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Introduction

The AD200 is a four channel, 12-bit analog input board for the IBM PC/XT/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 instrument monitoring, a unique
feature of the AD200 is the ability of the user to configure the input gain of each channel
independently, simply by adding feedback resistors. The board’s base I/O address is jumper
selectable to one of eight I/O locations. All external 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 internal, four channel 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 channels or may be monitored 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 that 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 Interval Timer (PIT) includes three independent, 16-bit, 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 (PPI) provides 24 digital inputs or outputs organized in
groups of 8, 8, 4, and 4. Sixteen of these I/O lines are available at the on-board I/O
connector; the remaining 8 are brought out to pads. These lines may be programmed in any
of three modes of operation: simple 1/0, strobed 1/0, or bi-directional 1/O.

The analog and digital lines, as well as +/-12 volts, digital and analog grounds, and either an
external interrupt 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 development of unique analog front end circuitry. The XC40is a
cable assembly which terminates in a 40-pin wire wrap header connector. This connector is
suitable for installation in standard perf-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 AD200 in your computer. This includes
selecting the base address and interrupt capability, configuring 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 operation 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 P7 I/O 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 computer. 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 external clock input. The gate input of each counter may be jumpered to an external gate
signal or tied to +5 volts to always enable the counter. The counter outputs may be used to
generate interrupts by jumpering them to one of the PC’s interrupt channels, are available
externally through the I/O connector, or may be cascaded to another counter input to
generate long time delays. Additionally, the PC’s RESET signal may be jumpered to the I/O
connector in place of the Counter 2 OUT signal.

1-1
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Another jumper may be installed to connect the A/D end of convert signal to one of the PPI
PA7, PB7, or PC7 1/O bits. The PPI PBO - PB7 1/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 A/D end of convert signal, any
of the counter outputs, the PP INTRA generated during PPI Mode 1 or Mode 2 operation, or
an external (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 jumper selections and board options
must be chosen.

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

JUMPER SETTINGS/TEST POINTS
Base Address Selection - Connector P2

To select the board’s base I/O address, the jumper on the connector labeled P2 must be
positioned to correspond to the address desired. The jumper should be placed vertically
across the pair of header 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
another 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 1/O map.

The AD200 base address is preset to X’200". For future reference, 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.
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Address

Bit 1510 6 8 7 6 5 4 3 2 1. 0
X {11{A8||A7|A6] O |A4 ||A3|{A2|A1|AO0| X = Don't Care
| I L I 1 _
|
Base Address
Selected A8 |AT| A6 A2 | Al AO || Register/Function Select
X200 01010 [
X240 01011
X280 01110 A4 | A3 || Device Sclect
X2C0 011711 0 1o llam
X300 11010
X340 1ol 0 11 11PPI
1 10 PIT
X380 1]11]0 -
X3C0 T 1111 1 J1 No Operation
Fig. 1-2 AD200 I/O Port Address Decode
Table 1-1 AD2001/0 Map
Ad A3 A2 Al AQ R/W BA+
(HEX)
A/D
AIN1 0 0 0 0 X w 0/1
AIN2 0 0 0 1 X w 2/3
AIN3 0 0 1 0 X w 4/5
AIN4 0 0 1 1 X w 6/7
DATA - LSB 0 0 X X 0 R 0/2/4/6
DATA - MSB 0 0 X X 1 R 1/3/5/7
PPI
PORT A 0 1 X 0 0 R/W 8/C
PORT B 0 1 X 0 1 R/W 9/D
PORT C 0 1 X 1 0 R/W A/E
CONTROL WORD 0 1 X 1 1 W B/F
TIMER/COUNTER
COUNTER 0 1 0 X 0 0 R/W 10/14
COUNTER 1 1 0 X 0 1 R/W 11/15
COUNTER 2 1 0 X 1 0 R/W 12/16
CONTROL WORD 1 0 X 1 1 w 13/17
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Table 1-2 AD200 User-Selected Options

I/O Base Address

(hex) (decimal)

IRQ Channel Selection

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

A/D BUSY-/PPI Bit Assignment

A/D BUSY- PA7
PB7
PC7

Configuring Programmable Interval Timer 1/0, Reset Output, and External
Interrupt Input - Connector P6

