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INTRODUCTION







This manual shows you how to operate and provides technical data for Real Time Devices” AD2000 multifunction data
acquisition board. The AD2000 features 12-bit high-speed multichannel differential or single-ended analog-to-digital
conversion. This versatile interface allows your IBM PC/XT/AT or compatible computer to effectively operate in the
real-time environment of data acquisition and control to sense and generate analog and digital signals. Figure i-1 shows
a typical laboratory setup using a PC for data collection.

LABORATORY WORKSTATION

HARDIVARE IBM PC or SOFTIVARE
Compatible
Experiment
or Test

¥

Signal conditioning & acquisition, data reduction,
graphics, analysis, control, data storage

LRABORATORY RUTOMATION

Fig. i-1 — Typical Laboratory Setup

The AD2000 features a high-resolution (12-bit) analog-to-digital and converter, digital I/O, and timer/counters that
provide flexibility for many applications. Its six-layer construction, including separate power and ground planes,
enhances board performance and low-noise characteristics. It plugs directly into any unused expansion slot (short or full-
size) in the computer. All external I/O connections, including PC bus-sourced power, are accessible at the rear panel of
the computer when the board is installed.

Several of the AD2000’s functions can be readily adapted for your specific requirements. Through programming and/
or jumper or switch settings made on the board, you can:

« Select the base 1/0 address,

= Choose 8 differential or 16 single-ended analog input channels,

+ Select the active channel,

» Select the channel gain,

= Select the analog input voltage range and polarity,

« Control 16 TTL/CMOS-compatible digital 1/O lines,

« Control three 16-bit, 8 MHz timer/counter circuits (the programmable interval timer),

« Monitor the A/D conversion using the end-of-convert (EOC) signal,

+ Generate interrupt signals.
Many of these functions are set up at the factory, based on typical data collection requirements and customer
specifications when ordering. Therefore, you can successfully install and run the AD2000 with minimal understanding
about changing and controlling them. On the other hand, you may want to understand everything about your board so
that you can effectively use each feature. With this in mind, this manual provides basic information to get the board up
and running, as well as detailed information for a full understanding of each function.

i-1




How to Use This Manual
This manual is designed to help you install and get your AD2000 running quickly, while also including sufficient detail
about each board function. Begin by reading Chapter 1 in order to use your board as quickly as possible. This chapter
and the accompanying demonstration software included with your AD2000 package will allow you to promptly use your
interface. To fully understand and control the AD2000 functions, read Chapters 2 through 4. Chapter 5 contains board
calibration procedures.
The chapters and appendixes in this manual are described in detail below.

Chapter 1, “Quick Start—Getting Your AD2000 Running,” provides the instructions necessary to

install the board and use its basic functions. The information contained in this chapter does not cover

how to change the board setup, except for the base I/O address.

Chapter 2, “Functional Description,” provides a block diagram and a functional discussion of the

board.

Chapter 3, “Jumper Settings,” describes each header or jumper circuit on the board and how it is

controlled.

Chapter 4, “Programming Your AD2000,” describes how the board can be programmed using the

demonstration software.

Chapter 5, “Calibration Procedures,” provides instructions for board calibration.

Appendix A, “AD2000 Specifications,” contains a complete listing of board specifications.
Appendix B, “Connector Pin Assignments,” contains the pinouts of the external I/O connectors and
the mating connectors’ part numbers,

Appendix C, “Component Data Sheets,” contains manufacturers’ data sheets for major board
components, '

Appendix D, “Configuring the AD2000 for SIGNAL*MATH,” contains information about setting
board jumpers and and initializing the board to run the SIGNAL*MATH acquisition and analysis
program,

Appendix E, “Configuring the AD2000 for ATLANTIS,” contains information about setting board
jumpers to run the ATLANTIS data acquisition and real-time monitoring program.

Appendix F, “Warranty,” contains board warranty information.

When You Need Help

When you are working with the AD2000 interface board, this manual and the demo software included in your package
will provide sufficient information to properly control all of the board’s functions. If, however, after carefully reviewing
the manual, you are unable to obtain proper responses from the board, Real Time Devices’ technical staff is ready to assist
you. For assistance, call (814) 234-8087 during regular business hours, eastern standard time or eastern daylight time,
or send a FAX requesting assistance to (814) 234-5218. Be sure to include your company’s name, your name, your
telephone number, and a brief description of the problem.
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CHAPTER 1

QUICK START—GETTING YOUR AD2000 RUNNING







To get started using your AD2000 interface board, you must:

- Select by jumper a base I/O address which does not contend with any other peripheral device.

- Install the board into your PC.

- Connect a signal to one of the analog input channels.

- Run the AD2000 software.
Unless you have other requirements, these steps are all that are necessary to use your AD2000 board.
This chapter explains how to install your AD2000 and use its basic functions. You will learn how to:

» Change the base I/O address setting,

« Install the board in your PC,

* Initialize the board,

« Select the analog input channel and gain,

¢ Take an A/D reading.
This chapter allows you to immediately start using the basic functions of your AD2000 board for data collection
applications. This chapter does not explain how to control the more intricate board functions such as the programmable
interval timer, the various digital I/O configurations, or interrupts, nor does it explain how to change hardware-controlled
settings except for the base I/O address. The functions not covered here are described in Chapters 2 through 4.

What Comes With Your AD2000
The standard AD2000 board package includes:

1 AD2000 5.5-inch (140mm) interface board (fits short slot)
1 AD2000 demo disk
1 user’s manual

Additional items, such as the AD2000 2-cable set (order number XK40-1), extender boards or SIGNAL*MATH or
ATLANTIS application software, are available for this board and are included on an as-ordered basis.

All signals on your board are made easily accessible with Real Time Devices’ XB40 I/O extender board and XC40
expansion cable. The extender board has two 20-pin terminal strips and a prototype area to support any special circuitry
you may require to condition the signals. For example, if you are prototyping solid-state relays or optoisolators, this can
easily be done with an XB40. The expansion cable terminates in a 40-pin wire-wrap header connector suitable for
installation in standard 0.1 inch spacing perf-board material available from most electronic distributors.

The Hardware

The AD2000 interface board is shown in Figure 1-1. A complete listing of the board specifications is contained in
Appendix A. The AD2000 has several features which are user-controlled through hardware or software. Most of the
hardware-controllable features are jumper-controlled; the remaining are switch-controlled.

Allof the board components are mounted on a 5.5-inch printed circuit board which fits in any unused expansion slot (short
or full-size) in an IBM PC/XT/AT or compatible computer. Two 40-pin connectors on the board, P8 and P15,
accommodate all of the board’s external I/O. In operation, these connectors are cabled so that all 80 lines are accessible
at the rear panel of the computer (see the board installation instructions later in this chapter).

Functions You Can Set

To allow the AD2000 interface board to be adapted to your needs, several functions can be set up to perform specific
tasks by changing the hardware configuration or through software. Table 1-1 lists each function you can control, the
factory (or default) setting if applicable, and where in this manual you can find information about its settings.
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Fig. 1-1 — AD2000 Board Layout

The functions which you can control through hardware are:

- Base I/O address,

- Analog input channel type,

- Analog input channel voltage range and polarity,
- End-of-convert monitor,

- PIT timer/counters (hardware and software),

- Interrupts.

The functions which you can control through software are:

- Analog input channel selection,

- Analog input gain selection,

- Digital 1/O,

- PIT timer/counters (software and hardware),
- Board initialization.

Setting the Base I/O Address

Starting with the base I/O address (BA), the AD2000 board uses 12 address locations in your computer’s I/O space. Table
1-2 lists the I/O map for the AD2000. It is important to recognize that some of your computer’s I/O address locations
will already be occupied by internal I/O and other peripherals. If your AD2000 board tries to use 1/0 address locations
already in use by another device in your system, address contention will result. Hence, the board will not operate, or at
best will operate erratically.

