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Universal - Digital I/0, Counter Interface Revision 2.3

FUNCTIONAL DESCRIPTION

The Digital I/0 Interface provides a general purpose TTL interface
for the IBM PC/XT and AT Computers, (and true compatibles). The 1/0
lines are provided by industry standard 8255-5 PPI IC's, each grouped
into three ports of (8) lines each. See Figures 1, 2 and 3. These
ports may be configured by software as either inputs (read) or
outputs (write).

The Digital I/0 Interface may also be used with industry standard
optically isolated I/0 modules. (OPTO-22, GORDOS, etc.) This enables the
user to sense and control a variety of voltage levels, (110 VAC, 220
VAC, 24 VDC, etc.) from the computer.

Also, on-board are 8253 Counter Timer Chips (cTC's), which each supply
16-bit counter/timers. A 1 MHz TTL Oscillator is on-board to provide
a time base for any of the counters on the first 8253. (CTC's and
Oscillators not supplied on 24 Channel board)

A complete description of the 8255A Programmable Peripheral Interface
can be found in Appendix A, and the 8253 Counter/Timer in Appendix B.

Performance Note:

Some digital I/0 boards on the market employ a address/data
multiplexing strategy. This is at the sacrifice of throughput. Our
boards do not use multiplexing! In the time it takes to do one
assembly instruction (OUT), 8 of the outputs are updated. Included on
the disk provided with the board, is an program named "BENCHMAR.EXE".
This is an access averaging program to give the 1/0 updating speed
for the specific CPU in question. To determine the average throughput
of a machine, insert the disk in drive A: and type BENCHMAR <ENTER>.
The program will time 50,000 accesses and print the speed on the
monitor.
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Universal ~ Digital I/0, Counter Interface Revision 2.3

SPECIFICATIONS 24 Channel Board
Environmental:
Storage Temperature -40 to +100 deg. C
Operating Temperature 0-70 deg. C
Humidity 0 to 90% non-condensing
Size Half Slot
Bus Loading (Max) 400ma @ +5 VDC

Digital I/0: (8255A-5 PPI + 74LS245 Buffering)

Quantity 24
Input logic low voltage -0.5 V min. to 0.8 V max.
Input logic high voltage 2.0 V min. to 5.0 V max.

Input load current -10 uA min. to +10 uA max.
Output low voltage 0.45 V max.
Output high voltage 2.4 V min.
Output Source Current 15ma
Output Sink Current 24ma
I/0 Connectors One 26-pin Male header

One 37-pin Male D-Sub
One 50-pin Male header

Note: Digital lines are TTL/DTL compatible. The drivers used are
74LS245 Bus Transceivers.

This board does not include Counter/Timers
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Universal - Digital I/0, Counter Interface Revision 2.3

SPECIFICATIONS 48 Channel Board
Environmental:
Storage Temperature -40 to +100 deg. C
Operating Temperature 0-70 deg. C
Humidity 0 to 90% non-condensing
Size Half Slot
Bus Loading (Max) 600ma @ +5 VDC

Digital I/0: (8255A-5 PPI)

Quantity 48
Input logic low voltage -0.5 V min. to 0.8 V max.
Input logic high voltage 2.0 V min. to 5.0 V max.

Input load current -10 uA min. to +10 uA nmax.
Output low voltage 0.45 V max.
Output high voltage 2.4 V nmin.
I/0 Connectors Two 26-pin Male headers

Note: Digital lines are TTL/DTL compatible and will drive 1
standard (74 type) TTL Load or 4 (74LS type) LSTTL loads. A
10Kohm resistor to +5 VDC is supplied on each digital I/0 line
providing CMOS compatibility.

Counter I/0: (8253-5 CTC)

Quantity 6
Resolution 16 bits
Frequency DC to 2.6 MHz

Input logic low voltage -0.5 V min. to 0.8 V max.
Input logic high voltage 2.0 V min. to 5.0 V max.

Input load current -10 uA min. to +10 uA max.
Output low voltage 0.45 V max.
Output high voltage 2.4 V min.
I/0 Connectors Two 16-pin Male headers
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SPECIFICATIONS 168 Channel Board

Environmental:
Storage Temperature -40 to +100 deg. C
Operating Temperature 0-70 deg. C
Humidity 0 to 90% non-condensing
Size Full Slot
Bus Loading (Max) 600ma @ +5 VDC

Digital I/0: (8255A-5 PPI)

Quantity 168
Input logic low voltage -0.5 V min. to 0.8 V max.
Input logic high voltage 2.0 V min. to 5.0 V max.

Input load current -10 uA min. to +10 uA max.
Output low voltage 0.45 V max.
output high voltage 2.4 V min.
I/0 Connectors Seven 26-pin Male headers

Note: Digital lines are TTL/DTL compatible and will drive 1
standard (74 type) TTL Load or 4 (74LS type) LSTTL loads. A
10Kohm resistor to +5 VDC is supplied on each digital I/0 line
providing CMOS compatibility.

Counter I/0: (8253-5 CTC)

Quantity 3
Resolution 16 bits
Frequency DC to 2.6 MHz

Input logic low voltage -0.5 V min. to 0.8 V max.
Input logic high voltage 2.0 V min. to 5.0 V max.

Input load current -10 uA min. to +10 uA max.
Output low voltage 0.45 V max.
output high voltage 2.4 V min.
I/0 Connectors One 16-pin Male header
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- Digital 1I/0, Counter Interface

Revision 2.3

HARDWARE INSTALLATION

There are two user-configurable parameters on the card; the BASE 1/0
address, and the Interrupt Request Number (IRQ). As shipped from the
factory, the BASE address is 280H, and the IRQ number is 7. To get
the system running rarely requires any jumper change. See Figures 1,
2 and 3 for a diagram of the default jumper positions. In case of
difficulty, return the system to its default settings.

Note: If you need two or more Digital I/0 cards in your systemn,

we

recommend the first card be addressed at the default (280H); and the
second card be addressed at the next available address shown. By
addressing the cards at consecutive addresses, any table driven

software access is simplified.

No other card in the system may use the same Base Address or any
of the addresses used by the board. Care must be taken that no
address conflicts exist. Addresses 200H through 3FFH are available to
plug in cards. The common assignments are found in Table 1.

