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Acknowledge

Clock Pulse

Counter Data Register

Couater Loading

DIp
Handshake Lines

MSB

PlA

Programming a Counter

Programming an 8255 PIA

Strobe

Trigger

A handshake line which is used by the receiving device to
indicate that it bas read the transmitted data.

A rising edge, then a falling edge, in that order applied to an
8254 timerfcounter’s clock input.

The eight-bit register of am 8254 timer/counter that
comresponds o one of the two bytes in the counter's output
latich for read operations and count register for write
operations. The three Counter Data Registers (TC2, TC1,
TCO) appear in the PC-14B's register map.

The transfer of a count from an 8254 timer/counter's Count
Register to its Counting Element.
An abbreviation for Dual In-line Package.

Dedicated signals which allow two different devices to
exchange data under asynchronous hardware control. The
8255s on the PC-14B can provide handshaking lines.

Context sensilive abbreviation for either Least Significant
Byte or Least Significant Bit

Context sensitive abbreviation for either Most Significant
Byte or Most Significant Bit

Peripheral Inlerface Adapter. The 8255s or the PC-14B
board are PlAs. Also refemred to as PPIs (Programmable
Peripheral Interfaces).

Writing a Control Word to the 8254 timer/counter's Control
Register. The Control Word ilsclf specifies which counter is
being programmed.

Writing a2 Control Word to the 8255 PIA's Conlirol Register.
All three ports are confignred simultaneously.

A handshaking line which is used to signal to a receiving
device that there is data to be read.

Arising edge al an 8254 times/counter’s gale input.






This chapter describes the PC-14B and lists the contents of the PC-14B package.

The PC-14B is a general purpose digital input/ouiput board. It is built around two indusiry
standard 8255 programmable peripheral interface (PPT) adapter devices and a three channel 8254
Timer/Counter chip.

The 8255s and 8254 featured on the PC-14B are high speed versions of the standard 8255AC-2
and 8254-2.

The 8255s control 48 lines of digital I/0. They are very flexible and powerful when interfacing to
peripheral equipment and can be programmed For almost any 8-bit or 36-bit /O application. The
8255 can operate in cither unidirectional or bidirectional mode, with or without hardware
handshaking. Interrupt requests to the host computer can be generated automatically.

The 8254 provides three high speed timer/counters. Each limer can be programmed (o operate in
one of five dilferent modes, with sixteen-bit resolution. All timer signals and controls are
available on the auxiliary connector of the board. The PC-14B has ar on-board 2MHz reference
oscillator. Each timer can generale interrupt requests to the host compuler.

The PC-14B aiso features a dedicated external interrupt input. This input can be used 1o cause the
host computer to perform tasks on demand [rom external equipment or hardware.

PC-14 can be used for ve:sa.lile interfacing to:
* Other PCs, for example another PC with a PC-14 installed, or a PC-36 or PC-192,
* Any other computer with an 8-bit or 16-bit paralle! interface.
* Centronics compatible printers and plotters.
* Relays (electro-mechanical and solid state) and opto-isolators.
* Swilches of various lypes.

* Relay boards (PC-37 and PC-38) and industrial /O mounting racks.

8255 PlAs

8254 Counter
Timer

External
Intermupt
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* Panel meters, instruments and test equipment which have digital readouts and controls.

* Sensors, transducers, instruments and fest equipment with frequency (pulse) outputs and
controls.

These are a few examples of where the PC-14 can serve as 2 digital /O system controller in
laberatories, industry, production or part of a dedicated instrument for process meonitoring and
control.

The board plugs into any fully bussed slot of an IBM PCYXT/AT or PS/2 model 25 or 30 or any
compatible ISA or EISA machine, including 8088, 286, 386 or 486 based systems. It occupies
sixteen consecutive 1/O addresses. The base /O address can be set in the range Ok to FFOh with a
DIP switch on the board.

The PC-14B features wait state generation circuitry. This ensures that all host computer’s I/O bus
cycles are long enough for the PC-14B. Zero, 1, 2, 4 or 8 additional wait states may be selected
with a jumper block on the board.

The power supplies: +12V, +5V -12V, -5V and ground are available on the auxiliary connector of
the board.

Features

Forty eight lines of programmable digital inputs or outputs.

Three modes of paralle] data iransfer:.

* Simple inputs and outputs.

* Strobed inputs and outputs with handshaking.
* Bidirectional input/output with handshaking.

* Three independent Timer/Counters.

Timer Clock input programmable from four different sources.

On board 2MHz reference oscillator.

Programmable to allow PIAs and timers lo generate interrupt requests.

* External interrupt input.

Interrupt evel of each source of interrupts independently selectable from IRQ 2 o IRQ 7.

Jumper selectable wait state generator allows trouble free operation in all high speed systems.

All external connections (including all power supplies) available directly at the rear of the host
computer.

* Wide base address selection range; many boards may be paralleled.




PC-14B Package Contents

Introduction

TTLand CMOS compatible
Driver software supplied, complete with C and BASIC source code.
Tncludes LabWindows drivers and C library modules.

The PC-14B package should contain:

t

PC-14B interface board and sufficient jumper caps for all possible operational configurations.
The PC-14B User's Manual.
An extension cable with mating connectors for the asxiliary connector on the board.

A mating connector for the digital YO connector (50 way) and a mating connector (BB25) for
the bracketed anxiliary conneclos.

The Data Acquisition Driver Software Manual.

Two 51" 360 Kb diskettes containing PC-14B utility and demonstration software and the Data
Acquisition Driver Library.

If the package is missing any of the compenents or damaged in any way, then contact your
distributor. ’

u
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There are three aspects of the PC-14B that can be configured. These are:

- The base address. This is the address where the computer will find the baard. It is set to an
address belween Oh and FFOh wilh the eight switches on the DIP switch block. Note that this
address is in the compulter’s IfQ address space.

- Wait state generation. I the host compuler generates abnormally fast ¥O bus cycles then it
may be necessary to slow these down when the computer accesses the PC-14B. The board can
do this without affecting any other IfO bus cycles. The number of additional wait states
inserted in a PC-14B bus cycle is conirolled by a jumper on the board.

- The interrupt level of each sub-system of the board that generates interrupts. There are eight
possible sources of PC-14B interrupts, and a corresponding jumper selection block for each.

Setting the base address

The PC-14B uses a block of sixteen I/0 addresses. The base address setling controls the address
where this block begins. This must be set so that the PC-14B does not use any addresses that are
used by another device or card. If more than one PC-14B is to be installed in the computer then
each card must have a different base address setting.

The base address may be assigned to any location from Oh to FFOR, on sixteen byte boundaries.
The factory default base address is 300h. Refer to Table 1 below for a guide on addresses used by
standard IO devices and Table 6 in the appendices for a list of the base address switch settings.

The base address is set by adjusting the eight switches in the DIP switch block on the board.
Switch number 1 is used to compare address line A11, number 2 for 410 and so on up lo switch 8
which is used to compare address line A4. In general, if a switch is set 1o the off position, then its

corresponding address weighting contributes to the base address. See Figure 1 for the DIP swilch
weightings.

For example switches 3 (corresponding to address line A9), 4 (cormresponding to AB)
and 8 (comresponding to A4) off yield a base address of 200h + 100h+ 10h = 310h.
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000-1FF Internal system board
200-20F Games port

210-217 Expansion unit
220-24F Reserved

250-257 Not assigned

258-25F Intel "Above Board"
280-277 Not assigned

278-26F Reserved

280-2EF Not assigned

2F0-2F7 P12

2F8-2FF COM2

300-31F Prototype board
320-32F Hard disk

330-377 Mot assigned

378-37F LPT1

380-38F SDLC communications
390-39F Not assigned

3A0-3AF Binary communications.
3B0-38F Monochrome display adapter
3C0-3CF Reserved

3D0-3DF Colour graphics adapter
3EQ-3E7 Reserved

3E3-3EF Not assigned

3F0-3F7 Floppy disk

3F8-3FF COoM1

400-FFF Not used; refer to text

Table 1: Standard If0 Addresses

ON

S[eferarErar

2 3 4 5 6

800 400 200 to0 80 48 20

10 Hex Weight
when OFF

Al AlD A9 AB A7 A6 A5 Ad Coesponding

Address line

Figure 1: DIP Switch Address Weights [in hex].
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Note that addresses from 400h to FFFh cannot normally be used because these addresses are not
normally decoded by other I/O devices and cards in the Oh to 3FFh range.

The PC-14B however (and most other members of the PC-XX family) can use these additional
addresses if {and only if) there is no board or device al address 400h (or multiples of 400h) less
than the address of the PC-14B or the board at the address 400h less also decodes the extra
addresses.

A PC-14B may be installed at address 30Ch and another PC-14B at address 700h
{400h locations apart). However it would not be advisable to install a PC-14B at
address 778h because the printer port LPT1 uses a base address of 378h and does
not nomally decode the exira addresses.

Most other members of the PC-XX family of boards decode the extra addresses and may safely be
installed 400h locations apart.

If your computer has boards not listed in Table 1 installed (such as LAN adapters, back-up boards
or other engineering boards) thea consult the manuals for these boards for information on the
address ranges used. In most cases a base address of either 300k or 310h is a good choice.
Address 310h is also the faclory default address.

Generating additional wait states

The number of additional wait states inserted in I/O bus cycles addressing a PC-14B is conftrolled
by the setting of the wail state jumper JP1. This is labelled on the board with the corresponding
number of wait states. Refer to Figure 2 below for the wait state jumper positicns.

The factory default setting is for zero wail states.

19SS 2WSs IWS 2WS 1WS 2WS
i 1 | B B ‘
Jpl | ael | Jpl

1Bl 111 N R
4WS 8WS 4WS 8WS 4WS BWS .
One Wait Two Wait Four Wait
State States States

1WS 2WS IWS 2WS IWS 2WS
1NN 1 R 1 | |

‘ ‘ | JP1 | JP1 JP1
1 Im [ I B | | | |

4vsS 8WS 4WS BWS 4WS 8WS
Eight Wait Zero Wait Zero Wait
States States States

Fiqure 2: Wait State Jumper Selfings

VO Addresses.
from 400h to
TFFh
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Only a very small number of computers {less than 5%) will require additional wait states. If the
PC-14B card in your compuler seems to be relurning incorrect readings then increase the number
of wail states until correct results are obtained. If the card does not produce comect results with
the maximum number of additional wait states inserted then cither the host computer or the card is
faulty and should be serviced.

Setting the interrupt levels

Eight subsysiems on the PC-14B that can generate inferrupis to the host computer. They are:

- Extemal interrupt input
- Timer 2 oulput
- Timer 1 output
- Timer 0 output
- INTRp of the first 8255 (PLAO)
- INTRg of the first 8255 (PIAC)
- INTR, of the second 8255 (PIAI)
- INTRg of the second 8255 (PIA1)
Full details on the function and use of the interrupts are given later in this manual.

Each of the eight sources of interrupts may be connected to any one of the six available interrupts
on the PCs /O channet. They are IRQ2, IRQ3, IRQ4, IRQS, IRQ6 and IRQ7. Note that on ISA
systems (for example the PCAT) IRQ2 is used by the system board itself and any inferrupt
requests on IRQ2 are transparently routed by the system board to IRQ9. In other waords, IRQ2 on
the I/C channel simply becomes IRQ9 for ISA systems. See to Table 2 below.

IRQO System Timer No

IR Keyboard No

IRQ2RQY Display Adaptor (VGA) Yes
IRQ3 Serial Port 2 Yes
1RQ4 Serial Port 1 Yes
IRQ5 Parallel Port 2 Yes
IRQ6 Floppy Disk Controlter Yes
IRQ7 Paralle! Port 1 Yes

Table 2: Standard Interrupt Allocations

When the PC-14B is shipped, all interrupt sources are set to their default level, as shown below in
Figure 3. To change the interrupt level for an interrupt source, remove the jumper cap from its
eriginal position and place it over the pins for another interrupt request line. Each sub-system that
can generate interrupts may only have one jumper cap installed at a time. To disable an interrupt
source completely, do not install the jumper cap at all, or place it over only one pin of the
jumper block.