The 8253 Programmable Interval Timer (PIT) contains threc independent 16-bit timer/
counters. Each timer/counter has three I/O signals associated with it: a clock, gate, and
output. (Refer 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, TC1, TC2, and PSL,
which correspond to Timer/Counter 0, 1, and 2, and Pin SeLect, respectively. Starting from
the bottom of the P6 connector, within the groups TCO, 1, and 2 are the pin labels CKx, GTx,
and OUTx along the right side of the 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.
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From

PC Bus To P4
R DR
p7 pé ESET DRV
——32 RST
|
Ol EXINT | Us
CKOT2 c,L' ] [ ouT2 OUT2
EXGT2 >-———lo :
+5V ——%o LGTZ GATE2
EXCK2 >—TO =
XTAL—O O, CK2 CLK2
CK2 : ol————
CKOT1 I OT—0<lr oUT! OUT1
CKOT1 I %
EXGT1 >—0 GT1 GATE1
+5V -——'O }
EXCK1 >_:-o L CLK1
|
XTAL—OI | 8253
CK o—
ALY | : PIT
CROTO | °|_°<}_‘
CKOTO (——'Z O OuUTo OUTO
EXGTO >——————'o g{
5V —0 GTO GATEO
EXCKO » >—— 0 :
| Z CKO
XTA
L—©0 O CLKO
Fig. 1-3 Header Connector P6/PIT
Functional Configuration Diagram
TCO, TC1. and TC2
Counter Inputs
XTAL

This is the output of the SMHz crystal osciliator, 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 Y1 is socketed to
allow a different value to be used. Refer to Appendix A for the specifications of compatible
crystals.
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EXCKx

The EXternal 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 Inputs
+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 EXternal GaTe 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 gate input, instead of +5 volts, by
placing the jumper vertically between the labels EXGTx and GTx.

Counter Qutputs
CKOTx

If the header jumper is positioned vertically between the labels CKOTx and OUTX, the

counter ClocK OuTput signal is connected to a P7 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 a P7 I/O pin. Refer to Appendix B for
the pin assignments of this connector. (The label on the printed circuit board appears with a
bar above the signal name instead of a “-” sign.)

CKx

To connect 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
(OUT?2) 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 P7 I/O 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
external interrupt signal to one of the PC’s interrupt channels, or to bring out the PC’s
RESET signal.
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Place the jumper vertically between the pins labeled EXTINT to connect an external
interrupt signal applied to the P7 I/O connector pin 38 to one of the PC’s interrupt channels.
This signal is actually jumpered to the interrupt 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%, place the jumper vertically
beside the label RST (ReSeT), at the top of connector P6.

Note that these 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 the following selections: Counters 0, 1, and 2

Clock Input <— 5 MHz
Gate Input <— +5V
Clock Output —> P7 I/O Connector

Interrupt Channel Selections - Connectors P3, P4, P5

These three connectors are used to jumper various signals to the PC’s interrupt channels or
digital I/O ports (see Figure 1-1). These signals include: the A/D end of convert, the timer/
counter outputs, the PPI INTRA signal gencrated during PPI Mode 1 and Mode 2 operation,
and an external interrupt signal connected through the P7 I/O connector pin 38.

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

Before you attempt to use interrupts, be certain you are familiar with the procedure for
initializing the interrupt vectors and the PC’s interrupt controller, and setting up the interrupt
handling routines.

- I

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

For future reference, you may wish to record the interrupt channels used in Table 1-2. Chapter
2 includes considerations for using the AD200 interrupts.

A/D End of Conv i - Connector P

This connector is used to jumper the A/D converter’s BUSY- end of convert signal to one of
the PC interrupt channels IRQ2 - IRQ7, inclusive. Alternately, the BUSY- signal may be
monitored using one of the PPI input port bits. To utilize this feature of the AD200, 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 0 Input operation. Refer




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 interrupt channel desired. This figure also shows how the
pins are connected.

. P3
—Fol o ra7
—o o+ PB7
—-0 o4 PC7
A
et _ [ T° T RQ
Convert o o717IRQ3
(BUSY-) [ T° °oT IRQ4
L Lo o1-IRQS
—0 o4 IRQ6
o0 01-IRQ7

Fig. 1-4 A/D End of Convert Jumper

The BUSY- signal is connected to an interrupt channel or PPI input by placing a jumper on
the board across the set of pins corresponding to the interrupt channel (IRQ2 through IRQ7)
or PPI bit desired.