COMMON BASE ADDRESS ASSIGNMENTS

Address Hex Peripheral
200 - 20F Game I/0
210 - 217 Expansion unit
220 -~ 24F Reserved
250 - 277 Not used
278 - 27F LPT2 (printer)
280 - 2EF Not used
2F0 - 2F7 Reserved
2F8 - 2FF COM2 (serial)
300 - 31F Not used
320 - 32F Hard Disk
330 - 3177 Not Used
378 -~ 37F LPT1
380 - 38C SDL.C communications
390 - 39F Not Used
3A0 - 3A9 BYSYNC #1
3BO - 3BF Mono display w/ parallel
3C0 - 3CF Reserved
3D0 - 3DF Color graphics display
3E0 - 3EF Reserved
3F0 - 3F7 5 1/4" Floppy controller
3F8 - 3FF coM1

. Table 1
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Universal - Digital I/0, Counter Interface Revision 2.3

Base Address Selection - 24 Channel Board

The entire card uses a block of 4 I/0 addresses. All addresses
within the 4 address block are fixed with respect to the base
address. The base address is configured by switch positions 1 through
8 on the card. These switches are used to create a hexadecimal
Address. See Figure 1 for the switch location, and their relative
value. Note that if the switch is ON, the value is 0. All the possible
base address settings are shown in Tables 2A through 2D.

POSSIBLE BASE ADDRESS SETTINGS

Base Address
DIP Switch Position Selection (HEX)

3 4 5 6 7 8 9 10

ON ON ON ON ON ON ON OFF 200
OFF ON ON ON ON ON ON OFF 204
ON OFF ON ON ON ON ON OFF 208
OFF OFF ON ON ON ON ON OFF 20C
ON ON OFF ON ON ON ON OFF 210
OFF ON OFF ON ON ON ON OFF 214
ON OFF OFF ON ON ON ON OFF 218
OFF OFF OFF ON ON ON ON OFF 21C
ON ON ON OFF ON ON ON OFF 220
OFF ON ON OFF ON ON ON OFF 224
ON OFF ON OFF ON ON ON OFF 228
OFF OFF ON OFF ON ON ON OFF 22C
ON ON OFF OFF ON ON ON OFF 230
OFF ON OFF OFF ON ON ON OFF 234
ON OFF OFF OFF ON ON ON OFF 238
OFF OFF OFF OFF ON ON ON OFF 23C
ON ON ON ON OFF ON ON OFF 240
OFF ON ON ON OFF ON ON OFF 244
ON OFF ON ON OFF ON ON OFF 248
OFF OFF ON ON OFF ON ON OFF 24C
ON ON OFF ON OFF ON ON OFF 250
OFF ON OFF ON OFF ON ON OFF 254
ON OFF OFF ON OFF ON ON OFF 258
OFF OFF OFF ON OFF ON ON OFF 25C
ON ON ON OFF OFF ON ON OFF 260
OFF ON ON OFF OFF ON ON OFF 264
ON OFF ON OFF OFF ON ON OFF 268
OFF OFF ON OFF OFF ON ON OFF 26C
ON ON OFF OFF OFF ON ON OFF 270
OFF ON OFF OFF OFF ON ON OFF 274
ON OFF OFF OFF OFF ON ON OFF 278
OFF OFF OFF OFF OFF ON ON OFF 27C

L. Table 2A
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Revision 2.3

Base Address Selection - 24 Channel Board (continued)

POSSIBLE BASE ADDRESS SETTINGS

Base Address
DIP Switch Position Selection (HEX)

3 4 5 6 1 8 9 10

ON ON ON ON ON OFF ON OFF 280
OFF ON ON ON ON OFF ON OFF 284
ON OFF ON ON ON OFF ON OFF 288
OFF OFF ON ON ON OFF ON OFF 28C
ON ON OFF ON ON OFF ON OFF 290
OFF ON OFF ON ON OFF ON OFF 294
ON OFF OFF ON ON OFF ON OFF 298
OFF OFF OFF ON ON OFF ON OFF 29C
ON ON ON OFF ON OFF ON OFF 2A0
OFF ON ON OFF ON OFF ON OFF 2A4
ON OFF ON OFF ON OFF ON OFF 2A8
OFF OFF ON OFF ON OFF ON OFF 2AC
ON ON OFF OFF ON OFF ON OFF 2B0O
OFF ON OFF OFF ON OFF ON OFF 2B4
ON OFF OFF OFF ON OFF ON OFF 2B8
OFF OFF OFF OFF ON OFF ON OFF 2BC
ON ON ON ON OFF OFF ON OFF 2CO
OFF ON ON ON OFF OFF ON OFF 2C4
ON OFF ON ON OFF OFF ON OFF 2C8
OFF OFF ON ON OFF OFF ON OFF 2CC
ON ON OFF ON OFF OFF ON OFF 2D0
OFF ON OFF ON OFF OFF ON OFF 2D4
ON OFF OFF ON OFF OFF ON OFF 2D8
OFF OFF OFF ON OFF OFF ON OFF 2DC
ON ON ON OFF OFF OFF ON OFF 2EO
OFF ON ON OFF OFF OFF ON OFF 2E4
ON OFF ON OFF OFF OFF ON OFF 2E8
OFF OFF ON OFF OFF OFF ON OFF 2EC
ON ON OFF OFF OFF OFF ON OFF 2F0
OFF ON OFF OFF OFF OFF ON OFF 2F4
ON OFF OFF OFF OFF OFF ON OFF 2F8
OFF OFF OFF OFF OFF OFF ON OFF 2FC

| Table 2B
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Base Address Selection - 24 Channel Board (continued)

POSSIBLE BASE ADDRESS SETTINGS

Base Address
DIP Switch Position Selection (HEX)