1/O address contention is one of the most common problems encountered when adding an interface device to your
computer system. To avoid this problem, abase I/O address jumper circuitis provided on the AD2000 board. By changing
the position of the jumper on the header connector labeled P2 (located just to the left of center, near the bottom of the
board), the base I/O address setting can be changed to any one of eight locations.
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Table 1-1—AD2000 Board Functions and Settings

FUNCTION

FACTORY SETTING

USER INFORMATION

Base I/0O Address

Analog Input Channel Type

Analog tnput Channel
Selection

Analog Input Gain Selection

Analog Input Voltage Range
and Polarity

End-of-Convert (EOC) Monitor
Digital I/O

16 /O Lines from PPI
Programmable Inverval Timer
(PIT) Circuitry

Modes

1/O Configuration

Interrupts

300 hex (768 decimal)

8 differential channels

Software-controliable

Software-controllable

User-specified when ordering

Connected to PA7

Software-controllable

Software-controllable

Clock Input: 5 MHz
Gate Input: +5 V
Clock Output: To P8

Disabled

To change this setting, see
*Setting the Base /O
Address," Chapter 1

To select 16 single-ended
channels, see S1 discussion,
Chapter 3

See "Selecting an Analog
Input Channel," Chapter 1,
and demo disk

See "Setting the Input Gain,”
Chapter 1, and demo disk

To change these settings, see
S1 and P9 discussions,
Chapter 3.

See P6 discussion, Chapter 3.

See "Programming the PPI,"
Chapter 4 and demo disk

See "Programming the PIT,"
Chapter 4 and demo disk

See P3 discussion, Chapter 3

See P4, P5, and P7
discussions, Chapter 3, and
"Interrupt Considerations,"
Chapter 4




Figure 1-2 shows the base 1/O address header connector, P2, with the jumper installed at the factory-set location of 300
hex. The jumper must be installed vertically across one of the eight pairs of pins on P2. The hexadecimal base I/O address
setting corresponding to each pair of pins, from left to right, is as follows:

200 240 280 2C0 300 340 380 3CO

For example, if the base I/O address is changed to 280 hex, then for the 12 operations listed in Table 1-2, BA equals 280.
Thus, to send the channel selection and gain data to port B of the PPI, its address of BA + 1 becomes 281 hex.

If the factory setting of 300 hex will cause contention in your system, position the jumper to the desired base I/O address
setting. Once you have set the base I/O address, make a note of its value on the table inside the back cover of this manual.
You will need to know this setting for use in your programs.

3 8
o o
P2
Fig. 1-2 — Base I/0O Address Connector, P2
Installing the AD2000 in Your C :

Before installing the AD2000 in your computer, make sure that the base }/O address has been properly selected and all
the hardware settings have been configured to support your requirements. This chapter explains how to control the base
170 address. Other hardware settings are setat the factory, as listed in Table 1-1, and remain at their factory settings unless
you change them. The interrupts generated by your AD2000 are disabled (not connected) when you receive your board.
If you intend to use the interrupts, they must be configured appropriately before installing the board. Information about
these and other functions not covered in this chapter is provided in Chapters 2 through 4. Use these chapters as necessary
to configure your board before installation.

To install your AD2000, follow these step-by-step procedures:

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 an unused expansion slot (short or full-size) in which to install your board and remove its
corresponding blank bracket from the rear panel of the computer by removing the screw at the
top of the bracket.

3. Before placing the board into the computer, two ribbon cable assemblies must be installed on
board connectors P8 and P15. If you have purchased the AD2000 cable set, firstinstall the twisted
pair cable on analog I/O connector P8. Then install the standard cable on P15. Each cable is a
40-line external I/O cable which extends through the connector slot in the rear panel of the
computer. Both cables run through a single slot where they provide 80 lines of exiernal I/O to
the board. This configuration allows substantial board I/O through a single expansion port in your
computer. Appendix B lists the signal carried on each pin of these connectors. To install the
cables:

a. Remove the strain relief clamp attached to the AD2000 bracket located on the right side of
the board.

b. Connect the socket connector to board connector for each cable. When installing, observe
the connector keying and press firmly to make sure that the socket connector is fully seated
on the board. Each cable provided is labeled with the connector's P number for easy
identification. The cables have strain reliefs on one connector and not on the other. The
connector without the strain relief is to be installed on the board. After both cables are
installed on the board, position them so that they pass over the flange in the board’s bracket.




Table 1-2—AD2000 /O Map

FUNCTION A4 A3 A2 A1 AO R/W BA + HEX

PPI

Port A 0 0 0 0 0 RW 0

Port B (Channel Sel & Gain) 0 0 0 0 1 w 1

Port C 0 0 0 1 0 RW 2

Control Word 0 0 0 1 1 W 3
A/D Conversion Circuitry

Start 12-bit Conversion 0 0 1 X 0 w 40r6

Start 8-bit Conversion 0 0 1 X 1 w 50r7

Read MSB 0 0 1 X 0 R 40r6

Read LSB 0 0 1 X 1 R 50r7
Programmable Interval Timer

Counter 0 1 0 1 0 0 RW 14

Counter 1 1 0 1 0 1 RW 15

Counter 2 1 0 1 1 0 RW 16

Control Word 1 0 1 1 1 W 17

NOTE: x = don't care setting




c. Re-attach the clamp to the bracket using the hardware supplied with your AD2000, securing
the ribbon cables in place.

4. After checking that the cables are correctly installed on the board, orient the board inside the
computer so that the cables extend through the rear panel opening and the card edge connector
lines up with the expansion slot connector. Then, press down on the metal bracket tab and the
top of the board until the board is firmly seated in the expansion slot connector.

5. Secure the bracket back in place with the screw and put the cover back on your computer.

Now your board is ready to be connected via the external connectors at the rear of the computer. After these connections
have been made, the board is ready for operation.

The Software

The AD2000 operates under software control. Programming includes the analog input channel selection and gain,
control of the the A/D conversion, the programmable peripheral interface, and the programmable interval timer. The
analog input channel and gain selections and taking an A/D reading are covered in this chapter. Digital I/O control and
control of the programmable interval timer are more complex, and are described in Chapter 4, “Programming Your
AD2000.”

Regardless of what programming language you use, you can write programs that control the AD2000 board. The
demonstration disk which accompanies your AD2000 contains examples in Turbo C, Turbo Pascal, and BASIC.

Nearly all modern MS-DOS-based PC languages have 1/O reference instructions. These are the instructions to control
the data transfers to and from the I/O ports. Consult your programming language reference to find these instructions for
your favorite language. Listed below are the I/O reference instructions used by some common languages.

BASIC TURBO PASCAL TURBO C
input: INP Port inportb
output  OUT Port outportb

Demo Disk

Included with your AD2000 is a demo disk which provides programming instructions and example programs for
controlling the functions of your interface board. This demo disk is divided into directories, each of which is named
according to the language used to write the programs it contains. The files within each directory contain example
programs and a documentation file with general information. In addition, your demo disk contains a README.DOC
file which provides programming information for your board.

Each example program shows you how to control a particular board function, such as selecting an input channel or input
gain, controlling the A/D converter, controlling digital data transfers, and setting the timer/counter circuitry. These
programs should be used to become familiar with these functions.

Backing Up Your Disk

The demo disk provided with the AD2000 is a double-sided format which can be read by all DOS versions 1.1 and above.
Before using the software included with your board, make a backup copy of the disk. You may make as many backups
as you need. To copy the original to any other DOS-formatted disk, insert the disk to be copied into drive A of your
computer, and from DOS enter:

COPY A:*.* B: (or other destination drive specifier)
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Initializing Your AD2000

Before you can operate the AD2000, it must be initialized. This step must be executed every time you start up, reset, or
reboot the computer. This sets up the PPI to properly communicate with the A/D converter circuitry. If the board is not
initialized, it will not respond to the software commands and will probably lock up, requiring you to reboot your system.

As described earlier, the AD2000 uses 12 address locations in the computer’s I/O space. These address locations start
with the base I/O address (BA) and go through BA + 17 (hex). BA + 8 through BA + 13 are not used. Table 1-2 provides
the AD2000 I/O map, defining what function each of the 12 addresses controls. Recall that the base 1/O address is factory-
set at 300 hex. On the demo disk, the base I/O address is usually stored in the variable “board.” Remember to use the
correct base I/O address in the demo disk programs or your own programs. The demo disk explains how to change the
base I/O address in the programs.

The AD2000 is initialized by simply writing a control byte to the PPI control register mapped at the I/O location base
address + 3 (hex). The control byte must conform to this general form:

1xxx x00x where x =don’t care

This ensures that the eight I/O lines making up port B of the PPI, which are used to control the multiplexer and gain
circuitry, are configured as outputs. The don’t care (x) positions control the direction of the remaining 16 digital I/O lines
available on the PPI. These lines can be configured as inputs, outputs, or in other more complex configurations.

