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Introduction

The AD200 is a four channel, 12-bit analog input board for the IBM pCIXT/AT and
compatible computers. It plugs into an expansion slot inside the PC's chassis and provides
analog input/sensory, timing, and digital I/O capability by combining an A/D converter,
counter/timer, and digital I/O interface on one board. Designed for use in laboratory or
industrial data acquisition, automated testing, and sensor or instrumcnt monitoring, a unique
feature of the AD200 is the ability of thc user to configure rhc input gain of each channel
independcntly, simply by adding feedback resistors. The board's base I/O address is jumper
selectable to one of eight I/O locations. All extemal I/O with the AD200 is done through a
40-pin right-angle header connector that is accessible through the rear panel of the computer
after the board is installed.

The A/D converter features an intemal, four charurel multiplexer insuring close channel to
channel matching. It has a sampling rate of 8,000 conversions per second and a resolution of
1.22 millivolts. An end of convert status bit is used to indicate when conversions are
completed. The A/D converter also outputs a signal that may be used to generate hardware
interrupts that are jumper selectable to the PC's interrupt channcls or may be monitorcd by
one of the on-board digital I/O ports.
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The AD200 front end circuitry consists of high impedance operational amplifiers thar serve
to protect and buffer the 0 to +5 volt A/D converter inputs. Each of the four input amplifiers
can be configured for a specific gain by installing feedback resistors.

A Programmable Interual Timer (PlT) includes three independent, 16-bir, 5 MHz down
counters which are software programmable to any of six modes of operation. A jumper
block provides for a variety of I/O configurations.

A Programmable Peripheral Interface @PI) provides 24 digital inputs or outputs organized in
groups of 8, 8, 4, arrd 4. Sixteen of thcse I/O lines are available at the on-board I/O
connectoc the remaining 8 are brougltt out to pads. These lines may be programmed in any
of three modes of operation: simple I/O, strobed I/O, or bi-directional IlO.

The analog and digital lines, as well as +/-12 volts, digital and analog grounds, and either an
extemal intemrpt input or reset output are accessible through a 40-pin header connector at
the end of the board. This connector is compatible with Real Time Devices' XB40 I/O
extender board and XC40 expansion cable. The XB40 consists of two 20-pin terminal strips
and a prototype area. The terminal strips allow easy connection of signals to the AD200 and
the prototype area allows developmcnt of unique analog front end circuitry. The XC40 is a
cable assembly which terminates in a 40-pin wire wrap header coonector. This connector is
suitable for installation in standard pcrf-board material.

The Program Disk included with your AD200 contains software routines to control the
analog input channel selection, A/D converter, and digital I/O. Detailed information is also
provided to permit you to write your own routines for controlling the AD200.

This manual has been organized into four main chapters, with a group of Appendices that
contain information that you may need to refer to occasionally.

CHAPTER 1 explains how to install the AD20O in your computer. This includes
selecting the base address and interrupt capability, conhguring the input gains and the PIT,
and connecting signals to the I/O connector.

CHAPTER 2 describes the procedure for programming the AD200.

CHAPTER 3 explains the opcration of the various components which comprise the
AD200.

CHAPTER 4 provides the procedure for calibrating the AD200 and checking the
operation of your interface board.

APPENDICES contain technical information related to your AD200. This includes the
AD200 and component specifications, the n VO connector pin assignment, connector types,
and some practical applications using the PIT. References and warranty information are also
provided.

Every effort has been made to design a quality, easy to use, yet low cost analog/digital
interface board. We are confident that you will find the AD200 to be a valuable interfacing
tool for your PC.



Chapter 1
Installation

The AD200 plugs into any expansion slot, including a short slot, of an IBM PC/XT/AT or
compatible cbmputer. It may be advantageous, therefore, to choose an available short slot
inside the computer.

The board's I/O base address is jumper selectable; preventing possible contention with other
devices simply involves changing this jumper. If the board address is unjumpered or
incorrect, the AD200 will not operate.

A header connector provides for a variety of I/O connections to be made to the PIT timer/
counter. Each of the counter inputs may be jumpered to either an onboard 5 MHz clock or
an extemal clock input. The gate input of each counter may be jumpered to an extemal gate
signal or tied to +5 volts to always enable the counter. The counter outputs may be $99 to
generate intem:pts by jumpering them to one of the PC's intemrpt channels, are available
extematly through the I/O connector, or may be cascaded to another counter input to
generate iong time delays. Additionally, the PC's RESET signal may be jumpered to the I/O
connector in place of the Counter 2 OUT signal.

l - l
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Another jumper may be installed to connect the A/D end of convert signal to one of the PPI
pA7,pB1, oi pCZ I/O bits. The PPI PBO - PB7 I/O signals are not brought out to the I/O
connector, however, they are available at pads on the printed circuit board.

A number of signals may be used to generate interrupts: the AID end of convert signal, any
of the counter outputs, the PPI INTRA generated during PPI Mode 1 or Mode 2 operation, or
an extemal (positive-going) input pulse.

you will also need to decide whether you want to change the gain setting of the input
amplifiers from the preset configuration of unity gains. Changing the gain values will
require some basic soldering skills, but can be accomplished in a matter of minutes.

Before installing the board inside the computer, the jumpcr selections and board options
must be chosen.

A11 connections to extemal signals are made through one 40-pin, right-angle header
connector, which can be accessed through the rear of the computer afler the board is
installed.

JUMPER SETTINGS/TEST POINTS

Base Address Selection - Connector P2

To select the board's base VO address, the jumper on the connector labeled P2 must be
positioned to correspond to ttre address desired. The jumper should be placed vertically
across the pair ofheader pins abovethe base address sclected (see Figure 1-1). The base
addresses labeled below connector P2 are hexadecimal values.

When choosing a base address, be careful not to use one that will cause contention with
anorher peripheral. The AD200 occupies 24 addresses beginning with the base address
selected. Chapter 2 "Programming the AD200" explains the functions of these addresses.
Figure 1-2 shows how the PC's I/O port address bits are decoded by the AD200 and Table
1-1 is the I/O map.

The AD200 base address is preset to X'200". For future rcference, you may wish to record
the base address you select in Table 1 -2. If the base address is changed from the preset value
of X'200", the example software provided with the AD200 will need to be modified to
reflect the new value. The procedure to do this is explained in the comments which
accompany each of the example programs.

l-3



Address
Bit

x  l l l A8 A7 A6 0 A4 A3 A2 A I I A O X = Don't Care

Base Address
Selected A8 A7 A6 A2 A1 A0 ll Register/Function Sclect

x200 0 0 0
XlAA n n

A4 A3 Dcvicc Selcctx280 0 I 0
XZCO 0 I I

0 0 A/Dx300 0 0
x?40 0 0 I PPI

x380 I I 0 I 0 PIT
I No OperationX3CO I I I

Fig. 1-2 AD200 I/O Port Address Decode

Table 1-1 AD200 VO Map

A4 A3 LZ A I AO R/W BA+
(HEX)

