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INTRODUCTION





This manual shows youhow to operateandprovides technicaldata forReal Time Devices' ADl l00general purpose data

acquisition board. The ADl100 features eight-channel, single-ended 12-bit high-speed analog-to-digital conversion.

This versatile interface allows your IBM PCDru/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.

[RBORnTURT llf 0sKsrnrl 0H

HRRtrII|BRE tEM PC or
Compotlble

Signal condlt ionlng D ocqulsl t ion, data reduct ion'
graphlcs, analgsls,  control ,  dota storEgB

TRBOERTORY NUTOHRTION

SOTTUNRE

Fig. i-1 - TyPical Laboratory SetuP

The ADl l00 features ahigh-resolution (12-bit) analog-to-digital converter, digital I/O, and timer/counters thatprovide

flexibility for many applications. Its double-sided consfiuction provides separate analog and digital ground planes,

enhancing board performance and low-noise characteristics. It plugs directly into any unused expansion slot (short or

fug-size) in thecomputer. Allexternal VOconnections, includingPC bus-sourcedpower, areaccessible attherearpanel

of the computer when the board is installed.

Several of the AD1100's functions can be readily adapted for your specific requirements. Through programming and/

or jumper settings made on the board, you can:
. Selectthebase I/O address,
. Select the active channel,
. Set the gain,
. Select the analog input voltage range,
. Control z4T'ILICMOS-compatible digital I/O lines,
. Control three l6-bit, 8 MHz timer&ounter circuits (the programmable interval timer),
. Monitor the A/D conversion using the end-of-convert (EOC) signal,
. Generate intemrPt signals.

Many of these functions are set up at tlle factory, based on typical data collection requirements and customer

specifications when ordering. Therefore, you can successfully install and run the ADl100 with minimal understanding

about changing and conEolling them. On the other hand, you may want to understand everything about yourboard so

that you can effectively use each feature. With this in mind, this manual provides basic information o get the board up

and running, as well as detailed information for a full understanding of each function.
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How to Use This Manual

This manual is designed to help you install and get your ADl 100 running quickly, while also including sufficient detail

about each board function. Begin by reading Chapter I in order to use your board as quickly as possible. This chapter

and theaccompanyingdemonstration softwareincludedwittr your ADl l00packagewillallow youto Fomptlyuseyour
interface. To fully understand and control ttre AD1100 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---Gesing Your ADl100 Running," provides the insructions necessary to

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

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

Chapter 2, "Functional Description," provides a block diagfam and a functional discussion of the

board.

Chapter 3, 'Tumper Setdngs," describes each header or jumper circuit on the board and how it is

controlled.

Chapter 4, "Programming Your ADI100," describes how the board can be programmed using the

demonstration software.

Chapter 5, "Calibration Procedures," provides instructions for board calibration.

Appendix A, *ADl100 Specifications," concains a complete listing of board specifications.

Appendix B,"ConnectorPin Assignments,"conlains the pinoutof theextemal I/Oconnectorandthe

mating connector's Part number.

Appendix C, "Component Data Sheets," contains manufacnren' data sheets for major board

components.

Appendix D,'Configuring the ADll00 for SIGNAL*MATH," contains information abut setting

board jumpen and and initializing the board to run the SIGNAL*MATH acquisition and analysis
progam.

Appendix E, "Configuring the ADI100 for ATLANTIS," conlains information about setting board
jumpers to run the ATLANTIS data acquisition and real-time monitoring progam.

Appendix F, "Warranty," contains board warranty information.

When You Need Help

When you are working with the ADI100 interface board, this manual and the demo software included in your package

will provide sufficientinformation toproperly control allof theboard's functions.If, however, aftercarefullyreviewing

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 (Sla) 234-8087 during regular business hours, eastern standard time or eastern daylight time,

or send a FAX requesting assistance to (814) 2y-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

QUrCK START4ETTING YOUR AD1100 RUNNING





To get stafled using your ADl100 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 ADl100 software.

Unless you have other requirements, these steps are all that are necessary to use your ADl100 board.

This chapter explains how to install your ADl100 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,
. Take an A/D reading.

This chapter allows you to immediately start using the basic functions of your AD1100 board for data collection
applications. This chapter does not explain how to control the more intricate board functions such as the resistor-
configurable gain, the programmable interval timer, the various digital I/O configurations, or intemrpts, 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 AD1100

The standard ADl100 board package includes:

I ADl100 5.4-inch (l37mm) interface board
I AD1100 demo disk
I user's manual

Additionalitems, suchasextenderboardsorSIGNAL*MATHoTATLANTIS application software,areavailableforthis
board and are included on an asordered basis.

All signals on your board are made easily accessible with Real Time Devices' XB40 VO extender board and XC40
expansion cable. The extender board has two 20-pin terminal sfips and a protorype area to support any special circuitry
you may require to condilion the signals. For example, if you are proiotyping 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 ADI100 interface board is shown in Figure 1-1. A complete listing of the board specifications is contained in
Appendix A. The ADl100 has several features which are user-conrolled through hardware or software. Most of the
hardware-controllable features are jumper-controlled and the resistor-configurable gain is component-controlled.

All of the board components are mounted on a 5.4-inch printed circuit board which fits in any unused short or full-size
expansion slot in an IBM PC/XT/AT or compatible computer. A 40-pin connector, P7, accommodates all of the board's
external VO.

Functions You Can Set

To allow the ADl100 interface board o be adapted to your needs, several functions can be set up to perform specific
tasks by changing the hardware configwation or through software. Table l-1 lists each function you can control, the
facory (or default) setting if applicable, and where in this manual you can find information about is settings.
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Fig. 1-1 - AD1100 Board Layout

The functions which you can control through hardware are:
- Base I/O address,
- Analog input channel voltage range and polarity,
- Analog input gain (resistor-configurable)
- End-of-convert moni[or,
- PIT timer/counters (hardware and software),
- Interrupts.

The functions which you can control through software are:
- Analog input channel selection,
- Digital I/O,
- PIT timer/counters (software and hardware),
- Board initialization.

Setting the Base VO Address

Startingwittr thebasel/O address @A), the ADl l00uses20consecutiveaddresslocations in yourcomputer'sI/Ospace.
Table 1-2lists ttrel/O map for theADl100.Itis importanttorecognize thatsomeofyourcomputer's I/O address locations
will already be occupied by internal I/O and other peripherals. If your ADl100 board tries to use I/O 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.