The PC-14B can share interrupt lines with other devices and itself because it is possible to enable
and disable the PC-14B's interrupt line drivers from software.
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EXT TIMER TIMER TIMER
IRT 2 INT 1 INT 0 INT

I3 IS I7 I3 I5 I7 I3 I5 I7 I3 15 I7

I2 T4 I6 12 T4 I6 I2 14 I6 I2 T4 16

PIAD PIDD PIAl PIAlL
INTR A INTR B INTR A INTR B

I3 I5 I7 13 15 I7 13 15 I7 I3 15 17

I2 T4 I6 I2 Y4 16 I2 T4 I6 I2 14 I6

Figure 3 Interrupt Level Jumper Seltings

Installation

Installing the PC-14 card is straightforward. You will need a screwdriver to maich the screws on
the compuier’s cover and expansion slot brackel.

a) Swilch off the computer and all attached devices. .

b) Unplug the pewer cord from the compuler and all attached devices. Failure to do this may
resull in hazardous conditions, as there may be dangerous voltage levels present on
externally connected cables.

©} Remove the top cover of the PC or the access pori to the /O channel. If you are nol sure
how 1o do this, consult the manual supplied with the system unit,

d) Choose any unused 8-hit or 16-bit expansion adapier slot and remove the screw [rom the
top of the blank bracket corresponding to the chosen slot. Remove the bracket.

€) Plug the auxiliary cable into the auxiliary connector in the board. Align the gold plated
edge connector of the PC-14B with the cdge sockel on the computer system board and
align the board brackel with the sear adapter slot on the PC case. Firmly press the board
down into the edge socket. Ensure that the hoard's edge conneclor is seated in the socket
and has not slipped sideways past the sockel.
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£)

Tighten the mounting brackel of the PC-14B to the back panel rail of the computer.

8) Remove the brackel from: another unused slot in the back panel rail of the computer and

k)

replace il with the mounting bracket of the auxiliary cable. Tighten it down. On some
computer cases there are mounting holes for the DB25 connector on the auxiliary cable and
the connector may be mounied there instead. This avoids having to use an expansion slot.
Remove the mounting hole blank from the computer case, remove the bracket from the
DB25 connector on the auxiliary cable and tighten the DB2S5 to the computer case with the
screws thal originally held the brackel to the DB2S connector.

Replace the computer’s cover. Plug in all cords and cables. Switch on the power. The
PC-14B is now installed and ready for operation.



The PC-14B plugs into any of the computer's expansion slots, along the board's gold plated edge
connector. The board communicates to the external world via a conneclor mounted in its bracket
and an auxiliary DB2S connector. This chapter describes these three connectors and the necessary
functions of these external lines.

Connections to the Computer Backplane

‘The PC-14B board may be plugged into any slot of the computer backplane (with the exceplion of
the J8 slot of IBM XTs). Alf communication to and from the host computer is via this conneclor.
The PC-14 board is situated in part of the host computer system's I/O space.

If the PC-14B sometimes behaves erratically then there is the possibility that the gold plated
contacls on the edge conneclor may have become dirty or abraded, especially il the card is
installed and removed many times from various different computers. This condition can be
corrected simply by cleaning the contacts with an ordinary pencil eraser.

User Connectors

The PC-14B interfaces to the external world via a S0-pin male ribbon cable header mounted in the
board's bracket, and a 25 way D-type male connector mounted in a blank bracket.

The 50-pin connector carries the following signals:
~ The Port A and Port B digital input/output lines of both 8255s.
- The Pori Cdigital input/output/handshake lines of both 8255s.
- Power supplies of +5V and digital ground.
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The 25-pin D-type connector carries the following signals:
- Clock inputs, Gates and Clock outpats of the three timers
- External interrupt input

- Power supplies of +5V, -5V, +12V, -12V and digital ground.

Figure 4 shows these connections, together with their pin assignments. Note that the pin
connections refer to the pin numbers of the connectors when fooking into the connectors from the
rear of the computer. Pin number 1 is marked with an ammow on the box surrounding the pins of
the 50-way header connector. In the case of the D-type connector, the pin numbers are embossed
onto the connector itsell.

L] | [I}]
6 oAz = w
(1] 3 NS
[0  § ‘ [
L] - | ost » o 02"'
® = " ‘ 1
PAG—< = I = i
o ™ [ & — "o o?
oo - o ] ® o 2
o2 - oc3 W_?__o on
[ o] - s . O—]——6aE1
N h - wr ) ———0 o2l oz
P ] [ | i} Clrw -—J—O "
| e - " wr— o o o:——cum
Y] - 1AS s O——f1—o0ut 0
m ™ w ke ——o oV
- - " ami——o
PIAl< = f= = i "o 0,
™ ] "® ) o
™ n w - | oM
'S n o -] —0
K2 n 1c3 \/
Tl » s
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- = a0
| DIGITAL 1/0 CONNECTOR AUXILIARY CONNECTOR

Figure 4: PC-148 conneclois, as seen from the rear of the PC.



Interconnections

Some of the lines of Port C take on different meanings when an 8255 is programmed to operate in
strobed input or cutput mode or bidirectional bus mode. They are summarised in the [ollowing
table and described below that, See Chapter 6: Programming Guide for full details on the use of
these signals and Appendix B for timing specifications.

vo JOBF,

ce 1o WO JACK, JACK,,
cs 1o IBFp, 1o 1BFy,
Cca o ISTBy o /STB,
c3 1o INTR, INTR, INTR,,
c2 1o /sTBg JACKg 1o

ci o IBFg fOBFg 1o
co 1o INTRg INTRg o

Table 3: Port C Line Usage

The symbol '/ indicates that a signal is active low.

When an 8255 is used in one of the handshaking modes, the /ST B and IBF lines are used to
synchronise input data transfers. The JOBF and JACK lines are used to synchromise outpul
transfers. The signals in the table above have the following functions:

Name Type Description

/STB Extemal lnput Strobe Input: A low on this handshaking line loads data from the
peripheral bus into the input latch.

IBF External Quiput  Input Buffer Full: A high on this line indicates that the external
data has been loaded into the input iatch. This is an inpul
acknowledge signal.

fACK Extemal Input Acknowiedge: The external device asserts this fine low to
indicate that the data written to the port by the program has been
accepted.

{fOBF Extemnal Output  Output Buffer Full: The 8255 asserts this line low to indicate 1o
the external device that the program has wrilten data to the
selected port. This line can be used 10 strobe the data into the
external device.
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Name Type

INTR Internal Output
RD Internal Input
VR Internal Input
Power supplies

Description

Interrupt Request: This signal becomes active (high) when the
8255 is requesting service from the host computer. For input
operations, it indicates that there is data in the corresponding port
10 be read by the program. For output operations it indicates that
the external device has accepted the data and thus the program
can write another byte to the 8255. An interrupt line must be
selected with the interrupt jumpers and the appropriate interrupt
enable bits must be set, both in the 8255 and in the Interrupt
Enable Register, to allow this signal to reach the host computer.

Read Signal: This signal is generated by the control lines of the
host computer. It is activated when the program executes an
Input Insiruction from any PC-14B register.

Write Signal: This signal is generated by the contro! lines of the

host computer. It is activated when the program execuies an
Ouiput Instruction to any PC-14B register.

The +12V¥, -12V, +5V and -5V power supplics are available, together with digital ground, from
the auxiliary connector. These can be used to power external circuilry. As a rough guide, no more
than about 250mA should be drawn from these power supplies or the PC-14 board, the computer
or the power supply may be permanently damaged. Check the rafing of the host computer's power
supply for details on maximum current loading, especially on the -5V and -12V lines.




This chapter describes the architecture of the PC-14B board. There

are three functional sub-

systems on the board: the digital 1/0 ports, the limer/counters and the external interrupt. In
addition 1o these, there are some support sub-subsystems and 1/O connectors. This chapler
provides a brief overview of all these sub-systems, and explains their function and operation.
Each part is described lelly in appropriate sections later in this manual.

The block diagram below illusirates the architecture of the PC-14B.

i)
Way Auxiliary
Extemnal | Clock 11O Connector
Interupt Sowce 1
=F L 3 ngluml;uhle
7122 Fimet{Counters
1 ] Inferupl Lines | g
- SN NS SN / NSNS N
i 1 /
| - 3 Programmable
! 2 PIAC: Digitat §0 Posts.
{ Interup! Board ]
Control [~ Conliol local
Data 3 Programmable
| E bus PIAT: Yt 40 Pors
fnterupl Lines
Bus Intesloce

Figure 5: PC-148 Block Diagram

48 line
Diglial ifQ)
Conneclor
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Functional Sub-Systems

Digital I/C Ports

Two 8255 PIA devices on the PC-14B board each provide three 8-bit digital YO ports. They are
named port A, port B and port C. Three modes of data transfer are available: simple polled 1/O,
strobed /O and bidirectional bus /0. The latter two modes use external handshaking lines to
synchronise data transfers.

Interrupt controlled data transfers are supported.

Timer/Counters

An 8254 Timer/Counter device integrated into the PC-14B provides three independent
timer/counters. A counter counts clock pulses from a programmable source. Counting/ftriggering
is performed using a counter’s gate input. The counter's output pin indicates the status/result of
counting.

The computer program may latch and read the current count at ant time.
There are six dilferent timing/counting modes available.

The timer outputs may generate inlerrupt requests to the host computer.

External Interrupt

The external interrupt allows an external system, via a signal line, to interrupt the host computer
on demand.

The interrupt input is latched, and remains active until serviced.

Support Sub-Systems

Bus Interface

The bus interface provides for the base address of the PC-14B to be set, using an on-board
DIP switch, within wide range of PC IO addresses.

It also provides bus transceivers and buffers which maintain proper bus flow discipline between
the PC-14B and the host computer.

In the event of the host computer’s I/O bus cycles being abnormally short, this sub-system is,
under conirol of a selection jumper, able to insert additional wait states into any IO cycle that is
directed at the PC-14B hoard.
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interrupt Control
There are eight sources of interrupts on ke PC-14B. This sub-system controls routing and
enabling of the interrupl sources.

A source of interrupts from a device on the PC-14B is routed, via selection jumpers, to an
interrupt request line on the PC I/O channel.

All inlerrupts from the board can be enabled or disabled from software by wriling appropriate
bytes to corresponding PC-14B registers.

Board Control

This is an internal sub-system that is responsible for the general housekeeping of the board.

Clock Source

Each of the three timer/counters may receive clock pulses from one of four sources. This sub-
system is responsible for routing a source of clock pulses to each timer and, depending on the
exact clock source, for either generaling or formatting the clock source. It also provides a
software controlled gate for each timer. All aspects of the clock sources are independently
programmable, on the fly, from within sofiware.

IO Connectors
iz

Digital I/O Connector

All 48 digital I/O lines, together with the digital power supplies, are transmitted through a
standard 50-way male IDCheader connector. This allows quick cable assembly and mass
termination.

Auxiliary /0 Connector

All other signals are availahle from this connector. They are: the limer/counter lines, the external
interrupt line and all power supplies.

As there is not sufficient space on the PC-14B's bracket for these connections, they are brought
out 1o the rear of the computer via a short intermediate cable connected to a standard 25-way male
D-type connector mounted in a blank brackel.



Al the lowest level, the PC-14B is programmed using 1/0 port input and output instructions. This
chapter contains information on all of the PC-14B's regislers. Although programming the board is
net difficult, it is lime consuming and requires detailed knowledge of both the PC-14 and the host
PC's operating system. This manual provides the former. As an alternative, a set of software
library funclions is provided. These cover all of the board's features and should suil most
applications. The Driver Library is described in 2 companion manual to this. In case routines need
1o be custom written for a specilic purpose, it is often quicker to base them on the driver system,
by loading and modifying roulines from the driver library source code. This chapter and
Chapter 6: Programming Guide provide full information on how this is done.

The PC-14B occupies 15 consecutive addresses in the computer's [0 space. The layout of these
registers in shown in Table 4: PC-14B Register Structure. ‘This table also gives the page number
of this manual on which the register is described. The offset of each register is given as an oflset
address from the base address of the board. The board’s base address is set with the DIP swilch as
detailed in Chapter 2: installation.