For example, when the control byte bit pattern is:

100000000 (decimal 128)
the AD2000 is initialized as follows:

out base_address+3,128

When this value is used to initialize the AD2000, the eight port C lines of the PPI will all be configured as outputs. You
can transfer data to these lines with the command:

out base_address+2,data

If instead, the decimal value 137 (1000 1001) is used to initialize the AD2000, the port C lines will be set up as inputs.
You can input data from port C with the command:

data = inp(base_address+2)

Note that port A, bit 7 (PA7) of the PPI is factory-set to monitor the end-of-convert (EOC) signal. The PPI must be
programmed so that port A is an input if you are going to monitor the EOC signal through PA7. The control byte must
then conform to the general form of 1xx1 x00x, where the underlined 1 is the data bit which sets up port A as an input.
A functional description of the PPI is contained in Chapter 2, “Functional Description,” and hardware configurations are
described in Chapter 3, “Jumper Settings.” Information about how you can control the digital I/O lines is contained in
Chapter 4, “Programming Your AD2000,” and is not covered here because of its complexity.

As mentioned earlier, the eight lines of port B are used to select the analog input channel and gain. The four LSBs, PB
(for Port B) O through PB3, control the channel selection, and the four MSBs, PB4 through PB7, control the gain selection.
The bit assignment of this port is:
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MSBs LSBs

7654 3210 PPI Port B (Base Address +1)
— e —
gain select channel select
0000 = 1x 0000 = channel 1
0001 = 2x 0001 = channel 2
0010 = 4x 0010
0100 = 8x 0011
1000 = 16x 0100
0101
0110
0111
1000
1001
1010
1011
1100
1101

1110 = channel 15
1111 = channel 16

After the AD2000 is initialized, the port B register is loaded with the default setting of 0000 0000. This selects channel
1 as the input channel with a gain of 1. To change this value, for example, 1o a gain of 2x on channel 16, enter these
commands:

BA + 1 (hex) selects port B
0001 1111 sets gain to 2x and channel to 16

Recall that the board’s default channel setting is eight differential channels. Therefore, only the channel select binary
values for channels 1 through 8 apply. Channels 9 through 16 are used in the single-ended channel mode only.

Now your board is initialized and ready to operate. The following sections describe how to select the analog input channel,

set the input gain, and take an A/D reading. Mastering these operations will allow you to effectively use your board for
data acquisition applications.

Selecting an Analog Input Channel
After the AD2000 has been initialized you can select the analog input channel. The analog input channel is selected by

writing to port B of the PPI, mapped at I/O location base address (BA) + 1.

The input channel and the input gain can be set individually by setting only the four LSBs (channel select) or only the
four MSBs (gain) of the eight-bit control word sent to port B. Before you change either the input channel or the gain,
you MUST preserve the current state of port B. Failure to do so will result in changing both the channel select and the
gain when you intended to change only one of these two settings.

The general algorithm for setting the channel (changing just the four LSBs of the control word while preserving the four
MSBs) is:
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1. Read the current state of port B:
current_state = inp(base_address+1)
2. Preserve the upper four bits since they contain gain data:
current_state = current_state AND $F0
3. Logically OR the current_state with the desired channel number minus 1:
current_state = current_state OR (channel - 1)
4. Write it back out to port B:
out base_address+1,current_state

A BASIC program to select channel 2 is:

100 BASE_ADDRESS% = 768

110 CHANNEL% =2

120 STATUS% = INP(BASE_ADDRESS% + 1)
130 STATUS% = STATUS% AND &HF0

140 STATUS% = STATUS% OR (CHANNEL% -1)
150 OUT BASE_ADDRESS% + 1,STATUS%

Setting the I Gai
The gain is set by writing to the upper four bits of port B at BA + 1. The bit pattern for each of the five gain values supported
by the hardware are:

0000 = gain of 1
0001 = gain of 2
0010 = gain of 4
0100 = gain of 8
1000 = gain of 16

It is recommended that no other bit patterns be used when setting the gain.
The general algorithm for setting the gain is: -

1. Read the current state of port B:
current_state = inp(base_address+1)
2. Preserve the lower four bits since they contain channel information:
current_state = current_state AND $OF
3. Logically OR the current_state with a bit pattern that activates the desired gain:
current_state = current_state OR gain bit pattern:
1x bit pattern =0
2x bit pattern = 16
4x bit pattern = 32
8x bit pattern = 64
16x bit pattern = 128
4. Write the current_state back to port B:
out base_address+1,current_state

1-9




A BASIC program to set a gain of 2 is:

100 BASE_ADDRESS% = 768

110 GAIN% = 2

120 STATUS% = INP(BASE_ADDRESS % + 1)
130 STATUS% = STATUS% AND &HOF

140 IF GAIN% = 1 GOTO 160

150 STATUS% = STATUS% OR (GAIN% * 8)
160 OUT BASE_ADDRESS% +1,STATUS%

Taki \/D Readi
After you have selected an analog input channel and set the gain, you can take an A/D reading. It is important to note
that once the gain and channel are set, they stay at those settings until you change them; that is, they are latched. You
do not have to set the gain or channel every time you take a reading.

Each time an A/D conversion is completed, an end-of-convert (EOC) signal is generated to signify the end of the
conversion. This signal can be used in a number of ways. One way is to use this line to monitor the A/D conversion status.
Setting up the EOC signal to be monitored involves configuring bit 7 of PPI port A or port C as an input line and connecting
the EOC signal to it. This procedure is detailed in Chapter 3, “Jumper Settings." The EOC signal is factory-set to be
monitored through PA7 on header connector P6.

The general algorithm for taking an A/D reading is:

1. Start a 12-bit conversion by writing to base_address + 4 (or 6):
out base_address+4,0

(Note that the value you send is not important. The act of writing to this I/O location is the key
to starting a conversion.)

2. Delay at least 20 microseconds or monitor PPI port A or C, bit 7 for a transition. Polling
permits the fastest data acquisition.

3. Read the least significant bit from base_addr;,ss +5(or 7):
1sb% = inp(base_address% +5)

4, Read the most significant bit from base_address + 4 (or 6):
msb% = inp(base_address% +4)

5. Combine them into the 12-bit result by shifting the LSB four bits to the right. The MSB must
also be weighted correctly:

result% = (msb% * 16) + (1sb%/16)

For a 12-bit conversion, the A/D data read is left justified in a 16-bit word, with the least significant four bits equal to
zero, as shown in Figure 1-3. Because of this, the two bytes of A/D data read must be scaled to obtain a valid A/D reading.
Once itis calculated, the reading can be correlated to a voltage value by scaling it, in the case of bipolar input ranges (+5
or +10 volts), and then multiplying by the appropriate bit weight, as shown in the table at the top of the following page:

MSB LSB
Di5 Di4 D13 D12 D1t D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO

DB12|DB11|DB10| DB9 | DB8 | DB7 | DB6 | DBS | DB4 | DB3| DB2| DB1{ 0 0 0 0

Fig. 1-3 — A/D Conversion Word Format
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Input Range Scale Factor Bit Weight

+5 volts Subtract 2048 2.4414 mV
+10 volts Subtract 2048 4.8828 mV
0 to +10 volts None 24414 mV

For example, if the A/D reading is 1024 and the input range used is £5 volts, the analog input voltage is calculated as
follows:

(1024 - 2048) bits * 2.4414 mV/bit = -2.49999 volts.

For a £10 volt input range, the voltage is calculated as follows:
(1024 - 2048) bits * 4.8828 mV/bit = -4.99999 volts.

For a 0 to +10 volt input range, no scaling is required and the voltage is calculated as follows:
1024 bits * 2.4414 mV/bit = 2.49999 volts.

The input voltage range and polarity are factory-set according to customer specifications when ordering the board. If,
afterreceiving your board, you wish to change the input voltage, see Chapter 3, “Jumper Settings.” Whenever the voltage
polarity is changed (unipolar to bipolar or vice versa), the A/D converter should be recalibrated as described in Chapter
5, “Calibration Procedures.”