I/O address contention is one of the most common problems encountered when adding an interface device to yoru
computer system. Toavoid thisproblem, abaseVOaddress jumpercircuitisprovidedon theAD1100board. By changing
the position of the jumper on the header connector labeled P6 (located just to the left of center, near the bottom of ttre
board), the base I/O address setting can be changed to any one of eight locations.
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Table 1-1-ADl100 Board Funct ions and Set t ings

FUNCTION FACTORY SETTING USER INFORMATION

Base l/O Address

Analog Input Channel
Selection

Analog Inpul Gain

Analog lnput Voltage Range

End-of-Convert (EOC) Monitor

Digitall/O

24llo Lines lrom PPI

Programmable Interval Timer
(PlT)Circuitry

Modes

l/O Configuration

Interrupts

Jumper Jl (Controls External
l/O Connector P7, Pin 40)

300 hex (768 decimal)

Sof tware-control lable

Resistor-Co nf igu rable;
factory-set to 1

User-specified when ordering

Connected to PB7

Software-control lable

Sof tware-control lable

Clock Input:5 MHz
Gate lnput: +5 V
Clock Output: To P7

Disabled

Connected to GND

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

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

See "Resistor-Conf igurable
Gain," Chapter 3, and demo
disk

To change this setting, see P9
discussion, Chapter 3.

See PB discussion, Chapter 3.

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

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

See P5 discussion, Chapter 3

See P2, P3, and P4
discussions, Chapter 3, and
"l nterrupt Considerations,"
Chapter 4

See Jumper J1 discussion,
Chapter 3



Figure I -2 shows the base I/O address header connector, P6, with the jumper installed at ttre factory-set location of 300
hex. Thejumpermustbeinstalledvertically acrossoneof theeightpairs of pinsonP6. The hexadecimalbaseVOaddress
setting corresponding to each pair of pins, from left to right, is as follows:

200 240 280 zCA 300 340 380 3C0

For example, if the base I/O address is changed o 280 hex, then for the 20 operations listed in Table 1-2, BA equals 280.
Thus, to select analog input channel 8, its address of BA + 7 becomes 287 hex.

If the factory setting of 300 hex will cause contention in your system, position thejumper to the desired base VO 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 seuing for use in your programs.

TE
c) cr)

P6

Fig.1-2 - Base l/O Address Connector, P6

Installing the AD1100 in Your Computer

Before installing the ADll00 in your computer, make sure that the base I/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
I/O address. Other hardware settings are setatthefactory, as listed in Table l-1, andremain at theirfactory settings unless
you change them. The interrupts generated by your ADl 100 are disabled (not connected) when you receive your board.
If you intend to use tle intemrpts, 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 tlrrough 4. Use these chapters as necessary
to configure your board before installation.

To install your ADll00, follow these stepby-step procedures:

1. TURN OFF TI{E POWER TO YOUR COMPUTER FIRST. Refer o 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. Orient the board inside the computer so that P7 is accessible through the rear panel opening and
thecardedgeconnectorlines up with theexpansion slotconnector. Then,pressdown on themetal
brackettaband the topoftheboard until theboard is firmly seatedin theexpansion slotconnector.

4. 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 connector at the rear of the computer. After this connection
has been made, the board is ready for operation.

The Software

The ADl100 operates under software control. Programming includes selecting the analog input channel, control of the
the A/D conversion, control of the programmable peripheral interface, and control of the programmable interval timer.
The analog input channel selection and taking an A/D reading are covered in this chapter. Digital I/O conrol tlrough
thePPI and control of the programmable interval timerare more complex, and are dgscribed in Chapter4, "Progmlxming

Your ADl100." The resistor-configuarable gain is described in Chapter 3, "Jumper Settings."

Ess
N C D ( ! )
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Table 1-2-AD1100 l /O Map

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

Analog lnput Channel

AINl
AIN2
AIN3
AIN4
AIN5
AIN6
AINT
AINS

0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0

0
0
0
0
1
1
1
1

0
0
1
1
0
0
1
1

0
1
0
1
0
1
0
1

w
W
W
W
W
W
W
W

0
1
2
3
4
5
6
7

A/D Conversion Circuitry

Start 1 2-bit Conversion
Start 8-bit Conversion
Read MSB
Read LSB

0
0
0
0

1
1
1
1

0
0
0
0

x
X

x
x

0
1
0
1

W
W
R
R

8  o rA
9o rB
B  o rA
9o rB

PPI

Port A
Port B
Port C
ControlWord

0
0
0
0

1
1
1
1

1
1
1
1

0
0
1
1

0
1
0
1

R/W
R/W
R/W
W

c
D
E
F

Programmable Interval Timer

Counter 0
Counter 1
Counter 2
ControlWord

1
1
1
1

0
0
0
0

0
0
0
0

0
0
1
1

0
1
0
1

R/vV
R/W
R/W
W

10
11
'12

13

NOTE:x = don't care setting



Regardless of what programming language you use, you can write programs that control ttre ADllOO board. The
demonstration disk which accompanies your ADl100 contains examples in Turbo C, Turbo Pascal, and BASIC.

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

BASIC

inpun INP

outpur ouT

TURBO PASCAL

Port

Port

TURBO C

inportb

outportb

Demo Disk

Included wittr your ADl100 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 wittrin each directory con[ain 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 prcgam shows you how to control a particular board function, such as selecting an input channel,
controlling the A/D converter, controlling digital data fansfers, and setting the timer/counter circuitry. These programs
should be used to become familiar with these functions.

Backing Up Your Disk

The demo diskprovided with the ADl100 is a double-sided formatwhich can bereadby all DOS versions 1.1 andabove.
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 ttre 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)

Initializing Your AD1100

Before you can operate the ADll00, you may have to initialize il. Initialization is required to configure the PPI. For
example, it must be configured when you monitor the end-of-convert signal through bit 7 of one of its three ports. To
initialize the PPI for your application, this step must be executed every time you start up, reset, or reboot tle computer.

As described earlier, the ADI100 uses 20 address locations in the computer's VO space. Table l-2provides the ADl100
I/O map, defining what function each of the 20 addresses controls. Recall that the base I/O address is factory-set at 300
hex. On the demo disk, the base I/O address is usually stored in tlte variable "board." Remember !o use the correct base
I/O address in the demo disk prognms or your own prcgrams. The demo disk explains how to change the base I/O address
in the programs.

The ADl l00 is initialized by simply writing a control byte to the PPI control register mapped at the VO location base
address+ F (hex). Figure 1-3 shows the structure of thePPI control word. Chapters 2and 4 and the data sheetin Appendix
C explain the meaning of each bit setting in the control word.

For example, recall that the EOC signal is factory-set to be monitored through port B, bit 7 (PB7). To properly set up
the PPI so port B is an input port, t}le connol byte must conform to this general form:

lxxx x01x (decimal 130) wherex=don'tcale

This configures port B as a mode 0 input" which is required if you are monitoring the EOC through PB7.

l-6



D7 D6 D5 D4 D3 02 D1 DO

I
GROUP B

PORT C (LOWER)
1 = INPUT
O = OUTPUT

PORT B
1 = INPUT
O = OUTPUT

MODE SELECTION
0 = ITTODE 0
1 = [40DE 1

GROUP A

PORT C (UPPER)
1 = INPUT
O = OUTPUT

PORTA
1 = INPUT
O = OUTPUT

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

MODE SET FI-AG
1 = ACTIVE

Fig. 1-3 - PPI Mode Definition Format

Selecting an Analog Input Channel

After the ADl100 has been initialized you can select the analog input channel. The analog input channel is selected by

writingtooneof theeightl/OlocationsBA+0throughBA+?. Table l-2showstheVOlocationsandtheirconesponding
channels. The data written is irrelevanl The act of writing activates the selected channel. After a [nwer reset, all eight

channels are disconnected.