AJD

AINl
AIN2
AIN3
AIN4
DATA - LSB
DATA - MSB

0
0
0
0
0
0

0
0
0
0
0
0

0
0
I
1
X
X

0
1
0
1
X
X

X
X
X
x
0
1

w
w
w
w
R
R

olr
2/3
4/s
6n

0u4rc
rt3ls/7

PPI

PORT A
PORT B
PORT C
CONTROL WORD

0
0
0
0

1

I
t
1
I

X
X
X
x

0
0
I
I

0
I

0
1

RAV
R/W
R/W
w

8/C
9lD
AIE
B/F

TIMER/COUNTER

COUNTER O
COUNTER 1
COUNTER 2
CONTROL WORD

I
I
I
I

0
0
0
0

X
x
X
X

0
0
1
I

0
1
0
1

RAV
R/W
R/W
w

10/14
1r/rs
12/16
131r7



Table 1-2 AD200 User-Selected Options

I/O Base Address

_ (hex) (decirnal)

IRQ Channel Selection

A/D BUSY- IRQ -
PIT OUT - IRQ -
INTRA/EXTINT IRQ -

AID BUSY-/PPI Bit Assignment

AID BUSY- PA7 -
PB7 -
PC1 -

Configuring Programmable Interval Timer I/O, Reset Output, and External
Interrupt Input - Connector P6

The 8253 Programmable Interval Timer @IT) contains three independent 16-bit timer/
counters. Each timer/counter has three I/O signals associatcd with it: a clock, gate, and
output. @efer to the 8253 data sheet reprint in Chapter 2 for details on operating the timer/
counters.) In order to allow for maximum versatility in applying this device to your
particular application, a jumper header is provided to enable a number of possible I/o
configurations.

Locate the jumper connector labeled P6 on the AD200 printed circuit board (see Figure 1-1).
This jumper is also illustrated in Figure 1-3, which shows how it may be used to configure
the timer/counter I/O.

The connector may be partitioned into four functional groups: TCO, Tcl, TC2, and pSL,
whi-ch correspgnd_tg Timer/Counter 0, 1, and 2, and Pin Select, respectively. Starting from
the bottom of the P6 connector, within the groups TCO, 1, and2 weihe pin iabels CKi, GTx,
and OUTx along the right side of t}te header, where the x corresponds to the counter number.
These labels represent the connections to the 8253 PIT device. Along the left side of the
header are the following signal names for each group (TCO, TC1, and TC2):

XTAL
EXCKx
+5V
EXGTx
CKOTx
CKOTx-
CKx

Again, the x refers to a counter number. A description of each of these signals and how they
are interfaced to the PIT device is given below. When reading through the following section,
it may be helpful to refer to Figure 1-3.

1-5



From
PC Bus To P4
RESET DRV

CKOT2

EXGT2

EXCK2

I
I crz
I
I  crz

OUTl

CKOTI

EXGT l

EXCK l

I  c r r
I
I  c r r

CKOTO

EXGTO

EXCKO

Fig. 1-3 Header Connector P6IPIT
Functional Configuration Diagram

TC0. TCl. and TC2

Counter Inputs

XTAL

This is the output of the 5MHz crystal oscillator, labeled Y1, located in the center of the left-
hand side of the printed circuit board. It may be connected to a counter input (CKx) by
placing the jumper vertically between the labels XTAL and CKx.

Certain applications may require a slower oscillator frequency, however, 5 MHz is the
maximum frequency the PIT will operate. The crystal installed at location Yl is socketed to
allow a different value to be used. Refer to Appendix A for the specifications of compatible
crystals.

>--+
XTAL-+

OUT2

GATE2

CLK2

OUT l

GATE l

CLK 1

8253

PIT

OUTO

GATEO

CLKO
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EXCKx

The EXtemal clocK signal, connected to an input pin on the P7 I/o connector' is available
on this pin of the header. It may be jumpered to a counter clock input, instead of the XTAL,
by placing the jumper vertically between the labels EXCKx and CKx.

Gate Inouts

+5V

Positive 5 volts is available on this pin of the header for connection to the gate input of a
counter (GTx). If it is desired to have a counter enabled all the time, place the jumper
vertically between the pins labeled +5V and GTx.

EXGTX

The EXtemal GaTe signal, connected to an input pin on thePT I/o connector' is available on
this pin of the header. It may be jumpered to a counter gate input, instead of +5 volts, by
placing the jumper vertically between the labels EXGTx and GTx.

Counter Outputs

CKOTx

If the header jumper is positioned vertically between the labels CKOTx and OUTx, the
counter ClocK OuTput signal is connected to aW I/O pin. Refer to Appendix B for the pin
assignments of this connector.

CKOTx-

Positioning the header jumper vertically between the labels CKOTx- and OUTx connects the
inverse of the respective counter ClocK OuTput to aP7 I/O pin. Refer to Appendix B for
the pin assignments of this connector. (Ihe label on the printed circuit board appears with a
bar above the signal name instead of a "-" sign.)

CKx

To corurect the output of one counter to the ClocK input of the next counter, place the
jumper vertically between the labels CKx and OUTx. This can be done to cascade counters
for longer time delays. There is no position for using this option with the Counter 2 output
(OUT2) in the TC2 group.

PSL

In addition to configuring the counter inputs and outputs, some of the P6 pins in the PSL
(Pin Select) group are used to select the function of pin 38 on the n VO connector. This P7
pin may be used as the Counter 2 Clock Output by positioning the jumper as described above
in the sections "CKOTx" and CKOTx-". This pin may instead be used to connect an
extemal intemrpt signal to one of tlte PC's intemrpt channels, or to bring out the PC's
RESET signal.

t -7



Place the jumper Yeftically between thc pins labeled EXTINT to connect an extemal
interrupt signal applied to the Y7 llo connector pin 36 to one of the pC's intemrpt channels.
This signal is actually jumpered to the intemrpt channel using the P4 connector; this is
described later in the next section entitled "Interrupt Channel Selections - Connectors p3, p4,
P5".

To provide the PC's RESET signal at I/o connector pin 3g, place the jumper vertically
beside the label RST (ReSeT), at the top of corurecror p6.

Note that thgse three options are mutually exclusive, only one signal may be jumpered to I/O
connector P7, pin 38.

The AD200 P6 options are preset to thc following selections: counters 0, l, and 2

Clock Input <- 5 MHz
Gate Input <- +5 V
Clock Outpui-> P7IlO Connector

Interrupt Channel Selections - Connectors p3, p4, p5

These three connectors are used to jumper various sigrrals to the PC's intemrpt channels or
digital I/O ports (see Figure 1-l). These signals include: the AID end of convert, the timer/
counter outputs, the PPI INTRA signal generated during PPI Mode 1 and Mpde 2 operation,
and an extemal intemrpt signal connected through the p7 I/O connector pin 3g.

Be careful to avoid contention when selecting the intemrpt channels used, both with the
signals on the AD200 as well as with other devices
within your computer.

P:f-"ry you attempt to use intemrpts, be certain you are familiar wittr the procedure for
initializing the intemrpt vectors and the PC's intemrpt controller, and setting up the intemrpt
handling routines.

Jumpers are provided so that you can connect the interrupt generation signals to an intemrpt
channel, IRQ2-IRQ7, on these three connecton. Install the jumpers across the desired pairs of
pins as described below. Remember to connect only one intemrpt source to an interrupt
channel at a time, or improper operation will result. Use of intemrpts is beyond the scope of
this manual.