PPI INTRA/External Interrupt - Connector P4

One of two signals may be jumpered to one of the PC intcrrupt channels IRQ2 - IRQ7,
inclusive, using this connector: the PPI INTRA signal generated during PPI Mode 0 or Mode
1 operation, or the external interrupt signal (EXTINT) connected at the P7 I/O 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 External Interrupt
Input - Connector P6.” Because the P4 connector is not labeled with signal names, refer to
Figure 1-5 to determine which sets of pins to jumper for the signals and interrupt channel
desired. This figure also shows how the pins are connected.

. P4

—Eol o RQ2
—to0 o-1—IRQ3
—T0 oT— IRQ4

—1 o o1 IRQ5

—1-0 o1 IRQ6

—-0 o-— IRQ7

—1-0 04— INTRA (From PPI)
O 01 EXTINT (From I/O
Connector P7)

Fig. 1-5 PPI INTRA/External Interrupt Jumper
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Only one of these two signals may be jumpered to an interrupt channel. Notice that in order to
connect the signal to an interrupt channel, two jumpers must be installed. First, determine
which signal you wish to use, then place a jumper across the set of pins corresponding to that
signal. Next, place a second jumper across the set of pins corresponding to the interrupt
channel desired. For example, to jumper the INTRA signal to IRQS, the jumpers would be
installed as shown in Figure 1-6.

- P4

o o IRQ2

o o IRQ3

0 o IRQ4
—0 IRQS

o 0 IRQ6

o o IRQ7
0—0 INTRA
o o EXTINT

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 interrupts.

IT Ou In - Connector P

" This connector is used to jumper one of the PIT outputs OUT0, OUT1, or OUT2 to one of
the PC interrupt channels IRQ2 - IRQ7, inclusive. Because the P3 connector is not labeled
with signal names, refer to Figure 1-7 to determine which sets of jpins to jumper for the
counter output and interrupt channel desired. This figure also shows how the pins are
connected.

PS5

—Fo| oT-IRQ2
— 0 o1-IRQ3
—o0  o1-IRQ4
—o oT-IRQS
—o oT—IRQ6
—t0  04—IRQ7
0 04-0UTO
—To o1-OUTI
—+0 01-OUT2

Fig. 1-7 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 the set of pins corre-
sponding to that signal. Next, place a second jumper across the set of pins corresponding to
the interrupt channel desired. For example, to jumper OUT1 to IRQ4, the jumpers would be
installed as shown in Figure 1-8.
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PS

.
lol ol IRQ2
o o IRQ3
o—o | IRQ4

o o IRQS

o o IRQ6

o o| IRQ7

o o] OUTO
o—o { OUTI1

o o} OUT2

Fig. 1-8 Interrupt Jumper P5 Connected For OUT1 —> IRQ4

Digital I/O - 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 PPL

SELECTING INPUT GAINS - RAX/RFx

The AD200 is preconfigured for a gain of one on all four input channels. However, if you
will be measuring input signals that are consistently smaller than the full O to +5 volt input
range of the A/D 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 jumpers 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 of the input channels is illustrated in Figure 1-9. The dotted
line indicates the location of the jumper for each buffer.

S

AINXx

Vout
(To A/D

- Converter Input)

RAXx
r——"7
i
L L AL Vour - RAX + REX sy
RFx X

Fig. 1-9 AD200 Input Buffer Gain Circuitry

The feedback resistor 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.




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 type, tolerance, and stability of the resistors used. Precision (1% or better) metal film
resistors 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 connector 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 external connections to the AD200 are made to the 1/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, observing the keying of both connectors, install the mating connector and push firmly
until the ejector tabs snap closed, securing the connector in place. I
S e e T R e TR roietlor iplace.

Two separate sets of pins are used as a ground reference for digital and analog signals. Analog
input signals should use pins 1, 7, and 12 for a ground reference, while all digital I/O signals
should be referenced to pins 4, 5, 6, and 40 only on the P7 connector. It is also very important
to use all four of the digital grounds when connecting external interface circuitry to the

AD200 board.