3 4 5 6 7 8 9 10

ON ON ON ON ON ON OFF OFF 300
OFF ON ON ON ON ON OFF OFF 304
ON OFF ON ON ON ON OFF OFF 308
OFF OFF ON ON ON ON OFF OFF 30C
ON ON OFF ON ON ON OFF OFF 310
OFF ON OFF ON ON ON OFF OFF 314
ON OFF OFF ON ON ON OFF OFF 318
OFF OFF OFF ON ON ON OFF OFF 31cC
ON ON ON OFF ON ON OFF OFF 320
OFF ON ON OFF ON ON OFF OFF 324
ON OFF ON OFF ON ON OFF OFF 328
OFF OFF ON OFF ON ON OFF OFF 32C
ON ON OFF OFF ON ON OFF OFF 330
OFF ON OFF OFF ON ON OFF OFF 334
ON OFF OFF OFF ON ON OFF OFF 338
OFF OFF OFF OFF ON ON OFF OFF 33C
ON ON ON ON OFF ON OFF OFF 340
OFF ON ON ON OFF ON OFF OFF 344
ON OFF ON ON OFF ON OFF - OFF 348
OFF OFF ON ON OFF ON OFF OFF 34C
ON ON OFF ON OFF ON OFF OQFF 350
OFF ON OFF ON OFF ON OFF OFF 354
ON OFF OFF ON OFF ON OFF OFF 358
OFF OFF OFF ON OFF ON OFF OFF 35C
ON ON ON OFF OFF ON OFF OFF 360
OFF ON ON OFF OFF ON OFF OFF 364
ON OFF ON OFF OFF ON OFF OFF 368
OFF OFF ON OFF OFF ON OFF OFF 36C
ON ON OFF OFF OFF ON OFF OFF 370
OFF ON OFF OFF OFF ON OFF OFF 374
ON OFF OFF OFF OFF ON OFF OFF 378
OFF OFF OFF OFF OFF ON OFF OFF 317C

[ Table 2C
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Base Address Selection - 24 Channel Board (continued)

POSSIBLE BASE ADDRESS SETTINGS

Base Address
DIP Switch Position Selection (HEX)

3 4 5 6 1 8 9 10

ON ON ON ON ON OFF OFF OFF 380
OFF ON ON ON ON OFF OFF OFF 384
ON OFF ON ON ON OFF OFF OFF 388
OFF OFF ON ON ON OFF OFF OFF 38C
ON ON OFF ON ON OFF OFF OFF 390
OFF ON OFF ON ON OFF OFF OFF 394
ON OFF OFF ON ON OFF OFF OFF 398
OFF OFF OFF ON ON OFF OFF OFF 39C
ON ON ON OFF ON OFF OFF OFF 3A0
OFF ON ON OFF ON OFF OFF OFF 3A4
ON OFF ON OFF ON OFF OFF OFF 3A8
OFF OFF ON OFF ON OFF OFF OFF 3AC
ON ON OFF OFF ON OFF OFF OFF 3BO
OFF ON OFF OFF ON OFF OFF OFF 3B4
ON OFF OFF OFF ON OFF OFF OFF 3B8
OFF OFF OFF OFF ON OFF OFF OFF 3BC
ON ON ON ON OFF OFF OFF OFF 3CO
OFF ON ON ON OFF OFF OFF OFF 3C4
ON OFF ON ON OFF OFF OFF OFF 3Cs8
OFF OFF ON ON OFF OFF OFF OFF 3CC
ON ON OFF ON OFF OFF OFF OFF 3D0
OFF ON OFF ON OFF OFF OFF OFF 3D4
ON OFF OFF ON OFF OFF OFF OFF 3D8
OFF OFF OFF ON OFF OFF OFF OFF 3DC
ON ON ON OFF OFF OFF OFF OFF 3EO
OFF ON ON OFF OFF OFF OFF OFF 3E4
ON OFF ON OFF OFF OFF OFF OFF 3E8
OFF OFF ON OFF OFF OFF OFF OFF 3EC
ON ON OFF OFF OFF OFF OFF OFF 3F0
OFF ON OFF OFF OFF OFF OFF OFF 3F4
ON OFF OFF OFF OFF OFF OFF OFF 3F8
OFF OFF OFF OFF OFF OFF OFF OFF 3FC

| Table 2D
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Universal - Digital I/0, Counter Interface

Revision 2.3

Base Address Selection - 48 Channel Board

The entire card uses a block of 16 I/0 addresses. All addresses

within the 16 address block are fixed with

respect to the base

address. The base address is configured by switch positions 5
through 10 on the card. These switches are used to create a hexadec-
imal Address. See Figure 2 for the switch location, and their relative
value. Note that if the switch is ON, the value is 0. All the possible

base address settings are shown in Table 3.

POSSIBLE BASE ADDRESS SETTINGS

DIP Switch Position Base Address Selection (HEX)

5 6 7 8 9 10

ON ON ON ON ON OFF 200
OFF ON ON ON ON OFF 210
ON OFF ON ON ON OFF 220
OFF OFF ON ON ON OFF 230
ON ON OFF ON ON OFF 240
OFF ON OFF ON ON OFF 250
ON OFF OFF ON ON OFF 260
OFF OFF OFF ON ON OFF 270
ON ON ON OFF ON OFF 280
OFF ON ON OFF ON OFF 290
ON OFF ON OFF ON OFF 2A0
OFF OFF ON OFF ON OFF 2B0O
ON ON OFF OFF ON OFF 2C0O
OFF ON OFF OFF ON OFF 2D0
ON OFF OFF OFF ON OFF 2EO0
OFF OFF OFF OFF ON OFF 2F0
ON ON ON ON OFF OFF 300
OFF ON ON ON OFF OFF 310
ON OFF ON ON OFF OFF 320
OFF OFF ON ON OFF OFF 330
ON ON OFF ON OFF OFF 340
OFF ON OFF ON OFF OFF 350
ON OFF OFF ON OFF OFF 360
OFF OFF OFF ON OFF OFF 370
ON ON ON OFF OFF OFF 380
OFF ON ON OFF OFF OFF 390
ON OFF ON OFF OFF OFF 3A0
OFF OFF ON OFF OFF OFF 3B0O
ON ON OFF OFF OFF OFF 3CO
OFF ON OFF OFF OFF OFF 3DO
ON OFF OFF OFF OFF OFF 3E0
OFF OFF OFF OFF OFF OFF 3FO0

L Table 3
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Base Address Selection - 168 Channel Board

The entire card uses a block of 32 I/0 addresses. All addresses
within the 32 address block are fixed with respect to the base
address. The base address is configured by switch positions 6
through 10 on the card. These switches are used to create a
hexadecimal Address. See Figure 3 for the switch location, and their
relative value. Note that if the switch is ON, the value is 0. All the
possible base address settings are shown in Table 4.