For future reference, you may wish to record the intemrpt channels used in Table l-2. Chapter
2 includes considerations for using the AD200 interrupts.

A/D End of Convert Sigmal - Connector p3

This connector is used t9 j_ump-er 4" A/D converter's BUSY- end of convert signal to one of
the PC intemrpt channels IRQ2 - IRQ7, inclusive. Altemarely, the BUSy- sigial maybe
monitored using one of the PPI input port bits. To utilize this feature of te Ab20O, the
BUSY- signal must be jumpered to either PA7, PB7, or PC7 using pads on the p3 connector.
In addition, the appropriate PPI port must be configured for Mode 6 tnput operation. Refer

r-8



to Chapter 2 "Programming the AD200" for details on configuring the PPI to monitor the
A/D converter BUSY- signal. For future reference, you may wish to record the PPI input bit
used in Table 1-2.

Because the P3 connector is not labeled with signal names, refer to Figure 1-4 to determine
which set of pins to jumper for the intemrpt channel desired. This figure also shows how the
pins are connected.

AlD
End of
Convert
(BUSY-)

PA7
PB7
PC7
IRQ2
IRQ3
rRQ4
IRQ5
rRQ6
rRQT

Fig. l -a A/D End of Convert Jumper

The BUSY- signal is connected to an intemrpt channel or PPI input by placing a jumper on
the board across the set of pins corresponding to the intemrpt channel (IRQ2 through IRQT)
or PPI bit desired.

PPI INTRA/Extemal Intemrpt - Connector P4

One of two signals may be jumpered to one of the PC interrupt channels IRQ2 - IRQ7,
inclusive, using this connector: the PPI INTRA signal gcnerated during PPI Mode 0 or Mode
,Loperation, or the extemal intemrpt signal (EXTINT) connected at the W IlO connector pin
38. The EXTINT signal must also be jumpered at the P6 connector; refer to the section
above "Configuring Programmable Interval Timer I/O, Reset Output, and Extemal Interrupt
Input - Connector P6." Because the P4 connector is not labeled with signal names, refer to
Figure l-5 to determine which sets of pins to jumper for the signals and intemrpt channel
desired. This figure also shows how the pins are connected.

P4

IRQ2
IRQ3
rRQ4
IRQ5
rRQ6
IRQT
INTRA
EXTINT

(From PPI)
(From I/O
Connector P7)

Fig. 1-5 PPI INTRA/External Interrupt Jumper

t-9



Only one of these two signals may be jumpered to an intenupt channel. Notice that in order to

connect the signal to an intemrpt channel, two jumpers must be insralled. First, determine
which signal you wish to use, then place a jumper across the set of pins corresponding !o that

signal. Next, place a second jumper across ttre set of pins corresponding to the interrupt

channel desired. For example, to jumper ttre INTRA signal to IRQ5, the jumpers would be
installed as shown in Figure 1-6.

Fig. 1-6 Interrupt Jumper P4 Connected For INTRA -> IRQS

Refer to Chapters 2 and 3 "Programming the AD200" and "AD200 Operation" for details on
using these signals to generate intemrpts.

PIT Output Intem:pt - ConnectorP5

This connector is used to jumper one of the PIT outputs OUT0, OU"f 1, or OUT2 to one of
the PC intemrpt channels RQ2 - IRQ7, inclusive. Because the Plgpfnector is not labeled
with signal names, refer to Figure 1-7 to detennine which sets of tpins to jumperior the
counter output and intemrpt channel desired. This figure also shows how the pins are
connected.

rRQ2
rRQ3
rRQ4
rRQ5
rRQ6
rRQT
INTRA
EXTINT

rRQ2
RQ3
RQ4
RQ5
RQ6
RQ7

UTO
I

UTz

Fig.l-7 PIT Output Interrupt Jumper

Only one of the counter outputs may be jumpered to an interrupt channel. Notice that in order
to connect the counter output to an interrupt channel, two jumpers must be installed. First,
determine which output you wish to use, then place a jumper across tie set of pins corre-
sponding to that signal. Next, place a second jumper across the set of pins corresponding to
the intemrpt channel desired. For example, to jumper OUTI to IRQ4, the jumpers would be
instllled as shown in Figure 1-8.
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rRQ2
rRQ3
IRQ4
IRQ5
rRQ6
rRQT
OUTO
OUTl
OUT2

Fig.l-8 Interrupt Jumper P5 Connected For OUT1 -> IRQ4

Digital VO - Connector P8

The eight digital I/O lines provided by the PPI, PBO - PB7, that are not available at the I/O
connector are brought out to pads on the PC board. These pads, labeled P8, are adjacent to
the 8255 PPI (see Figure 1-1), and identify the PPI Port B bits. Refer to the 8255 data sheet
reprint located in Chapter 2 "Programming the AD200" as well as Chapter 3 "AD200
Operation" for more information on the use of the PPI.

SELECTING INPUT GAINS - RAX/RFX

The AD200 is preconfigured for a gain of one on all four input channels. However, if you
witl be measuring input signals that are consistently smaller than the full 0 to +5 volt input
range of the AID converter, you may wish to select different gain values for any of the input
channels. To independently reconfigure the input gains, you will need to cut or remove one
or more jumpen that have been installed for each input buffer and install a pair of resistors
for each input channel that is changed.

The feedback circuitry for each ofthe input channels is illustrated in Figure 1-9. The dotted
line indicates the location of the jumper for each buffer.

Votrt
(To A/D
Converter Input)

RAx + RFxVout = 
-ff AINx

Fig. 1-9 AD200Input Buffer Gain Circuitry

The feedback resisrcr locations for each buffer have been labeled on the printed circuit
board. Each pair of resistors is labeled RAx and RFx and corresponds to a particular input
channel, where "x" indicates the channel number.

i----1
RFx
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Using the formula given in Figure 1-3, you may select resistor values to use for a specific
gain. Note that only gains greater than one may be selected. Consideration should be given
to the fype, tolerance, and stability of the resistors used. Precision (1Vo or bener) merat film
resiston will provide superior gain accuracy and stability.

BOARD INSTALLATION

After selecting the base address, interrupt capability, and other options, the AD200 may be
installed inside the computer.

1. TURN OFF THE POWER TO YOUR COMPUTER FIRST. Refer to the owner's
manual for your computer, and remove the top cover.

2. Select the expansion slot you wish to use and remove the corresponding blank bracket
from the rear panel of the computer.

3. Orient the board inside the computer so that the connector protrudes through the rear
of the computer, and the card edge connecfor lines up with the selected expansion slot
connector.

4. After you are certain the board lines up correctly, push down on the metal bracket tab
and the top of the board until the board is seated firmly in the expansion slot connector.

5. Reinstall the screw that was removed with the blank bracket and replace the cover to
your computer.

EXTERNAL CONNECTIONS - CONNECTOR P7

All extemal connections to the AD200 are made to the I/O connector, labeled p7, which is.
accessible through the rear panel of the computer. The P7 connector type as well as the pin
assignment of all the I/O signals are given in Appendix B.

To attach the mating connector, first open the ejector tabs on the AD200 I/O connector.
Then, obsewing the keying of both connectors, install the mating connector and push firmly
until the ejector tabs snap closed, securing the connector in place.