0 PIA 0: Port A (DIOOA) | PIA0: Port A (DIODA) 28
1 PIA O: Port B {DIO0B) PIA 0: Port B {DICOB) 28
2 P1A 0: Port G {DI00C) PIA 0: Port C (DICOC) 28
3 PIA 0: Control Register (DIOOCTRL) - 29
4 PlA 1: Port A (DIO1A} PIA 1: Port A {DIO1A) 30
5 PiA 1: Port B (DIO1B) PIA 1: Port B (DIO1B) 30
6 PIA 1: Port C (DIO1C) | PIA 1:PortC (DIO1C) | 3t
7 PIA 1: Control Register {DIO1CTRL) — 31
) Timer/Counter 0 [TC0) Timer/Counter 0 (TCO0) 33
9 Timer/Counter 1 {TC1) Timer/Counter 1 [TC1) a3
10 Timer/Counter 2 {TC2) Timer/Counter 2 {TC2) 33
1 Timer/Counter Conlrol Register (TCCTRL) - ‘ 34
12 Clock Source Register {CSR) — 36
13 Gounter/interrupt Enable Register (CER) - 37
14 External Intemupt Reset (IRQAST) - 38

Table 4: PC-14B Register Structure.
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DICOA - Port A of the first PIA {offset 0, read/write)

‘This register is port A of the first PLA. It can be operated in one of three modes as described in
Chapter 6: Programming Guide. The operating mode is set by writing to the DICOCTRL register,
described below.

DIO0A Register
[ 0A7 | 0R6 ] oa5 | 0a4 | 0a3 ] 0a2 ] oal ] 0Ro ]

The bits 0AT (MSB) down to 0AD (LSB) reflect the status of the port's I/O lines. Depending on
the programmed 1/0 mode of the port, the lines may be inputs, outputs or bidirectional.

DIOOB - Port B of the first PIA {offset 1, read/write}
This register is port B of the first PIA. It can be operated in one of Ihree modes as described in

Chapter 6: Programming Guide. The operaling mode is set by writing to the DIDOCTRL register,
described below.

DIOOB Register
| 087 | 0B6 | 085 | 0B4 | 0B3 | 0B2 i 0B1 | 0BO |

The bits 0B7 (MSB) down to 0B0 (LSB} reflect the status of the port's I/O lines. Depending on
the programmed I/O mode of the port, the lines may be inputs, outputs or bidirectional.

DIOOC - Port C of the first PIA (offset 2, read/write}
"Fhis register is port C of the first PIA. It can be operated in one of three modes as described in

Chapter 6: Programming Guide. The operating mode is set by writing to the DIOOCTRL register,
described below.

DIOOC Register
| oc7 | 0Cs l ocs | oc4 ] oc3 | ocz 1 ocl | oco |

The bits 0C7 (MSB) down to 0CC (LSB) reflect the status of the port’s /O lines. Depending on
the programmed 1O mode of the port, the lines may be inputs, outputs, handshakes or interrupt
request lines.
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DIOOCTRL - Control register of the first PIA {offset 3, write only}

This register is used 10 control the operating modes of the first PIA or to set and reset individual
bits in port C of the PIA. The layout of this register is shown below. Note that the function and bit
names of the register depend on the selting of bit 7.

DIOOCTRL Register - Configuration Mode

1 | MSA) Msnnl PR | BCU | HSBul PB ] PCL I

Group A Port C Port B

Mode Upper X/0 pir
Selection 1/0 pir
Mode Set Port A Group B Porf. C
Flag 1/0 Mode Lower

Direction Selection I/0 pir

DICOCTRL Register - Bit Set/Reset Mode

I 0 I X I X | X IBszlasllnsﬂls/ﬂ
J

| | ] L |
Don't Care Bit Select
Bit Set/ Set/Reset
Reset Flag
Bit7: Function select: If this bit is sel when the register is writen to then the register is in

configuration mode. If the bit is 0 then the register is in bit sel/reset mode.

The functions of the remaining bils are described below, depending on the setting of bit 7.

Conliguration Mode

Bits6-5:  Group A mode select: These two bils set the mode of the group A ports. These are
port A and the upper four lines of port C. The bit combinations are as follows:

Mode 0, simple IO
Mode 1, strobed I/O
Mode 2, bidirectional bus

Bitd: Port & 1O Direction: If this bit is set, then port A functions as an input. If it is 0,
then port A is configured as an output.

Bit3: Port C Upper IO Direction: If this bit is sel, then the upper four lines of port C
function as inputs. If the bit is 0, then the lines become outputs,

Bit2: Group B mode select: This bit sets the mode of the group B ports. These are port B
and the lower four lines of port C. The bit combinations are as follows:
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S s

Mode 0, simple /O
Mode 1, strobed I/O

Note that group B can only be used for simple or strobed Q.
Biti: Port B I/O Direction: If this bit is set, then port B functions as an input. If it is 0, then
port B is configured as an output.

Bit0: Port C Lower IO Direction: If this bit is set, then the lower four lines of port C
function as inpuls. If the bit is 0, then the lines become outputs.

Bit Sef/Reset Mode

Bits6-5:  These bits have no effect in this function.

Bits 3-1:  Bit Select: these bils select the bit in port C which is to be modified. A code of 000
selects port C line 0 Lo set or reset, 001 selects line 1 and so on up to 11} which
selects line 7.

Bit0: Set/Reset: This bit specifies the state into which the selected port C line will be
placed. Writing a 1 will make the line go high and a O makes it go low. This
operalion has no effect on the other lines of port C.

DIO1A - Port A of the second PiA (offset 4, read/write)

This register is port A of the second PIA. it can be operated in one of three modes as described in
Chapter 6: Programmning Guide. The operating mode is set by writing to the DIO1CTRL register,
described below.

DIOla Register
| 1a7 | 1a6 | 185 | 1n4 | 1a3 | 1a2 | 1a1 | 1A641

The bits 1A7 (MSB) down to 1A0 (LSB) reflect the status of the port's I/O lines. Depending on
the programmed J/O mode of the port, the lines may be inputs, cutputs or bidirectional.

DIO1B - Port B of the second PIA {offset 5, read/write)
This register is port B of the second PIA. It can be operated in one of three modes as described in

Chapter 6: Programming Guide. The operating mode is set by writing to the DIO1CTRL register,
described below.

DIO18 Register
[4}57 | 1B6 l 1B5 l 1B4 | 1B3 | 1B2 t 1Bl ] 180 ]
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The bits 1B7 (MSB) down 10 1B0 {LSB) reflect the siatus of the port's KO lines. Depending on
the programmed /O mode of the port, the lines may be inputs, ocultputs or bidirectional.
DIO1C - Port C of the second PIA (offset 6, read/write)
This register is pert C of the second PIA. It can be operated in one of three modes as described in

Chapter 6: Programming Guide. The operating mode is set by writing to the DIG1CTRL register,
described below.

DIOLIC Register
LlC‘T | 1ce | 1c5 | 1ca [ 1e3 | 1c2 | 1c1 | 1(:‘071

The bits 1C7 {MSB) down to 1C0 (LSB) reflect the status of the port's IO lines. Depending on
the programmed /O mode of the port, the lines may be inputs, outputs, handshakes or interrupt
request lines. .

DIO1CTRL - Control register of the second PIA (offset 7, write only)
This register is used 1o control the operating modes of the second PIA or 1o set and reset

individual bits in port C of the PIA. The layout of this register is shown below. Note that the
function and bit names of the register depend on the setting of bit 7.

DYIOICTRL Register - Configuration Mode

l 1 r MSAII HSADI PA I PCO | MSBBI FB l PCL ]

Group A { Port cC Port B
Mcde | Upper I/0 bir
Selection I/0 pir
Mode Set Port A Group B Port C
Flag I/0 Mode Lower

Direction Selection I/0 Dir

DIOICTRL Register - Bit Set/Reset Mode

I 0 I X | X I X l BSZ I le I BSq | S/RA]
[ ey
Don't Care Bit Select
Bit Set/ Set/Reset
Reset Flag
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Bit7: Function select: If this bit is set when the register is written to then the register is in
configuration mode. If the bil is 0 then the register is in bit sel/freset mode.

The functions of the remaining bits are described below, depending on the setting of bit 7.

Configuration Mode

Bits6-5: Group A mode select: These two bits set the mode of the group A ports. These are
porl A and the upper four lines of port C. The bit combirations are as follows:

by

Mode 0, simple IfO

Mode 1, strebed 1/O
Mede 2, bidirectional bus

Bit4: Port A 1/O Direction: If this bit is set, then port A functions as an input. If it is 0,
then port A is configured as an output.

Bit3: Port C Upper /O Direction: If this bit is set, then the wpper four lines of port C
function as inpuls. If the bit is 0, then the lines become outputs.

Bit2: Group B mode select: This bil sets the mode of the group B ports. These are port B

and the lower four lines of port C. The bit combinations are as follows:

o Mode 0, simple O
1 Mode 1, strobed IfO

Note that group B can only be used for simple or strobed /O

Bit1: Port B IJO Direction: If this bit is set, then port B functions as an input. If it is 0, then
port B is configured as an output.
BitQ: Port C Lower IO Direction: I this bil is set, then the lower four lines of port C

function as inputs. If the bit is 0, then the lines become oulputs.

Bit Set/Reset Mode
Bits6-5:  These bits have no effect in this function.

Bits3-1:  Bit Select: these bits select the bit in port C which is to be modified. A code of 000
selects port C line 0 to set or reset, 001 selects line 1 and so on up to 111 which
selects line 7.
Bit0: Set/Resel: This bit specifies the state into which the selected port C line will be
-placed. Writing 2 1 will make the line go high and 2 O makes it go low. This
operation has no effect on the other lines of port C.
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TCO - Timer/Counter D {offset 8, read/write)

This register is the dala register of the first timer/counter.

Before reading or writing from this register, a Conirol Word for this counter must be written o
the timer/counter Control Register. Then reads and writes to this register must follow the format
specified in the control word.

TCO Register
EEAESAENECAES) TC0, | Tcoy | Tco,|

The bits TCO; (MSB) down to TOOp {LSB) reflect the high byte or the low byte of the data read
or wrilten to this counter.

TC1 - Timer/Counter 1 {offset 9, read/write)

This register is the data register of the second timer/counter.

Before reading or writing from this register, a Control Word for this counter must be written to
the timer/counter Control Register. Then reads and writes to this register must follow the format
specified in the contrel word.

TCl Register
| me1,] me1g] reis] o1, | w1, ] ey el | Te1g]

The bits TC13 (MSB) down to TC1, (LSB) reflect the high byte or the low byte of the data read
or wrilten to this counter.

TC2 - Timer/Counter 2 {offset 10, read/write)

This register is the data register of the third timer/counter.

Before reading or wriling from this register, a Control Ward for this counter must be written to
the timerfcounter Control Register. Then reads and writes fo this register must Follow the format
specified in the control word.

TC2 Register
| c27] mc26] weas| wezy[ rez;| Tez,| ez, | TC2 |

The bits TC27 (MSB) down 1o TC2y (LSB) reflect the high byle or the low byte of the data read
or wrilten to this counter.



3¢ PC-14B User's Manual

TCCTRL - Timer/Counter Control Register (offset 11, write only)

The Timer/Counter Control Register is used to program, for each oounter, the counting mode, the
aumber of bytes to readfwrite and whether the counter counts in BCD or binary format. In
addition, this register can be used 1o perform Read-Back Commands and Coumter Latch
Commands. Mote that the function and bit names of this register differ according to whether
Configuration Mode, Counter Latch Command or Read-Back Command is selected with bits 7-6
{SC, and SCp) and bits 5-4 (RW; and RW,).

See page 49 in Chapter 6 for details on the Read-Back and Counter Latch Commands and how the
different counter modes function.

TCCTRL Register - Configuration Mode

[s‘c1 | sCqy | RW; ] RW ’ My l My I My ’ BCD—|

Select Read/Write Counter BCD/

Counter Mode Mode Select Binary
or or Counting

Read-Back Counter Latch

Command Command

TCCTRL Register - Read-Back Command

[ 1 | 1 |/cm' |/s'rs I scuzi sch, I scnuﬁ 0 |
Read-Back Latch Latch Select Reserved
Command Count Status Counter(s)

TCCTRL Register - Counter Latch Command

(e lseo o [ [o o] o]
T [T LT 1T 7
Select Counter Latch Reserved

| Counter Command

The functions of the remaining bits are described below, depending on the selting of bits 7 and 6
and bits 5 and 4.
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Configuration Mode

Bits7-6:  Select Counter (SC): These two bits select the timer/counter to which the rest of the
TCCTRL register bits will apply. The SC bils are defined as follows:

o

Select Counter 0
Select Counter 1
Select Counter 2
Read-Back Command

Bits54:  Read/Write Mode (RW): These two bits select the readjwrite mode of the selected
timer/counter. The RW bits are defined as follows:

Counter Latch Command

0 3

0 1 Read/Write Least Significant Byte only

1 0 Read/Wiite Most Significant Byte only

1 1 ReadMWrite Least Significant Byte first,
then Most Significant Byte

Bits3-1:  Counter Mode Select (M): These three bits selecl the operaling mode of the
timesfcounter selected with bits 7-6. The Mode bits are defined as follows:

Bit0: Counting Mode Select (BCD): This bit determines whether the selected counter is to
count in BCD or binary format. A 0 specifies 16-bil binary counting and a
1 specifies 4 decade Binary Coded Decimal counting.

