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1. The PC-14 Digital Input/Output Card

The PC-14 digital Input/Output (I1/0) card provides an easy
interface for digital signals to the IBM-PC or compatible. 1t
includes 48 programmable I/0 1llnes plus 3 counter/timers for
counting events or timing the length of an event.

To provide the most programmability and the most economical
solution the PC-14 is built wusing two 8255 Programmable
Peripheral Interface (PPI} chips and an 8253 Counter/Timer
circult. The operatlon of these devices and the addressability
and the external connections are described in the following
chapters.

2. Port Addresses

The PC-14 uses one of two possible address spaces in the I/0 bus
of the IBM-PC. The two address spaces are 1R0-1BF and 1F0-1FF
selectable by switches SW¢ and SWS5, If Swd is on then addresses
1F0-1FF are used. If switch SWS Is on then addresses 1BO-1BF are
used.

The following table outlines the use of each address location.
For operation of the PPl see the sectlon titled "Usling the
Parallel Perlpheral Interface (PPI)" on Page 2 . For operation
of the 8253 Counter/Timer see the section titled "Using the
Onboard Timer {8253)" on page 6 .

Port Address Function
1B0 ox 1FOD Parallel 1/0 8255 Number 1 Port A
1Bl or 1F1 Parallel 170 B255 Number 1 Port B
1BZ or 1F2 Parallel I/0 8255 Number 1 Port C
1B3 or 1F3 Parallel 1/0 8255 Number 1 Control Port
1B4 or 1F4 " Parallel 1/0 8255 Number 2 Port A ‘
1BS or 1F5 Parallel I/0 8255 Number 2 Port B
1B6 or 1F6 Parallel 1I/0 8255 Number 2 Port €
1B7 ox 1F7 Parallel I/0 8255 Number 2 Control Port
1B8 or 1F8 8253 Counter/Timer 0
1B9 or 1F9 8253 Counter/Timer 1
1BA or 1FA 8253 Counter/Timer 2
Control

1BB or 1FB 8253 Counter/Timer
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¥ Us169 the ParalTeé

- Thé 8255 Programmable Perliphieral Iaterface (PPI) is a multl
poiposé parallel 1/0 support chlip. It supplles 3 parallel ports
which can be programmed Indepéndently as elther input or output.
The 3 ports are named Port A, Port B, and Port C. Port C can be
programmed as aither input, ocutput or suppoirt for Ports A and B.

The PPI supports thtée modes of opeiration; simple input or output
with three ports, Stroebed iniput or output with two ports or one
port of bl-dlrectional 1/0 wlth one pért of simple I/0. The
following is an explanation of the opération of these thiree
modes. Foér further informatlon on the B255 PPI refer to Intel
Microsystems Compeonent Handbook ox other manvfacturers
specifications.

3.1. PP1 Mode 0: Simple I/0

Using the simple I/0 mode the three ports can be independently
programmed as Input or output, and Potrt C can be nibble (4 bits}
programmed as input or output. Thls is referred to as Mode 0.
3.2. PPI ¥Mode 1l: Strobed 1/0

Mode 1 is the strobed I/0 mode. In thl$ mode Port C supplies the
strobe slgnals as follows:

3.2.1. PPl Kode 1: Strobed Imput

Signal Port & Port B
Strobe (STB) i . PC4 PC2
Input Buffer Full (IBF) PC5 PC1

pée and PCT can be used as simple I/0 bits

Using the input mode, STB golng low will write data into the
imput buffér 1f It 1s efipty. When the data is writtén the PPI
will output IBF high and IBF will remain high until the PC reads
the data from that port.




3.2.2. PPI Mode 1: Strobed O

Slgnal Bort B
Output Buffer FPull (OBF) BCl
Acknowledge (ACK) pC2

PC4 and PC5 can be used as simple 1/0 bits

Using the output mode, when-data Is written into the PPI by the
PC the PPI will output OBF low, indicating data ls ready to be
read on the port. The OBF line -will not go fmactive vntil the ACK
line 1s pulled low and returned high by external clrcuitry.

3.3. PPI Mode 2: Bi-Directlonal 1/D

Signal Port A
output Buffer Full (0BF} PCT
Acknowledge ([ACK) PC6
Strobs (STR) PCA
Input Buffer Full PC5

PCO, PCl, and PC2 can be used as simple I1/0 bits

When the PC wrltes data to the PPI in this mode the PPI sets OBF
low but the data does not become avallable on the Port A bos
upti} ACK is input 1low. The Port A bus remains in Input mode
unless ACK iIs input low. When STB is input low the PPI reads data
from the Port A bus and outputs IBF high.

4. Programming the PPI

The PPI is controlled wia the control port which is located at
1B3K or 1F3H for PPI number 1 and 187 or 1IF7T for PPI pumber 2
depending on the position of SWA and SW5.