POSSIBLE BASE ADDRESS SETTINGS

DIP Switch Position Base Address Selection (HEX)
6 7 8 9 10
ON ON ON ON OFF 200
OFF ON ON ON OFF 220
ON OFF ON ON OFF 240
OFF OFF ON ON OFF 260
ON ON OFF ON OFF 280
OFF ON OFF ON OFF 2A0
ON OFF OFF ON OFF 2C0
OFF OFF OFF ON OFF 2EO
ON ON ON OFF OFF 300
OFF ON ON OFF OFF 320
ON OFF ON OFF OFF 340
OFF OFF ON OFF OFF 360
ON ON OFF OFF OFF 380
OFF ON OFF OFF OFF 3A0
ON OFF OFF OFF OFF 3CO0
OFF OFF OFF OFF OFF 3EO0
L Table 4

Note: The 168 Channel board offers special addressing for '286 and
'386 machines. This allows for upto 4 boards to occupy the same
address space in the I/0 page. To utilize this feature, move the
jumpers from the "XT" position to the "AT" position. Now switches 4
and 5 will choose the page address desired. Switch 4 has a binary
value of 800H and switch 5 a value of 1000H. Remember that an "OFF"
switch is a "TRUE".

Example:

Switches 6 to 10 have address of: 280H
Switch 4 is OFF + B800H
Switch 5 is ON + OO0O0OH
Board's BASE Address A80OH
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Universal - Digital I/0, Counter Interface Revision 2.3

Interrupt Request Selection - 24 Channel Board

The selected IRQ line is available on the 37 pin D-SUB connector. The
line is passed through a 74LS125 Tri-State buffer. Therefore, the
ENABLE line on the 37 pin D-SUB must be held low (to GND) for the
IRQ to be passed through to the bus. Remember that interrupts are
TRUE HIGH on the PC-Bus. Care must be taken that a proper
Interrupt Service Routine is installed at the IBM interrupt vector
address. If no routine is present, unpredictable results will occur.

Interrupt Request Selection - 48 and 168 Channel Boards

The OUTO line from 8253 #1 (J2) may be connected to a PC BUS
interrupt request line via an on-board jumper (See Figure 2 and 3).
IRQ (interrupt request) lines 2, 3, 4, 5 and 7 are provided. See Table
3 for interrupt assignments. The selected interrupt will occur when
OUTO goes from low to high. This can be caused by either a time
interval, or a terminal count on Counter 0. Care must be taken that
a proper Interrupt Service Routine is installed at the IBM
interrupt vector address. If no routine is present, unpredictable
results will occur.

INTERRUPT REQUEST ASSIGNMENTS

Interrupt Peripheral
IRQ2 - Reserved (Available on XT)
(IRQ 9 on AT)

IRQ3 - COM2: or SDLC *see note
IRQ4 - COM1: or SDLC *see note
IRQS5 - Fixed Disk

IRQ6 - Floppy Disk

IRQ? - Parallel Printer *see note

L Table 5§

Note: Under a normal DOS environment, IRQ3, 4 and 7 are available
even if the above devices are installed. If however, an interrupt
driven software driver is installed for COM1, COM2, or the printer,
the corresponding interrupt will no longer be available to other
cards. Also, if the system is an "AT", IRQ2 is then rerouted to IRQ9.
Therefore, additional software is required to use this configuration.
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PROGRAMMING

Registers - 24 Channel Board

The card requires a block of 4 I/O register addresses. All
communication with the card is accomplished within these 4 registers.

See Table 4 for individual register assignments. Figure 1 may also be
helpful to interpret the relationships between registers and devices.

I/0 REGISTER ASSIGNMENTS

Address Function
8255 #1
BASE + OOH JO, Port A
BASE + 01 JO, Port B
BASE + 02 JO, Port C
BASE + 03 Control register
.. Table 6
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1

Registers — 48 Channel Board

The card requires a block of 16 I/0 register addresses. All
communication with the card is accomplished within these 16 registers.
Within the block of 16 addresses are 4 groups of four addresses. The
four groups access the first 8255 PPI, the second 8255 PPI, the

first 8253 CTC, and the second 8253 CTC respectively. See Table 4

for individual register assignments. Figure 2 may also be helpful to
interpret the relationships between registers and devices.

I/0 REGISTER ASSIGNMENTS

Address Function
8255 #1
BASE + OOH JO, Port A
BASE + 01 JO, Port B
BASE + 02 JO, Port C
BASE + 03 Control register
8255 #2
BASE + 04 J1l, Port A
BASE + 05 J1l, Port B
BASE + 06 Ji, Port C
BASE + 07 Control register
8253 #1
BASE + 08 J2, Counter O
BASE + 09 J2, Counter 1
BASE + OA J2, Counter 2
BASE + OB Control register
8253 #2
BASE + 0OC J3, Counter O
BASE + OD J3, Counter 1
BASE + OE J3, Counter 2
BASE + OF Control register
L Table 7
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Registers - 168 Channel Board

The card requires a block of 32 I/O register addresses. All
communication with the card is accomplished within these 32 registers.
Within the block of 32 addresses are 8 groups of four addresses. The
eight groups access the first 8255 PPI, to the last 8255 PPI, and

then the 8253 CTC. See Table 4 for individual register assignments.
Figure 3 may also be helpful to interpret the relationships between
registers and devices.

I/0 REGISTER ASSIGNMENTS

Address Function
8255 #1
BASE + OOH JO, Port A
BASE + 01 JO, Port B
BASE + 02 JO, Port C
BASE + 03 Control register
8255 #2
BASE + 04 Jil, Port A
BASE + 05 Jl, Port B
BASE + 06 J1i, Port C
BASE + 07 Control register
8255 #3
BASE + 08 J2, Port A
BASE + 09 J2, Port B
BASE + Oa J2, Port C
BASE + 0b Control register
8255 #4
BASE + Oc J3, Port A
BASE + 0d J3, Port B
BASE + Oe J3, Port C
BASE + Of Control register
8255 #5
BASE + 10 J4, Port A
BASE + 11 J4, Port B
BASE + 12 J4, Port C
BASE + 13 Control register
8255 #6
BASE + 14 J5, Port A
BASE + 15 J5, Port B
BASE + 16 J5, Port C
BASE + 17 Control register
8255 #1
BASE + 18 J6, Port A
BASE + 19 J6é, Port B
BASE + 1l1a J6, Port C
BASE + 1b Control register
8253 #1 '
BASE + 1c J7, Counter O
BASE + 1d J7, Counter 1
BASE + 1le J1, Counter 2
BASE + 1f Control register
. Table 8
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Universal - Digital I/0, Counter Interface Revision 2.3

8255 PPI Initialization

Prior to any I/0 activity, the 8255 PPI Control Register must be
initialized. This is accomplished by writing an 8 bit control word to
the 8255's Control Register address. Once this is done, the 24 I/0
lines on the 8255 PPI may be accessed at any time by reading or
writing to the appropriate port registers A, B, or C. Note that if +5
VDC power is lost, or the PC is reset, the Control Register must be
reinitialized.