Two separate sets of pins are used as a ground reference for digital and analog signals. Analog
input signals should use pins l, 7, and 12 for aground reference, while all oiglual I/o signals
should be referenced to pins 4,5,6, and 40 only on the P7 connector. It is also very imp-ortant
to ufe all four of the digital grounds when connecting external interface circuitry to ttre
AD200 board.

CALIBRATION

A trimpot is located near the top of the AD200 (see Figure 1-1). This nimpot is used for
calibrating the full-scale performance of the A/D convefter. The AD200 is factory calibrated
to maximize the performance of the A/D converter for the preset unity gain values of the
input amplifiers. However, if your application will require changing any of the input gain
settings, you may wish to recalibrate your board. The procedure is straightfonvard and is
described in Chapter 4, "Calibration".
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Chapter 2

Programming the AD200

All communication with the AD200 is done by writing or reading from the various board
components. Most operations involve the transfer of data with the components' intemal
registers. However, some operations require only that a particular I/O address be written to;
the data written is irrelevant. These I/O locations arc rcferenced to the AD200 base address
(BA) determined by the jumper setting of coffiector P2. Refer to Chapter I for details on
selecting the AD200 base address.

The soflware and documentation contained on the Program Disk demonstrate the procedures
for communicating with the AD200. In addition, details are given in this chapter that will
allow you to develop specific control routines.

USING THE AD2OO APPLICATION SOFTWARE

Before you begin to use the software, be sure to make a backup copy of the Program Disk
included with your AD200, and store your original disk in a safe place. You may make as
many copies of the Program Disk as you need.
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The Program Disk is divided into directories which are given names to correspond to
different software languages. The files within each directory consist of example programs
written in that particular language with a documentation file containing some general
information. In addition, a README.Doc file is included and describes some
programming considerations for using your board.

ANALOG CIRCTIITRY - PROGRAMMING THE AID CONVERTER

The AD200 is easily controlled using any programming language. Its operation consists of
simultaneously selecting an input channcl and initiating an A/D conversion. Once the end of
conversion is detected, the 12-bit data is read in a two byte transfer consisting of a most
significant data byte (MSB) and least significant data byte (LSB). This sequence of evenrs
of selecting an input channel, waiting for a completed conversion, and reading the A/D data,
is performed whenever a conversion is desired.

All communications with the A/D converter are done through its intemal registers. These
registers are mapped to I/O port locations beginning with the base address (BA) that was
selected using connector P2 on the interface board. Refer to Chapter I for details on
selecting the AD200 base address.

Selecting Input Channels/Performing A/D Conversions

To simultaneously select an input channel and initiate an A/D conversion, a WRITE
operation is performed to one of four I/O addresses. Table 2-1 shows the assignment of the
I/O locations to the input channel that is selected. The data written to these I/O locations is
irrelevant. Executing an I/O WRITE instruction while a conversion is in progress will restart
the conversion.

Table 2-1 AD200Input Channel Selection

Analog Input
Channel Selected

I/O Location
(wRrTE)

AINl
AIN2
AIN3
AIN4

BA + 0/l
BA+2/3
BA+415
BA+6N

The numbers listed after the slashes in the I/O Location column in Table 2-l are altemate
offsets that may be used; for example, to start an AID conversion on channel 3, utl/o
WRITE operation may be performed to the Base Address value plus "4" or Base Address
plus "5".

Reading A/D Data

Since the A/D converter uses a successive approximation register (SAR) to hold conversion
results (refer to Chapter 3, "AD200 Operation'), it is necessary to wait until a conversion is
finished before reading valid 12-bit data. Executing an I/O READ instruction (MSB or LSB)
to the AD200 while a conversion is in progress will place the existing contents of the SAR
onto the data bus. Three different approaches can ensure valid 12-bit data is available for
reading.
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1. Insert a software delay greater than the A/D convcrsion time (125 microseconds)
between the conversion starr (I/O WRlTE)instruction and the data READ instructions.

2. At user-defined intervals after a conversion start (I/O WRITE) instruction, poll the
A/D converter BUSY status flag - the most significant bit of the AID converter MSB (see
Figure 2-7). Ttre BUSY flag will be a logic one while an AlD conversion is being performed
and will go to a logic zero when the conversion is completed.

3. The BUSY- end of convert status signal may be monitored through one of the PPI
input port bits. To use this method, a jumper must be installed on the AD200 board. The
procedure for doing this was described in Chapter 1. The PPI port that is used to monitor the
BUSY- signal must also be configured for Mode 0 Input operation. This is described in the
section entitled "Programming the PPI" later in this chapter.

At user-defined intervals after a conversion start (I/O WRITE) instruction, poll the AID
converter BUSY- status output - the most signifrcant bit of thc PPI input port used. This bit
will reflect the status of lhe convenion as follows:

PA7 /PB7 |PCT = 0 -> Conversion in progress
PA7/PB7/PC7 = | -> Conversion complete.

The most significant bit of these ports is used as a status bit in order to make use of software
instructions that branch on positive or negative conditions of the operand.

4. Utilize intemrpts to indicate when conversions are complete. Refer to the section in
this chapter entitled "Interrupt Considerations" for more information on utilizing interrupts.

Once the A/D conversion is completed, the 12-bit conversion result is read from two
successive I/O locations. Eithcr byte can be rcad first. Figure 2-l shows the format and I/O
address assignment of the MSB and LSB A/D data bits.

Busy
I/O Location

(READ)

BUSY 0 0 0 D B 1 1
(MSB

DBlO DB9 DB8
A/D MSB

Data Bit

A/D LSB

BA+ r/3/5fl

BA+0/214/6

Fig.2-1 AD200 A/D Converter Data Ilyte Fornrat

Data is transferred from the AD200 in right-justified fonnat (i.c., the least significanr bit is
the most right-hand bit in a 16-bit word). Two READ operations are required to obtain a1l
twelve data bits, and the I/O location determines which byte is read: the 8 least significant
bits or 4 most significant bits plus the status flag. A least significant bit represents 1.22
millivolts.

The table listed in Chapter 4 "Calibration" gives the bir weights for a 12-bit A/D converter
result. Refer to the documentation files and example programs on the Program Disk for
more information on programming the AD200.

DB7 DB6 DB5 DB4 DB3 DB2 DBl DBO
(LSB)



DIGITAL CIRCUITRY

Programming the PIT

The 8253 Programmable Interval Timer @IT) used on the AD200 may bc conhgured for a
variety of timing and counting functions. The counters'versatility is supplemented by the
use of a header connector for jumpering various I/O options. Refer to Chapter 1
"Installation" for instructions on selecting the timerrcounter I/O configurations using
connector P6.

The 8253 solves one of the most common problems in any microcomputer system, the
generation of accurate time delays undcr software control. Instead of setting up timing loops
in systems software, the programmer configures the 8253 to match his requirements,
initializes one of the counters of the 8253 with the desired quantity, then upon command the
8253 will count out the delay and intemrpt the CPU when it has completed its tasks.

The PIT consists of three independcnt 16-bit down counters. The counters are initializcd for
operation in any of six modes by writing data to the appropriate Control Word for each
counter. Counter data is then written to or read from each of the counters by accessing three
additional intemal registers. Table 2-2 shows how the AD200 maps the PIT registers to four
contiguous PC VO locations, relative to the base address you selected in Chapter i.

