODE 2 (Btdirectionat)

NOTE:
Any sequence @wE:gcurs before AT,_og_srB__gqcurs before FD is permissibre.
gNTR - IBF o NIAS.SiB. FD + OEF. Fi'AER r fiffi o ffi;

DAIAfFI
ctu r0aacaaa

Ff,

ul

lr|tR

Acr

stt

IBF

?EFI'II€RAL
tl/s

m
oAtAFn

tcilarlt Llotacaar
orl^|lor

atcaa llotllfiltlt
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MODE 2 AND MOOE O IIITIPUTI

MODE 2 AND MOOE I IOUTPUTI

tr|ttL

cf^

rrr

trt5A

llta

tro

MOOE 2 ANO MOOE O IOUTPUTI

MODE 2 AND MODE I IINPUTI
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Figure 16.llODE Y. Combinetions
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PAo
PAr
PAz
PAg
P&
PAs
P46
PAz

MODE O

IN our
1N
IN
IN
IN
IN
IN
1N
IN

OUT
OUT
OUT
OUT
OUT
OUT
OUT
OUT

PBo
PBr
PBe
PBs
PBa
PBs
PBe
PBz

IN
IN
IN
IN
IN
IN
IN
IN

OUT
OUT
OUT
OUT
OUT
OUT
our
OUT

Pco
PCr
PCz
PCs
PCI
PCs
P%
PCz

IN
IN
IN
IN
IN
IN
IN
IN

OUT
OUT
OUT
OUT
OUT
OUT
OUT
OUT

Mode Dcflnltlon Summary

MODE 1

IN ouT
IN
IN
IN
IN
IN
IN
IN
IN

OUT
OUT
OUT
OUT
OUT
OUT
OUT
OUT

IN
IN
IN
IN
IN
IN
IN
IN

OUT
OUT
OUT
OUT
OUT
OUT
OUT
OUT

INTRs
lBFs
sTEs
INTRI
srgl
tBFA
vo
t/o

INTR3
oEFs
Affis
INTR1
vo
VO

ffia
6EFA

Spcclal ilode Comblnatlon Condderatlong

There are several combinations of modes possible.
For any combination, some or all of the Port C lines
are used for control or status. The remaining bits are
either inputs or outputs as defined by a "Set Mode"
command.

During a read of Port C, the state of all the Port C
lines, except tne Affi and STE $nes, will b€ placed
on the data bus. In place of the Affi and SfB line
states, flag status will appear on the data bus in the
PCz, PCA, and PC6 bit positions as illustrat€d by
Figure 18.

Through a "Write Port C" command, only the Port C
pins programmed as outputs in a Mode 0 group can
be written. No other pins can be aflected by a "Write
Port C" command, nor can the intenupt enable flags
be accessed. To write to any Port G output pro-
grammed as an output in a Mode 1 group or to

change an intemlpt enable flag, the "Set/Reset Port
C Bit" command must be used.

With a "Set/Beset Port C Bit" command, any Port C
line ppgrammed as an output (including INTR, IBF
and OBD can be written, or an intemrpt enable flag
can be either eet or reset. Port G lines proorammed
as inputs, including ffi and ffi lines, aisociated
with Port C are not atlected by a "Set/Reset Port C
Bit" command. Wdtins to the conespondinq Port G
bit positions of the Fffi and ffi lines iitfr tne
"Set/Beset Port G Bit" command will affect the
Group A and Group B intemrpt enable flags, as illus.
trated ln Figure 18.

Currcnt Drlve Capablllty

Any output on Port A, B or C can sink or source 2.5
mA. This feature allows the 82Gt5A to direc$y drive
Darlington type drivers and high-voltage displays
that require such sink or sourc€ cunent.

MODE 2

GROUP A ONLY

J/O
vo
vo

INTRl
Sf-aA
lBFa
IFxr
6B-F1

MODE O
OR MODE 1
ONLY
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