CALIBRATION

A trimpot is located near the top of the AD200 (see Figure 1-1). This trimpot is used for
calibrating the full-scale performance of the A/D converter. 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 straightforward 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’ internal
registers. However, some operations require only that a particular I/O address be written to;
the data written is irrelevant. These I/O locations are referenced to the AD200 base address
(BA) determined by the jumper setting of connector P2. Refer to Chapter 1 for details on
selecting the AD200 base address.

The software 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 AD200 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 CIRCUITRY - PROGRAMMING THE A/D CONVERTER

The AD200 is easily controlled using any programming language. Its operation consists of
simultaneously selecting an input channel 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 events
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 internal 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 1 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
1/0 locations to the input channel that is selected. The data written to these 1/O locations is
irrelevant. Executing an I/O WRITE instruction while a conversion is in progress will restart
the conversion.

Table 2-1 AD200 Input Channel Selection
Analog Input I/0 Location
Channel Selected (WRITE)
AIN1 BA +0/1
AIN2 BA +2/3
AIN3 . BA +4/5
AIN4 BA +6/7

The numbers listed after the slashes in the 1/0O Location column in Table 2-1 are alternate
offsets that may be used; for example, to start an A/D conversion on channel 3, an I/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 1/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 conversion time (125 microseconds)
between the conversion start (I/0 WRITE)instruction and the data READ instructions.

2. Atuser-defined intervals after a conversion start (1/O WRITE) instruction, poll the
A/D converter BUSY status flag - the most significant bit of the A/D converter MSB (see
Figure 2-1). The BUSY flag will be a logic one while an A/D 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 O 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/0 WRITE) instruction, poll the A/D
converter BUSY- status output - the most significant bit of the PPI input port used. This bit
will reflect the status of the conversion as follows:

PA7/PB7/PC7 = 0—> Conversion in progress
PA7/PB7/PC7 = 1 —> 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 interrupts 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/0 locations. Either byte can be read first. Figure 2-1 shows the format and I/O
address assignment of the MSB and LSB A/D data bits.

1/0 Location

l_ 1 = Busy (READ)
BUSY 0 0 0 DB11| DB10| DB9 | DBS§
A/D MSB (MSB) BA + 1/3/5/7
Data Bit 7 6 5 4 3 2 1 0

Fig. 2-1 AD200 A/D Converter Data Byte Format

Data is transferred from the AD200 in right-justified format (i.c., the least significant bit is
the most right-hand bit in a 16-bit word). Two READ operations are required to obtain all
twelve data bits, and the 1/0 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 bit 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.
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DIGITAL CIRCUITRY

Programming the PIT

The 8253 Programmable Interval Timer (PIT) used on the AD200 may be configured 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 timer/counter 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 under 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 interrupt the CPU when it has completed its tasks.

The PIT consists of three independent 16-bit down counters. The counters are initialized 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 internal registers. Table 2-2 shows how the AD200 maps the PIT registers to four
contiguous PC I/O locations, relative to the base address you selected in Chapter 1.

Table 2-2 PIT Register/AD200
I/O Address Assignments
PIT Register 1/0 Location
(HEX)
Counter 0 BA + X’10/X’14'
Countcer 1 BA + X’11/X’15'
Counter 2 BA + X'12/X’16'
Control Word BA + X"13/X’17
{Write Only)

The PIT is a versatile timer/counter interface chip; your application will determine how the
individual counters should be configured. The accompanying data sheet, reprinted 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 counters may be connected to one of
the PC’s interrupt channels using jumpers installed at connector P5. Refer to the “Interrupt
Considerations” later in this chapter for more information on using the QUT signals to
generate interrupts.

PIT Tipti

The first 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
reset occurs, note that a set of control words must be sent out to properly define the counters’
opcration. Prior to initialization, counter operation is undefincd. The remainder of this
section of the data sheet describes each mode of operation in detail.

The last section entitled “8253 Read/Write Procedure” details 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. Refer to the “Definition of Control”
section in the “Operational Description” in the data sheet reprint. For example, to select:

Counter1  Mode 5 Binary Count

and to rcad/load least significant byte first, then most significant byte, you would write the
following data:

Data Bit 7 6 5 4 3 2 1 0
Control Word Data 0 1 1 1 1 0 1101 = X7A
| I
Select Mode 5
Counter 1 .
Binary
Read/Load Count
LSB then MSB

Finally, you will necd to write the data to the Control Word to sclect the operating mode of
Counter 1. Refer to Table 2-2 to determine the address of the 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 (PPI) used on the AD200 consists of three 8-bit
parallel I/O ports that can be configured for a variety of applications. The sixteen bits
comprising Port A and Port C are available at the P7 I/O connector. The remaining eight bits
of Port B are connected to pads labeled P8, adjacent to the 8255 (U4) (see Figure 1-1).