Setting the Input Gain

The ADll00 features a unique gain configuration capability. Byremoving aboard jumperand installing some resistors,

the gain can be changed from the facory setting of 1 (unity) to whatever you desire (greater than l). In this chapter, the

facnry setting of 1 is used; later chapters detail this feature. Chapter 3 shows how to set up the resistor gain.

Taking an A/D Reading

After you have selected an analog input channel, you can take an A/D reading. It is important to note that once the channel
is set, it stays at that setting until you change iq that is, it is latched as long as your system is powered up. You do not

have !o set the channel every time you take a reading.

Each time an A/D conversion is completed, an end-ofconvert (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.

Seuing uptheEOC signal tobemonitoredinvolves configuringbitT ofPPIportA,portB, orportCasan inputlineand

connecting the EOC signal o it. This procedure is detailed in Chapter 3, "Jumper Settings." The EOC signal is factory-

set to be monitored through PB7 on header connector P8.

t-7



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

1. Start a 12-bit conversion by writing to base-address + 8 (or A):

out base-address+8,0
(Note that the value you send is not important. The act of writing o this VO location is the key

to starting a conversion.)

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

3. Read the least significant bit from base-address + 9 (or B):

lsb%o = inp(base-addressTo +9)

4. Read the most significant bit from base-address + 8 (or A):

msbTo = inp(base-addressTo +8)

5. Combine them into rhe 12-bit result by shifting the LSB four bits o the righr The MSB must
also be weighted conectly:

resultTo = (msb7o * 16) + 0sb%oll6)

For a 12-bit conversion, the A/D data read is left justified in a l6bit word, with the least significant fourbits equal to
zero, as shown inFigure 14. Because of *ris, the twobytes of A/D dataread mustbe scaled to obtain a valid ATDreading.
Onceitiscalculated, thereadingcan be correlatedto avoltage valueby scalingitand thenmultiplyingbytheappropriate
bit weight, as shown in the table below:

Input Range
+5 volts

t10 volts

MSB
D 1 5  D 1 4  D 1 3  D 1 2  D 1 1  D 1 0

DB12DB11DBlC D89 D88 D87 DB6 D85 DM D83 DB2 DB1 0 0 0 0

Fig.1-4 -A/D Conversion Word Format

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

(luV+ - 2018) birs * 2.4r'.14 mV/bit= -2.499p9 vol16'

For a +10 volt input range, the vohage is calculated as follows:

(r0A - 2048) birs * 4.8828 mV/bit= 4.99999 vols.

The bipolar input voltage range is factory-set according to customer specilications when ordering the board. If, after
receiving your board, you wish to change the input voltage, see Chapter 3, "Jumper Settings."

Note that eight-bit A/D conversions can also be performed. This is accomplished by writing to VO location BA + 9 (or
B). While an eight-bit conversion has a lowerresolution than the l2-bit conversion, it is performed much more rapidly,
in about 13 microseconds. A l2-bitconversion takesabout20 microseconds. Therefore, when speedis essential, you can
use the eight-bit conversion capability.

Scale Factor
Subract 2048
Subract 2048

Bit Weight

2.4414mY

4.8828 mV

LSB
D3 D2 D1 DOD4D5D6D7D8D9

l -8



CHAPTER 2

FUNCTIONAL DESCRIPTION





Thischapterdescribes the majorfunctions of theADl l00interfaceboard.Figure2-1 shows ablock diagram of theboard.

The functions discussed in the following sections are:

. Analog-to-digital conversion circuitry

. Programmable peripheral interface @PI)

. hogrammable interval timer @IT) circuitry

Analog-to-Digital Conversion Circuitry

The main function of the ADl100 interface board is to provide high-speed analog+edigital conversion capbility for

data acquisition. The analog-to{igital (A/D) conversion circuitry receives inputs from eight single-ended analog

channels, selects one active channel, and performs an analog-to-digttal conversion of the voltage value read at that

channel. The conversion throughput rate is typically 38 kIIz.

Multiplexer

An eight-bit analog multiplexer is used !o connect one of eight single-ended analog channels to the converter circuiry.

A channel is selected through software control, by writing !o the appropriate VO location, as described in Chapter 1.

Gain Control Circuitry

The resistor-configurable gain connol circuitry can provide a gain factor of 1 or greater. The board is facory-set for a
gain of 1 (no resiitors are installed; a jumper bypasses the circuit). To change this setting, see Chapter 3, "Jumper

Settings."

Fig. 2-1 - AD1100 Functional Block Diagram
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Sample and Hold Circuitry

A sample and hold (S/tI) amplifier is used between the gain control circuitry output and the A7D input to ensure that

dynamic analog signals are accurately digitized by ttre AID converter. The .001 pF hold capacitor used in this circuit is

apolystyrenetypeselectedforitslowdielecfic absorption.Itslowvalueminimizestheacquisition time (6microseconds,

typical), andminimizesholdstepvoltageanddroop.Thesampleandholdtimeandratearedeterminedby theEOC sigral
generated by the AID converter and fed back ino the SAI circuir When ttre EOC signal is high (logic 1), the amplifier
samples ttre analog inpuq when the EOC signal is low (logic 0), the amplifier holds the inpur

A./D Converter

The A/D converter is a high-speed l2-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 convenions of dynamic analog inputs. The converter supports l0- or 20-volt
bipolar anatog input ranges. Calibration circuitry is included for 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 VO address. Once a conversion is begun,
the convenion status can be monitored by reading the A/D converter status (STS) signal which is output from the AID
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 three digital input lines on the PPI ,PA7 ,PB7 , or PC7. Note that if any line
is selected as the EOC monitor, a jumper must be insalled for the selected line on P8 and that line must be configured
as an input. The EOC signal is factory-set to be monilored through PB7 on P8. The EOC signal is low (logic 0) during
a conversion. Figure 2-2 shows the EOC timing diagram. Also, the three-state AID output buffers remain in a high-
impedance state, and, therefore, datacannotberead.Whileaconversion is inprogress, anytransitionsof thedigital inputs
which confiol the conversion will be ignored, so that the conversion cannot be prematurely terminated or res0arted. Once
the conversion is complete @OC is now high, or logic l), ttre AID 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 l6-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
\f \Jvv-r 

-t 
t , t

r-J

A/Dcs 
t

ECC J I- r  
r - t -\--

oata *

Fig. 2-2-EOC Timing Diagram

Programmable Peripheral Interface

The Programmable Peripheral Interface @PI) provides % digitaJUO lines which can be configured in a number of ways
tosupportuserrequirements. These linesaregroupedintothree eight-bitports,portA,portB, andportC.PortC is further
subdivided into two four-bit pors, port C lower @C0-PC3) and port C upper (PC4-PC7) in certain modes of operation.
The 16portAandportClinesareavailableatexternalVOconnectorYT,andtheeightportBlinesareavailableaton-
board pads. The PPI data sheet is included in Appendix C.
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The three ports can be configured in any of the three operating modes de'scribed below:

Mode 0 - Basic input/outpur hovides simple input and output operations for each port. Data is

writren to or read from a qpecified port.