Read-Back Command

When the Read-Back Command is specified, the bit definitions of the TCCRLR Register are:

Bits7-6:  These bits must both be set to 1 1o invoke the Read-Back Command.

Bit5: Count {/CNT): Setting this bit to 0 causes the timer/counter chip to latch the count(s)
of the counters selected with bits 3-1 of this register (see below).
Bit4: Status (/STS): Setting this bit to 0 causes the timer/counter chip to latch certain status

information from the counters selected with bits 3-1 of this register (see below). The
formal of the status byte is discussed on page 52 in Chapter 6.

Bits3-1:  Select Counter (SCN): Setting one or more of these bits causes the corresponding
counter to latch its count andfor status information, when the Read-Back Command
is issued. Seiting SCM, latches counter2 information, SCN;: counter 1 and
SCNy: counter 0. :

Bit0: This bit performs no function and should be set to 0.

35
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Counter Latch Command

The bit definitions of the TOCRLR. Register, when the Counter Latch Command is specified, are

as follows:

Bits 7-6:  Select Counter (SC): These two bits select the timerfcounter whose count is to be
laiched.

Bits5-4:  These two bits must both be set to 0 to specify the Counter Latch Command.

Bits3-0:  These four bits perform no function and must all be set to 0.

This above is a summary of the 8254 timer/counter registers. See page 49 in Chapler 6 for
definitions on the Read-Back and Coumter Laich Commands and more information on
programming the 8254, especially in relation to the additional PC-14B hardware.

CSR - Clock Source Register (offset 12, write only)
The Clock source register is used to select the source of the Clock inputs to each of the

timer/counters. It is also vsed (o enable interrupts from the external interrupt. On power up or
reset, all the bits in this register are reset to 0.

Clock Source Register
EEEAEREERIEDES T0Sg |

Bit7: Reserved: This bit is reserved for future use or manufacturing tests. Wrile 2 0 to this
bit for future compatibility.

Bit 6 : Enable External Interrupt (EXI): Wriling a 1 to this bit enables interrupts from the
external intesrupt input onto the PC bus. Wriling 2 8 disables external interrupls. The
interrupt level of this interrupt is selected by jumper. Refer to Chapter 2: installation
for information on sefting the interrupt level,

Bits5-4:  Timer 2 Clock Source (T2S): These two bits specify the source of the Clock input
for timer/counter number 2. The Clock source is defined as follows:

PC I/0 clock divided by 64
PC IO clock divided by 4
On-board 2MHz reference oscillator
Timer 2 External clock input

-- 00
- = O

On power up or reset, the Timer 2 Clock source defaults to the PCI/O clock
divided by 64.

Bits3-2:  Timer 1 Clock Source (T1S): These two bils specify the source of the Clock input
for timer/counter number 1. The Clock source is defined as follows:
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PC /O clock divided by 64
PC /O clock divided by 4
On-board 2MHz reference oscillator
Timer 1 External clock input

- O
- D - &

On power up or resel, the timer 1 clock source defaults to the PCI/O clock
divided by 64.

Bits 3-0:  Timer 0 Clock Source {TOS): These two bits specify the source of the clock input for
timer/counter number 0. The clock source is defined as follows:

PC /O clock divided by 64

PC /O clock divided by 4

On-board 2MHz reference oscillator
Timer 0 External clock input

-t OO

On power up or reset, the timer0 clock source defaults to the PCIO clock
divided by 64.

CER - Counter/Interrupt Enable Register {offset 13, write only)

This register is used to provide an independent software gate for each timerfcounter, and to enable
the output of the timers to generate interrupts to the host computer. In addition, it is used to enable
intesrupis from the 8255s onto the PC bus. On power up or reset, all the bils in this register are
reset lo 0. )

Counter/Interrupt Enable Register
| 12y | EIRy| r21E] T2cE| T1IE] TIicE| TOIE| TOCE]

Bit7: Enable Interrupts from PIA1 (EIP1}): Setting this bit enables the two interrupt outputs
from the second 8255 onto the PChus. With the PIA in mode 1 or mode 2, this
elecirically connects the INTR, and INTRy lines (the port C3 and port O3 lines
respectively} to the selected interrupt lines of the host computer. Writing 2 0 to this
bit disables the two interrupts from the PC I/O channel. Refer to Chapter 2:
Instaliation for information on seiting the individual interrupt levels.
Note that the port C3 and port CO lines are enabled onlo the selected PC /0 bus  Additiohal
IRQ line by this bit regardiess of the mode setting of the 8255. What this means is E.’::.'L';’a
that if the port C3 and port CO lines. are not being used for digital O they can be
used as additional unlatched external interrupt inputs.

Bit5: Enable Interrupts from PIAQ (EIPO): Setting this bit enables the two internupt outputs
from the first 8255 onto the PChus. With the PIA in mode 1 or mode 2 this
electrically connects the INTR, and INTRp lines (the port C3 and port OB lines
respectively) to the selected interrupt lines of the host computer. Writing a 0 to this
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bit disables the two interrupts from the PC /O channel. Refer to Chapter 2:
Installation for information on setting the individual interrupt levels.

Additional Note that the port C3 and port CD lines are enabled onto the selected PC /0 bus TRQ
E&e""l;'h line by this bit regardless of the mode seiting of the 8255, What this meags is that if

the port C3 and port CO lines are not being used for digital I/O they can be used as
additional unlatched external interrupt inputs.

Bit5: Timer 2 Interrupt Enable (T2IE): Selting this bit enables the output of timer 2 onto a
Jjumper selected TRQ line of the PC bus. Writing a O to this bit disables the timer
output from generating interrupts.

Bit4: Timer 2 Clock input Enable (T2CE): With this bit clear, clock pulses {from one of
the four clock sources as set with T2S, and T2Sg (bits S and 4) in the Clock Source
Register) are allowed 1o reach the clock input of timer 2. Writing a 1 to this bit
disables the input of clock pulses to timer 2 but has no effect on anything else. This
bit forms a software gate on timer 2.

Bit3: Timer 1 Interrupt Enable (T1IE): Setting this bit enables the output of timer 1 onto a
jumper selected IRQ line of the PC bus. Writing a 0 to this bit disables the timer
outpul from generating interrupts.

Bit2: Timer 1 Clock input Enable (T 1CE): With this bit clear, clock pulses (from one of
the four clock sources zs set with T1S, and T1S (bits 3 and 2) in the Clock Source
Register) are allowed to reach the clock input of timer 1. Writing a 1 to this bit
disables the input of clock pulses to timer 1 but has no effect on anything else. This
bit forms a software gate on timer 1.

Bit1: Timer 0 Interrupt Enable (TOIE): Setting this bil enables the output of timer 0 onto a
jumper selected IRQ line of the PC bus. Wriling a O to this bil disables the timer
output [rom generating intesrupls.

Bit0: Timer 0 Clock input Enable (TOCE): With this bit clear, clock pulses (from one of
the four clock sources as set with TOS, and TOS, (bits 1 and 0} in the Clock Source
Register) are allowed to reach the clock input of timer 0. Wriling a 1 to this bit
disables the input of clock pulses to timer O but has no effect on anything clse. This
bit forms a sofiware gate on timer 0.

IRQRST - External Interrupt Reset (offset 14, write only)

This register is used to clear the lalched external interrupt.

External Interrupt Reset Register

=T [x[=[x[x]7]

Bits7-1:  These bits have no effect in this function, and zeros should be written to them for
fulure compatibility.

Bit0: Wiiting a 0 to this bit clears the external interrupt latch thus reselting the external
interrupt. Wriling a 1 to this bit is not defined.



This chapter describes programming the PC-14B board at the lowest level. While this is fairly
straightforward, il requires detailed knowledge of the system hardware. As an zlternative, the
driver software supplied with the board can be used. Then the user need not read this section and
can refer instead to the Data Acquisition Driver Software Manual, which describes the driver
software which accompanies the PC-14B. Advantages of using the supplied driver are:

- Detailed knowledge is not required of the hoard, the host computer or the interface software.
- The Driver Library is callable from most high level libraries.

- The Driver Library lakes into account multiple boards (both the PC-14B and other supported
hoards) in the same computer.

Users and developers who need to incorporate special routines (especially interrupt handlers) into
their application will need to read this chapter.

Once the PC-14 has been installed in the computer and the external connections made, the board
is in an operational state. The PC-14B occupies lifieen consecutive IO addresses, starling at the
board's base address as set by the base address DIP swilch. Programming the PC-14B is done
solely with port imput and output instructions. Reading and writing to its addresses allows the
beard to be configured and data iransferred to and from the board. Refer 1o Chapter 5 for the
1/O register map of the PC-14B.

Reading or writing to the ports typically takes the form of the one following instructions:

Language Port Read Port Write
c data = inp( addr ); outp{ addr, data };
Pascal data := port[ addr ]; port[ addr ] := data;
Assembly Language mov al, data mov al, data

mov dx, addr mov dx, addr

in al, dx out dx, al

Where: addr is the address is the address in the address map of the PC-14 and
data is the byte read or wrillen.
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Programming the 8255 PIA

One of the major sub-systems of the PC-14 is based around two industry standard 8255 Peripheral
Interface Adaptor (PIA) integrated circuils. This chapter provides detailed programming
information on the 8255 for the PC-14B. The two 8255 devices and their support circuilry on the
PC-14 are identical in all respects and totally independent from one another. Thus the information
provided may be used to program either of the §255s.

Introduction

The 8255 is a genesal purpose peripheral interface having 24 programmable I/O lines. The 24
lines are divided into three 8-bit ports (named port A, port B and port C). The ports may be
programmed either as two groups of 12 lines {group A and growp B) or as the three individual
8-bit ports. The poris/fgroups may be operaied in three modes: simple I/Q; strobed 1/0 and
bidirectional IO. The 8255 also has a single bit setfreset feature for port C.

Before any I/O can be done, the mode and direction of the ports/groups of the 8255 must be set.
This is done simply by writing one byte of configuration information to the control register of the
8255. The 8255 then operales in the specified mode until it is reset or new configuration
information is wrilten to the control register. The format of this register is repeated below for

reference.
DIOCTRL Register - Configuration Mode

I 1| Msa, | MSAU] Pa | rcy [ MSBg | pej pcrq
Group A Port C Port B
Mode | Upper I/0
Selection 1/0 Direction

Direction
Mode Set Port A Group B Port C
Flag I/0 Mode Lower
Direction Selection I/0
Direction

Bit 7 of the DIOCTRL register must be set when programming the configuration of the 8255.

The mode is set for each of the two groups of the 8255 and the direction is set for the individual
ports. Mote that the direction of port C is independently programmable in two 4-line nibbles.
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Mode 0: Simple O

This mode is used for simple input and oulput operations for each of the ports. No handshaking is
required and no intermupts are generated. Data is simply read from or written to 2 selected port.

The Tollowing characterise Mode 0:

- Two 8-bit ports (ports A and B) and two 4-bit ports (upper and lower nibble of port C).
- Any port can be configured for input or output.

- ‘Dutputs are laiched, inputs are not latched.

- Data transfer by polled }O.

Mode 0 Programming
To use the 8255 in mode 0:

- Write a single byte to the control register to set the 8255 into mode 0 with the three ports
configured for the desired data direction.

- Then read or write from the /G port corresponding to an 8255 port (port A, B or C) as
many times as necessary to obtain or iransfer the required amouat of data.