The 8255 PPI is capable of several modes of operation. The simplest
and most common, Mode O - Basic I/0 , will be discussed here. If the
application requires one of the more complex modes, the user is
referred to the 8255 PPI Data Sheet in Appendix A.

The direction of an I/0 signal is termed "Input" for reading the
signal or "Output" for writing the signal. Direction is assigned to
eight lines at a time and are referred to as Port A (lines 0 - 7),
Port B (lines 8-15), and Port C (lines 16-23). It is possible to "split"
Port C into two 4 line ports (lines 16-19 and lines 20-23). The user
is referred to 8255 PPI Data Sheet in Appendix A if this is
required.

POSSIBLE 8255 MODE WORDS

HEX DEC PORT A PORT B PORT C
80 128 OUTPUT OUTPUT OUTPUT
82 130 OUTPUT INPUT OUTPUT
89 137 OUTPUT ouTPUT INPUT
8B 139 OUTPUT INPUT INPUT
20 144 INPUT OoUTPUT OUTPUT
92 146 INPUT INPUT OUTPUT
99 153 INPUT OUTPUT INPUT
9B 155 INPUT INPUT INPUT
L Table 9
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Initialization Program Examples

An example of setting the first 8255 PPI lines 0-7 as "Inputs", lines
8-15 as "Outputs", and lines 16-23 and "Inputs" is as follows:

In “"GWBASIC"
10 BASE = &H280
20 OUT BASE + 3, &H99
In "Turbo Pascal”
const BASE = $280;
begin
PORT[BASE + 3]
end;

:= $99;

T

T

the dip switch setting on
write to the control

{the dip switch setting on

{write to the control

the card
register

the card}

registers}

An example of setting the second 8255 PPI lines 0-7 as all "Inputs"

is as follows:

In "GWEBASIC”
10 BASE = &H280
20 QUT BASE + 7, &H9B
In "Turbo Pascal”
const BASE = $280;
begin
PORT[BASE + 7] :=
end;

$98;

4

1

the dip switch setting on
write to the control

{the dip switch setting on

{write to the control

Page 18
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8255 PPI Data Access (General)

Once the Control Register is set, the 8255 PPI is ready to perform
digital I/0. Ports configured as "Outputs" are write only, and ports
configured as "Inputs" are read only. In the case of the above
configuration, 8255 PPI #1, Port A is set as "Inputs". Therefore, when
reading Port A, the 8 bit data received is a representation of the
voltage levels on PAO through PA7. PAO is the least significant bit
and PA7 is the most significant bit. A TTL "Low" is represented by a
0 bit and a TTL "High" is represented by a 1 bit.

8255 PPI Data Access (Inputs)
For an example we will assume that PAO through PA3 are at TTL "Low"

levels and PA4 through PA7 are at TTL "High" levels. The following
program could be used to read these levels:

In "GWBASIC”

10 BASE = &H280 ' the dip switch setting on the card
20 DAT = INP(BASE + 0) ' read PORT A Data
In "Turbo Pascal’

const BASE = $280; {the dip switch setting on the card}
var DAT : byte;

begin

DAT := PORT[BASE + $00] { read PORT A Data}
end;

The value of the variable DAT after this code is executed will be
240 decimal, or in binary 11110000. Note that the least significant 4
bits (PAO-PA3), are 0. This corresponds to TTL "Low" levels on these
lines. Also, the most significant 4 bits (PA4-PA7), are 1's, this
corresponds to TTL "High" levels on these lines.

Each digital I/0 line on this card has a 10K ohm pull-up resistor to
+5 VDC. Therefore, if the above code were executed without any I/0
connections, the variable DAT would be 255, or in binary 11111111. The
pull-up resistors cause a TTL "High" to be asserted if the line is
not forced "Low".

The above examples deal only with PORT A, the first 8 I/0 lines.
PORTS B, and C on the first 8255 PPI may be read in like manner by
substituting BASE + 1, and BASE + 2 respectively, for BASE + O in the
code. The second 8255 PPI is accessed using BASE + 4, 5 and 6.

To read the status of a single bit, the data must be "masked" in
software. This is done using the "and" function. Suppose we are
interested in knowing if only PA3 is "High" or "Low". The following
code will mask the unwanted lines and tell us the state of PA3.

In "GWBASIC”

10 BASE = &H280 ' the dip switch setting on the card
20 DAT = INP(BASE + 0) ! read PORT A Data
30 DAT = DAT AND 8 ' 8 in binary = 00007000 "PA3 is 8"

40 IF DAT = 0 PRINT "PA3 4is LOW" ELSE PRINT "PA3 s HIGH"
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8255 PPI Data Access (Outputs)

The code example in the Initialization section of this manual configures
PORT B on the first 8255 PPI as "Outputs". This enables the user to
assert a TTL "High" or a TTL "Low" on the I/0 lines via software
commands. The 8255 is designed so that any PORTS configured as
"Outputs" go "Low" after initialization. Changing the state of the I/0
lines is much like reading their status, only in the reverse direction.
The lines are still accessed in 8 line PORTS and the 8 bits

correspond to the 8 I/0 lines in the same manner as Inputs.

For an example, we will program PBO and PB1 to go "High" and PB2 -
PB7 to remain "Low".

In "GWBASIC"

10 BASE = &H280 ' the dip switch setting on the card
20 DAT = 3
30 OUT BASE + 1, DAT ' write PORT B Data 3 = 008000011 bin
In "Turbo Pascal”
const BASE = $280; {the dip switch setting on the card}
var DAT : byte;
begin
DAT := 3;
PORT[BASE + $01] := DAT; {write PORT £ Data 3 = 000000171 bin}
end;

Suppose now that we also want to cause PB6 to go high without
disturbing the other 7 lines. This may be accomplished using the "OR"
function.