T able 2-2 PIT Register/AD200
VO Address Assignments

PIT Registcr VO Location
(lrEX)

Countcr 0
Countcr 1
Countcr 2
Control Word
(Write Only)

BA + X'10' lX'14'
BA +  X '11 'D( '15 '
BA + X'12' lX'16'
BA + X'13' /X'17'

The PIT is a versatile timer/counter interface chip; your application will determine how the
individual counters should be configured. The accompanying data sheet, reprintcd by
permission of Intel Corporation, Copyright 1981, presents a very good discussion of
controlling this chip.

The software included with your AD200 shows example programs for controlling some of
the PIT operating modes. In addition, some typical applications are discussed in Appendix
C. Included are examples requiring two or more counters to be concatenated.

The signals generated by the ouT pins for any of the countcrs may be connectcd to one of
the PC's interrupt channels using jumpcrs installed at conncctor P5. Rcfer to the "Interrupt
Considerations" later in this chapter for more information on using the OUT signals to
generate intemrpts.

PIT Description

The fint section of the data sheet entitled "Functional Description' gives a general
explanation of the counters and Control Word Register. This and the information contained
in the section entitled "Operational Description" will allow you to determine how to most
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The first part of the Operational Description explains how to program the Control Word to
select the options desired. Although initialization is required only once after a power-up
rcset occurs, note that a set ofcontrol words must be scnt out to propcrly define the counters'
opcration. Prior to initialization, counter operation is undcfincd. The remainder of this
section of the data sheet describes each mode of opcration in dctail.

The last section entitled "8253 ReadflVrite Proccdure" dctails the programming of the
counters and how to accurately read count values. This includes the procedure for latching a
counter so that its contents may be read even while it continues to count.

Mode Selection

Once you have decided how to define the operating modes of the counters, determine the
data that you will need to write to the Control Word. Refcr to the "Dehnition of Control"
section in the "Operational Description" in the data sheet reprint. For example, to select:

Counter 1 Mode 5 Binary Count

and to rcad/Ioad least significant byte first, thcn most significant bytc, you would write the
following data:

Data Bit

Control Word Data = X'74'

Read/Load
LSB then MSB

Finally, you will necd to write the data to the Control Word to sclcct the opcrating mode of
Counter 1. Refer to Table 2-2 to determine the addrcss of thc Control Word. To select the
operating modes used in the above example, the data X'7A' would be written to I/O location
(BA + X'13') .

Programming the PPI

The Programmable Peripheral Interface @PI) used on the AD200 consists of three 8-bit
parallel I/O pors that can be configured for a variety of applications. The sixteen bits
comprising Port A and Port C are available at the P7 l/O connector. The remaining eight bits
ofPort B are connected to pads labeled P8, adjacent to rhc 8255 (U4) (see Figure 1-1).

The mode of operation of each port is controlled by data wriu.en to an intemal register called
thc Control Word. Data that is transferrcd through thc I/O ports is stored in three additional
intcmal registers.

Table 2-3 shows how the AD200 maps the PPI rcsistcrs ro four contiguous pc I/o locations
relative to the base address you selected in Chaoter l.

t <



Table 2-3 PPI Register/AD200
VO Address Assignments

PPI Registcr I/O Location
(HEX)

Port A
Port B
Port C
Control Word
(Write Only)

BA + X'08'lX'0C'
BA + X'09'/X'0D'
BA + X'OA'/X'1E'
BA + X'OB'IX'OF'

The PPI is a versatile digital I/O interface chip; your application will determine how the I/O
ports should be configured and the different operating modes selected. The accompanying
data sheet, reprinted by permission of Intel corporation, Copyright 1981, prcsents a very
good discussion of controtling this chip.

The software includcd with your AD200 shows some example programs for controlling each
PPI operating mode. Also includcd alc cxamples of CALL statemenLs which are uscd from
BASICA. These CALL statemcnl.s invokc asscmbly language subroutines which providc for
a more efhcient and faster execution of a routine. CALL statcmcnts would bc uscd for high-
speed data transfers. Bccause thc 8255 PPI used on the AD200 is capable of 10MHz transfcr
rates, WAIT states are not rcquired whcn using a PC/AT machine.

The intemrps generated in PPI Modc 1 and Mode 2 operation when using rhe Group A I/o
may be jumpered to any of the PC interrupt channels 2-7. Refer to the "Interrupt
Considerations" later in this chapter for more information on using the PPI intem:pts.

PPI Descriotion

The first section of the data sheet entitled "8255A Functional Description" gives a general
explanation of the I/O ports. This and the information contained in the section entitled
"8255A Operational Description" will allow you to determine how to most efficiently utilize
the I/O ports for your application.

The first part of the Operational Description explains how the Control Word is used to sclect
the operating modes of the PPI and is also used to individually set or reset the Port C bits.
This bit seVreset feature is useful for controlling separate bits without effecting the other birs
of Port C. The bit seVreset feature can be used with port C bits only.

If your application requires the use of intemtpts, you will also want to read the information
gnder the heading "Intemrpt Control Functions". This section describes how the Interrupt
Enable (INTE) mask is used to enable the INTRA and INTRB interrupr signals generated
when using Modes I and 2. However, note that the INTRB intemrpt cannot be jumpered
using the conncctor P4 pads.

The remainder of the Operational Description discusses the three operating modes in detail.
This information includes timing diagrams, examples of how the operating modes may be
combined, and describcs the Port C Status Word used in Modes I and2. Port A and Port B
source current capabilities are also dcfincd. Values rcferenced on the timing diagrams are
defined in Appendix A "Specifications".

The section entitled "Applications of the 82554" gives some practical examples of how the
PPI can be used for specific applications.
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Mode Selection

Once you have decided how to define the operating modes of Ports A, B, and C, determine
the daia that you will need to write to the Control Word (refer to the "8255A Operational
Description", Figure 6, of the reprint). For example, to select:

Port A
Port B
PC 0,1,2
PC6,7

you would write the following data:

Data Bit

Control Word Data

Mode Set
Flag

Mode I,Input
Mode 0, Output
Mode 0, Input
Mode 0, Output

=  X ' 8 1 '

Port A,
Input

Port B,
Mode 0

r2i
Input

Mode 1 Output
Port B,
Output

Note that PC3,4, and 5 are used for the Port A handshaking and intemrpt signals and are
therefore not available for I/O ('8255,4 Operational Description", Figure 8); however PC
0,1,2,6, and 7 can be used for digital l/O. The intemrpt signal gcnerated on PC3 may be
jumpered to one of the PC's interrupt channels. The intcrrupt channel selection was
described in Chapter l.

Finally, you will need to write the data to the Control Word to select the operating modes of
the I/O ports. Refer to Table 2-3 to determine the addrcss of the Control Word. To select
the operating modes used in the above example, the data X'81' would be written to I/O
location (BA + X'0B').

If your application will require changing the operating modes of the I/O ports, be aware that
all output registers and status flags are reset whenever the mode is changed. Also, the
Control Word can only be written into; no READ Opcration of the Control Word register is
allowed.