Mode 0 Programming Examples

#define BaseAddr 0x300 /* PC~-14 base address at 300 hex */
#define DIOOA 0 /* offset of port A of the first 8255 /
#define DIOOB 1 /* offset of port B */

#define DIOOC 2 /* offset of port C */

#define DIOOCTRL 3 /* offset of the control register */

void main| wvoid )
unsigned int portOa, port0Ob, portlc, portOctrl, data, outwal = Ox1B;

/* Calculate register addresses *f

portfa = BaseAddr + DIOOA;
portOb = BaseAddr + DIOO0B;
portfc = Basehddr + DIDOC;

portlctrl = Basefddr + DIOOCTRL;

/* 0x30 = 1001 0000, port A to input, ports B and C for output */
cutp({ portlOctrl, 0Ox90 );

/* Read data from port A and write data to port B and C */
data = inp{ portOa };

outp{ portOb, O0x3F );

outp( portlc, outval );
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Mode 1: Strobed I/O

In this mode data transfers are controlled by bandshaking signais and hardware interrupts. Some
of the port C lines are used for these control signals. Hence they take on different functions and
names. Refer to page 21 in Chapter 3 for a description of these signal's functions.

The following characterise Mode 1:

Two groups, group A and B. Each group consists of an 8-bit data port and three control
lines.

Certain port C lines take on special functions.
The data ports can be either inpul or output ports.
Both inputs and outputs are latched.

One 2-bit simple 1/O port.

Data transfer by intestupts or polled I/O.

With both groups configured in mode 1, a single 8255 can read or wrile data 16-bits wide.

EIP bit X
of CER |
GROUP A

MODE 1 (PORT A)

Confiquration PAT
Information !
to PIACTAL register J‘L

W '
Leof o T[XIXEA] | —
A

| PC7.8
1=Input

C=Output | | A}

X = Not opplicabie

L — E!:‘Rg'
<31 e S0l
GROUP B [
MODE t (PORF 8)
frtiasie e
:ofPlAc;RL register Js!:
| PEDR 11X =
To IRQ
 Jumpars:

Figure 6: Mode 1 input of an 8255.
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Mode 1 Programming
To use the 8255 in mode 1 input with interrupts:

Write a byte to the control register to configure the 8255 for mode 1 and the appropriate
group for data input.

With the bit selfreset operation, write a 1 to the Interrupt Enable flip-flop (INTE) of the
desired port of the appropriate 8255. -
Write a byte to the Counter/Interrupt Enable Register (CER) to enable interrupts from the
appropriate 8255 to the host computer.

The external device pulses the Strobe (/STB) input line on the digital 1O connector low.
The trailing edge of this loads data into the input post.

The Input Buffer Full (IBF) cutput line goes high on the digital /O connector o indicate
that the data has been loaded into the input latch.

When the external device pulls the /STB line high, the Interrupt Reguest line (INTR) goes
high. This indicates o the host computer that there is data to be read from the 8255.

The compuler reads the data using an interrupl service routine {ISR) and by doing so,
antomalically resets the INTR signal.

The external device can now pulse the /STB low again to make the PC-14B read another
byte of dala and hence repeat the cycle.

Whenever a group of the 8255 is in mede 1 input, the status of the handshaking lines and interrupt
signals can be obtained by reading port C. The byte read contains the following information:

Port C Mode 1 Input Status Information

[ c7 | cs | 1BF, [ 1NTE, [ INTR, [ THTES | 1BFp | INTR |

The 8255 may alternatively be used in mode 1 and the data read by polled (program) transfer.
This is done as follows:

Write a byte to the control register to configure the 8255 for mode 1 and the appropriate
group for data input.

The program continually moniters the IBF line by reading port C.

The external device pulls the /STB input line on the digital IO connector low and this loads
data into the inpul port.

The IBF output line goes high on the digilal /0 connector to indicate that the data has been
loaded into the input latch.

This also causes the corresponding IBF bit in port C 1o be set and the program can thus
read the data. .

The external device can now pull the /STB low again to make the program read another
byte of data and hence repeat the cycle.

The program could also enable the INTR line with the INTE flip-flop and then monitor INFR
instead of the IBF line. In this case, interrupts to the host computer are not enabled in the
Counter/Interrupt Enable Regisler.
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Figure 7: Mode 1 Output of an 8255.

To use the 8255 in mode 1 output with interrupts:

Wrile a byte to the control register to configure the 8255 for mode 1 and the appropriate
group for data ouiput.

With the bit selfreset operation, write a 1 to the Interrupt Enable fiip-flop (INTE) of the
desired port of the appropriate 8255.

The 8255 Tnterrupt Request output (INTR) then goes high.

Write a byte to the Counter/Interrupt Enable Register (CER) to enable interrupts from the
appropriate 8255 to the host computer.

The host computer detects the INTR line is active. From an Interrupt Service Routine (ISR)
it writes a byte to the output port. This automatically resets the INTR line.

The Output Buffer Full (/OBF) line to the digital I/O connector goes low to indicate that
there is data to be read by the exiernal device from the 8255.

The extermal device pulses the Acknowledge (fACK) input low and then high again to
indicate that it has read the data.

This makes the INTR line go high again and the cycle may be repeated until all the
required data has been written.
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Whenever a group of the 8255 is in mode 1 output, the status of the handshaking lines and
interrupt signals can be oblained by reading pert C. The byte read contains the following
information:

Port C Mode 1 Output Status Information
[/0BF,[1nTEs| 5 | c4 [InTR,|1NvEg]/0BFR|INTR]

‘The 8255 may alternatively be nsed in mode 1 and the data written by polled (program) transfer.
This is done as follows:

- Write a byte to the conirol register to configure the 8255 for mode 1 and the appropriate
group for data outpul.

- The pregram continually monitors the /OBF line by reading port C, waiting for it to go
high. A high indicates that the last dala written 1o the port has been read by the external
device.

- Then the program can write new dala to the port.

~  The /OBF line to the digital I[/O connector goes low to indicate that there is data to be read
by the external device from the 8255.

- The extemal device pulls the JACK input low 1o read the data.

- This makes the /OBF line go high again and the cycle may be repeated until all the required
data has been written.

The program could also enable the INTR line with the INTE {lip-fllop and then monitor INTR
instead of the /OBF linc. In this case, interrupts to the host computer are not enabled in the
Counter/Interrupt Enable Register.

See below for programming the host computer for interrupt handling and Appendix B for Mode 1
timing specifications.

Mode 1 Programming Examples

#define BaseAddr 0x300 f* PC-14 base address at 300 hex =/
#define DIOOA bl f* Offset of port A of the first 8255 */
#define DIOOB 1 i* offset of port B */

#define DIOOC 2 /* offset of port C */

#define DICOCTRL 3 /* offset of the control register */

void main{ void )
{
unsigned int portla, portOb, portOc, portfctrl, data, outval = 0x1B;

/* Ccalculate register addresses */
portDa = BaseAddr + DIOOA;

portob BaseaAddr + DIOOB;

portlc BaseAddr + DIOOC;
portlctrl = BaseAddr + DIOOCTRL;

f* OxBO = 1011 0000, port A input in mode 1, */
outp( portOctrl, 0xBO }; /* ports B and C for output in mode 0 */

while{ !{ inp(portfc) & 0x20 ) ); /* Wait for IBFA to become set t/
data = inp{ portOa ); /* Read the data from port A */
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/* OxA0 = 1010 0000, port A output in mode 1, *f
outp( portlctrl, Oxa0 ); /* ports B and C for output in mode 0 %/

while{ !{ inp(portOc) & Ox80 )} ); /* Wait for /OBFA to become set */
outp( portla, outval }); /* Write the data to port A +/

Mode 2: Strobed Bidirectional Bus /O

This mode provides a means for communicating with an extemnal device using an 8-bit bus for
both transmitting and receiving data. Both input and output handshaking signals similar to mode 1
are provided to maintain proper bus flow discipline. Hardware interrupts signal the host computer
that the port needs attention.

‘The following characterise Mode 2:

Only group A operates in mode 2.

One 8-bit bidirectional port, functions as both input and output.
Five of the port C lines take on special functions.

Both inputs and outputs are latched.

One 3-bit simple 1/O port.

Data transfer by interrupts or polled 1/O.

With both 8255s of the PC-14B configured in mode 2, the board provides the function of a full
16-bit wide bidirectional data bus.

GROUP A

Conflguratfon
information
to PLAETRL raglister

——¥oera

——ST8,,
——b 18k

X = Not opplicoble

INTE 1 controf Isd by
bI't setfresst of PCS 1o 18
o
INTE 2 control led INTR | ——J Jumpars
bit sstfreset of 44 —
pez2| Sinple
sl C—_l-D 1/0
To IRG
er

Figure 8: Mode 2 of an 8255,
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Mode 2 Programming
To use the 8255 in mode 2 with hardware interrupt transfer:

- Write a byte to the control register to configure the 8255 for mode 2 operation.

- Select an interrupt level with the interrupt jumpers and enable 8255 interrupt(s) in the
PC-14B Counter/Interrupt Enable Register (CER).

- With the bit set/reset operation, write a 1 to the Interrupt Enable aumber 1 flip-fiop
(INTE;) to enable output transfer interrupts. Wrile a 1 to the Interrupt Enable number 2
flip-flop {INTE;) to enable input iransfer interrupts. Both input and output interrupts may
be enabled at the same time. For a diagram, see Figure 8 above.

- With both interrupt flip-flops enabled, the interrupt request line to the host computer is
activated il the external device has sirobed data into the 8255 input latch or if the external
device has read the PC-14B output data from the output laich. See Figure 11 in Appendix B
for full timing requirements.

- The host compuier detects the INTR line is active. The Interrupt Service Routine (ISR}
which services this interrupt determines whether il was an inpul or output interrupt by
checking bit 5 (IBF,) of the mode 2 status information from port C. (See below.) If the IBF
line is high (bit 5 is set) then it is an inpul internipt, otherwise it is an oulput interrupt.

- [n either case, the ISR simply reads the data from or wriles data to the 8255 and then issues
an end of interrupt command to the interrupt controller.

- This generates the appropriate handshake signals from the 8255 to the digital IO
connector.

- The cycle continues when the next interrupt is generated.

Whenever the 8255 is in mode 2, the status of the handshaking lines and interrupt signals can be
obtained by reading port C. The byte read contains the following information:

Port C Mode 2 Status Information
[/oBEp |NrE; | 187, [INTE, [9TRA[ c2 [ c1 | co |

The 8255 may alternatively be used in mode 2 with the data read and written by polled (program)
transfer. This is done as follows:

- Write a byte to the control register to configure the 8255 for mode 2.

- The program continually monitors both the IBF, and /OBF, lines by reading port C.

- If the port C bit corresponding to IBF, is set, this indicates that the external device has
written dala into the input latch. The program must therefore read the data from the port A.

- I the port C bit comesponding to JOBF, is set, this indicates that the external device has
read the data written by the program to port A. It must therefore write more data to port A.

- 'This process can be repeated until the required amount of data has been read and written.

Interrupts to the host computer must not be enabled ia the Counter/Interrupt Enable Register when
data is transferred by polled ¥O.
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Mode 2 Programming Examples

#define Baseaddr 0x300 /* PC-14 base address at 300 hex */
#define DIoO0A o /* Offset of port A of the first B255 */
#define DIOOB 1 f* Offset of port B */

#define DIOOC 2 I/* Offset of port c =/

#define DIOOCTRL 3 /* offset of the control register */

void main{ void )

{

unsigned int port0a, portlb, portoc, portlctrl;
unsigned int sts, data, cutval = 0x1B;

/* Calculate register addresses */
portla = BaseAddr + DIOOA;

portlb = BaseAddr + DIOOB;

portOc = Bageaddr + bIOOC;
portlctrl = BaseAddr + DIOOCTRL;

/* 0xCO = 1100 0000, port A to input in mode 2,
outp( portOctrl, 0xC0 ); /* ports B and C for output in mode 0 */f

while( I{ sts = (inp(portOc) & 0xaA0) ) }i /* Wait for IBFA or */
/* fOBF to become set */

if{ sts & O0x80 ) /t JOBF was set */
outp{ portfa, outval }; /* Write some data to port A */
else /* IBF was set */
data = inp( portfa }; /* Read the data from port a */f
}
Single Bit Set/Reset

Any of the eight bits of port C can be set or reset using a single output instruction to the
DIOCTRL register. When port Cis being used as statusfcontrol for port A or B, any of these bits
can be set or reset just as if they were data output ports. The format of the byte to write to the
DIOCTRL register to set or reset a port Chit is repeated below.