Mode 1 - Srobed input/output. Provides a means for ransferring I/O data to or from port A or port

B in conjunction with strobes or handshaking signals.

Mode2-srobedbidirectional input/output. Provides abidirectional means of communicating with
another device on a single eight-bitbus. Ilandshaking 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 uppe| are available as VO lines. Sixteen configurations are possible in
this mode, and any port can be configured as an input or an output. The ouputs are latched, but the inputs are not latched.

In mode 1, the four ports are grouped into two goups. Each group contains one eight-bit data port (port A c port B) and
one four-bit controvdata port (port C lower or port C upper) which is used for control and staos of the eight-bit port. The
eight-bit dataport in each group can be configured as an input or an outpul Both inputs and outputs are latched-

In mode 2, portAis an eight-bitbidirectional bus andportC is a five-bitconrolport PortB cannotbe usedin this mode,
but is available for use in mode 0 or mode 1 while port A is in mode 2. Both inputs and outputs are larched.

The PPI is configured by writing a control word to the appropriate VO address location, as described in Chapter 4,
"hogramming Your ADI 100."

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

ThePPlcanalsobeusedtogenerateinteruptsin mode l ormode2operation.Inthesemodes,theintemrptenable(INTE)
mask is used to enable the INTRA and INTRB intemrpt signals. Note that the INTRB signal for PPI is not available for
use. Intemrpt functions are further explained in the data sheet in Appendix C.

The AD1l00 board provides a header conn@tor which can jumper the AID converter end-of-convert (EOC) signal to
a PPI bit where it can be monitored o provide A/D conversion status. The EOC signal can be jumpered to PA7 (port A,
bir 7), PB7 (porr B, bit 7), or PC7 (prt C, bit 7). The default setting of the jumper is PB7. The port used to monitor the
EOC signal must be configured as a mode 0 input port

Programmable Interval Timer fPfT)

The programmable interval timer @IT) can be configured for a variety of timing and counting functions. This versatile
IC contains three independently clocked 16-bit timer/counter circuits, TC0, TCl, and TC2, which operate as down
counters. These down counters can resolve time increments down O 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 intemrpt the PC when it has finished its tasks. All thee timer/counter outputs are brought out to
external VO connecor P7.

The three l6-bit timer/counlers are each loaded by two one-byte write operations to the appropriate VO location. The
bytes arc latched intoa 16-bitinternalcountrcgister, wheretheyare storeduntil the countsequencestarts. Thecountdown
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.

A 5 MHz crystal oscillator on the AD1100 can be used to clock any timer/counter circuil Or, the timer/counter can be
clocked by a source extemal to the board through external VO connector P7. Rates of dc to 8 MIIZ 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 I - Re-tiggerable one-shot. A low-level pulse riggered by the GT input is output on the OUT
pin.

Mode 2 -Rate generator.
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Mode 3 - Square wave generator.

Mode 4 - Software-riggered snobe.

Mode 5 - Ifurdware-riggered strobe (re-triggerable).

The timer/countercountmodes, as well asttrecounttlpe (binary or BCD),reaflwritemode, andcounterltimer selection

mode, are a1part of the conEol word which is written o the PIT control register to initialize the circuit when the PC

is powered up, the timer/counter circuits arc not defined until ttre appropriate control words are wrisen to the circuits !o

program nem foroperation.Initialization isrequiredonlyonceafterapower-upresetoccurs. Detailedinformation about

theFIT, including theconrol wordformat, is given in thedatasheetin Appendix C. Appendix Dcontainsprogramming

notes for some PIT applications.

The three tim eilcoant1r cfucuits are independenl However, they can be cascaded for countdowns which are longer than

one lGbit field can supporl For example, TCt's OUT signal can be connected to TCI's CK signal, and TCl's OUT

signal can be connectd 19 TC2's CK signal. When configured ttris way, the PIT can accommodate extremely long

countdowns. This configuration is de,scribed in the ap,plication notes in Appendix D.

One of the three timer/counter ouputs, TCO OUT, TCI OUT, or TC2 OUT, can also be used as a PC intemtpt These

signals are brought out to board header connector P3 where one (and only one) can be selected for connection to any one

ne ctrannet, IRQZ through IRQ7. Chapter 3, 'Tumper Setlings," and Chapter 4, "Programming Your AD1100,"

describe these intemtpts in more detail.
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CHAPTER 3

JUMPER SETTINGS
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This chapter describes the AD1100 board senings you can conEol on various header connectors, and how to set the

configurable gain for the analog inputs. Also, it explains how !o setjumper Jl in order [o set up external VO connector
p7, pin 40 to carry +5 volts or to be grounded. You can use this chapter to tailor your board's functions o your specific

application before insalling it in your computer, or to change the board's configuration as you learn more about its

opiration and special features. In this chapter, you will learn about each seuing and how to install jumpers and resistors

to achieve ttre desired operation of your board. Before changing any settings, you should have a functional lnowledge

of the circuit you are sening up (see Chapter 2). Remember ttrat all of the seuings described in this chapter have been

factory-set, or, as in the case of ttre intemrpt 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

!o change factory settings, s1 1s tailsr your board to take full advantage of its built-in versatility.

There are several header connecoors which allow you to conEol various board functions. kr addition, there are places

reserved for optional resistor installation to change the analog input channel gain from its faclory sening of 1. This gain

variation feature is provided for applications where the input signal is consistently much smaller than ttre +5 or +10V

input ranges. The conneclors, resistor locations, and jumper Jl are shown in the board layout of Figure 3-1 and are
presented as follows:

n,P3, and P4 - Intemrpt Header Connec0ors

P5 - Programmable Interval Timer @IT) VO Header Connector

P6 - Base I/O Address Header Connector

P8 -Endof-Convert (EOC) Monitor Header Connector

P9 - A/D Converter Voltage Range Header Connector

Resistor-Confi gurable Gain

Jumper Jl - External VO Connector P7, Pin 40 Configuration

Fig.3-1 -AD1100 Board Layout
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P2. P3. and P4 - Interrupt Header Connectors

Header connectors n,P3, and P4 are used to jumper various signals generated by the ADll00 circuitry to the PC's

interrupt channels. The intemrpt channels available on the board are IRQ2 through IRQ7. Note that only one intemrpt

in the computer system can be connected to an intemrpt channel at any given time'

Before attempting to use interrupts, you should be familiar with the procedure for initializing the intemrpt vectors and

the pC's intemrpt controller, and setting up the intemrpt handling routines. These procedures are beyond the scope of

this manual, but mustbe understood O effectively use intemlpts in you computer system.

Be careful to avoid contention when selecting the interrupt channels used, both with the signals on the ADl100 as well

as with other devices within your comput€r. To avoid contention, use the table inside the back cover of this manual to

record the intemrpt channels you use with the AD1100 board.