Note that eight-bit A/D conversions can also be performed. This is accomplished by writing to /O location BA + 5 (or
7). While an eight-bit conversion has a lower resolution than the 12-bit conversion, it is performed much more rapidly,
inabout 13 microseconds. A 12-bit conversion takes about 20 microseconds. Therefore, when speed is essential, you can
use the eight-bit conversion capability.
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CHAPTER 2

FUNCTIONAL DESCRIPTION







This chapter describes the major functions of the AD2000 interface board. Figure 2-1 shows a block diagram of the board.
The functions discussed in the following sections are:

» Analog-to-digital conversion circuitry
 Programmable peripheral interface (PPI) circuitry
» Programmable interval timer (PIT) circuitry

log-to-Digi nversi ircui

The main function of the AD2000 interface board is to provide high-speed analog-to-digital conversion capability for
data acquisition. The analog-to-digital (A/D) conversion circuitry receives inputs from eight differential or 16 single-
ended analog channels, selects one active channel, and performs an analog-to-digital conversion of the voltage value read
at that channel. The conversion throughput rate is typically 38 kHz.

Multiplexers

Two eight-bit analog multiplexers are used to connect either one of 16 single-ended or one of eight differential analog
channels to the gain circuitry. The leftmost three switches on DIP switch S1 set up the multiplexer at IC location U9 to
receive either single-ended or differential inputs. When these three switches are up, the multiplexer is configured for
single-ended inputs, and when they are down, the multiplexer is configured for differential inputs. Note that these three
switches are always set as a group to the same position (see “S1 Switch Settings,” Chapter 3). A channel is selected
through software control, by writing to port B of the PPI, as described in Chapter 1.
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Fig. 2-1 — AD2000 Functional Block Diagram
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Gain Control Circuitry

The programmable gain control circuitry can provide a gain factor of 1,2,4, 8, or 16. The gain selection is made by writing
to port B of the PP, as described in Chapter 1. The gain factor is controlled by the setting of four analog switches. For
againof2,4, 8, or 16, this write operation will close one of the four switches; for a gain factor of 1, all switches are open.
Note that programming gain factors other than the five listed here is not recommended.

Sample and Hold Circuitry

A sample and hold (S/H) amplifier is used between the gain control circuitry output and the A/D input to ensure that
dynamic analog signals are accurately digitized by the A/D converter. The .001 UF hold capacitor used in this circuit is
apolystyrene type selected for its low dielectric absorption. Its low value minimizes the acquisition time (6 microseconds,
typical), and minimizes hold step voltage and droop. The sample and hold time and rate are determined by the EOC signal
generated by the A/D converter and fed back into the S/H circuit. When the EOC signal is high (logic 1), the amplifier
samples the analog input; when the EOC signal is low (logic 0), the amplifier holds the input.

A/D Converter

The A/D converter is a high-speed 12-bit conversion IC which performs conversions in approximately 20 microseconds.
Eight-bit conversions can also be performed when speed is more critical than resolution. An eight-bit conversion takes
about 13 microseconds, allowing rapid conversions of dynamic analog inputs. The converter supports 10- or 20-volt
analog input signals; however, it cannot support a 20-volt unipolar input range because its supply voltage in the AD2000
application is only +12 volts. The analog input voltage ranges supported by the AD2000 are listed in the specifications
in Appendix A. Calibration circuitry is included for unipolar and bipolar calibration of the A/D converter. Calibration
procedures are described in Chapter 5.

An 8- or 12-bit conversion is initiated by a write operation to the appropriate I/O address. Once a conversion is begun,
the conversion status can be monitored by reading the A/D converter status (STS) signal which is output from the A/D
converter IC and inverted before being made available to other circuitry on the board as the end-of-convert (EOC) signal.
The EOC signal can be monitored by one of two digital input lines on the PPI, PA7 or PC7. Note that if either line is
selected as the EOC monitor, a jumper must be installed for the selected line on P6 and that line must be configured as
an input. The EOC signal is factory-set to be monitored through PA7 on P6. The EOC signal is low (logic 0) during a
conversion. Figure 2-2 shows the EOC timing diagram. Also, the three-state A/D output buffers remain in a high-
impedance state, and, therefore, data cannot be read. While a conversion is in progress, any transitions of the digital inputs
which control the conversion will be ignored, so that the conversion cannot be prematurely terminated or restarted. Once
the conversion is complete (EOC is now high, or logic 1), the A/D data can be read in two bytes, the MSB and the LSB,
in any order. For a 12-bit conversion, the data is left-justified in a 16-bit word. In the case of an eight-bit conversion, the
data is completely contained in the eight-bit MSB.

Refer to Chapter 1, “Taking an A/D Reading,” and the demo disk for more information about using the A/D converter.

R/C ({ L
(IOW-) —\—/ ) )
W\ / =~
EOC \ /.{ )/
Data )/ )/ D—

Fig. 2-2 —EOC Timing Diagram
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Programmable Peripheral Interface

The Programmable Peripheral Interface (PPI) provides 16 TTL/CMOS digital I/O lines which can be configured in a
number of ways to support user requirements. The lines available for digital I/O are port A and port C. The 8255 PPI has
atotal of 24 digital I/O lines, eight of which are used to control the A/D channel selection and gain circuitry, and therefore
are not available to the user. The remaining 16 lines are available at external I/O connector P15. The 24 lines are grouped
into three eight-bit ports, port A, port B, and port C. Port C is further subdivided into two four-bit ports, port C lower
(PCO-PC3) and port C upper (PC4-PC7) in certain modes of operation. The PPI data sheet is included in Appendix C.

The eight bits of port B are reserved for A/D channel selection and gain control, and cannot be configured for I/O use.
Ports A and C can be configured in any of the three operating modes described below:

Mode 0 — Basic input/output. Provides simple input and output operations for each port. Data is
written to or read from a specified port.

Mode 1 — Strobed input/output. Provides a means for transferring I/O data to or from port A or port
B in conjunction with strobes or handshaking signals.

Mode 2 — Strobed bidirectional input/output. Provides a bidirectional means of communicating with
another device on a single eight-bit bus. Handshaking signals are similar to mode 1. This mode applies
to port A only.

In mode 0, all four ports (A, B, C lower, and C upper) are available as I/O lines. Sixteen configurations are possible in
this mode, and any port can be configured as an input or an output. The outputs are latched, but the inputs are not latched.

Inmode 1, the four ports are grouped into two groups. Each group contains one eight-bit data port (port A or port B) and
one four-bit control/data port (port C lower or port C upper) which is used for control and status of the eight-bit port. The
eight-bit data port in each group can be configured as an input or an output. Both inputs and outputs are latched.

In mode 2, port A is an eight-bit bidirectional bus and port C is a five-bit control port. Port B cannot be used in this mode,
but is available for use in mode O or mode 1 while port A is in mode 2. Both inputs and outputs are latched.

The PPI is configured by writing a control word to the appropriate I/O address location, as described in Chapter 4,
“Programming Your AD2000.”

The control word can also be used to individually set or reset the port C bits. This feature allows any bit of port C to be
set or reset without affecting the other port C bits. The data sheet included in Appendix C explains this feature.

The PPIcan also be used to generate interrupts in mode 1 or mode 2 operation. In these modes, the interrupt enable (INTE)
mask is used to enable the INTRA and INTRB interrupt signals. Note that the INTRB signal for PPI cannot be used since
port B of this PPl is always configured as mode 0 output and is reserved for channel selection and gain control. Interrupt
functions are further explained in the data sheet in Appendix C.

The AD2000 board provides a header connector which can jumper the A/D converter end-of-convert (EOC) signal to
a PPI bit where it can be monitored to provide A/D conversion status. The EOC signal can be jumpered to either PA7
(port A, bit 7) or PC7 (port C, bit 7). The default setting of the jumper is PA7. The port used to monitor the EOC signal
must be configured as a mode 0 input port.

Programmable Interval Timer (PI

The programmable interval timer (PIT) can be configured for a variety of timing and counting functions. This versatile
IC contains three independently clocked 16-bit timer/counter circuits, TCO, TC1, and TC2, which operate as down
counters. These down counters can resolve time increments down to 125 nanoseconds. This circuit’s most common
application is to provide accurate time delays under software control. Upon command, the PIT can count out a
programmed delay and interrupt the PC when ithas finished its tasks. All three counter outputs are brought out to external
1/O connector P15.