In "GWEBASIC”

10 BASE = &H280 ' the dip switch setting on the card
20 DAT = DAT OR 64 ' 64 7n binary = 0100000 "64 = PB6”
30 OUT BASE + 1, DAT ' write PORT B Data = 0710000771 bin

Note that the variable DAT must be maintained to store what was
previously written to the PORT. This is because Outputs are "Write
only" and may not be read to determine their status. After this code
is executed, PB6, PB1 and PBO will be "High". The remaining lines will
still be "Low".

Now lets cause PB1 to go "Low" without disturbing the remaining lines.
This is done using the "AND" function.

In "GWEASIC”

10 BASE = &H280 ' the dip switch setting on the card
20 DAT = DAT AND 253 ' 253 in binary = 717171717107
30 OUT BASE + 1, DAT ' write PORT B Data

Notice that in causing bits to go "Low", the current data is "anded" with
all 1's except the bit to act upon which is a O.
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8253 CTC Initialization

Just like with the 8255 PPI, the 8253 Counter/Timer Chip (CTC) has
several modes of operation, and must be initialized prior to any I/0
activity. The most common configuration, Mode 0 - Pulse on Terminal
Count, will be discussed here. See the 8253 CTC Data Sheet in
Appendix B for more information on other modes of operation.

Note that if +5 VDC power is lost, or the PC is reset, the Control
Register must be reinitialized for each counter.

An example of setting the first 8253 CTC, Counters 0, 1, and 2 to
MODE 0 is as follows:

In “"GWEBASIC”
10 BASE = &H280 ' the dip switch setting on the card
20 OUT BASE + &HOB, &H30 ' counter 0, Mode 0, 2-byte access
30 OUT BASE + &HOB, &H70 ' counter 1, Mode 0, 2-byte access
40 OUT BASE + &HOB, &HBO counter 2, Mode 0, 2-byte access

In *Turbo Pascal”
const BASE = $280; {the dip switch setting on the card}
begin
PORT[BASE + $0b] :=
PORT[BASE + $0b] :=
PORT[BASE + $0b] :=
end;

$30;: { counter 0, Mode 0, 2-byte access}
$70; { counter 7, Mode 8, 2-byte access}
$b0; { counter 2, Mode 0, 2-byte access}

An example of setting the second 8253 CTC, Counters 0, 1, and 2 to
MODE O is as follows:

In "GWEBASIC"
10 BASE = &M280 ' the dip switch setting on the card
20 OUT BASE + &HOF, &H30 counter 0, Mode 0, 2-byte access
30 OUT BASE + &HOF, &H70 ' counter 7, Mode 0, 2-byte access
40 OUT BASE + &HOF, &HBO ' counter 2, Mode 0, 2-byte access

In "Turbo Pascal”
const BASE = $280; {the dip switch setting on the card}
begin
PORT[BASE + $0f)] :=
PORT[BASE + $0f] :=
PORT[BASE + $0f] :=
end;

$30; { counter 0, Mode 0, 2-byte access}
$70; { counter 1, Mode 0, 2-byte access)
$b0; { counter 2, Mode 0, 2-byte access}

8253 CTC Access

Once a counter mode has been set, the counter may be loaded, and
then read at any time. In the following BASIC program, each counter
is loaded using two byte loads, and then read into a variable using
two byte reads. Note that the counter data must be latched prior to
actually reading the data. This is two insure that there is no
counter rollover between the read statements.
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8253 CTC Access (continued)

In "GHWBASIC"®
= &H280

10

20

30

40
50

60
70

120
130
140
150

160
170
220
230
240
250
260
270
320
330
340
350
360

370

BASE

ouT
ouT

ouT
ouT

ouT
ouT

ouT
DL%
DH%
DTA%

DTA%

PRINT DTA%

ouT
DL%
DH%

DTA%

PRINT DTA%

OUT BASE + &HOb, &HS8O
INP(BASE + &HOA)
INP(BASE + &HOA)

= (DH% * 256) + DL%

DL%
DH%
DTA%

DTA%

PRINT DTA%

BASE
BASE

BASE
BASE

BASE
BASE

BASE + &HOb, &HOO
INP(BASE + 8)
INP(BASE + 8)

= (DH% * 256) + DL%

8, &Hff
8, &Hff

9, &HFf
9, &Hff

S&HOA, &HEF
SHOA. &HFF

= 65535 - DTA%

BASE + &HOb, &H40
INP(BASE + 9)
INP(BASE + 9)
DTA% = (DH% * 256) + DL%

o

= 65535 - DTA%

= 65535 - DTA%

-

" e e o e o m - o« - - @ e = @ -

- - e = -

h 4

T

- o 4 W w e - w -

the dip switch

load counter
load counter
load counter
load counter
Joad counter
load counter
load counter
load counter
load counter

NN ND OO

setting on the card

with
data
data
with
data
data
with
data
data

65535 ($HFFFF)
{ low byte)
(high byte)
65535 ($HFFFF)
{ Tow byte)
Chigh byte)
65535 (SHFFFF)
{7Tow byte)
(high byte)

read counter 0

latch counter 0 data
Read tow Byte counter 0
Read High Byte counter 0
into one 16 bit integer
DTA has the valid counts
down from load (65535)
DTA has number of counts
since load on counter 0

read counter 1

Jatch counter 1 data
Read Low Byte counter [
Read High Byte counter 1
into one 18 bit integer
DTA has the valid counts
down from Joad (65535)
DTA has number of counts
since load on counter 1

read counter 2

latch counter 2 data
Read lLow Byte counter 2
Read High Byte counter 2
into one 16 bit integer
DTA has the valid counts
down from load (65535)
DTA has number of counts
since load on counter 2
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8253 CTC Troubleshooting Notes

Loading a counter value, and then immediately reading it back, may not

give accurate data. The 8253 CTC requires 1 Clock Pulse on the CLK
input after a load to actually index the data into it's internal
registers!

The counter must have two successive reads (or writes) if the mode
is set for two reads.

The GATE line must be high for counting to be enabled. GATE 0 on
8253 CTC #1 is already pulled high on the card. On the other
counters, if the gate is not specifically used, a 10k ohm resistor
between the gate line and +5 VDC will enable counting. These signals
are available on headers J2 and J3.

The 8253 CTC is only capable of counting frequencies to 2.6 Mhz. If
greater speeds are needed, an 8254 CTC (Intel) may be substituted,
which will allow clock frequencies to 8 Mhz. The 8254 CTC is upward
compatible, and operates in the same manner as, the 8253 CTC.