It is also very imporAnt to note that ttre ADl 100 intemrpt sources are TTL totem-pole (push/pull) type outputs; they are

not open-collector. Therefore, do not attempt !o connect one of these intemrpts O any other intemrpt oulput.

The following paragraphs describe the intemrpts available on your AD1100 board.

P2- ND End-of-Convert (EOC) Interrupt

Header connector P2, shown in Figure 3-2, is used to jumper the A/D converter's end-of-convert (EOC) signal to one

of the computer's intemrpt channels IRQ2 through IRQ?. The EOC signal is connected to an IRQ channel by installing

a single jumper horizontally across the pins of the IRQ channel selected. Figure 3-2 shows the EOC signal connected

ro IRQ4.

P3 - PIT Output InterruPts

Header connectorP3, shown in Figure 3-3, is used !o jumperone of the three PIT outputs, OUm, OUTI, or OUT2, to

one of the computer's intemrpt channels IRQ2 through IRQ7. Two jumpers must be installed to connect a PIT ouput

to an intemrptchannel. First, install a jumperhorizontally across $repinsof thePIT ouput selected. Then install a second
jumper across the pins of the intemrpt channel selected. Figure 3-3 shows jumpers installed so that OUT2 is connected

ro IRQ3.

Fig.3-2 - |

IE
ntemrpt Heade

IRQT
IRQ6
IRQ5
IRQ4
rR03
IRQ2

r Connector P2

tRoT
IRQ6
IRQs
IRQ4
IRQ3
IRQ2
OUTO
ouTl
OUT2

Fig.3-3 - Intenupt Header Connector P3
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P4 - EXTINT and PPI INTRA Interrupts

Header connector P4 is used to select EXTINT or the PPI's INTRA for connection to one of the computer's interrupt

channels IRQ2 through IRQT . EXTINT is provided to accommodate an intemrpt signal generated external to the AD I 1 00

androuredontotheboardthroughexternalVO connectorPT.INTRA(labeledPC3ontheboard)isgeneratedbythePPl.
This intemrpt is generated during PPI mode 1 or mode 2 operation only. One of these nro signals can be jumpered to

one of the available computer intemrpt channels IRQ2 through IRQT by frst placing a jumper horizontally across the

pinsof the signal chosenand ttrenplacingasecond jumperhorizontallyacrossthepinsofthe selectedlRQchannel. Figure

3-4 shows header connector P4 with jumpers insalled so ttrat PPI INTRA is connected !o IRQ2.

IRQT
IRQ6
rRo5
IRQ4
IRQ3
IRQ2
PC3
EXTINT

Fig. 3-4 - lntemlpt Header Connector P4

P5 - Prognammable Interval Timer (PIT) I/O Header Connector

Header connector P5, shown in Figure 3-5, controls the programmable interval timer @IT). The PIT contains tlrree
independent l6-bit timer/counter circuits, as described in Chapter 2. Each timer/counter has three VO signals associated
witlr iu a clock, a gats,and an output. P5 can be configured in a number of ways to provide maximum versatility in

applying this device o your particular application. Each timer/counter is factory-set for XTAL clock input, +5V gate

input, and CO output. Figure 3-6 shows a block diagram of the PIT.

For ease in configuring this circuitry, the header conneclor is partitioned into three functional goups: TC0, TCl, and
TC2, which correspond to timer/counter 0, timer/counter l, and timer/counter 2, respectively. These designations also
correspond to the manufachrer's designations, as shown on the daa sheet included in Appendix C. Sarting from the top
ofP5, thefintgroup of pins on ttreright sidearelabeled CK0, GT0,andOl[0, thethreel/OsignalsforTCO. The signals
on the left side for TCO are labeled XTAL, EC0, +5V, EG0, CO0, and COO (ttris signal has a bar over top of the signal
name on the board as the inverse designation). The groups of signals for TCI and TC2 are identical to TC0, except that
eachhas aCK input on the leftside of the headerconnecor. Notethateach signal name on theright sideof the connector
(CK, GT, and OUT) spans a grcup 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 ilre application can be applied to any or all of the three timer/counter circuits.

Counter Inputs:

XTAL - This input to all three timer/counter circuits is from the 5 MlIz crystal oscillator,labeled Yl,located in the
leftcenterareaof theboard. Byconnecting XTALtotheCKx inputon therightsideof theconnectorwithajumperplaced
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 oscillaor at Y I . Note, however, lhat the maximum
frequency at which the PIT will operate is 8 MHz.

ECx-Thisinputallowsanexternalcloch otherthantheXTALsignal,tocontrolthetimingof theconespondingtimer/
counter circuir This pin can be horizontally jumpered to the CKx input on the right side of the conneclor, in place of the
XTAL source. The ECx signals are brought onto the board through external VO connector P7 (see Appendix B).
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XTAL
EC0
+5V
EGO
co0
co0
cK1

XTAL
EC1
+5V
EG1
col
co1
cKz

XTAL
EC2
+5V
EG2
c02
c02

EXINT
RESET

lcxo
laro

lou'o
lcrr
lart

1o,,,
lcxz
lc*

lou',
EXINT
RST

P5

Fig. 3-5 - PIT l/O Header Connector P5

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 scate at all times.

EGx-This inputcanbehorizontallyjumperedtotheGTx inputon therightsideof theconnectortoprovideanextemal

gate input instead of the +5 vols input. The EGx signals are brought onto the board through external VO connector P7

(see Appendix B).

Counter OutPuts:

COx - This ouput 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 VO connector P7 (see Appendix B). The COx signals are available

^tP7.

CO- - 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 oupul signal to external I/O connector P7 (see Appendix B). The COx signals are

available at P7.

CKx-This input connects the output of one timer/counterto theclock inputof thenexttimer/counter. CKx isprovided

for TC I and TC2 only, and is connected !o the output of the previous timer/counter (ICO or TC 1) by placing a jumper

horizontatly between the pins. These connections are used to cascade the timerrcounters for longer time delays than are

supported by a single timer/counter circuit.

In addition to the PIT signals, P5 also provides pins for an extemal intenupt (EXIN'I) connection and for a RESET (RST)

connection. These twopairs of pins on theheaderletyou connectan external intemrptsignal to oneof thePC's intelrupt

channels, or bring the PC bus reset signal out to the extemal VO connecor, P7. Both signals are routed through the s:rme
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P5 8254 PIT
U4

EC0

EGO

co0

EC1

EG1

co1

XTALI O
Ec2l o

+sv-,+o
eozl O

From PC bus To P4

Fig. 3-6 - PIT Functional Block Diagram

yl V}pin that carries the CO2 and COz signals, pin 39. CO2,TO2,EXINT, and RESET are all internally connected

on header p5. Only one of these fourpairs of pins can be jumpered at a time, for connection to P7-39. For example, when

the external intemrpt is connected to P7-39, the jumper is installed across the EXINT pins on P5. This routes theEXINT

signal through p5 tro headerconnectorP4 where itcan bejumpered o aPC intenuptchannel. Figure 3-5 shows theheader

with CO2 connected to P7-39.