The three 16-bit timer/counters are each loaded by two one-byte write operations to the appropriate 1/O location. The
bytes are latched into a 16-bit internal count register, where they are stored until the count sequence starts, The countdown
starts when the count register contents are transferred (in parallel) to the down counter. The timer/counter circuits can
be programmed for binary or BCD countdowns.
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A 5 MHz crystal oscillator on the AD2000 can be used to clock any timer/counter circuit. Or, the timer/counter can be
clocked by a source external to the board through external I/O connector P15, Rates of dc to 8 MHz can be used to clock
the timer/counters.

Each timer/counter can be configured for one of six modes of operation. These modes are:
Mode 0 — Interrupt on end of count. The OUT signal changes from low to high when the countdown

is completed.
Mode 1 —Re-triggerable one-shot. A low-level pulse triggered by the GT input is output on the OUT
pin.

Mode 2 — Rate generator.

Mode 3 — Square wave generator.

Mode 4 — Software-triggered strobe.

Mode 5 — Hardware-triggered strobe (re-triggerable).

The timer/counter count modes, as well as the count type (binary or BCD), read/write mode, and counter/timer selection
mode, are all part of the control word which is written to the PIT control register to initialize the circuit. When the PC
is powered up, the timer/counter circuits are not defined until the appropriate control words are written to the circuits to
program them for operation. Initialization is required only once after a power-up reset occurs. Detailed information about
the PIT, including the control word format, is given in the data sheet in Appendix C. Appendix D contains programming
notes for some PIT applications.

The three timer/counter circuits are independent. However, they can be cascaded for countdowns which are longer than
one 16-bit field can support. For example, TCO’s OUT signal can be connected to TC1’s CK signal, and TC1’s OUT
signal can be connected to TC2’s CK signal. When configured this way, the PIT can accommodate extremely long
countdowns. This configuration is described in the application notes in Appendix D.

One of the three timer/counter outputs, TCO OUT, TC1 OUT, or TC2 OUT, can also be used as a PC interrupt. These
signals are brought out to board header connector PS where one (and only one) can be selected for connection to any one
IRQ channel, IRQ2 through IRQ7. Chapter 3, “Jumper Settings,” and Chapter 4, “Programming Your AD2000,”
describe these interrupts in more detail.
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CHAPTER 3

JUMPER SETTINGS






This chapter describes the AD2000 board settings you can control on DIP switch S1 and various header connectors. You
can use this chapter to tailor your board’s functions to your specific application before installing it in your computer, or
to change the board’s configuration as you learn more about its operation and special features. In this chapter, you will
learn about each setting and how to set switches or install jumpers to achieve the desired operation of your board. Before
changing any settings, you should have a functional knowledge of the circuit you are setting up (see Chapter 2).
Remember that all of the settings described in this chapter have been factory-set, or, as in the case of the interrupt signals,
are disabled. Therefore, you do not have to do any further set-up of the board in order for it to operate in your system
as described in Chapter 1. The descriptions in this chapter allow you to change factory settings, or to tailor your board
to take full advantage of its built-in versatility.

There are one DIP swiich and several header connectors which allow you to control various board functions. These are
shown in the board layout of Figure 3-1 and are presented as follows:

S1— Analog Input Signal Type DIP Switch

P2 — Base I/O Address Header Connector

P3 — Programmable Interval Timer (PIT) I/O Header Connector
P4, P5, and P7 — Interrupt Header Connectors

P6 — End-of-Convert (EOC) Monitor Header Connector

P9 — A/D Converter Voltage Range Header Connector
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Fig. 3-1 — AD2000 Board Layout
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S1 — Analog Input Signal Type DIP Switch
DIP switch S1, shown in Figure 3-2, configures the multiplexers for single-ended or differential inputs and selects a
unipolar or bipolar input voltage range. The first three switches on S1 operate as a group. When these are in the UP
position, the multiplexers are configured for single-ended inputs; when they are in the DOWN position, the multiplexers
are configured for differential inputs. Note that these three switches must all be set to the same position (UP or DOWN)
for the multiplexers to function properly. The remaining switch, S1-4, controls the input voltage polarity. When this
switch is in the UP position, the input voltage range is unipolar; when it is in the DOWN position, the voltage range is
bipolar. This switch, coupled with the voltage range selection set on header connector P9, determines the analog input
voltages supported by the A/D converter. Note that whenever the polarity is changed, the A/D converter circuitry should
be calibrated as described in Chapter 5. The switch settings are clearly labeled on the board to eliminate errors when
configuring S1.

SE.| (mm (o] [mm] [mm| |-
DIFF. -

Fig. 3-2 — DIP Switch S1

Header connector P2 controls the 12 computer I/O address locations used by the board. The base I/O address location
is set by jumpering one of the eight positions on the P2 header connector. The base I/O address is factory-set to 300 hex
(768 decimal), with the jumper installed across the pair of pins fifth from the left on the connector. The base I/O address
setting is fully explained in Chapter 1, “Base I/O Address Setting,” and is not repeated here. Note the importance of this
setting with respect to the possibility of address contention with other devices in your computer. Be sure to examine this
possibility if you experience board failure when you first attempt to operate the board in your computer.

P3 — Programmable Interval Timer (PIT) /O Header Connector

Header connector P3, shown in Figure 3-3, controls the programmable interval timer (PIT). The PIT contains three
independent 16-bit timer/counter circuits, as described in Chapter 2. Each timer/counter has three I/O signals associated
with it: a clock, a gate, and an output. P3 can be configured in a number of ways to provide maximum versatility in
applying this device to your particular application. Each timer/counter is factory-set for XTAL clock input, +5V gate
input, and CO output. Figure 3-4 shows a block diagram of the PIT.

For ease in configuring this circuitry, the header connector is partitioned into three functional groups: TCO, TC1, and
TC2, which correspond to timer/counter 0, timer/counter 1, and timer/counter 2, respectively. These designations also
correspond to the manufacturer’s designations, as shown on the data sheet included in Appendix C. Starting from the
top of P3, the first group of pins on the right side are labeled CK0, GTO, and OUTO, the three 1/O signals for TCO. The
signals on the left side for TCO are labeled XTAL, ECO, +5V, EGO, CO0, and COO (this signal has a bar over top of the
signal name on the board as the inverse designation). The groups of signals for TC1 and TC2 are identical to TCO, except
that each has a CK input on the left side of the header connector. Note that each signal name on the right side of the
connector (CK, GT, and OUT) spans a group of two or three pins. Each group can have only one jumper installed at any

time. The following paragraphs describe how these signals can be used in the PIT circuit. An “x™ is used in place of 0,
1, or 2 in the signal names whenever the application can be applied to any or all of the three timer/counter circuits.
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Fig. 3-3 — PIT I/O Header Connector P3
Counter Inputs:

XTAL — This input to all three timer/counter circuits is from the 5 MHz crystal oscillator, labeled Y1, located in the
upper left area of the board. By connecting XTAL to the CKx input on the right side of the connector with a jumper placed
horizontally between the pins, the 5 MHz clock is applied to the timer/counter circuit. If required by your application,
| the XTAL frequency can be changed by installing a different crystal oscillator at Y1. Note, however, that the maximum
frequency at which the PIT will operate is 8 MHz.

ECx— Thisinput allows an external clock, other than the XTAL signal, to control the timing of the corresponding timer/
counter circuit. This pin can be horizontally jumpered to the CKx input on the right side of the connector, in place of the
XTAL source. The ECx signals are brought onto the board through external I/O connector P15 (see Table B-3 in
Appendix B).

Gate Inputs:
+5V — This input, if connected to the GTx input by placing a jumper horizontally between the two pins, places the
associated timer/counter circuit in an enabled state at all times.

EGx —This input can be horizontally jumpered to the GTx input on the right side of the connector to provide an external
gate input instead of the +5 volts input. The EGx signals are brought onto the board through external }/O connector P15
(see Table B-3 in Appendix B).

Counter Outputs:

COx — This output can be horizontally jumpered to the corresponding OUT pin on the right side of the connector so
that the clock output signal can be routed to external 1/O connector P15 (see Table B-3 in Appendix B).

COx — This output can be horizontally jumpered to the corresponding OUT pin on the right side of the connector to
provide the inverse of the clock output signal to external I/O connector P15 (see Table B-3 in Appendix B).