Dip switches 1, 2, and 3 (when ON), will connect the on-board 1 Mhz

oscillator to counters 0, 1 and 2 respectively on 8253 CTC #1. If an
external clock signal is used, be sure the corresponding switch is
OFF.

If a slower frequency than 1 Mhz is needed, counters may be cascaded
by simply wire-wrapping the OUT from a counter set up as a square
wave generator to the CLK of another counter. See Appendix B for
more information on the 8253 CTC Modes and operation.
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APPLICATIONS

TTL I/0 Interface (Strobed I1I/0)

Some TTL inputs require a latch (strobe) line for data integrity.
This can be accomplished with the DIO Board through software. In
the following example, lines PAO-PA7 will be used for a "strobe" and
lines PBO-PB7 and PCO-PC7 are used for data input lines. PBO is the
LSB and PC7 is the MSB of a 16 bit data word.

In "GWBASIC”

10 BASE

20

30

40
50
60
70

80 DTA%

&H280

OUT (BASE + 3), &HS8B

ouT

ouT
DL%
DH%
ouT

BASE, &HFF

BASE, &HOO

INP(BASE + 1)
INP(BASE + 2)

BASE, &HFF

(DH% * 256) + DL%

‘the dip switch setting on the card
*Initialization:

'(0nly done once)

'Set JO, port A to OUTPUTS

'JO, port B to INPUTS

tJ8, port C to INPUTS

‘Clear JO, port A to OFF

'Reading 16 Bit TTL word:
'Set Latch JO, port A to ON

' Read Low Byte on JO, port B
' Read High Byte on JO, port C
‘Clear JO, port A to OFF

*Combine Low Byte and High Byte
'into one 76 bit integer
'DTA has the valid number

This program assumes "TRUE HIGH" TTL data. If "TRUE LOW data is
required, simply subtract DL% from 255 and subtract DH% from 255
between lines 60 and 70.

BCD (Binary Coded Decimal) data may also be brought in or sent out
through the DIO Board. Software routines to convert BINARY to BCD
and vice-versa are on the disk provided. If the above example were
used for BCD data, a GOSUB call to the BCD conversion routine would
be needed after line 80.

Strobed "Outputs" work in somewhat the same manner. First, OUT the
data to PORT B and PORT C, and then execute line 30 and then line
70 do provide a "Data Valid" strobe to the external device. This mode
of strobing is common when writing data to LED displays.
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Optically Isolated I/0 Interfacing

All the Digital I/0O cards have the capability for connection to
industry standard Input/Output Module Racks. For the most efficient
use of I/0 space, either a PB24 or PB24Q (OPTO 22, GORDOS etc.)

type rack should be used. Each rack has 24 I/0 points and
corresponds directly to the 24 I/0 lines on the 8255 PPI. Typical
modules are IAC5, IDC5 (AC and DC inputs), OAC5, ODC5 (AC and DC
Outputs). The I/0 Modules may be installed as inputs or outputs in
groups of eight.

To accomplish interface between the 48 Channel card and the PB24, a
24 line buffer card (see Options), should be plugged onto the PB24
rack. There are 4 switches on the buffer card. Switch 1, (closest to
the edge of the board), must always be on. This enables the rack.
The next three switches correspond to the 3 eight module groups
on the rack. To configure a group to Inputs, turn the switch OFF.
For Outputs, leave the switch ON.

Another version of the PB24 Module Rack (PB24-RK), is available with
buffering on-board (see Options). Also provided on this version are a
Watch Dog Timer, Pluggable Terminal Blocks, and 19" Rack Mounting
Capability.

When using either type of Optical Interfacing, note that to turn "ON" an
output requires that a "0" bit be programmed into the 8255 PPI. Also
when sensing "Inputs", a "0" bit is an indication of the input being in
the "ON" state. This convention is considered industry standard practice.

Software routines written in Turbo Pascal, "C" and BASIC, are
included with the card. These routines may be incorporated into the
application program for access to the I/0 modules.
Instructions for those routines are included with the source
code.

26 Pin IDC Header
/on DIO Card

ot AL

l—11 = I'hﬂ T UHHHUUHUUE

26 Conductor a s

D —

Interface Buffer PB24
Cable Interface Optical Isolation
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J2 J1
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PA6| 5 8| PA3 PCS 5 6 B
— 1 J1 PA7| 7 8| PA1 PC4 | 7 8 GND| 19 . o
d - PC7| 8 10| PA0 PC3 | 8 10 +5v| 18 o | Do
PCS| 11 12| PC8 PC2 |11 12 GND| 17 o | o0,
PCO| 13 14 | PC4 PC1 |13 14 o) +2vi1e 0 |
PC2| 16 18 | PC1 PCO |16 18 Zz +5VI16 o | ot
PC3| 17 18| PB7 PB7 |17 18 O -12vi1s o | 08
J2 PBO| 1@ 20| PB6 PB8 |18 20 » GND| 13 T | L
" Jo PB1| 21 22| PB5 PB5 | 21 22 y 4 -8V 12 o 1
PB2| 23 24 | PB4 PB4 | 23 24 o GND| 11 .0 | L oo
PB3| 28 26 | GND PB3 | 256 26 - PBO |10 | ..,
e PB2 | 27 28 ] PB1| 8 o | .o,
PB1 |29 30 > PB2| 8
iDC PBO | 31 32| W PB3| 7 wm wmw
PA7 |33 34 = PB4| 8 5. | pos
— PAS | 35 36 < PBS| & .0 | poce
PA5 | 37 a8 PBE| 4 o | oo,
S - PA4 {38 40 PB7 | 3 50 | o
S PAS | 41 42 «ENB| 2 o0 | o
PA2 | 43 44 INT | 1
N PA1 | 45 48 F\i\\\
/// PAO | 47 48
+5V | 49 850! __ D-SUB
iDC
////////////
] - < Bufter Enable —
) - not used T
Cm - A2 (4) T
C_»m «~— A3 (8) interrupt Request pas .
m - A4 (18) Base Select RQ4 —
[ ] - A5 (32) Address Select RQS§ ——
—a ~ A8 (64) RQ7 —m
i A7 (128) 640 (280 Hex) 5%»
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B —— A 612 | orr = TRUR)
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48 Channel — FIGURE ZA — BLOCK DIAGRAM
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o
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e
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“ WARRANTY/DISCLAIMER

OMEGA ENGINEERING, INC. warrants this unit to be free of defects in materials and workmanship for a
period of 13 months from date of purchase. OMEGA's WARRANTY adds an additional one (1) month
grace period to the normal one (1) year product warranty to cover handling and shipping time. This
ensures that OMEGA's customers receive maximum coverage on each product.