The tables on pages 4 and 5 show the bit definitions for the
PPI control ports in two modes depending on the state of D». The
table on page 4 shows the deflnitions for the control port when
blt D» = 1 (Mode definitions}. The table on page 5 shows the bit
definitions when bit D+ = 0 [(Set/Reset Format).

The mode definition byte allows the setting of all three pprt
modes with one command.

The Set/Reset Format allows the setting or resetting of any
single bit on port C that is in cutput mode.



Group B

Port C [Lower)
1 Imput
0 Ootput

Hon

Port B
1 = Input
0 = Qutput

Hode Selection
0 = Hode 0

| 1 = Hode 1

Group A

Port C (Upper}
1 Input
0 Output

0

Port A
1 Input
. Dutput

Hon

ix

Mode Selection
(1] Mode 0
01 Hode 1
Hode 2

Howa

Hode Set Flag
1 = Kctive

Pigurte Y. PPY Mode Register Bit Definitlons




Bit Sét}&esgt

1 = Set
g = Reset

{ o+ | o B [ o B |
| " Dan*t ]
Care !
>»
A —— >»

Bit Select

0 0 0 0
1 0 L] 1
2 0 1 0
3 o] h 1
4 1 (] o

L 5 1 0 1

| 6 1 1 Q:
7 1 1 1.

LSRB

| MSB

BIt Set/Reset
0 =

Active

Flgure 2. PPI Control Port Definitions (Bit Set/Reset Formak)
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The PC-14 includes an on bodard 8253 Counter/Timer clircult that ls
useful for the the following appllcations:

Progranmable Raté Generstor
Dlgital One Shot

Event Counter

Binary Rate Multiplier

The 82753 s a programmable interval Counter/Timer. Its functlon
1s that of a general purposé, wmulti=timing element that can be
treated a& an array 6f I/0 ports by the system software.

Each timer has two inputs and one output. The inputs are named;
CLX IN and GATE. The output is named CLK OUT.

The GATE lhnput "gates™ the CLK IN signal. When GATE is High clock
pulses are allowed In to the timer. When GATE is Input Low no
inputs are allowed in to the timer.

The inputs to the 8253 have two possible sources; an external
connection or the CPU system clock from the IBH-PC bus divided by
2. On a standard PC with a system clock speed of 4.77 HHZI this
frequency I's 2.38633 HHZ.

Note: The <¢lock inputs of the B253 tlmer are rated at 2.6 MHZ
therefor the timer &annot Beée used with Intefnal clocking in a
system with a system clock speed of greater than 5.2 MHZ which
includes most "turbo"™ models,




6. Programming The an&qqrdimims: (8253

The 8253 has four 1/0 ports. The [lrat three are timer specific
for loading/reading the counter wvalues and the last ls a full
chip control port.

The operation of each control port bit is diagrammed in the
figure on page 14 .

The following sections describe the operation of the timer
control port.

6.1. Counter Selection Blts

There are four sections of the control port each with its own
function. The first section is the "Select Counter™ or "SC*
section. These two bits define the counter that thls control word
is to effect.

6.2. Read/Load Mode Selectlon Blts

The next two bits define the operation of the specific timer
read/load port. Each timer has a sixteen bit counter that cam be
read or loaded one hyte at a time. The "RL"™ bits control the
operatlon of the reading or loading order of the counters. When
RE1 = 1 and RLO = 1, the next operation should be to read or load
two bytes Iinto the selected register's data port. Either byte can
be loaded by itself using one of the other modes.

The latching mode when selected (RLL = 0, RLO = 0} takes the
current counter contents and writes them to a latech that can be
read on a subsequent read operation. This allows the counter to
be read one byte at a time while the tlmer is runmlng.

Note: A Read/Load command must be completed by reading or locading
data into ox from the appropriate timer's data port. If a two
byte operation is selected, both bytes must be transferred before
any other commands can be given.



6.3, ‘Hodes of OGP

The 8253 has slx wmodes of operation. The si% modes are; Hode 0:
Interrupt on terminal count, MHode 1: Programmable One-Shot,
Mode 2: Rate generatoi, Hode 3: Squaieé wave generator, MHode 4:
Software triggered strobe, and Hode 5: Hardware Tilggered Strobe.

The opetation of e&ach wmode is déscribed in the following
s&ctions.

Note: In the mode descriptions the Trigger imput is the same as
the GATE input.

6.3:.1. Mode 0: Inteirupt on Teérminal Count

This mode initially sees Clock Dut low and starts the counter
counting c¢lock pulses from Clock In after the counter has been
loaded with the sé&coiid byte. Ofice terminal count 1s reached the
output of the timer goes ligh vntil theé counter 1s loaded with a
new value.