DIOICTRL Register - Bit Set/Reset Mode

, 0 I X l X [ X I BS, [le | BS, l s/?,
L ! I L ! i ]
Don't Care Bit Select:
0=Bit 000=PC0 Set/Reset
Set/Reset to 0=Reset

111=pPC7 1=Set

Mixed Mode Programming

An 8255 is not constrained 10 operate in cne mode only. For example, Port A may operate in
mode 2 and port B may then operate in either mode 1 or mode Q. For any combination, some or
all of the port C lines are used for control or status. The remaining port C lines may be used in
mede O either as inputs or outputs.
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A read operation of port C returns all the port C lines except the /ACK and /STB lines. In their
place will appear the status of the Interrupt Enable flip-flops (INTEy). This is illustrated in
figures 6 to 8 above and the status information bytes which follow the figures.

A wrile operation to port  will only affect lines programmed as mode O outputs. To write to any
port C output programmed as a mode 1 oulput or to change an intermapt enable £lip-flop, the Bit
Set/Reset operation musl be used.

Using the Bit Set/Reset command, any port C line programmed as an output (including INTR,
1BF and /OBF) can be wrillen or an interrupt enable flag set or reset. Lines programmed as inputs
(including JACK and /STB) are not affected by this command. Writing to these lines will affect
the interrupt enable flags.

Interrupt Handling

This section presents briefly the necessary actions 1o take to set up interrupt data transfer from an
8255. Refer to the relevant sections in this manual for fufl details on the points below.

- The PC-14B board must be jumpered, using the PIA INTR jumper blocks, to route the
8255 INTR signal to an appropriate PC interrupt line.

- The correspending interrupt must be enabled in the PC system board interrupt controller.

- The 8255 must be used in a mode which generates interrupt signals (mode 1 or mode 2).

- The relevant interrupt enable flags (INTE) in the 8255 must be set.

- Appropriate bits must be wrillen to the Counter/Interrupt Register to enable 8255 interrupis
to reach the selecied PC interrupt line.

- A software routine (ISR) must be written to service the interrupts.
- The address of the ISR must be stored in the host PCs interrupt vector table.

Programming the 8254 Timer/Counter

I

The other major sub-system of the PC-14 is based around an 8254 timer/counter integrated
circuit. This chapter provides detailed programming information on the 8254 for the PC-14B.

Introduction i’

The 8254 is a general purpose three channel timer/counter device. Each timer/counter is totaily
independent, and each may be programmed in different modes and data formats. Since all three
timers are identical, the information provided here applies equally to all the timers.

The timerfcounter chip itself consists of a control word register, some logic circuitry and the three
counters. Additional hardware on the PC-14B provides a programmable source of clock pulses for
each limer, a soltware contrelled counting gate and software controlled interrupl enable/disable.

Each counter consisls of a two byte wide Count liegislcr, a 16-bit Counting Element and a two
byte wide Ouiput Latch.

Bit Set/Reset’
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The Count Register stores the initial 16-bit count written to a counter. It consists of two byte wide
registers, which are writien to separately. When a counter is programmed with 2 control word, the
Count Register is cleared. Both Count Register bytes are transferred (loaded) to the Counting
Element simultaneously.

The Counting Element is simply a 16-bit presettable synchronous down counter. It cannot be read
or written to directly. It is automatically loaded on specified conditions from data in the Count
Register. The count value is always read from the Output Latch.

The OCutput Latch normally follows the Counting Element. It consists of two byte wide registers,
which are read from separately. If a suitable Counter Latch Command (see below) is sent to the
counler, the current count value is laiched in the Output Latch umntil it is read from the counter’s
data register (TC2, TC1 or TC0). Thereafter, the Output Latch confinues to follow the Counting
Element.

The Counter/lnterrupt Enable Register contains three limer Count Enable bits (T2CE, TICE,
TOCE}), one for each counter, that control whether the comesponding counter receives clock pulses
from iits Clock Source. Setting a Timer Count Enable bit énkibits counting and clearing the bit
enables counting. See page 37 in Chapter 5 for more details on this register.

The Counterfinterrupt Enable Register mentioned above also contains three Timer Interrupt
Enable bits (T2IE, T1IE, TOIE). These bits control whether the comresponding counter's output is
enabled onto a jumper selected TRQ line of the PC's /O Channel. Setting a Timer Interrupt Enable
bit allows the timer output to generate interrupts and clearing the bit inhibiis interrept generation.
On power up or reset, the slate of the 8254 is undefined. Before any timerfcouvuter operations can
be done, each timer to be used must be programmed with 2 Control Word, which is wrilten to the
Control Register. This sets the individual counter's:

- Operating mode (Mode 0 10 5),

- Counting format {BCD or binary) and

- Read/Write format (LSB only, MSB only or LSB then MSB).

The programmed counter then operates in the specified format unti! it is resel or new
configuration information is wrilten to the Conirol Register. The format of this register when used
for configuring a counter is repealed below for reference.

PCCTRL Register - Configuration Mode

[501[5‘30'“1[“’0] le Hl' HO'BCDJ

1
Select Read/Write Counter 0=Binary,
Counter Mode: Mode Select 1=BCD
01=LSB only, Counting

10=MSB only,
11=LSB then MSB

See page 34 in Chapter 5 for the full bit definitions of this register.



Using the Control Word, each counter may be programmed to transfer dafta in one of three ways:

- Read/Write least significant byte only,

- Read/Write most significant byte only or

- Read/White least significant byte first, then most significant byte.
A new initial count may be written to a counter without affecting the counter's programming in
any way. Counting will be affected as described in the Mode Definitions below.
Writing a one byte initial count simply consists of outputting lhe byte to the counter's data
register. Writing a two byle count consists of writing the first byte (the least significant byte) to
the counter's data register and then, at any lime later, writing the second or most significant byte
to the same data register.
Each counter has three physical electrical connections, all of which are available on the auxiliary
conneclor. They are:

- aclock pulse input,

~  agate inputand

- atimer output.

The clock pulse input is the physical connection, where clock pulses are applied to a counter. A
clock pulse is-defined as a rising edge, then a falling edge, in that order, at a counter's clock input.
New counts are loaded, and the Counting El 1 is decr ted, on the falling edge of a clock
pulse.

The source of clock pulses for each timer is programmable from software via the Clock Source
Register {CSR). Clock pulses may come from: a 2MHz oscillator on the PC-14B board; the host
computer's 1/O bus clock divided by either 4 ar 64 or an external source. See Chapter S for
information on programming the clock source..

Depending on the counter's mede, the gate input provides for: enablefdisable counting; count
iniiating (trigger) or setting/reselting the timer output. The three counter's gates are passively held
high by the PC-14 board and may be left unconnected if desired. The funclioning of the gate input
is described in the individual mode definitions which foffow this, and summarised in Table 5 on
page 57 below the mode definitions.

Read Operations

It is often pecessary to read the value or status of a counler without disturbing the count in
progress. This is easily done using one of three methods: a simple read operation; a Counter Latch
Command or a Read-Back Command. The resulls of the read operation are read from the
counter’s dala register, in the programmed [ormat (LSB, MSB or LSB then MSB) of that counter.
This will be termed reading a counter, and may take one physical CPU read instruction (LSB or
MSB) or mo physical CPU read instructions (LSB then MSB).

The simple read operation consists of reading the contents of the desired counter's data register.
The clock input of the counter must be disabled for this to he successful, otherwise the count may
e in the process of changing when it is read, retuming a completely erroneous count value. The
clock inpul may be disabled with the gale input, the software gate (described above) or with
extemal logic.

Format

Hardware |
Connection”

Simple Reac
Operation
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Counter Latch
Command

Read-Back
Command

A Counter Latch Command is invoked by writing a special type of Control Word to the
timer/counter's Control Register, TCCTRL.

The format of the Control Word for a Counter Latch Command is diagrammed below.

TCCTRL Register - Counter Latch Command
| sc; | scq [ o ] o] o | o | o [ o]
I ] L :
Select Read/Write Not used,
Counter Mode: 00 for must be zero
to latch Counter Latch
Command

Bits SC and SC select the counter whose count is 1o be latched. 00 sefects counter 0, 01 selects
counter 1 and 10 selects counter 2

The selected counter's Output Latch latches the count al the time the Counter Latch Command is
received. The count is held in the latch untit it is read (or the counter reprogrammed). The count is
then automatically unlatched and the Output Latch retusns to following the Counting Element.
Multiple Counter Laich Commands may be used to latch more than one counter. Each latched
counter holds its count until read. Counter Latch Commands do rot affect the programming of the
counler in any way.

If a counter is laiched, any subsequent Counter Latch Commands fo the same counter, before the
count has been read, will be ignored. When read, the count value returned witl be the count at the
time the first Counter Latch Command was issued.

A Read-Back Command is issued by writing a special type of Control Word to the timer/counter's
Control Register, TOCTRL. Read-Back Commands may be used to latch one or more counter's
curreni connt value andfor status information.

The format of the Control Word for a Read-Back Command is diagrammed below.

TCCTRL Register - Read-Back Command

[ 1 | 1 |/CNT |/STS‘ l SCNZI SCNll SCNUl 0 I
11 for 0 to 0 to Select Reserved
Read-Back Latch Tatch Counter(s)

Command Ccount Status

Setting any or all of bits 3 1o 1 (SCN, to SCNy) selecis the counter(s) to which this command will
apply. Selfing the Count (fCNT) bit to O causes the current count of the selected counter(s} to be
latched, setting the Status {(/STS) bit to 0 causes the status byte of the selected counter(s}) to be
latched and setting both bits to 0 causes both the status and current count to be latched (see
below).
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The Read-Back Command is used to latch the current count of multiple counters in their
respective Qutput Latches. This is done by seiting the Count Bit to 0 in the Control Word for this
command. This single command is functionally equivalent to mulliple Counter Latch Commands.
Each counter's latched count is held until read (or the counter reprogrammed). That counter is
automatically unlatched when read, but the other counters remain latched untit they are read. If
multiple Read-Back Commands are issued to the same counter without reading the count, all but
the first are ignored. The count returned is the cument count at the time the first Read-Back
‘Command was issued.

The Read-Back Command may also be used to latch certain status information of the selected
counter(s), in their respective Ouiput Latches. This is done by selting the Status Bit to 0 in the
Coniyol Word for this command.

The counter's status bylte, when read, provides the information shown in the diagram below.

TCX Register - Status Byte

ioUTlN/C]RWllmﬂlﬂzlHllﬁolﬂcﬂ‘]
]

Output Pin {
Status: Programmed Programmed Binary
0=Pin low Read/Write Mode or BCD
1=Pin high Format counting:
0=Binary
Hull Count: 1=BCD

0=NHew count readable
1=NMew count not loaded

Bits My to My return a binary number corresponding to the counter’s programmed mode.

‘The Null Count bil indicates if the last count written 10 the Count Register has been loaded into
the Counting Element. If the count has not yel been loaded then it cannot be read and the Null
Count bit will be set to 1. Reading the count when the Null Count bit is set will return the current
count from the previous initial count written to the Count Register. The exacl time the new count
is loaded depends on the mode of the counter (see below) but the Null Count bit clear indicates
the new count has been loaded.

Bit 7 (OUT) reflects the state of the counter's output pin. This provides software the power to
monitor this pin.

Setting both the Status (/STS) bit and the Count (/CNT) bit to 0 causes both the status byte and
the current connt of the selected counter(s) 1o be latched simulianeously. This is functionally the
same as issuing two separate Read-Back commands at once. If both the status and current count
are latched, the [irst read operation of the counter’s Data Register will retlurn that counter's status
byte, regardless of which was latched first. The next one or two reads (depending on whether the
counter has heen programmed for one or two byte counts) return the latched count. Subsequent
reads return unlatched counts.

Muttipte
Counter Lau:h

Counter Shlﬁ‘
Information -

Latching both
Status and °
Current Count
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Counter Mode Definitions

The following six sections describe in detail the different counting modes of the 8254
timer/counter. In the descriptions which follow, the output refers o the state of the output pin of
the device, and gate refers to the state of the counter's gate inpul pin (hardware gate). Boih signals
from all three counters are available on the auxiliary connector. The software gate described in the
above sections does not provide all the functions of the hardware gate inpul, it simply provides
software control over whether clock pulses reach or are inhibited from reaching the counter’s
clock input.