If the unit malfunctions, it must be returned to the factory for evaluation. OMEGA's Customer Service
Department will issue an Authorized Return (AR) number immediately upon phone or written request.
Upon examination by OMEGA, if the unit is found to be defective, it will be repaired or replaced at no
charge. OMEGA's WARRANTY does not apply to defects resulting from any action of the purchaser,
including but not limited to mishandling, improper interfacing, operation outside of design limits,
improper repair, or unauthorized modification. This WARRANTY is VOID if the unit shows evidence of
having been tampered with or shows evidence of having been damaged as a result of excessive corrosion:;
or current, heat, moisture or vibration; improper specification; misapplication; misuse or other operating
conditions outside of OMEGA's control. Components in which wear is not warranted, include but are not
limited to contact points, fuses, and triacs.

OMEGA is pleased to offer suggestions on the use of its various products. However,
OMEGA neither assumes responsibility for any omissions or errors nor assumes liability for any
damages that result from the use of its products in accordance with information provided by
OMEGA, either verbal or written. OMEGA warrants only that the parts manufactured by the
company will be as specified and free of defects. OMEGA MAKES NO OTHER WARRANTIES OR
REPRESENTATIONS OF ANY KIND WHATSOEVER, EXPRESSED OR IMPLIED, EXCEPT THAT OF
TITLE, AND ALL IMPLIED WARRANTIES INCLUDING ANY WARRANTY OF MERCHANTABILITY
AND FITNESS FOR A PARTICULAR PURPOSE ARE HEREBY DISCLAIMED. LIMITATION OF
LIABILITY: The remedies of purchaser set forth herein are exclusive, and the total liability of
OMEGA with respect to this order, whether based on contract, warranty, negligence,
indemnification, strict liability or otherwise, shall not exceed the purchase price of the
component upon which liability is based. In no event shall OMEGA be liable for
consequential, incidental or special damages.

CONDITIONS: Equipment sold by OMEGA is not intended to be used, nor shall it be used: (1) as a “Basic
Component” under 10 CFR 21 (NRC), used in or with any nuclear installation or activity; or (2) in medical
applications or used on humans. Should any Product(s) be used in or with any nuclear installation or
activity, medical application, used on humans, or misused in any way, OMEGA assumes no responsibility
as set forth in our basic WARRANTY/DISCLAIMER language, and, additionally, purchaser will indemnify
OMEGA and hold OMEGA harmless from any liability or damage whatsoever arising out of the use of the
Product(s) in such a manner.

- RETURN REQUESTS/INQUIRIES

Direct all warranty and repair requests/inquiries to the OMEGA Customer Service Department. BEFORE
RETURNING ANY PRODUCT(S) TO OMEGA, PURCHASER MUST OBTAIN AN AUTHORIZED RETURN
(AR) NUMBER FROM OMEGA'S CUSTOMER SERVICE DEPARTMENT (IN ORDER TO AVOID
PROCESSING DELAYS). The assigned AR number should then be marked on the outside of the return
package and on any correspondence.

The purchaser is responsible for shipping charges, freight, insurance and proper packaging to prevent
breakage in transit.

FOR WARRANTY RETURNS, please have the FOR NON-WARRANTY REPAIRS, consult OMEGA
following information available BEFORE for current repair charges. Have the following
contacting OMEGA: information available BEFORE contacting OMEGA:
1. Purchase Order number under which the product| 1. Purchase Order number to cover the COST
was PURCHASED, of the repair,
2. Model and serial number of the product under | 2. Model and serial number of the product, and
warranty, and 3. Repair instructions and/or specific problems
3. Repair instructions and/or specific problems relative to the product.
relative to the product.

OMEGA'’s policy is to make running changes, not model changes, whenever an improvement is possible. This affords
our customers the latest in technology and engineering.

OMEGA is a registered trademark of OMEGA ENGINEERING, INC.

© Copyright 2006 OMEGA ENGINEERING, INC. All rights reserved. This document may not be copied, photocopied,
reproduced, translated, or reduced to any electronic medium or machine-readable form, in whole or in part, without the
prior written consent of OMEGA ENGINEERING, INC.



Where Do | Find Everything | Need for
Process Measurement and Control?
OMEGA...Of Course!

Shop online at omega.com
TEMPERATURE

¥ Thermocouple, RTD & Thermistor Probes, Connectors, Panels & Assemblies
¥ Wire: Thermocouple, RTD & Thermistor

[ Calibrators & Ice Point References

4 Recorders, Controllers & Process Monitors

¥ Infrared Pyrometers

PRESSURE, STRAIN AND FORCE
I Transducers & Strain Gages

¥ Load Cells & Pressure Gages

[ Displacement Transducers

[ Instrumentation & Accessories

FLOW/LEVEL

4 Rotameters, Gas Mass Flowmeters & Flow Computers
¥ Air Velocity Indicators

(4 Turbine/Paddlewheel Systems

(¥ Totalizers & Batch Controllers

pH/CONDUCTIVITY

¥ pH Electrodes, Testers & Accessories

(¥ Benchtop/Laboratory Meters

¥ Controllers, Calibrators, Simulators & Pumps
¥ Industrial pH & Conductivity Equipment

DATA ACQUISITION

[ Data Acquisition & Engineering Software

[ Communications-Based Acquisition Systems
(4 Plug-in Cards for Apple, IBM & Compatibles
(4 Datalogging Systems

[ Recorders, Printers & Plotters

HEATERS

¥ Heating Cable

¥ Cartridge & Strip Heaters
[ Immersion & Band Heaters
¥ Flexible Heaters

(4 Laboratory Heaters

ENVIRONMENTAL
MONITORING AND CONTROL

=g Metering & Control Instrumentation

4 Refractometers

[ Pumps & Tubing

[ Air, Soil & Water Monitors

¥ Industrial Water & Wastewater Treatment

[ pH, Conductivity & Dissolved Oxygen Instruments
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