The mode of operation of each port is controlled by data written to an internal register called
the Control Word. Data that is transferred through the 1/0 ports is stored in three additional
intcrnal registers.

Table 2-3 shows how the AD200 maps the PPI resisters to four contiguous PC 1/O locations
relative to the base address you selected in Chapter 1.
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Table 2-3 PPI Register/AD200
1/0 Address Assignments

PPI Register I/0 Location
(HEX)

Port A BA + X’08/X°0C’

Port B BA + X°09'/X’0D’

Port C BA + X’0A’/X’0F’

Control Word BA + X’0B'/X’0F’

(Write Only)

The PPl is a versatile digital 1/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, presents a very
good discussion of controlling this chip.

The software included with your AD200 shows some example programs for controlling each
PPI operating mode. Also included arc examples of CALL statements which are used from
BASICA. These CALL statements invoke assembly language subroutines which provide for
a more efficient and faster execution of a routine. CALL statements would be used for high-
speed data transfers. Because the 8255 PPI used on the AD200 is capable of 10MHz transfer
rates, WAIT states are not required when using a PC/AT machine.

The interrupts generated in PPI Mode 1 and Mode 2 operation when using the Group A 1/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 interrupts.

PPI ription

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 1/O ports for your application.

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

If your application requires the use of interrupts, you will also want to read the information
under the heading “Interrupt Control Functions”. This section describes how the Interrupt
Enable (INTE) mask is used to enable the INTRA and INTRB interrupt signals generated
when using Modes 1 and 2. However, note that the INTRB interrupt cannot be jumpered
using the connector 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 describes the Port C Status Word used in Modes 1 and 2. Port A and Port B
source current capabilitics are also defincd. Values referenced on the timing diagrams are
defined in Appendix A “Specifications”.

The section entitled “Applications of the 8255A” gives some practical examples of how the
PPI can be used for specific applications.




Mode Selection

Once you have decided how to define the operating modes of Ports A, B, and C, determine
the data 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 Mode 1, Input
Port B Mode 0, Output
PCO0,1,2 Mode 0, Input
PC 6,7 Mode 0, Output

you would write the following data:

Data Bit 7 6 5 4 3 2 1 0
Control Word Data 11ol111 ol olo]1 = X'Bl'
ey : - X : .
Mode Set Port A, | PortB, | PCO1.2;
Flag Input Mode O Input
Port A, PC6,7, PortB,
Mode 1 Output  Output

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

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 address of the Control Word. To select
the operating modes used in the above example, the data X’B1' 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 Operation of the Control Word register is
allowed.

Monitoring the A/D BUSY- Signal

One PPI input line, cither PA7, PB7, or PC7, may be uscd to monitor the A/D converter
status. (Refer to Chapter 1 for details on connecting the appropriate signals to use this
option.) When the A/D converter BUSY- signal is jumpered 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 since 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 sheet reprint for more details on
configuring the PPI I/O ports.

To determine the status of the A/D conversion in progress, 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.
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INTERRUPT CONSIDERATIONS

Three jumper connectors, labeled P3, P4, and P5, are provided on the AD200 to enable
interrupts generated by the A/D converter, the PIT, the PPI, and an external source to the
PC’s interrupt channels. Refer to the section in Chapter 1 entitled “Interrupt Channel
Selections - Connectors P3, P4, P57, to determine how these signals may be jumpered to the
PC’s interrupt 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 interrupts to
any other interrupt output.

Before you attempt to use interrupts, be certain you are familiar with the procedure for
initializing the interrupt vectors and the PC’s interrupt controller, and setting up the interrupt
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
interrupt will occur (through the selected interrupt 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 interrupts generated in PPI Mode 1 and Mode 2 operation may be jumpered to any of the
PC interrupt channels 2-7. The timing of these interrupts is shown in the 8255 Specifications
in Appendix A.