CKx — This input connects the output of one timer/counter to the clock input of the next timer/counter. CKx is provided
for TC1 and TC2 only, and is connected to the output of the previous timer/counter (TCO or TC1) by placing a jumper
horizontally between the pins. These connections are used to cascade the timer/counters for longer time delays than are
supported by a single timer/counter circuit.
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Fig. 3-4 — PIT Functional Block Diagram

nd P7 — Interr H r Conn

Header connectors P4, P5, and P7 are used to jumper various signals generated by the AD2000 circuitry to the PC’s
interrupt channels. The interrupt channels available on the board are IRQ2 through IRQ7. Note that only one interrupt
in the computer system can be connected to an interrupt channel at any given time.

Before attempting to use interrupts, you should be familiar with the procedure for initializing the interrupt vectors and
the PC’s interrupt controller, and setting up the interrupt handling routines. These procedures are beyond the scope of
this manual, but must be understood to effectively use interrupts in you computer system.

Be careful to avoid contention when selecting the interrupt channels used, both with the signals on the AD2000 as well
as with other devices within your computer. To avoid contention, use the table inside the back cover of this manual to
record the interrupt channels you use with the AD2000 board.

Itis also very important to note that the AD2000 interrupt sources are TTL totem-pole (push/pull) type outputs; they are
not open-collector. Therefore, do not attempt to connect one of these interrupts to any other interrupt output.

The following paragraphs describe the interrupts available on your AD2000 board.
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P4 — EXTINT and PPI INTRA Interrupts

Header connector P4 is used to select EXTINT or PPI INTR A for connection to one of the computer’s interrupt channels
IRQ2 through IRQ7. EXTINT is provided to accommodate an interrupt signal generated external to the AD2000 and
routed onto the board through external 1/O connector P15 (see Table B-3 in Appendix B). PPI INTRA (labeled PC3 on
the board) is generated by the PPI. This interrupt is generated during PPI mode 1 or mode 2 operation only. One of these
two signals can be jumpered to one of the available computer interrupt channels IRQ2 through IRQ7 by first placing a
jumper vertically across the pins of the signal chosen and then placing a second jumper vertically across the pins of the
selected IRQ channel. Figure 3-5 shows header connector P4 with jumpers installed so that PPI INTRA is connected to
IRQ2.

IRQ
aNO LT OAN

EXTINT

P4

Fig. 3-5 — Interrupt Header Connector P4

P5 — PIT Output Interrupts

Header connector P35, shown in Figure 3-6, is used to jumper one of the three PIT outputs, OUT0, OUT1, or OUT2, to
one of the computer’s interrupt channels IRQ2 through IRQ7. As in the case of P4, two jumpers must be installed to
connectaPIT output to an interrupt channel. First, install a jumper horizontally across the pins of the PIT output selected.
Then install a second jumper across the pins of the interrupt channel selected. Figure 3-6 shows jumpers installed so that
OUT?2 is connected to IRQ3.

P5

o]
(=
-

N = 0O NMNWHMOGON

Fig. 3-6 — Interrupt Header Connector P5

P7 — A/D End-of-Convert (EOC) Interrupt

Header connector P7, shown in Figure 3-7, is used to jumper the A/D converter’s end-of-convert (EOC) signal to one
of the computer’s interrupt channels IRQ2 through IRQ7. The EOC signal is connected to an IRQ channel by installing
a single jumper horizontally across the pins of the IRQ channel selected. Figure 3-7 shows the EOC signal connected
to IRQ4.
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Fig. 3-7 — Interrupt Header Connector P7

As described above, the A/D converter end-of-convert (EOC) signal can be used to generate an interrupt. If this signal
isnotused as an interrupt, it can be used as a status monitor of the A/D conversion process. Header connector P6 provides
twolines through which the EOC can be monitored from the PPI, PA7 or PC7. One of these two digital I/O lines is selected
for EOC monitoring by installing a jumper horizontally across the appropriate pair of pins. The digital I/O line selected,
PA7 or PC7, must be configured as a mode 0 input (see Chapter 4, “Programming Your AD2000”). Figure 3-8 shows
P6 with a jumper installed in the factory-set position for EOC monitoring through PA7.

P6

ivd £0d

Fig. 3-8 — EOC Monitor Header Connector P6

P9 — A/D Converter Voltage Range Header Connector

Header connector P9, shown in Figure 3-9, is used to select the analog input voltage range of the A/D converter. A jumper
is installed vertically across the pins marked 10V to support a 10-volt range (0 to 10 volts or -5 to +5 volts), or across
the pins marked 20V to support a 20-volt range (-10 to +10 volts). The setting of this jumper, coupled with the setting
of DIP switch S1-4 which selects a unipolar or a bipolar range, determines the input voltage range of the A/D converter.
P9 is configured at the factory according to the customer’s specifications for the input voltage range. The valid settings
of P9 and S1-4 are summarized in the table below:

Range P9 Setting S1-4 Setting
-5 to +5 volts 10V (right) DOWN (bipolar)
0 to +10 volts 10V (right) UP (unipolar)
-10 to +10 volts 20V (left) DOWN (bipolar)
P9
N —b
2 2

Fig. 3-9 — A/D Converter Voitage Range Header Connector P9
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CHAPTER 4

PROGRAMMING YOUR AD2000







All communication with the AD2000 interface board is done by strobing data to and from the board using the I/O
reference instructions. Most operations involve the transfer of data to or from 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 AD2000 base I/O address (BA) determined by the jumper setting of connector P2.
Chapter 1 describes the base I/O address considerations and configuration.

The data collection and support functions controlled through software include the analog input channel selection and
gain, control of the the A/D conversion, the programmable peripheral interface, and the programmable interval timer.
Because they are integral to the basic operation of the board, the analog input channel and gain selections and taking an
A/Dreading are covered in Chapter 1. Digital 1/O control through the PPI and control of the programmable interval timer
are more complex, and are described in this chapter.

The demonstration disk which accompanies your AD2000 contain examples in Turbo C, Turbo Pascal, and BASIC.

Nearly all modern MS-DOS-based PC languages have I/O reference instructions. These are the instructions to control
the data transfers to and from the I/O ports. Consult your programming language reference to find these instructions for
your favorite language.

in log In h

See this section in Chapter 1.
in i

See this section in Chapter 1.

Taking an A/D Reading

See this section in Chapter 1.

T ing the Pr ipheral In

The programmable peripheral interface (PPI) has three eight-bit parallel I/O ports, port A, port B, and port C, which can
be configured for a variety of applications. The PPI has 16 lines available at external I/O connector P15; the eight bits
of port B (PB0-PB7) are used for channel selection and gain control and cannot be used for other functions.

The PPI ports can be operated in one of three modes. The mode of operation and the signal direction of each port (input
or output) are controlled by an eight-bit control word written to an internal register. Two bits define the mode selection:
mode 0, mode 1, or mode 2. Four bits configure the 1/O direction: one bit to control PAO-PA7, one bit to control PBO-
PB7, one bit to control PCO-PC3, and one bit to control PC4-PC7. Port C is divided into two four-bit fields so that it can
provide status and control for port A if desired in your application. The control word is defined in Figure 4-1.

The PPI is configured by writing a control word to it’s internal control register. Upon power-up, all ports are configured
as mode 0 inputs. The PPI is written to during board initialization so that port B is set up as a mode 0 output to configure
it for channel selection and gain control functions. Chapter 1, “Initializing Your AD2000,” describes this procedure.
Because the PPI can be configured for a wide range of operating modes and programming requirements, it is heavily
dependent on correctly understanding how to use the proper control byte to configure the PPI for your application. The
demo disk includes example programs that show how to select the common operating modes. Reading the source code
is highly recommended.

For more information about the operation of the PPI, see the data sheet included in Appendix C.
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GROUP B

PORT C (LOWER)
1 =INPUT
0 =0UTPUT

PORT B
1 =INPUT
0=0UTPUT

MODE SELECTION
0=MODE O
1 =MODE 1

GROUP A

PORT C (UPPER)
1 =INPUT
0 = OUTPUT

PORT A
1 =INPUT
0 =0UTPUT

MODE SELECTION
00 = MODE 0
01 = MODE 1
1X=MODE 2

MODE SET FLAG
1 =ACTIVE

Fig. 4-1 — PPI Mode Definition Format

mmin r mmable In 1

The programmable interval timer (PIT) can be configured for a variety of timing and counting functions. The PIT’s
versatility is supplemented by the use of header connector P3 for jumpering various I/O options. Chapter 3, “Jumper
Settings,” describes this connector.