Monitorinr: the A/D BUSY- Sisnal

One PPI input line, either PA7, PB7, or PC7, may be uscd to nonitor the A/D converter
status. (Rcfer to Chapter 1 for detaiis on connecting the appropriate signals to use this
option.) When the A/D converter BUSY- signal is jumpercd to one of the PPI input port bits
in this way, all eight bits of Port A or B, or the upper four bits of Port C, must always be
configured as Mode 0 Input. You may want to use Port B sincc this port is not available at
the P7 I/O connector. After power-up reset, the PPI will be configured so that Port A, B, and
C will be inputs. Refer to the accompanying data shcet reprint for more details on
configuring the PPI I/O ports.

To determine the status of the A/D conversion in progrcss, an I/O READ operation is
performed on the PPI port to which the BUSY- signal is connected. When the PPI port is
read, the most significant bit (MSB) will indicate the conversion status: BUSY- will be a
logic low while the conversion is in progress, and will go high and remain high after a
conversion is completed.

^ n
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INTERRUPT CONSIDERATIONS

Three jumper connectors, labeled P3,P4, and P5, are provided on the AD200 to enable
interupts generated by the A/D converter, the PIT, the PPI, and an extemal source to the
PC's intemrpt channels. Refer to thc section in Chapter 1 entitled "Intemrpt Channel
Selections - Connectors P3, P4, P5", to determine how these signals may be jumpered to the
PC's intemrpt channels.

It is very important to note that these interrupt sources are TTL totem-pole (push/pull) type
outputs, NOT open collector. Therefore, do not attempt to connect one of these intemrpts to
any other intemrpt output.

Before you attempt to use interrupts, be certain you are familiar with the procedure for
initializing the intemrpt vectors and the PC's intemrpt controller, and sening up the intem:pt
handling routines. Reference 1 in Appendix D (available from Real Time Devices) contains
a very good description of the PC's system interrupts.

A-/D Converter BUSY- Signal

The A/D converter BUSY- signal may be used to generate an interrupt to the PC. An
intemrpt will occur (through the selectcd intemrpt channel) to indicate a conversion is
complete approximately 125 microseconds after the conversion is initiated. The BUSY-
signal makes a LOW to HIGH transition at the completion of each conversion cycle, and
remains high until another conversion is initiated. The timing of the EOC signal is shown in
Figure 3-3 in Chapter 3.

PPI Interrupts

The intemrpts generated in PPI Mode 1 and Mode 2 operation may be jumpered to any of the
PC intemrpt channels 2-7. T\e timing of these intemrpts is shown in the 8255 Specifications
in Appendix A.

The PPI intemtps must be enabled by writing a "1" to the INTE mask bit as described in the
data sheet reprint section entitled "8255A Operational Description" Intemrot Control
Functions. The INTE mask bits are disabled during power up reset and whenever the PPI
mode is changed.

PIT Interrupts

One of the OUTO, OUT1, or OUT2 signals generared by the 8253 PIT may be jumpered to
an interrupt channel using connector P5. This procedurc was discussed in Chapter l. Note
that this connector allows for only one of these sigrrals to be used as an intemtpt, however.

When using the PIT OUT signal as an intemtpt, you must be very careful to insure that the
PC system's Programmable Intemrpt Controller (PIC) is properly configured to ignore
intemtpts on this channel immediately after power-up. This is because the PIT needs to be
initialized first to define the desired mode. Prior to initialization, the mode, count, and
output of all counten is undefined. If the system intemtpts are not disabled, the counter
outputs may cause erratic system behavior.
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8253 DESCRIPTION - DATA SHEET REPRINT

intel
FUNCTIONAL DESCRIPTION

Control Word Ragl.lar
The Control Word Register is selected when A0, A 1 are 1 1
I t  then acceots  in lo rmat ion  l rom the  da ta  bus  bu f te r  and
s tores  i t  in  a  reg is te r  The in to rmat ron  s to red  in  th is
reg is te r  con t ro ls  the  opera i iona l  MODE o t  each counter ,
se lec t ion  o l  b inary  o r  BCD coun l rng  and the  load ing  o t
each count  regrs le r

The Cont ro l  Word  Reg is te r  can  on ly  be  wr i t len  in to ,  no
read opera t ron  o f  i t s  con ten ts  rs  ava i lab le

Counlcr #0, Counlcr #1, Counlar #2
These ih ree  func t rona l  b locks  are  ident rca l  in  opera t ron  so
on ly  a  s ing le  Counter  w i l l  be  descr ibed.  Each Counter
consrs ts  o f  a  s ing le ,  l6 -b i t ,  p re -se l lab le .  DOWN counter
The counter  can opera te  rn  e i ther  b inary  o r  BCD and r ts
input .  ga te  and ou tpu t  a re  cont tgured  by  the  se lec t ron  o t
MODES s tored  In  the  Cont ro l  Word  Regrs te r

The coun lers  a re  fu l l y  Independent  and each can have
separa le  Mode conf rgura t ron  and count rng  opera t ton ,
brnary  o r  BCD A lso ,  there  are  specra l  fea tures  rn  the
€ont ro l  word  tha t  hand le  the  loadrng o f  the  count  va lue  so
tha t  so l tware  overhead can be  mrn imrzed fo r  these
func t rons .

The readrng o l  the  conten ts  o l  each counter  rs  avar lab le  to
the  programmer  wr th  s imp le  REAO opera t rons  fo r  event
count rn9  app l rca t rons  and specra l  commands and logrc
are  rnc luded in  the  8253 so  tha t  the  conten ts  o t  each
counter  can be  read "on  the  f l y  w i thou l  hav ing  to  Inh ib r t
the  c lock  inout

8253 SYSTEM INTERFACE
The 8253 is a componenl ot the Intel '. Microcompuler
Systems and inlertaces in the same manner as all other
peripherals of the tamily. tt is treated by the systems
sottware as an array ol peripheral l/O porls; three are
counters and the lourth ts a control regtster tor MODE
pro9rammrng.

Basrca l l y ,  the  se lec t  lnpu ts  A0.  A1 connect  to  the  AO.  A1
address  bus  s rgna ls  o l  the  CPU Tne C3 can be  denved
d i rec t ly  f rom the  address  bus  usrng  a  t rnear  se lec t  method
Or  r t  can  be  connected  to  the  ou tpu t  o f  a  decoder  such as
an In te l i  8205 to r  la rger  sys tems

Flgure 4, Elock Diagram Showing Control Word
Regisler and Counter Funclions

A O O i E S S B U S  l r 6 r

Flgure 5. 8253 Syrtem Inlertrce

C L X  O

G A T T  O

OUI  O

GATI  ]

/l

l  - z
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intet

OPERATIONAL DESCRIPTIOT{

Ganaral
The Comple te  tunc t ronat  de t tn r t ron  o f  the  8253 rs
programmed by lhe systems soltware A set of control
words  mus l  be  sent  ou t  by  the  cPU to  In r t ra t rze  each
counter  o f  the  8253 wr th  lhe  desr red  MODE and quant r ty
intormalion. Prlor to init isl izetion, ths MODE, count, and
output ot rl l  counlors is undefinod. Tho3o control wordg
proortm the MOoE, Loading sequsnco and solection ot
binary or 8CD counting.