The PPI interrupts must be enabled by writing a “1” to the INTE mask bit as described in the
data sheet reprint section entitled “8255A Operational Description” Interrupt 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 OUT?2 signals generated by the 8253 PIT may be jumpered to
an interrupt channel using connector PS. This procedure was discussed in Chapter 1. Note
that this connector allows for only one of these signals to be used as an interrupt, however.

When using the PIT OUT signal as an interrupt, you must be very careful to insure that the
PC system’s Programmable Interrupt Controller (PIC) is properly configured to ignore
interrupts 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 counters is undefined. If the system interrupts 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 Register

The Control Word Register is selected when A0, A1 are 11
It then accepts information from the data bus butfer and
stores it in a register. The information stored in this
register controls the operational MODE of each counter,
selection ot binary or BCD counting and the loading of
each count register

The Control Word Register can only be written into; no
read operation of its contents is avaiiable

Counter #0, Counter #1, Counter #2

These three functional blocks are identical in operation so
only a single Counter will be described. Each Counter
consists of a single, 16-bit, pre-settable, DOWN counter
The counter can operate in either binary or BCD and its
input, gate and output are configured by the selection of
MODES stored in the Control Word Register

The counters are fully independent and each can have
separate Mode configuration and counting operation,
binary or BCD. Also, there are speciai features in the
controt word that handle the loading of the count vaiue so
that software overhead can be minimized for these
functions.

The reading of the contents of each counter is available to
the programmer with simpte READ operations for event
counting applications and special commands and logic
are included in the 8253 so that the contents of each
counter can be read “on the fiy” without having to inhibit
the ciock input

8253 SYSTEM INTERFACE

The 8253 is a component of the Intel™ Microcomputer
Systems and interfaces in the same manner as all other
peripherals of the family. It is treated by the systems
software as an array of peripheral 1/Q ports; three are
counters and the fourth is a control register for MODE
programming.

Basically, the select inputs AG. A1 connect to the AD. A1
address bus signals of the CPU_ The CS can be derived
directly from the address bus using a linear select method
Or it can be connected to the output of a decoder, such as
an Intel* 8205 for targer systems
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Figure 4. Block Diagram Showing Control Word
Register and Counter Functions
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Figure 5. 8253 System Interface
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OPERATIONAL DESCRIPTION

General

The complete functional detmtion of the 8253 1s
programmed by the systems software. A set of control
words must be sent out by the CPU to initialize each
counter of the 8253 with the desired MODE and quantity
intormation. Prior to initialization, the MODE, count, and
output of all counters is undefined. These controi words
program the MODE, Loading sequence and selection of
binary or BCD counting.

Once programmed. the 8253 1s ready to perform whatever
timing tasks it 1s assigned to accomplish

The actuai counting operation of each counter s
completely independent and additionai logic 1s provided
on-chip so that the usual problems associated with
efficient monitoring and management of external,
asynchronous events or rates to the microcomputer
system have been eiiminated

Programming the 8253

All of the MODES for each counter are programmed by the
systems software by simple /0 operations

Each counter of the 8253 1s indvidually programmed by
wniting a control word into the Control Word Reg:ster
(A0. A1 = 11)

Control Word Format
Dy D¢ Dg Dq¢ D3 D2 Dy Do
[ sc1 [sco [ RLt Ao [mz2[ w1 [ mo [ 8co |

Definition of Controi
SC — Select Counter:

sC1 SCo
0 0 Select Counter 0
0 1 Select Counter 1
1 0 Select Counter 2
1 1 lilegal
RL — Read/Load:
RL1  RLO
[} [} Counter Latching operation (see
READ/WRITE Procedure Section)
1 0 Read/Losd most significant byte only.
0 1 Read/Load least significant byte only.
1 1 Read/Load least significant byte first,
then most significant byte.

2-10

M — MODE:
M2 M1 MO
o] 0 0 | Mode O
0 0 1 | Mode 1
X 1 0 | Mode 2
X 1 1 Mode 3
1 0 0 Mode 4
1 1 Mode §
BCD:
0 Binary Counter 16-bits
1 Binary Coded Decimai (BCD) Counter
(4 Decades)

Counter Loading

The count register is not loaded until the count value is
written (one or two bytes, depending on the mode
selected by the RL bits), followed by a rising edge and a
falling edge of the clock. Any read of the counter prior to
that falling clock edge may yield invalid data.