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. The data is set up in a two-byte format, each byte serially
accessible on the data bus. The I/O locations that control the PIT are listed below from Table 1-2.

PIT FUNCTION A4 A3 A2 A1l AD R/W BA + HEX
Counter 0 1 0 1 0 0 R/W 14
Counter 1 1 0 1 0 1 R/W 15
Counter 2 1 0 1 1 0 R/W 16
Control Word 1 0 1 1 1 W 17
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Your specific requirements will determine how the individual timer/counters should be configured. The data sheet
included in Appendix C provides the information required to control the PIT.

The software included on the demo disk shows example programs for controlling some of the PIT operating modes. In
addition, some typical applications are presented in the programmable interval timer application notes in Appendix D.
Included are examples requiring two or more counters to be cascaded.

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 PS. Refer to the “Hardware Interrupts” section below for more information on using
the OUT signals to generate interrupts.

Hardware Interrupts

Three jumper connectors, P4, P35, and P7, are provided on the AD2000 to enable interrupts generated by the A/D
converter, the PIT, the PPI, and an external source to the PC’s interrupt channels IRQ2 through IRQ7. Chapter 3, “Jumper
Settings,” explains how these header connectors can be configured.

Before you attempt to use interrupts, be sure 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 1in Appendix E provides a good
description of the PC’s system interrupts.

A/D Converter End-of-Convert (EOC) Signal

The A/D converter EOC signal can 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 20 microseconds after the conversion is initiated.
The EOC signal is inverted before being applied to the interrupt channel. It makes a low-to-high transition at the
completion of each conversion cycle, and remains high until another conversion isinitiated. The timing of the EOC signal
is shown in Figure 2-2, Chapter 2.

PPI Interrupts

The PPIINTRA (PC3) interrupt generated in PPI mode 1 and mode 2 operation can be jumpered to any of the PC interrupt
channels IRQ2 through IRQ7. The timing of this interrupt is shown on the PPI data sheet included in Appendix C.

The PPl interrupt must be enabled by writing a “1” to the INTE mask bit of the PPI as described in the data sheet under
“Interrupt Control Functions.” The INTE mask bit is disabled during power-up reset and whenever the PPI mode is
changed.

PIT Interrupts

One of the OUTO, OUT1, or OUT? signals generated by the PIT can be jumpered to a PC interrupt channel using
connector PS5,

When using a PIT OUT signal as an interrupt, you must be very careful to ensure that the PC system’s programmable
interrupt controller (PIC) is properly configured to ignore interrupts on the selected interrupt channel immediately after
power-up. This is necessary because the PIT must first be initialized to define the desired mode(s) of operation. Prior
to initialization, the mode, count, and output of all counters are undefined. If the system interrupts are not disabled, the
counter outputs may cause erratic system behavior.
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CHAPTER 5

CALIBRATION PROCEDURES







This chapter contains calibration procedures for the A/D converter input voltage range and the A/D converter gain. The
offset and full-scale performance of the AD2000 A/D converter is factory-calibrated according to the specifications that
were given when your order was placed. The gain circuitry is also factory-calibrated before the board is shipped. The
following procedure allows you to quickly verify the accuracy of these circuits. This procedure should be done
approximately every six months, whenever inaccurate readings are suspected, or whenever the voltage range is changed.

Calibration is performed with a properly configured AD2000 installed in the PC. Apply power to the computer and allow
the AD2000 circuitry to stabilize for 15 minutes.

Required Equipment

The following equipment is required for calibration:
=« Precision Voltage Source: 0 to £10 volts
« Digital Voltmeter: 5-1/2 digit
« Small Screwdriver (for trimpot adjustment)

Figure 5-1 shows the board layout. The trimpots referenced in the following procedures are grouped in the upper left area
of the board.
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Fig. 5-1 — AD2000 Board Layout

\/D Calibrati
During this procedure, connections must be made to some of the analog inputs on external I/0O connector P8, available
at the rear panel of the computer. The pin assignments for this connector are given in Table B-2, Appendix B.

Two adjustments are necessary to completely calibrate the A/D converter for unipolar or bipolar operation. These affect
the offset and full-scale performance of the AD2000 circuitry. Both calibration steps are performed using trimpots TRS
and TR6 or TR6 and TR7. Trimpot TRS or TR7 is used to zero the offset error of the A/D converter and trimpot TR6
is used for full-scale adjustment. In the following procedure, use analog input channel 1 and set it for a gain of 1. This
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is accomplished by writing all zeroes to I/O address location BA + 1. Be certain that position 4 of switch S1 is set for
the desired polarity and the jumper on connector P9 is set for 10V.

Unipolar Calibration

Two adjustments are necessary to calibrate the A/D converter for the unipolar voltage range of 0 to +10 volis, one for
offset and one for full scale. To adjust the offset, a very low analog input voltage, shown under the "Offset” heading in
the following table, is connected to the channel 1 input of the multiplexer (P8-1). The ground reference of this signal
should be connected to P8-2. While continuously displaying 12-bit A/D conversions, adjust TR7 until the A/D data
flickers between the two values listed in the table under "Offset."

After the offset adjustment is made, TR6 is used to adjust the full-scale value. While the full-scale input voltage listed
in the table is not the actual full-scale voltage for an ideal 0 to +10 volt range, it is the maximum voltage at which the
A/D conversion is guaranteed to be linear. Any value above this voltage may not be linear and thus may adversely affect
calibration. After connecting the full-scale voltage listed in the table to the channel 1 input, adjust TR6 until the data
flickers between the two values in the table under "Full Scale.”

Unipolar Calibration
(0 to +10 volts range)
Offset (TR7) Full Scale (TR6)
Input Voltage +1.22070 millivolts +9.49829 volts
A/D Data 0000 0000 0000 1111 0011 0010
0000 0000 0001 1111 0011 0011

Bipolar Calibration

Whether you are selecting the bipolar input voltage range of -5 to +5 volts or -10 to +10 volts, the following calibration
procedure can only be performed with the board configured for a -5 to +5 volt input voltage range. This means that the
jumper on header connector P9 must be installed across the 10V pins. If you are using the -10 to +10 volt range, reposition
the jumper on P9 across the 20V pins after you perform the calibration procedures below.

Two adjustments are necessary to calibrate the A/D converter for bipolar voltage ranges, one for offset and one for full
scale. To adjust the offset, connect the voltage shown under the "Offset” heading in the table below to the channel 1 input
of the multiplexer. While continuously displaying 12-bit A/D conversions, adjust TR5 until the data flickers between
the two values listed in the table under "Offset.” Next, connect the full-scale voltage listed in the table to the channel 1
input and adjust TR6 until the data flickers between the two values in the table under "Full Scale.”

Bipolar Calibration
(-5 to +5 volts or -10 to +10 volts range)

Offset (TR5) Full Scale (TR6)

Input Voltage -4.99878 volts +4.99634 volts
A/D Data 0000 0000 0000 1111 1111 1110
0000 0000 0001 1111 11111111

Table 5-1 provides a reference for the ideal input voltage for the A/D converter for each bit weight in each voltage range.
This table shows the ideal full-scale (all ones) value in the first line and decrements by one bit weight each line thereafter.
Note that these values are for 12-bit A/D conversions, and are not valid when using the converter to perform more rapid
eight-bit conversions. Note that the voitage values in the table are in millivolts.
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Table 5-1 — A/D Converter Bit Weights
Ideal Input Voltage (millivolts)
A/D Bit Weight +5 Volts +10 Volts 0 to +10 Volts
4095 (Full-Scale) +4997.6 +9995.1 +9997.6
2048 0000.0 0000.0 +5000.0
1024 -2500.0 -5000.0 +2500.0
512 -3750.0 -7500.0 +1250.0
256 -4375.0 -8750.0 +625.00
128 -4687.5 -9375.0 +312.50
64 -4843.8 -9687.5 +156.250
32 -4921.9 -9843.8 +78.125
16 -4960.9 -9921.9 +39.063
8 -4980.5 -9960.9 +19.5313
4 -4990.2 -9980.5 +9.7656
2 -4995.1 -9990.2 +4.8828
1 -4997.6 -9995.1 +2.4414
0 -5000.0 -10000.0 0.0000

librati
Four trimpots, TR1 through TR4, are used to adjust the gain circuitry, one for each of the gains 2,4, 8, and 16. To calibrate
this circuitry, apply an input voltage of +39.063 millivolts to the input of channel 1. Next, by writing the correct word
to the BA +1 I/O location, set the gain to 2 and adjust trimpot TR1 to obtain the 12-bit A/D converter output for your

board’s voltage range, as listed in Table 5-2. Then, repeat this procedure for each of the remaining three gain settings,
adjusting the appropriate trimpot until achieving the correct value listed in the table.