The word Trigger is used to mean a rising edge at a counter's gate input, Counter Loading the
transfer of the initial count from the counter's Count Register (o its Counting Element and Clock
Pulse a sising edge and then a falling edge at a counter's Clock input.

Mode 0: Interrupt on Terminal Count

Alier the mode byte is written to the Control Register, the output is low. Once an initial count has
been written, the output remains low until the counter has counted down to zeso. The output then
goes high and remains high until 2 new count is written or the counter reprogrammed.

The gate input inhibils counting when low, and enables counling when high.

Afier the Control Word and initial count have been written, the counter is Joaded on the next
clock pulse. This clock pulse does not decrement the count, so for an initial count of N, the output
goes high N+ 1 clock pulses after the initial count was written.

If a new count is written to the counter, it will be loaded on the next clock pulse and counting will
continue from the new count. If a two-byte count is written, the first byte disables counting and
sets the output low. Allter the second byte is written, the full count is loaded on the next clock
pulse. This allows the counting sequence to be synchronised by software. Again the output goes
high after N+ clock pulses.

I the inittal count is writien when the gate is low, it will still be loaded on the next clock puise.
When the gate goes high, the output will go high ¥ clock pulses later.

Using the internal oscillator or bus clock, this mode can be used to generate a positive edge on the
external output after a programmable time, or if the board is jumpered for interrupts, to generate
an interrupt after a programmable time.

This mode can also be used to count events or frequency.

Mode 1: Hardware Retriggerable One-Shot

Aliter the counter s programmed the output will be high. Writing an initial count arms the counter
and a subsequent trigger loads the counter. The oulput goes low on the next clock pulse and
remains low until the counter reaches zero. The output then goes high and remains high until the
next clock pulse afier the next trigger.

An initial count of N results in 2 one-shot pulse M clock cycles long. The one-shot is retriggerable,
hence the output will remain low for ¥ clock pulses after any trigger. The one-shot pulse can be
repeated without rewriling the initial count to the counter. The gate input has no effect on the
outpul.
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If a new count is wrillen to the counter during a one-shot pulse, the current one-shot pulse is not
affected unless the counter is retriggered. In that case, the counter is loaded with the new count
and the current one-shot pulse continues until the new counl expires.

Mode 2: Rate Generator

Adter the counter is programmed the output will be high. An initial count of N is loaded on the
next clock pulse and when it has decremented down 1o 1, the output goes low for one clock pulse,
‘Fhe output then goes high, the counter antomatically reloads the initial count and the process is
repeated indefinitely. The sequence is repeated every N clock pulses.

The gate input enables counting when high, and inhibits counting when low. If the gate goes low
during an outpul pulse, the outpul is set high immediately. A trigger reloads the initial count on
the next clock pulse and the outpul goes low for ene clock pulse after N clock pulses. Thus the
gate input can be used to synchronise the counter.

Wriling a new count does not aitect the current counting sequence. If a trigger is subsequently
reccived before the end of the currenl period, the counter will be reloaded on the next clock pulse
and counting will continue from the new count. Otherwise the new count will be loaded at the end
of the curmrent cycle.

In this mode an initial count of 1 is invalid.

Mode 2 functions like a divide by N counter. It can also be used to generate an output frequency
or a periodic interrupt.

Mode 3: Square Wave Generator

“ Mode 3 is similar 10 Mode 2 except for the duty cycle of the outpul. After the counter s
programmed the output will be high. An initial count of ¥ is loaded on the next clock pulse. When
half of the initial count has expired the output goes low for the remainder of the count. The output
then goes high, the counter automatically reloads the initial count and the process is repeated
indefinitely. This resulis in a square wave with a period of N clock cycles.

The gate input enables counting when high, and inhibits counting when low. If the gate goes low
when the output is low, the oulput is set high immediately. A trigger reloads the counter with the
initial count on the next clock pulse. Thus the gate input can be used to synchronise the counter.

Wriling a mew count does not affect the current counting sequence. If 2 trigger is subsequently
received before the end of the corrent half-cycle of the square wave, the counter will be reloaded
on the next clock pulse and counting will continue from the new count. Otherwise the new count
will be loaded at the end of the current hall-cycle.

Mode 3 functions slightly differently for even and odd initial count values.

For even counts: the output is initially high. On the next clock pulse the initial count is loaded. On
subsequent clock puises il is decremented by fws. When the count expires, the output toggles and
the counter is reloaded with the initial count. This process is repeated indefinitely.

For odd counts: the output is initially high. On the next clock pulse the initial count minus one
(an even number) is loaded. On subsequent clock pulses it is decremented by two. One clock
pulse after the count expires, the ontput goes low and the counter is reloaded with the initial count
minus one. Subsequent clock pulses continve to decrement the count by two. When the count
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expires, the ontput goes high again and the counter is reloaded with the initial count minus one.
This process is repeated indefinitely. So for odd counts, the oufput is high for (N+1)/2 counts and
low for (N-1)/2 counts or high for one count longer than it is low.

Mode 3 is typically used to gencrate an output frequency.

Mode 4: Software Triggered Strobe,

After the mode byte is written to the Control Register, the output is high. Once an initial count has
been wrillen, the output remains high until the counter has counted down 10 zero. The ocutput then
goes low for one clock pulse and then goes high again. The counting sequence is triggered by
writing an initial count. ’

The gate input inhibits counting when low, and enables counling when high. It has no effect on
the ontput.

After the Control Word and initial count have been wrilten, the counter is loaded on the next
clock pulse. This clock pulse does not decrement the count, so for an initial count of &, the ontput
strobes low N+ clock pulses after the initial count was written.

If a new count is wrilten while counting, it will be loaded on the next clock pulse and counting
will continue from the new count. If a two-byte count is written, the first byte written has no
effect on counting. After the second byte is written, the full count is loaded on the next clock
pulse. This allows the counting sequence to he retriggered by software. Again the output strobes
low after N+ 1 clock pulscs.

Using the internal oscillator or bus clock, this mode can be used 1o generate a negative pulse on
the external output after a programmable time. With an external clock source, it generates a pulse
after a programmable number of events.

Mode 5: Hardware Triggered Strobe

This mode is similar to mode 4 except that the counting is triggered by a rising edge on the
counter's gate input.

After the Control Word and initial count have been written, the output is high. The counter is
loaded on the next clock pulse after a trigger is received. This clock pulse does not decrement the
count. The output remains high until the counter has counted down to zero. The output goes low
for one clock pulse and then goes high again. So for an initial count of N, the output stecbes low
N+1 clock pulses alfter the initial count was written.

The counting sequence is refriggerable: a trigger causes the counter to be loaded with the initial
count on the next clock pulse. The output will not strobe low until N+7 clock pulses after any
trigger.

The gate input has no effect on the output.

If a new count is written while counting, it will have no effect on the current count sequence. If a
trigger is received after the new count is writien but before the current couat expires, the counter
will be reloaded on the next elock pulse and counting will continue from there.

Using the internal oscillator or bus clock, this mode can be used to generale a negative pulse on
the external cutput after a programmable time from an external trigger.
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0 Disables Counting | — Enables Counfing
1 - | Initiates Counting & —
| Resets Output
| after Next Clock
2 Disables Counting & Initiates Counting Enables Counting
Sels Output |
Immediately High i
3 Disables Counting & Initiates Counting | Enables Counting
Sets Output
i Immediately High
} 4 Disables Counting - Enables Counting
‘ 5 - Initiates Counting —

Table 5: Summary of the Functions of the Gale Inputs.

Each timer/counter’s gate input pin is passively pulled high by the PC-14 board. Therefore, it is
accepiable 1o leave these inputs unconnected if they are nol used. The corresponding counter will
then behave according to the Lust column in the table above.

ioputs

Interrupt handling

Each timer/counter may be confligured to penerate interrupt requests (IRQs) to the host computer.
It is the same in principle as using any of the other sub-systems (8255 PlAs or the Extemal
Interrupt) 1o generate PC interrupts:

- Select the desired interrupt line to wse for the desired timer/counter(s) with the jumper
blocks on the PC-14B board.

The following procedures are all done from software:

- Program the counter and perform any other setup that has to be done.

- Save the state (enabled or disabled} of the selected interrupt level on the PC system board
and then disable it.

- Save the old interrupt vector and instatl a new one, that will point to the interrupt service
routine that will service the timer interrupts.

- Enable the interrupt fevel.

- Enable the timer interrupt onto the PC /O channel by wriling to the Counter/Interrupt
Enable Register (CER).
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Additional
Externatl
Interrupts

Now the software can continue with other tasks. The interrupt service routine must:

- Do whatever processing it needs to do.

- Either chain another interrupt routine if the interrupt line is being shared or write an End of
Interrupt Command to the PC system board interrept controller.

To clean up the interrupts after using them:
- Disable the interrupt level.
- Disable timer interrupts with the CER.
- Restore the interrupt vector to whal it was before.
- Restore the interrupt level to its previous state.

Note that some timer/counter modes are more suitable for generaling interrupts (eg Mode 0) than
others.

Using the External Interrupt Input

e

The external interrupt input provides a single, latched dedicated fine to a selected interrupl request
{IRQ) line on the PC’s /O Channel. It allows external hardware devices asynchronous requesls to
the host computer for attention. The input signal must be TTL compatible. Operation is as
follows:

- The program sets the interrupt vector, in the host computer’s interrupt vector table,
corresponding to the desired IRQ to point to the interrupt routine (ISR} that will service the
interrupt. .

= Itthen enables the corresponding interrupt level in the intervupt controller on the PC system
board.

- Next it enables interrupts from the external interrupt latch on the PC-14B by setting the
external interrupt enable bit (EXT, bit-6) in the Clock Source Register.

- Now the system is ready fo process extemnal interrupts.

- The signal from the exteraal device is initially low. When it goes high, it is latched by the
PC-14B and activates the corresponding IRQ line on the PC bus.

- This causes the host computer to execute the interrupt service routine for the external
interrupt. The routine must comtain fwo statements to allow further interrupts to be
received:

- It must send an end of interrupt (EQIL) command fo the interrupt controller on the
compuler system board and

- It must write a 0 to bit 0 of the External Interrupt Reset Register 1o clear the external
interrupt input laich.

Note that it is possible 0 use up 1o four of the digital input lines for further external interrupt
inputs. The lines 0C0 and 0C3 from the digital connector to the first PIA and the lines 1C0 and
1C3 from the digital connector to the second PIA are all internally connected, via buffers and
selection jumpers, to IRQ lines on the host computer's [/O channel. They are normally used to
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generate interrupts when the 8255s are operated in mode 1 and mede 2. However, they can be
used as additional dedicated external interrupts if the 8255(s) are put into a state in which these
lines are not driven. Any mode where these port C lines are configured as inputs will satisFy this
condition.

These interrupts, when used in this way, are not latched. Therefore the external device must hold
the interrupt line high uatil it is serviced, and then deactivate it.

Microsoft "C' Program Example for External Interrupts.

#define Basehddr 0x300 /f* PC-14 base address at 300 hex */f
#define CSR 12 f* offset of the clock source register */
#define IRQRST 14 f* offset of the interrupt reset register *f

/* Port addresses of the interrupt controller on the system board: */
#define ICRO 0x20 /* Control register »f

#define IMRO 0x21 /* Mask register */

/* offset into the vector table of the hardware interrupts =/
#define ICOOS 0x8

f* Hon specific end of interrupt command to interrupt controller */f
#define eoci 0x20

f* Function prototypes for the interrupt routines */
woid (interrupt far *oldvect){ void };
woid interrupt far ExtInt( wvoid });

void main{ wvoid )

unsigned int csr, irqrst;

int irglvl = 5; /* Hardware interrupt level */

/* Interrupt number corresponding to the interrupt level */
int IntNum = irglvl+ICOOS;

int imrval;

f* Calculate register addresses */
csr = BaseAddr + CSR;
irqrst = Basefddr + IRQRST;

f* Disable the interrupt for the moment */
outp( IMRG, imp{ IMRO )} | 1 << irqlvl );

/* save the address of the old routine pointed to by this interrupt */
oldvect = _dos_getvect{ IntNem );

/* Put the address of the ExtInt routine in the vector table. */f
_dos_setvect{ Int¥um, ExtInt );

/* Reset interrupt latch, just in case something set the interrupt. */
outp{ IRQRST, 0 };

/* Enable extint and set clock source to CLK/64. */

outp{ CSR, 0x40 };

/* Enable the interrupt now. =/
outp{ EMRO, inp{ IMRO } | 0 << irglvl };

/* The user application is inserted here. Any external interrupts */
/* will get processed in the ExtInt() interrupt service routine. */
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/* Now to finish %/

f* Disable the interrupt */
outp( IMRO, inp{ IMRO )} | 1 << irglvl );

/* Put back the old interrupt vector. */
_dos_setvect({ IntNum, oldvect };

f* Disable extint and set clock source to CLK/64. */
outp{ CSR, 0x00 };

/% The actual Interrupt Service Routine */
void interrupt far ExtInt( void )

/* Do whatever processing is necessary, and then ... */
outp( IRQRST, 0 ); /* Reset interrupt latch */
outp( ICRO, eoi ); /* output end of interrupt to controller */

t



Full driver software is supplied as part of the PC-14B package. It is called the Dala Acquisition
Driver Software Library, and is provided in two equivalent forms:

- A ready to use, precompiled, driver software library, with routines callable from most high
level languages.