P6 - Base VO Address Header Connector

Header connector p6 controls the 20 consecutive 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 P6 header conneclor. The base I/O address is factory-set

to 300 hex (76g decimal;, wittr the jumper installed across the pair of pins fifttr from the left on the connector. The base

I/O address seuing is fully explainedin Chapter l, "Base I/O Address Setting," and is not repeated here. Note the

importiance of thiJsetting wittriespect to the possibility of address contention with other devices in your computer. Be

.ui" to examine this poisibility if you experience board failure when you frst attempt !o operab the board in your

computer.

*ro.- -6

+svJ$ ')o
H

iloot O

P7

cKl l Ll
xrnLl O

+sv-r-S

<<
"rt ocrzl C)

EXINT

From PC bus
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P8 - End-of-Convert (ECIC) Monitor Header Connector

As described earlier, the A/D converter end-of-convert @OC) signal can be used to generate an intemtpt. If this signal

is not used as an intemrpt, it can be used as a s[atus monitor of the AID conversion process. Header connecor P8 provides

threelinesfrom theppl through which theEOC canbemoniored,PAT,PBT, orPC7. Oneof thesethreedigitall/O lines

is selected for EoC monioriig by insmlling a jumper vertically across the appropriate pair of pins. The digital I/o line

selected,pAT,pBT,orPCT,mustLeconfiguredasamode0input(seeChapter4,"Programming Y,ourADl100").Figure

3-7 shows p8 with a jumper installed in the factory-set position for EOC monitoring through PB7.

PA7 PB7 PC7

EOC

P8

Fig. 3-7 - EOC Monitor Header Connector P8

Pa - A/D Converter Voltage Range Header Connector

Headerconnectorpg,shown inFigure 3-8, is usedtoselecttheanalog inputvoltagerangeof the AlDconverter. Ajumper

is installed vertically across the pins marked lOv to support a l0-volt range (-5 to +5 volts), or across the pins marked

20V to support a 20-volt range (-16 to +10 volts). The setting of this jumper determines the input voltage range of the

A,/D converter. p9 is configured at the facory according !o the customer's specifications for the input voltage range.

o o
6 l F

Fig. 3-8 - A/D Converter Voltage Range Header Connector P9

Resistor Confi gurable Gain

The ADl100 is factory-set for a gain of 1 for the analog input channels. If you are measuring input signals which are

consistently smaller than ttre full +5 or +10V input ranges of the AID converter, then you may want to set the circuitry

to a higher gain.

The gain circuiry is located after the multiplexer, as shown in ttre diagram of Figure 3-9. Therefore, the gain is the same

for all eight channels.

JumperJ3, located near the top right corner of the board, sets the gain to I by bypassing R2 and TR3, as shown in Figure

3-g.lochangethegain, install fixed l/4-wattresistors atlocationsRl andR2, anda trimpot, such asaBourns3296 series

trimpot, at location TR3. Precision (17o or better) meral film resistors at Rl and R2 will provide superior gain accuracy

and stability. To determine the resistor values, uss this formula:

Ga in=1+[ (R2+TR3VRI ]
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R2 TR3

Then, install resistors with values that will yield the desired gain. After the resistors are in place, break the jumper

connection by removing or breaking J3. Note that only gains greater than 1 can be configured.

.Iumper Jl- F*ternal VO Connector P7. Pin 40 Configuration

JumperJl,locatednearthe lowerrightcornerof theboard,connolsthe setting ofexternal VO connectorPT,pin40. When

the jumper is connectedbetween the middle pin and the lefrnostGND pin, P740 is a glound pin; when the jumper is

connectedbetweenthemiddlepinandtherighrnost(+5V)pin,P740caries+5 volts.ThisjumperisfacOry-settoGND.

Fig. 3-9 - Gain Configuration Schematic Diagram
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CHAPTER 4

PROGRAMMING YOUR ADllOO





All communication with the ADlloo interface board is done by strobing data to and from the board using the VO

reference instructions. Most operations involve the nansfer of data !o or from the components' internal registers.

However, some operation. t qoit" only that a particular VO address be written to; ttre data written is irrelevant. These

VO locations are ieferenced to tne aott0O base VO address @A) determined by ttre jumper setting of connectorP6.

Chapter I describes the base VO address considerations and confrguration.

The data collection and support functions confolled through software include the analog input channel selection, control

of the A/D conversion, tre programmable peripheral interface, and ttre programmable intewal timer. Because they are

integral o the basic operation of ttre board, the analog input channel selection and taking an A/D reading are covered

in C-hapter l. Digid tO control ttfough the PPI and control of the programmable interval timer are more complex, and

are described in this chaPter.

The demonstration disk which accompanies your AD1l00 contain examples in Turbo C, Turbo Pascal, and BASIC.

Nearly all modern MS-DOS-based pc languages have I/c reference instructions. These are fte instmctions to control

trre data ransfers to and from the VO ports. Consult your programming language reference to find these instructions for

your favorite language.

Selecting an Analog Input Channel

See ttris section in Chapter 1.

Setting the Input Gain

See ttris section in Chapter 1.

Taking an A/D Reading

See this section in Chapter l.

Programming the Programmable Peripheral Interface

The programmable peripheral interface (PPI) has rtree eight-bit parallel I/O psrts, port A, port B, and port C, which can

Ue conngureO tor a varilty of applications. The PPI has 16 lines available at external VO connector P7 and eight lines

available on-board for I/O use; the eight bits of port B (PBGPBT) are available on-board.

The ppl ports can be operated in one of three modes. The mode of operation and the signal direction of each port (input

ot ootpoi; are controlled by an eight-bit control word written o an internal register. Two bits define the mode selection:

mode 0, mode l, or mode1. Fourbits configure the VO direction: one bit to confol PA0-PA7, one bit to control PBG
pB7, one bit to control pC0-pC3, and one bit to control PC4-PC7. Port C is divided ino two four-bit fields so that it can

provide status and control for port A if desired in your application. The conEol word is defined in Figure 4-1.

The ppl is configured by writing a control word to is internal control register. Upon power-up, all ports are configured

as mode 0 inputs. The PPI is wriren to during board initialization if any settings are to be changed from the mode 0, all

inputs power-up state. Chapter l, "Initializing Your ADll00," 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.

Programming the Programmable Interval Timer

The programmable interval timer @IT) can be configured for a variety of timing and counting functions' The PIT's

versatility is supplemented by ttre use of header connector P5 for jumpering various VO options. Chapter 3, "Jumper

Seuings," describes this connecior.