This mode is useful for counting items. If a sensor is connected
to the CLE IN 1line the CLK OUT 1line will go High when a
programmed nonber of items 1s counted.

CLK GUT ~—o——e oo L
= 4) b .
|
SR — _
e e [ |
GATE s _
CLK OUT —
(m = 5)




6.3.2. Mode 1: Programmable One-Shot

The CLX OUT line will go Low on the count following the rising
edge of the GATE input. S

CLK OUT will go High on the teyminal count. If & new coumt value
1s loaded while ti stput Is Low It wlll not effect the duration
of the one-shot” 2 unti]l the next trigger. The current count
can be read at any time without effecting the one~shot pulse.

The one~shot isi
shot pulse is

ral If a trigger comes while a one-
d, the count will be started over.

CLX [N
£VR
GATE
4 3 2 1 o
CLK OUT oo o N
| L _ ]

GATE — — e
CLK ouT T , o




§.3.3. Wode 2: Rate Gensrator

This @ode 18 a divide by N counter. .Once the counter fa loaded
the counter begins to count down unt!il términal count when the
cutput 1s set 16w for one pericd of the input clock and the
countef Is automatically feloaded and the count is started agaln.

CLK IN
7R

4 3 2 1 8433 2 1 0(3)2 1
cbx DUT - PR e i i o .

| - ' L1
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6.3.4. HMode 3: Sguare Wave Oenerator

This mode is similar to mode 2 except that the output remains
High until ons half of the count has been completed {(for even
nuombers) and go Low for the other half of the count. This is
accomplished by decrementing the counter by two on the falling
edge of each clock pulse. When the counter reaches termlnal
count, the state of the the output is changed and the counter 1is
reloaded with the same count or a new one that has been loaded
since the last terminal count.

If the count 1s odd and the output is High, the first clock pulse
{after the count is loaded) decrements the count by 1 and other
clock pulses decrement the count by two. After timeout, the
cutput goss Low and the Full count is reloaded. The first clock
pulse following reload decrements the counter by 3 and £following
pulses decrement the counter by 2. Then the process 1ls repeated.
Therefore if the count is o0dd, the output will be high £for
N + 1) / 2 pulses and Low for (N ~ 1)} / 2 pulses.

CLK IN

CLK ouT
in = &)

CLK 0uUT
{n = 5}~

11



€.3.5. Hode 4: Boftware Triggered Strobe

After the mode is set the output wlll be high. When the count is
loaded the count will begin. When term!nal count is reached, the
output will go low for one clock period.

CLK IN -~

JWR

GATE

CLX OUT

T3



£.3.6. Mode 5: Hardware Triggered Sfﬁobe

The counter will start counting after the rising edge of the
trigger input and will go Low Ffor one clock period when the
terminal count is reached. The coupter is retrlagerable the same
as in mode 1. ’

CLK IN
GATE =
) ) 4 3 2 1 o
CLE QUT oo — . r~
fn = 4) )
GATE 1 [ N
", 3T T 4 3 2 1 o
CLK OUT -

6.4. Binary or Binary Coded Decimal {BCD)} Counters

The last bit, bit 0, controls the type of counters used. If this
bit is 0, the counters count in binary {four blts count up to
16}. 1I1f thls bit is 1, the counters are Binary Coded Decimal
{BCP). Im the BCD mode a four bit counter will only count up to
10 before incrementing the next four bit counter.




| sC1 SCO | Rﬁi RLUV M2 M1 Mo BCD

' Counter Type
- 0 = Binary

1 = BCD

| e » | Mode Selection
3| H2 M1 H0 Hode
>0 0 © 0
0 0 1 1
X 1 o 2
; X 1 1 3
1 0 O 4
1 0 1 5
| Read/Load

t———————>*| RL1 BLO  Hode

— - 0 Counter Latching

Read/Load HSB Only

Read/Load LSB Only

Read/Load LSB First
Then MSB

oS
QD

Counter Select
*| 8C1 SCO COUNTER
i} 1} 0

1

LN~

1
4] 2
1 ILLEGAL

Figure 3. Timer Control Port Blt Definltions
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7. The PC-14 Boftware

The PC-14 board is shipped complete with a test software package.
The diskette contains two Elles; "I08255.BAS™ and "I08255-2.BkS".
Both flles are BASIC programs.

Both programs set up all of the timers to output a sSquare waveés
{Mode 3}. Timer 0 1s a divide by 2 counter, timer 1 is a divide
by 50 counter and timer 2 is a divide by 100 counter.

The 8255's are set up in I108255.BAS to ocutput all of the bits
high and then all of the bits low continuously.

In I0B255-2.BA5 the 8255's output binaty numbers Erom 0 to 255
continuously.