- Complete "C' source code for all driver roulines.

‘The Driver Libeary allows programmers to contro! the PC-14 board via high level function calls,
so allowing the user to write custom software applications without having to understand the [ow
level operation of the board.

Also inchaded with the driver package is complete source code, in C for the entire driver package.
This altows advanced users 1o modify exisling code, rather than having to start writing low level
code from scratch.

The Data Acquisition Driver Library supports not only the PC-14B beard, but a number of other
boards too. This chapter presents a quick reference to the [unctions in the Driver Library that
apply to the PC-14B board. Full details on ubsing the library functions, the source code and a full
function reference are provided in the companion manual to this, The Data Acquisition Driver

Software Manual.

A Note about Using the Driver Library

If you are using the Driver Library to operate the board, unless you know exactly what you are
doing, always conirel the board with calls to the Driver Library and do not bypass the Driver
Library and read or write directly to or from the board. This is because the Driver Library keeps
an internal software copy of the state of the board. If you commmnicate to the board directly, this
will obviously not update the software copy of the board's state. Hence, subsequent calls to the
Driver Library may not produce the desired results, or the board may behave erratically or
unprediclably.

In summary, do not allow the board's state to get out of sync with the software copy of its state.
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Quick Function Reference

g

i

The Data Acquisition Driver, when used with the PC-14 board has fouricen appropriate function
calls. These are the following:

Function Name

Init_brd

pIc cfg line

bIO_prt_cfg

PI0_in_port
BIO_out_port
bI0_in line
DIO_out_line
DIO_prt status

cT_cfg

CT_clock source
CT read
CT _write

CT_status

CT_soft_gate

Brief Description

Initialises one of up to eight boards. This function initialises the hardware
of the board if necessary and informs the driver system of the board's
presence. It must be called before any other function calls are made to the
board.

Configures lines or groups of lines in 2 digital /O port. Allows the
smallest unit in a port to be configured.

Configures the operating mode of a port. This function is a subset of the
DIO_cfg_line function.

Retums digital data from the specified port.

Writes digital data to the specified port.

Retums the state of a single line of the specified port.

Sets the state of a single line of the specified port

Retums a status byte indicating the status of an individual IfO port.

Configures the operaling mode, the counting method and the read/write
format of the specified timer/counter.

Selects the source of clock pulses for the specified counter.
Latches and returns the current count value of a counter.
Writes an initial counting value to a counter.

Returns a stalus byte indicating a connter’s programming, the state of the
its output pin and whether the last initial count has been loaded.

Gates - inhibits or allows clock pulses to reach - the selected counter.



External interface

Digital [/ subsystem

Number of I/O lines:
Input voltage:

Qutput voliage:

Output cument:

Maximum Darlington drive current:
Maximum power:

Power supply cumrent at IO connector:

Digital 1/O connector:
Auxiliary subsystems

Timer/Counters:

Input Clock Pulse Frequency:
Input voltage:

Ouiput voltage:
Extemnal Interrupt Puise:

Other lines:

48 in six 8-bit digital ports
Logic 0: 0.5-0.8V
Logicl:  2V-5V
Logic0: 0.45V max
Logic 1: 2.4V min
Lowslate:  1.7mA max
Highstate  -200uA min

-4.0mA; from port types B and C only

IW total maximum power from alt three ports per
PIA

300mA from +5V typ, others vary up to 300mA
depending on host computer power supply rating
50 way miale IDC.

Three timer/counter input lines, gate inputs and

counler outpuls.

8MHz max.

Logic 0: -0.5-0.8V
Logic 1: 2V-5v
Logic 0: 0.4V max
Logic 1: 3.0V min
37ns min before rising edge
30ms min after rising edge

All computer power supplies available on auxiliary
1/O connector
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Host computer interface

Bus type:
I/O address selection:

T/O wait states:

Number of registers:
Word size:

Word transfer rate:
Power requirements:

Environmental

Absolute maximum input voltage:
Absolute minimum input voltage:
Operaling temperature:

Storage temperature:

Relative humidity:

Board size:

XT, AT, ISA, EISA

From Oh to FFOh on 16 byte boundaries, DIP swilch
selectable.

0, 1,2, 4 or 8 jumper selectable. Only affects cycles
directed at the card.

Eleven B-bit

8-bits

10 MHz max!

+5V Max 750 mA
+12v 0.0 mA
-12V 0.0mA
-5V 0.0 mA
v

-0.5V

0°Cto 70°C.

-55°Co 150°C.

5% 0 90% non-condensing
17.4 x 10.1 cm excluding the bracket and edge
connector

! his figure is the maximuen transfer rate of the PC-14B hardware. In practise, the limiting factors are the host computer and software

speed. On an 8MHz AT, an i

¥ progr

S00KHz.

ly writing to an output poat achieves a transfer rate of acound
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Table 6: Base address switch sellings.
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CFF OFF oN ON CFF OFF
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GFF OFF ON OFF ON
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QFF OFF oN OFF oN OFF
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OFF OFF ON OFF OFF oN
OFF OFF oN OFF OFF oN
OFF OFF oM QFF OFF OFF
OFF OFF oM QFF OFF OFF
OFF OFF | OFF ON ON oN
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Table 6: Base address switch selfings (continued).
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OFF ON ON ON ON ON
810h ON ON ON ON ON OFF 810h
a20h OFF ON ON ON ON ON OFF O 820h
83ch ON ON ON OoN oM OFF OFF 830h
B40h OFF ON ON ON O OFF ON ON 840h
OFF ON ON OoN ON OFF ON OFF 850h
B60h OFF ON ON ON ON OFF OFF ON 860h
870h OFF ON ON ON ON QFF OFF OFF 870h
B880h OFF ON ON ON OFF ON ON ON B80h
890h OFF ON ON ON ON ol OFF 890h
BAGh OFF ON ON ON ¥ ON OFF O 8ACh
OFF ON ON ON OFF ON OFF OFF £80h
8COh OFF ON ON oN OFF OFF ON ON 8Coh
8D0h OFF oN ON ON OFF OFF ON OFF 800h
B8EOh O O ON ON OFF OFF OFF ON 8Edh
Oh OFF ON ON ON OFF OFF OFF OFF BFOh
900h OFF ON OFF ON ON OoN ON 900h
910h OFF ON ON OFF OoN ON ON OFF 910h
920h CFF ON ON OFF ON ON OFF ON 920h
Sa0h OFF CN ON QFF ON ON OFF OFF S30h
940h OFF ON ON OFF ON OFF ON ON S40h
950h OFF ON ON OFF ON OFF ON OFF 950h
960h OFF ON ON OFF ON OFF OFF ON 960h
S70h OFF ON ON OFF ON OFF OFF OFF S70h
9800 OFF ON ON OFF OFF ON ON ON S8c0h
$90h OFF ON ON OFF OFF | ON ON OFF 990hH
SA0h OFF ON ON OFF OFF | On | OFF ON SACH
SB0h OFF ON ON OFF OFF OFF OFF 9B0h
SCoh OFF ON ON OFF OFF OFF ON ON 9Coh
SDoh OFF ON ON OFF OFF OFF ON OFF SD0h
SEOh: OFF ON OoN OFF CFF OFF OFF ON SEOh
SFoh OFF ON ON OFF OFF OFF OFF OFF 9F0h
ADOh OFF ON OFF ON ON ON ON ON AOOh
Al0h OFF ON OFF ON OoN ON ON CFF A10h
OFF ON OFF OoN oN oN OFF OoN A20h
A30h OFF ON OFF ON ON ON OFF OFF A30h
Ad0h OFF oM OFF ON OFF Ol ON Ad0h
OFF oN OFF ON ON OFF ON OFF ASOh
AB0h OFF OM OFF ON ON OFF OFF On AB0h
AZ00 OFF oM OFF ON N OFF OFF QFF A70h
ABOh FF ON OFF ON OFF ON ON ON ABCh
ASOh OFF ON OFF ON OFF ON ON OFF ASCh
AACh OFF ON QFF ON ON OFF ON AAOh
ABOh OFF ON ON OFF ON OFF | OFF ABOh
ACDh OFF ON OFF ON OFF OFF ON ON ACOh
CFF ON OFF ON OFF OFF ON OFF ADOh
AEOh OFF | ON OFF ON OFF OFF OFF ON AEDh
AFoh OFF ON OFF ON OFF OFF OFF OFF AFOh
BOOh OFF ON OFF OFF ON ON ON ON BOOh
B1oh QFF ON OFF OFF ON ON ON OFF Bich
B20h OFF ON OFF OFF ON ON OFF ON B2oh
B3ch OFF ON OFF OFF ON ON OFF OFF B30h
B40h OFF ON OFF OFF ON OFF ON OoN B40h
B50h OFF oN OFF OFF ON OFF ON OFF BS0h
BE0h OFF ON OFF OFF ON OFF OFF ON B60h
B870h OFF ON OFF OFF OFF OFF OFF B70h
B80h CFF ON OFF OFF OFF ON CN ON B80h
BI0h OFF ON OFF OFF OFF OoN ON OFF BSCh
BAGH OFF ON OFF OFF OFF ON OFF ON BACh
BEBOh OFF ON OFF OFF OFF ON OFF OFF | BBOh
BCOh QFF ON OFF OFF OFF OFF ON ON BCOh
BDOh OFF ON OFF OFF OFF OFF ON OFF | BDoh
BEOh OFF ON OFF OFF OFF OFF OFF ON BEOh
BFoh OFF ON OFF OFF OFF | OFF OFF OFF BFOh

Table 6: Base address swilch seltings {confinued),
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OFF OoN CFF OFF
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OFF ON OFF OFF
OFF OFF ON ON
OFF OFF oN ON
OFF OFF ON
OFF OFF ON ON
OFF OFF | ON ON
OFF CFF ON ON
OFF OFF ON ON
OFF OFF O ON
OFF ON OFF
OFF OFF ON OFF
OFF OFF ON OFF
OFF ON OFF
OFF OFF ON OFF
CFF OFF ON OFF
CFF QOFF ON OFF
OFF OFF ON
OFF OFF OFF ON
OFF OFF OFF ON
OFF OFF ON
QFF OFF OFF ON
OFF OFF CFF ON
OFF OFF CFF ON
OFF OFF OFF ON
OFF OFF OFF ON
OFF OFF OFF OFF
OFF OFF OFF OFF
OFF CFF OFF OFF
OFF OFF OFF QFF
OFF CFF OFF OFF
OFF OFF OFF OFF
OFF CFF OFF OFF
OFF OFF OFF OFF

o

[v]
=z

9228999200000800000000000

32999920900

00000
Je293209922

OFF

OFF

Table 6: Base address switch seftings (continued).




Figure 9: Strobed Inpul (Mode 1).
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The 8255's are mounted in sockets. If any extemal shorts or transients damage the PC-14 then
replacing the 8255 PIA chip(s) may well correct the problem. The devices may be replaced
with any 8255 equivalent, but 1o ensere the high speed specifications of the PC-14B it is
recommended that the replacement is an NEC71055-10 or better.

Nothing more than a screwdriver is required to remove a device from its socket. When
refitting the replacement device, make sure it is inserted the correct way around, with the
notch in the device lined up with the notch in the socket and the indicator on the board legend.