Once prOgrammed. the 8253 rs ready to pertorm whatever
l rmrng tasks  t l  t s  ass tgned to  accompl rsh

The ac tua l  coun l rng  opeta t ton  o t  each coun ler  rs
comple te ly  Independent  and addr t ronat  togrc  rs  p rovrded
on-chrp  so  lha l  the  usua l  Orobtems assoqated  wr th
e t f rc ren l  mon i lonng and management  o l  ex te rna t .
asynchronous events or rates lo the mtcrocomouter
sy3tem heve be€n elrmrnatod

Progrrmnlng th. t253
Al l  o t  the  MOOES for  each counter  a re  p f  ogrammed by  the
syslems sottware by srmpte l/O operatrons

Each coun ler  o f  the  8253 rs  Ind tv rdua i ly  p rogrammed by
wnl rng  a  con l ro l  word  rn lo  the  Cont ro l  Word  Reors te r
( 4 0 .  A l  .  l 1 )

Cont]ol Word Formrt

D.tlnlllon of Contlol
trc - S.bct Count .:

scl sco

iL - R..drlo.d:

RL l  RLO

X - TODE:

M 1 MO

ICD;

0 Einary Counter tGbits

I Binary Coded Dccimt (BCO) Counrer
(4 Deedesl

Count.r Lo.dlng

The count ragister is not loaded untit the count value is
written (one or two bytes, depending on the mode
solected by th6 RL bit3), toilowed by a rising edge and a
falling edge ot the clock. Any read of the counter orior to
lhat falling clock edge may yietd invatid data.

tOOE O.tlnlllon

ilODE 0: Intarrupt on Tannltul Count. The output witl
be inilielly low aller the mode s€t operalion. Atter the
count is loaded inlo the selected count r€gister, the oul-
put  wi l l  remain low and the counter wi l lcount .  When ter .
minal count is reachod the output wril go high and re.
main high until the s€tected count register is ,etoaded
wilh lh€ mod€ ot a new count is loaded. The counte,
conlinues lo decrement atler termtnal count has been
roachod.

Rowriting a counl€t register during counting resutts in
the tollowing:

lt) wrile 13t byte 3to9s the current counting.
(2) Write 2nd byts starts th€ new count.

IODE t: Prcer.mrn.bl. OFShol. Th€ output wril 9o
row on th€ count tollowino the ri3ing odge of the gat6 in.
pul.

Th! outpul will go high on lh€ terminat count. ll a new
counl valu€ is loadad whila the output is tow it wiil nol
atlccl lha dur.tion ot thc on$3hot put3o until tho 3uc.
cccding lrlooaf. Th€ currcnt count can b€ road at anv
tima without attactine thc on+3hot putlc.

Tha on;3hot is rutriggcrrbta, hcnca lh. output wiil ra.
rmin low for lha fult count ettar any risine adga ot tha
e.l. inpul.

0 0 0 ttlode 0

0 0 1 Mode 1

X 0 Mode 2

X Mode 3

I 0 0 Mode 4

I 0 Mode 5

0 S€led Count?r 0

0 I Sclcct Countcr I
I 0 Sclca Countsr 2
I I l l lcgBl

0 0 Countcr lrtching oparation {tar
R EADIYR ITE hocadurc Scction)

I 0 R..d/Lo.d mon rignific.nr bytc only.

0 I R.rd/Lo.d tran 3ignitic.nt byt. only

I t Rcad/Lo.d tcan rigniticant bytc tirn,
than nron rignitienr byt?.
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irttel
tOD€ 2: R.ta Oana.atot. Divido by N counter' The oul'

out wall be low for on€ p€riod of the input clock. The

oeriod lrom one output pulse to the noxt €quals lhe

number of input counls in the counl rogistet. It the

counl regist€r is reloed€d between output pulses the
presont poriod wil l not be aff€ctod, bul lhe subsequ€nt
period wil l tellocl lhe new value.

The ga ts  input ,  wh€n low,  wa l l  fo rce  the  ou lpu t  h igh .

When thg  ga te  input  goes  h i9h .  the  counter  w i l l  s la r t
t rom the  in i t ia l  count .  Thus ,  the  ga te  Inpu l  can  be  used
lo synchronize the counler.

When th is  mod€ is  se t ,  the  ou tpu t  w i l l  remaan h igh  un t i l

a f to r  the  count  teg is ie t  i s  loaded.  The ou tpu t  then can

also be synchronized by software.

MOOE 3: Squrrc Wrvc Rllc Gcna.rtot.Slmrlar to MOOE

2 except  tha l  lhe  ou tpu t  w i l l  remain  h tgn  un l l l  one  ha l t

the  coun l  has  been comple ted  l lo r  even numbers)  and
go low lo r  the  o ther  ha l t  o f  the  count .  Th is  i s  accom'
p l rshed by  dec tement ing  the  coonter  by  two on  the  la l l '

Ing  edge o f  each c lock  pu lse .  When the  counter  reaches

terminal count, the state ol the output rs changed and

the  counter  i s  re loaded wr th  the  {u l l  coun l  and lhe  who le
process rs fepealeo.

l l  the  coun l  rs  odd and the  ou ipu t  i s  h i9h ,  the  f i rs t  c lock

ou lse  {a f te r  the  count  i s  loaded)  decrements  the  count

by  1 .  Subsequent  c lock  pu lses  dec tement  the  c lock  by

2 .  A l te r  t imeout ,  the  ou tpu t  goes  low and the  tu l l  count

rs  re loaded.  The f i rs t  c lock  pu lse  ( fo l low lng  the  re load)

decrements  the  counter  by  3 .  Subsequent  c lock  pu lses

decremenl  the  count  by  2  un t i l  t lmeout .  Then the  who le
pfocess is repealed. In this way, if the count is odd. the

outpu t  w i l t  be  h igh  lo r  (N+ 1) /2  counts  and low to r
(N -  l ) /2  counts .

tOD€ rl: Softrrrr Trlegrad Sltoba. Atler the mod€ is

3el, ths oulpul wil l b€ high. when the counl is loaded,
lhe  counter  w i l l  bog in  count ing .  On i€ rmana i  count ,  tho
outpu t  w i l l  go  low lo r  one anpu l  c lock  per iod ,  lhen  w i l l

9o  h igh  aga in .

It the count regisler is roloaded belween oulpui pulses,
counl ing wi l l  cont inue t rom the new value.  The couni
wi l l  be inhib i led whi le the gale input  is  low. Reloading
the counter regist6r  wi l l  restar l  count ing b€ginnrng wi th
the new numDer.

MOOE S: H.rdwrt Ttlggorrd Sltob.. Th€ counter will
start countrng aftet the tising adgo ot the trigget Inpul
and will go low tor ong clock period when the terminal
count ls reached. Tho counler i3 retriggerabl€. Tho oul.
put  wr l l  not  go low unl i l  the lu l l  counl  at ler  th€ r is ing
edge ol  any lnggor.