TheplTconsists ofthree independent l6-bitdown counters. Thecounters areinitializedforoperationin 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 PIT is conrolled by writing to ttre VO locations listed in Table 1-2.
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D7 D6 D5 D4 D3 D2 D1 DO

J
GROUP B

PORT C (LOWER)
1 = INPUT
O = OUTPUT

PORT B
1 = INPUT
O = OUTPUT

MODE SELECTION
0 = lt4ODE 0
I = iIODE 1

GROUP A

PORT C (UPPER)
1 = INPUT
O = OUTPUT

PORT A
1 = INPUT
O = OUTPUT

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

MODE SET FISG
1 = ACTTVE

Fig.4-1 - PPI Mode Definition Format

Your specific requirements will determine how the individual timer/counters should be configrued. 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 contro[ing some of the PIT operating modes. In
addition, some typical applications are presented in theprogrammable 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 inlemrpt channels
using jumpers installed at connectorP3. Refertothe "Hardware lnterrupts" section below for more information on using
the OUT signals to gsnerate intemrpts.

Hardware Intenupts

Three jumper connectors, labeled P2,IIl, and P4, are provided on the ADl100 board to enable intemrpts generabd by
the AID converter, the PIT, tle PPI, and an external source to be connected o the PC's intemrpt channels IRQ2 through
IRQ7. Chapter 3, "Jumper Settings," explains how these header connectors can be configured.

Beforeyou attempttouse intemrpts,be sureyouare familiar with theprocedure forinitializing the intemrpt vectorsand
the PC's intemrpt controller, and sening up the intemlpt handling routines. Reference I in Appendix E provides a good
description of the PC's system intemtpts.
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A,/D Converter End-of'Convert (EOC) Signal

The A/D converterEOC signalcanbeusedto generatean intemrptto thePC. An intenuptwill occur (through the selected

intemrpt channel) to indicate a convenion is complete approximately 20 microseconds after the conversion is initiated.

fne nOC signal is inverted before being applied to the inrerrupt channel. It makes a low-to-high transition at the

completiono?eachconversioncycle,andremainshighuntilanotherconversionisinitiated. ThetimingoftheEOCsignal

is shown in Figure 2-2, CtaPter 2.

PPI Interrupt

The INTRA intemlpt generated in PPI mode I and mode 2 operation can be jumpered to any of the PC intemrpt channels

IRQ2 ttyough n1Q7. The ti.ing of this intenupt is shown on the PPI data sheet included in Appendix C.

The ppl intemrpt must be enabled by writing a " 1" to the INTE mask bit of the PPI as described in the data sheet under
,,Intemrpt Conrol Functions." The INTE mask bit is disabled during power-up reset and whenever the PPI mode is

changed.

PIT Interrupts

One of the OUT0, OUTI, or OI-ff2 signals generated by the PIT can be jumpered to a PC intemrpt channel using

connector P3.

When using a PIT OUT signal as an intemrpt, you must be very careful to ensure that the PC system's programmable

intemrpt conroller (pIC) is properly configured to ignore intempts on the selected intemrpt channel immediately after

power-up. This is necessarybecause the PIT must flrst be initialized to define the desired mode(s) of operation. Prior

io initialization, the mode, count, and output of all counters are undefined. If the system intemrpts are not disabled, the

counter outputs may cause erratic system behavior.

External Interrupt

An external intemrpt signal can be routed through header connector P5 to P4 where it can be jumpered to a PC intemtpt

channel. This signal is brought onto the board through external I/O connector P7, pin 38 by jumpering the EXINT pair

of pins on P5 as described in Chapter 3. Remember that when EXINT is jumpered, the output of timer/counter2(CO2

and CO2) and RESET cannot be used.
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CHAPTER 5

CALIBRATION PROCEDURES





This chapter contains calibration procedures for the A/D converter input voltage range. The offset and full-scale

performance of ttre ADl100 A,/D converter is factory-calibrated according to the specifications that were given when

your order was placed. The following procedure allows you to quickly verify the accuracy of this circuit. This procedure

should be done approximately every six months, whenever inaccurate readings iue suspected, or whenever the voltage

ranges are changed.

Calibration isperformedwittr aproperlyconfiguedADl l00insalledin ttrePC. Applypowertothecomputerandallow

the ADl100 circuitry to stabilize for 15 minutes.

Required Equipment

The following equipment is required for calibration:
. Precision Voltage Source: 0 to +10 volts
. Digital Voloneter: 5-12 drgit
. Small Screwdriver (for timpot adjusunenQ

Figgre 5-l shows the board layout. Trimpos TRI and TR2 referenced in the following procedures are grouped in the

upper right-cent€r areia of the board.

Fig.5-1 -AD1100 Board Layout

x0
Oo 

o''

- " ,

Jn il OLJO
" " t  

t ' I

f - l * t  '  _ l
l-, -

l -: \-lctr

: D  t  
r - T F F P F F,.; ffi

4
I  * r o r " ^ ,  ! F &

I f,]"
t. ',800

nff
I  lk '  k

I l0U:
I  lc" L

l^l 0-*
' .  AD1100
12.BIT HIGH€PEED

ANALOG l,O BOAR

. [ -

0l
l ,uuurou

-l-l"0-

"0- t-l
li*illi: I I
llr*l lt* ( l I
HHill lill].-"
llHfll l!*"[l-
|]xill li=b-
U:3*Hn" Hqfiz'h^

,,""0:"0-'
l ' * r ,u

' .  AD1100 u
I2-BTTHTGH€PEED 

- 
/-\FF p F F

ANALoG T,oBoARo ._;u

m7
tn
ts
Im
tm
rp

5-1



A/D Calibration

During this procedure, connections must be made to some of tlte analog inpus on external I/O connector P7, available
at the rear panel of the computer. The pin assignments for this connector are given in Appendix B.

Two adjustments are necessary to calibrate the A/D converter. Trimpot TRI is used to zero the offset, and rimpot TR2
is used for full-scale adjustrnent. In the following procedure, use analog input channel I . To activate channel l, write to
VO location BA.

Whether you are selecting the bipolar input voltage range of -5 to +5 volts or - l0 to + l0 volts, the following calibration
procedure can only be performed with ttre board configured for a -5 o +5 volt input volage range. This means that the
jumperon headerconnectorP9 m$1be in5talledacross the lOVpins.If youareusing the -10 !o+10 voltrange,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 able below 0o the channel I input
of the multiplexer. While continuously displaying l2-bit A/D conversions, adjust TRI until the data flickers between
the two values listed in the table under "Offset." Nexl connect the full-scale voltage listed in the able to the channel I
input and adjust TR2 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 ranse)

Offset (TRl Full Scale (TR2)

Input Voltase -4.99878 volts +4.99634 volts
A/D Data 0000 0000 0000

0000 0000 0001
1 1 1 1  1 1 l r  1 1 1 0
1 1 1 1  1 1 l l  1 1 1 1

Table 5- I 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 0rese 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 voltage values in the table are in millivolts.