The provided software is meant to provide a means of easily
testing the board and also te provide software éxamples for
programming technigues.



Appendix A. BC-14 Iiternal Connections

The external connectors on the PC-14 are 2-40 pin dual row pin
connectors. These connectors were chosen due to the high number
of connectlions to be made and the ease of cable making for

interconnection to the outside world. The connectlons are as
follows:

CH1 (Port 1} CH2 (Port 2)
Pip Function Pin Function Pin Function Pin Functiop
1 GND 21 Pcé 1 GND 21 pc?
2 GNp 22 pe7 2 GND 22 BC6
3 N 23 PCA 3 N/C 23 PCS
4 PA3 24 PC5 4 N/C 24 PpC4
5 Pal 25 pCl 5 N/C 25 PCO
6 PA2 26 PCO 6 H/C 26 PpCl
7 CLKIN_D 27 PB7 T N/C 27 PC2
& PAC 28 PpC2 8 N/C 28 pB7
9 GATE_O 29 PBS§ 9 N/C 29 PC3
10 CLKOUT 0 38 PC3 | 10 N/c 30 PB&
11 CLKOUT 2 31 PBS 11 H/C 31 PBO
12 CLKIN 2 32 pPBO 12 N/C 32 pBS
13 CLKIN_1 33 PB4 13 pap 33 pPB1
14 GATE_2 34 PpB1 14 PAl 34 PB4
15 CcLXour_1 35 pB3 15 PA2 35 PB2
16 GATE_1 36 PB2 16 Pa3 36 PB3
17 PBAS 37 #5V 17 PAd 37 45V
18 Pad g -5V 18 PAS g -5V
19 PA7 39 +12v 19 PA6 39 12V
20 Pas 0 -12v 20 PA7 40 -12v

16



Appendix B. PC-14 Switth Bettings

The PC-14 has one switch block that has 8 switches. Only the
first five are used. The switches atre defined as follows:

5w Counter 0 Internal , Counter 0 External Clock
Cleock (2.3 MHZ)

5wW2 Counter 1 Internal Counter 1 External Clock
Clock (2.3 MHZ)

SWi Counter 2 Internal Counter 2 Extersial Clock
Clock (2.3 MHZ) [

Sw4 OFF and SW5 on Select Addresses 1BO-1BF
SW4 ON and SW5 off Select Addresses 1F0-1FF

S5W6-SWB Mot Used

17
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PARTS LIST - FC<14 [0DAL 82%5 T/0 CAER

Integrated circuits?

1c1 B253C=5

1E2 74L.S139

1c3 g255AC~5

ICH 74LB0S

ICS TALS 7S

ICs 74L8505

1c7 7ALSI0

IC8 B2ISAC=S

Ice 74LS0%

IC10 7ALSOO

IC1: 7HL.S24%5

Resistars?

RP1/RF2 330 ohim DI.L. (1&-pin)
RF3 4K7 D.T1.L. (1&6=pin)
Capacitors:

Ci/C11 100nF ceramic

LEDS:

LED1/LET14 3nim red

21
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MULTIADDRESS PC-14

To avoid conflict between other expansion cards and the PC-14, a
new version of the PC-14 has been introduced. Base addresses can
be selected between 010H and 3F0H, by setting the DIP switches Lo
suit before installing the card.

There arc also two jumpers, W1 and W2, to be set on the new PC-
14. When using a PC with a clock speed of less than 8MHz, W1 is
in and W2 is out. This will give a clock speed Lo the 8253 of the
PC clock speed divided by 4.

f you are using a PC with a greater than 8MHz clock speed, W1
should be out and W2 in. The clock to the 8253 will then be the
PC clock divided by 64.

Basc address swilch settings and circuit diagrams for the new PC-
14 follow this page.

23



PC-14 switch settings

New switch settings forbase address are as follows :

Base address SWa SW5 SW6 SH7 SW8
.010!{ on on cn on on
030H off Oon on on on
050H on off on on on
07:0H off off on on on
090H on on off on on
0BOH ore on Off on on
CDOH on off off Oon on
OFOH off oft off on on
110H Oon o Con Off on
130H off on on Ooff on
150H Oon ort on Off on
170H off off on Off on
190H on on off off on
1BOH off on off off on
1D0H on off Off Off on
1FOH oft oft Off Off on
210H on on on on Off
230H off on on on Off
250H on Off on on Off
270H off Off on on Off
290H Oon on off on Off
2BOH Orf on Off on Off
2DO0H on Off off on Off
2F0H Off off off on off
310H on on on Off off
330H Off on on off off
350H on Off on Off Ooff
370H Off Ooff on Off off
390H On on off Off off
3BCOH off on Off Off off
3DOH On . off Off Off off
3FOH off off off off Off

24
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