MODE Definition

MODE 0: Interrupt on Terminal Count. The output will
be initialiy low after the mode set operation. After the
count is loaded into the selected count register, the out-
put will remain low and the counter will count. When ter-
minal count is reached the output will go high and re-
main high until the selected count register is reloaded
with the mode or a new count is loaded. The counter
continues to decrement after terminal count has been
reached.

Rewriting a counter register during counting results in
the following:

(1) Write 13t byte stops the current counting.
(2) Write 2nd byte starts the new count,

MODE 1: Programmable One-Shot. The output will go
low on the count following the rising edge of the gate in-
put.

The output will go high on the terminal count. If a new
count value is loaded while the output is low it will not
aftect the duration of the one-shot puise until the suc-
ceeding trigger. The current count can be read at any
time without affecting the one-shot puise.

The one-shot is retriggerabie, hence the output will re-
main low for the full count after any rising edge of the
gate input.
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MODE 2: Rate Generator. Divide by N counter. The out-
put will be low for one period of the input clock. The
period from one output pulse to the next equals the
number of input counts in the count register. If the
count register is reloaded between output puises the
present period will not be affected, but the subsequent
period will reflect the new value.

The gate input, when low, will force the output high.
When the gate input goes high, the counter wiil start
trom the initial count. Thus, the gate input can be used
to synchronize the counter.

When this mode is set, the output will remain high until
after the count register is loaded. The output then can
also be synchronized by software.

MODE 3: Square Wave Rate Generator.Similar to MODE
2 except that the output will remain hign untit one haif
the count has been completed (for even numbers) and
go low tor the other half of the count. This is accom-
phished by decrementing the counter by two on the fall-
ing edge of each clock pulse. When the counter reaches
terminal count, the state of the output is changed and
the counter is reloaded with the full count and the whole
process s repeated.

if the count is odd and the output is high, the first clock
pulse (after the count is loaded) decrements the count
by 1. Subsequent clock puises decrement the ciock by
2. Atfter timeout, the output goes low and the full count
is reloaded. The tirst clock puise {following the reload)
decrements the counter by 3. Subsequent ciock pulses
decrement the count by 2 until timeout. Then the whole
process is repeated. In this way, if the count is odd. the
output will be high for (N+ 1)/2 counts and low for
(N - 1)/2 counts.

MODE 4: Software Triggered Strobe. After the mode is
set, the output will be high. When the count is loaded,
the counter will begin counting. On terminai count, the
output will go low for one input clock period, then will
go high again.
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If the count register is reloaded between output pulses,
counting will continue from the new value. The count
will be inhibited while the gate input is low. Reloading
the counter register will restart counting beginning with
the new number.

MODE S: Hardware Triggered Strobe. The counter will
start counting atter the rising edge of the trigger input
and will go low tor one clock period when the terminal
count is reached. The counter is retriggerable. The out-
put will not go low until the tull count after the rising
edge of any trigger.

Signat Low
Slatus Qr Going
Modes Low Rising High
N Disabtes Enaples
count ng counting
Troinnates
counting
2 Rescts output
atter next clock
- 1 D-sabres
1) Reioads
caunting Enavles
N counter
2' Sers cutput “ounting
2) tnitates
mmedately countiny
rgn unting
2 "1 [isaples
counting irhates Enaptes
2+ Sets output counting counting
immeaiately
’Hg?\
4 Disables - - Enaples
counting counting
5 - Initiates _
l tountng

Figure 6. Gate Pin Operations Summary
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MODE 0: interrupt on Terminal Count

cox SLAMMAMNNAMNNNIL

Wra ) l
4 3 2 1 0
QUTPUT (INTERRUPT}
LR —
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5 4 3 2 v 2
OUTPUT (INTERRUPT) 1 o
m=s) —— —
a B
AeBrm

MODE 1: Programmable One-Shot
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MODE 2: Rate Generator
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21 ) 2 v 53 2 v 930
OUTPUT (a + I} 1

RESET -_ .

MODE 3: Square Wave Generator
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MODE 4: Software Triggered Strobe
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MODE 5: Hardware Triggered Strobe
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Figure 7. 8253 Timing Diagrams
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