Table 5-2 — A/D Converter Readings for Gain Calibration
Input Voltage Range
Gain Trimpot +5 Volts +10 Volts 0 to +10 Volts
2 TR1 1000 0010 0000 1000 0001 0000 0000 0010 0000
4 TR2 1000 0100 0000 1000 0010 0000 0000 0100 0000
8 TR3 1000 1000 0000 1000 0100 0000 0000 1000 0000
16 TR4 1001 0000 0000 1000 1000 0000 0001 0000 0000
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(Typical at 25°C)

Interface:

Analog Inputs:

A/D Converter:

Counter/Timer:
Digital I/O Lines:

Miscellaneous 1/0s:

Power Requirements:

/O Connectors:

AD2000 SPECIFICATIONS

IBM PC/XT/AT compatible
Jumper-selectable base address, I/O mapped
Jumper-selectable interrupts

8 differential or 16 single-ended inputs, switch-selectable

Input impedance, each channel .............cccccenuee. >10 megohms
Gains, software selectable ..........cceereererernenesnnens 1,2,4,8,0r 16
GAN EITOL ....cocvecireesimreneerneeerasrasnsssssssessasserasesses 0.5% typ, 1% max
Input options: 10-volt range* (Option 1).......... Bipolar +5V
Guaranteed Linearity .......coceeeee 15V
10-volt range* (Option 2)........... Unipolar 0 to +10V
Guaranteed Linearity ............... 0to +9.5V
20-volt range* (Option 3).......... Bipolar +10 V
Guaranteed Linearity ............... 9.5V
Range......cucereeveaeresereenasens Jumper-selectable
POLATILY ...cccvereeeerernnrenerecssenasnanes Switch-selectable
Settling time ......ccccceveeveveeveruarrrennns 3 psec max
Common mode input VOItage ...........ccecerrreeesseenne +10V
Overvoltage protection ....... - .35 Vdc

*Erratic readings can occur beyond specified input voltage ranges.

TYPE ctrtirtererrencreceesaenenseessrsessn s sravesssessesnessesnens Successive approximation
Resolution: 10-volt Tange .........coececvereveenerenns 12 bits (2.44 mV /bit)
20-volt range .......oceveerecscrcenecncs 12 bits (4.88 mV/bit)

Chip-selectable conversion speed: Option 0 .... 20 psec typ, 25 psec max
Option 1 .... 12 usec typ, 15 psec max
Option 2 .... 8 psec typ, 9 pisec max

LINEATILY ....eoecreriirencrsncncnrnnnenesenssnsanesesessensasesssase +1 bit typ
Sample-and-hold acquisition time ...........ccoeenene. 6 usec max
ThIOUGHPUL .....cccrrtiieerecrreneeeerereeenreeneresassesesenes 38 kHz

Three 16-bit, 8§ MHz down counters
16 TTL/CMOS-compatible
+12V, +5V, PC bus-sourced

Ground, PC bus-sourced
One external interrupt input

FI VOIS cueeceeeeeererreeseerrecnmennrcetisseesessssessersessansnes 260 mA
F12 VOIS covrrrenrerecrerensuranene 30 mA
“12 VOIS aoeveeerrecerceeeereermreeessesnessesssssseessessesssenanes 35mA

Two 40-pin box headers (one dedicated to analog signals only)
All 80 signals exit through one rear panel slot in the PC
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Environmental: Operating temperature ............cceeeeeenreesesersenenes 0 to +70°C
\

StOrage temMPETALUIEC .u.vvevererereecerereersssrarsaseresesseses -40 to +85°C
Humidity ....coeeevecenreeernerrceercrnncesesresessessesssneens 0 to 90% non-condensing
Size: HEIRE ....eveericeeeecnenrerarnererercreetisesssssseassssssseseases 3.875" (99 mm)

Width ... 5.50" (140 mm)
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CONNECTOR PIN ASSIGNMENTS

Table B-1—Mating External I/0O Connectors for P8 and P15

Connector No. Manufacturer Part Number
P8 M 3417-7040
P15 Mil C-83503 M83503/7-09

Table B-2—P8 Connector Pin Assignments

Pin No. Signal Name Pin No. Signal Name
DIFF / SE
1 AIN1+ / AIN1 2 GND
3 AIN1- / AIN9 4 GND
5 AIN2+/ AIN2 6 GND
7 AIN2- / AIN10 8 GND
9 AIN3+ / AIN3 10 GND
11 AIN3- / AIN11 12 GND
13 AIN4+ / AIN4 14 GND
15 AIN4- / AIN12 16 GND
17 AINS5+ / AINS 18 GND
19 AINS- / AIN13 20 GND
21 AING6+ / AIN6 22 GND
23 AING6- / AIN14 24 GND
25 AIN7+ / AIN7 26 GND
27 AIN7- / AIN15 28 GND
29 AIN8+ / AINS 30 GND
31 AINS- / AIN16 32 GND
33 N.C. 34 GND
35 N.C. 36 GND
37 +12 VOLTS 38 GND
39 -12 VOLTS 40 GND
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Table B-3—P15 Connector Pin Assignments

Pin No. Signal Name Pin No. Signal Name
1 GND 2 EXTINT
3 PA7 4 PA6
5 PAS 6 PA4
7 PA3 8 PA2
9 PA1 10 PAO
11 GND 12 GND
13 PC7 14 PC6
15 PC5 16 PC4
17 PC3 18 PC2
19 PC1 20 PCO
21 GND 22 GND
23 EXTCLKO 24 EXTGATEQ
25 CLKOUTO0/CLKOUTO- 26 GND
27 EXTCLK1 28 EXTGATE1
29 CLKOUT1/CLKOUT1- 30 GND
31 EXTCLK2 32 EXTGATE2
33 CLKOUT2 / CLKOUT?2- 34 GND
35 +5 VOLTS 36 +5 VOLTS
37 GND 38 GND
39 +12 VOLTS 40 -12 VOLTS
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Intel 82C55A Programmable Peripheral Interface
Data Sheet Reprint
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I
ntel 82C55A
CHMOS PROGRAMMABLE PERIPHERAL INTERFACE

| s Compatible with all Intel and Most
Other Microprocessors

® High Speed, “Zero Wait State”
| Operation with 8 MHz 8086/88 and
80186/188

B 24 Programmable 1/0 Pins
s Low Power CHMOS
m Completely TTL Compatible

Control Word Read-Back Capability
Direct Bit Set/Reset Capability

2.5 mA DC Drive Capability on all 170
Port Outputs

Available in 40-Pin DIP and 44-Pin PLCC

Available in EXPRESS
— Standard Temperature Range
- Extended Temperature Range

The Intel 82C55A is a high-performance, CHMOS version of the industry standard 8255A general purpose
programmable 170 device which is designed for use with all Intel and most other microprocessors. It provides
24 1/0 pins which may be individually programmed in 2 groups of 12 and used in 3 major modes of operation.
The 82C55A is pin compatible with the NMOS 8255A and 8255A-5.

in MODE 0, each group of 12 1/0 pins may be programmed in sets of 4 and 8 to be inputs or outputs. In
MODE 1, each group may be programmed to have 8 lines of input or output. 3 of the remaining 4 pins are used
for handshaking and interrupt control signals. MODE 2 is a strobed bi-directional bus configuration.

The 82C55A is fabricated on Intel's advanced CHMOS (Il technology which provides low power consumption
with performance equal to or greater than the equivalent NMOS product. The 82C55A is available in 40-pin
DIP and 44-pin plastic leaded chip carrier (PLCC) packages.
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