5r9^.1
Slalur Or Gorn9

nrrng Hrgh

O , s a D r e s €  ̂  a o r e s

2  q e ' c 1 5  o ! l o u t

a l l e t  h e r r  c ! o c

r  o  s a b r e s

2  S e r S  c r ) l P , / t

^ , 9 n

t)  Ratord!
counttr

2) hr l rr tc!
counlrn9

€ , ) a D  r e s

' r  C , s a b l e 5

2  S e l s  o . , l p ! l

E.aOres

D,sabres €nablts
counl 'n9

5
counrrn9

Flgq?a t. Gata Pln Op.?ailonr Summ.Ty
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mODE 0: Inl.nupl on T.rmln.l Counl

crarffi

wr.  -1

G ^ r r -

outrul ilNlEtaortr
_ ! a t z r 0 _
' i . 5 ) -

IIODE t: P?oe..mn.bt. Onlshol

crocr@

wtr^ - l

'F IGGTA

a l ? r 0

rN IGGTI

r 0

Flgur. t. lz3sl||t|lng Dl.gr.n.

ilOOE 3: Squrn Wrvr Gan..rtot

q locxm
. 2 . a a 2 . 7 a 2 a 2 a

out tu t r^ . . 'm
l a 2 5 2 t a l 5 t t a I

MODE rl: Soflwrrc Trlgg.r.d Strob.

Lo^oiff i

G ^ r r -
a a 3 l t 0

ourfur -

I,OOE 5: H.rdw.r. lrleg...d Strob.

c!ft.m

a 3 l r 0

T

a S a t t r 0
o u f r r h . a r  -

outtul

ilODE 2: R.l. G.n.ntot

c rc r@

* r . ry
.  J  /  |  0 a  I  2  J '  /  l

i u i - v i  
-

I  2  '  ) J  I  '  a l  iO U r r u t t . , ! r f f i

-Es€i --J-
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intet
8253 READ'WRITE PROCEDURE
Wrll. Op.nllm.

The systems 3oflwaro musl program esch counter ol the

8253 wrlh the mode and quantlty doslred The program-

mer musl wnto out lo the 8253 a MOOE control word and

the  programmed numbgr  o l  count  regrs te r  by tes  ( l  o r  2 )
pflof to actually usrng lhe s6lecta0 counter

The ac tua l  o rder  o f  the  progr8mmtng rs  qur le  f lex rb le .

wf l t rng  ou t  o t  the  MODE cont ro l  wo ld  can be  tn  any

sequence ot counler selection. e 9., counter f0 does not

have to  be  t i rs l  o r  coun ler  12  tas l .  Each coun ler ' s  MOOE

control word regtster has a separale address so lhat rls

loadrng rs  comple te ly  sequence Independent  (sco ,  sc l )

The loadrng o l  th€  Count  Regts te r  w l lh  the  ac tua l  count

va lUe,  howevet ,  must  be  done In  exac t ly  the  SequenCe
programmed rn  the  MODE con l /o l  word  (RL0.  RL l )  Thrs
loadrng o f  the  coun le f ' s  coun l  reg ls le r  i s  s l t l l  sequence
Independent  l i ke  the  MODE con l ro l  word  loadrng.  bu l
when a selected count regrster t3 to be loaded lt rog! be
loEded wrth the number ol bytes ptogrammed In the
MOOE cont ro l  word  (RLo.  RL1) .  The one or  two by tes  lo
be loaded in lhe count regrster do nol have to lollow the

assocrated MOOE control wotd. fhey can be programmed

at  any  t rma lo l lowrng the  MOOE con l .o l  word  loadrng as
long as the correct number ot bytos ts loaded tn order

All counlers are down counters. Thus, the value loaded
into lhe couni register wrll aclually be decremenled.
Loading all zeroes into a counl tegisler wil l tesult In lhe
marrmum coun l  (2 ' .  to r  B inary  o r  lO to .  BCO)  In  MODE 0
the new count wil l not reslarl unltl lhe load has been
completed. lt wrll accept one ol two bytes dependrng on
how the  MOOE cont ro l  words  (RLo.  RL l )  a re  p rogram-
med Then oroceed wrth lhe .estarl ooeratron

A I AO
l \4ODE Conrrol Word

Counter 0
I I

MODE Control Word
Counter 1

I

MODE Cont ro lWord

Counter 2

| <R Count Regrster Eyte
Counter I 0

Ms8

LS8

MSB

LS8

Count Regrster Byte i 
"Counter I

C"-, ^.t*rB* T
Counter 2 |-_+-

Counr Register BVte L
%unrer 2 i

C",.t t.*"r t-. 
-l-:

l
:

:
0

Tha lxclucvr addr6Et of lach countd r  count ragr i l r  nala
rh. talk ot Fotmir ig thc 8253 a vfy $m9lo runi, .nd
6axrmum l l l?clrv!  uE ol  th!  ddrca wrl l  ratul t  r l  ihr i  taarur€
rt  tul lV utr l rzAd.

No.  2

No.  3

No. 4

No. 5

No.  6

N o .  7

No. 8

No. 9

Ra.d Opa.allon.
In  mogt  coun ler  agg l rca l rons  r t  becomes necessary  lo  read

the  va lue  o l  lhe  count  tn  g rogress  and make a

computa t rona l  decrs ron  based on  th rs  quant r ty  Even l

counters  a re  g robab ly  lhe  most  common app l rca t ron  lna t

uses  lh rs  lunc t ron  The 8?53 contarns  loq tc  tha t  wr l l  a l lo r

the  programmer  to  easr ly  read lhe  con len ts  o f  any  o l  the

three  coun le fs  wr thOut  d rs lu rbrng  the  ac tua l  COunl  In

progreSs

There  are  two melhods  tha l  lhe  programmel  can use to

read the  va lue  o t  the  counters  The t r rs l  method Invo lves

the  use o t  s rmple  I  O read opera t rons  o l  the  se lec led

counter  8y  cont ro t l rng  the  A0.  A1 rnouts  to  lhe  8253 the
programmer  can se lec l  the  coun ler  to  be  read ( rememoer

tha t  no  read opera l ron  o t  the  mode regrs te t  rs  a l lowed 40 .

A l - 1 1 )  T h e  o n l y  r e q u f e m e n l  w r l h  l h r s  m e t h o d  r s  l h a l  I n

order  lo  assure  a  s tab le  count  readrn9 lhe  ac lua l  opera l ron
Ot  the  Se lec ted  Counter  must  be  'nhrbr led  er lher  by

con l ro l l rng  the  Gate  Input  o r  by  e r le rna l  logrc  tha t  tnhrbr ls

the  c lock  Inpu l  The conten ls  o l  the  coun ler  se lec ted  wr l l

be  avar lab le  as  fo l lows

l r .s t  l .  O Read con la rns  the  leas t  s rgn ' l rcan t  by te  (LSB)

second I  O Fead contarns  lhe  mos l  s rgnr t ' can l  by le
( M S 8 )

Oue to  the  In te rna l  logrc  o l  lhe  8253 r l  t s  abso lu le ly
nece3sary  to  comple te  lhe  an t r re  readrng procedure  l l  lwo
byles are Irogrammed to be read.then two byle3 u! be
.ead be lo .e  any  loadrng wR command can be  sent  to  lhe
Same COunler

Flgu,a 9. All.?na!a Ptogtamming Fo?m.tt

i,lODE Cont'olWo?d
Countr n

LSB 
Count Rcgi3td byt.

uount* n

MSg 
C.qRrrrt.t byt"

(iou nlar n

ilota: Forrol drcwn ar I rimgla arrnrolt ol loding tht 8253 .^d
doaa mt implv rhat it ia tha only loimr that on ba urd.

Flgurc !. Progrrmnlng Fo?mal
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