Table 5-1 - A/D Converter Blt Welohts

A/D Bit Weieht
Ideal Inout Voltaee (millivolts)

+5 Volts +10 Volts
4095 @ull-Scale)

?M8
1024
512
256
r28
&
32
L6
8
4
2
I

0

+4997.6
0000.0

-2500.0
-3750.0
4375.0
4687.5
4843.8
492r.9
49ffi.9
4980.5
4990.2
4995.r
4997.6
-5000.0

+9995.1
0000.0
-5000.0
-7500.0
-8750.0
-9375.0
-9687.5
-9843.8
-9921.9
-99ffi.9
-9980.5
-9990.2
-9995.1

-10000.0
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APPENDIX A

ADllOO SPECIFICATIONS





(typical at25"C)

Interface:

Analog Inputs:

A"/D Converter:

Counter/Timer:

Digitat VO Lines:

Miscellaneous I/Os:

Power Requirements:

VO Connector:

Environmental:

ADII.OO SPECIFICATIONS

IBMTIXT/AT compatible
Jumper-selectable base address, VO mapped
Jumper-selecable intemtps

8 single-ended inpus
Input impedance, each channel ..... >10 megohms
Gain ............ Resistor-configurable

(facory-set to 1)
Input options: l0-volt range* .............. Bipolar +5V

Guaranteed Linearity....'..........+5V
20-volt range* ...... Bipolar +10 V
Guaranteed Linearity ..............'+9.5V

Range.......... .......... Jumper-selectable
Settling time ............ .1 psec max
Overvoltage protection +12 Vdc
*Erratic readings can occur beyond specified input voltage ranges.

Type............ Successive approximation
Resolution: l0-voltrange ........lzbits(2.44 mVlbit)

20-volt range ........ 12 bits (4.88 mVlbit)
Chip-selecnble conversion qpeed: Option 0 .... 20 psec typ, 25 psec max

Option | .... lzpsec typ, 15 Psec max
Option 2 ....8 Fsec typ,9 Psec max

Linearity +1 bit typ
Sample-and-hold acquisition time ......................6 psec max
Throughput ...............38 kIIz

Three l6-bit" 8 MHz down counters

24TtL|CMOS-compatible

+12V, PC bus-sourced
Ground, PC bus-sourced

+5 Volts 68 mA
+12 Volts 20 mA
-12 Volts

40-pin, right angle, shrouded header with ejector tabs

Operating temperature 0 to +70oC
Storage lempemture. . -40 tro +85"C
Humidity 0 n90vo non-condensing

Height .. 3.875" (99 mm)
Width.......... 5.40" (137 mm)

A-l
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APPENDIX B

CONNECTOR PIN ASSIGNMEI{TS





Pin No. Signal Name Pin No. Signal Name

1
3
5
7
9
I
I
1
I
I

ANALOG GND
AIN8
AIN6
ANALOG GND
AIN3
AINl
PA7
PA5
PA3
PAI
rc1
PC5
PC3
PC1
EXTCLKO
CLKOUTO/CLKOUTO-
EXTGATEI
EXTCLK2
+12 VOLTS
.12 VOLTS

2
4
6
8

DIGITALGND
AINT
AIN5
AIN4
AIN2
DIGITAL GNDI

J

5
7
9

l0
12
14
16
18
20
22
24
26
28
30
32
34
36
38
40

PA6
PA4
PA2
PAO
PC6
PC4
PCz
PC0
EXTGATEO
EXTCLKl

2 l
23
25
27
29
31
J J

35
37
39

CLKOUTI/CLKOUTI.
EXTGATE2
CLKOUT2/CLKOUT2-*
+5V/GND

* Also carries EXTINT and RESET signals

ADL100 P7 Connector/Mating Connector

Manufacturer AD1100 P7 Connector P7 Mating Connector

Fujitsu
3M
Robinson Nugent
MrL C-83503

FCN-705Q040-AU[\,I FCN-707BO[0-AU/B
3417-7M0
IDS.C4OPK.C-SR-TG
M83503f-09
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Intel 82C54 Programmable lnterval Timer
Data Sheet Reprint





intel'
82C54

I Three independent 16'bit counters

I Low PoweTCHMOS
- lcc = 10 mA @ 8 MHz Count

frequencY

r ComPletelY TTL ComPatlble

r Six Programmable Counter Modes

r Binary or BCD counting

I Status Read Back Command

r Avallable In 24-Pln DIP and 28'Pin PLCC

anO la-pin plastic leaded chip carrier (PLCC) packages'
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I Compatible with all Intel and most

other mlcroProcessors

I High SPeed, "Zero Walt State"
Operation wlth I MHz 8086/88 and
80186/188

I Handles InPuts from DC to 8 MHz
- 10 MHz for 82C54'2

I Avallable In EXPRESS
- Standard TemPerature Range
- Extended TemPerature Range

The Intel gzcs4is a high-performance, cHMos version of the industry standard 8254 counter/timer which is

designed to solve tn" iinfng Lonitof problems common in microcomputer system design' tt provides three

independent 16-bit count"t.] 
"".n 

ca'nabJ9 oif"-Ating clogk rl3yts up to lO MHz' All modes are software

programmable. The B2-cal ii pin combatible with the tiMos 8254, and is a superset of the 8253'

six programmable timer modes allow the 82C54 to be used aS an event counter' elapsed time indicator'

prograrimable one'shot, and in many other applications'
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intet 82C54

Table 1. Pln Description

Symbol
Pin Number Type Function

DIP PLCC

Dz-Do 1-8 2-g t/o Data: Bidirectionaltri-state data bus lines,
connected to system data bus.

CLK O 9 1 0 I Clock 0: Clock input of Counter 0.

OUT O 1 0 1 2 o Output 0: OutPut of Counter 0'

GATE O 1 1 1 3 Gate 0: Gate input of counter 0.

GND 1 2 1 4 Ground: Power supply connection.

ouT 1 13 1 6 o Out 1: Output of Counter 1

GATE 1 1 4 1 7 Gate 1: Gate input of Counter 1.

CLK 1 1 5 1 8 Clock 1: Clock inPut of Counter 1.

GATE 2 1 6 ' t9 Gate 2: Gate inPut of Counter 2.

OUT 2 1 7 20 o Out 2: OutPut of Counter 2.

CLK 2 1 8 21 I Clock 2: Clock inPut of Counter 2'

Ar' Ao 20-19 23-22 I Address: Used to select one ol the three Counters
or the Control Word Register for read or write
operations. Normally connected to the system
address bus.

Ar A6 Selects
0
0
1
1

0
1
0
1

Counter 0
Counter 1
Counter 2
ControlWord Register

m 21 24 Chip Select A low on this input enables the 82C54
to respond to R-D and WFi signals. RD and WFI are
iqnored othenflise.

22 26 Read Control: This input is low during CPU read
ooerations.

WF 23 27 Write Control: This input is low during CPU write
operations.

Vcc 24 28 Power: * 5V power supply connection.

NC 1 . 1 1 ,  1 5 , 2 5 No Connect

RD

FUNCTIONAL DESCRIPTION

General
The 82C54 is a programmable interval timer/counter
designed for use with Intel microcomputer systems.
It is a general purpose, multi-timing element that can
be treated as an array of l/O ports in the system
software.

The 82C54 solves one of the most common prob-
lems in any microccmputer system, the generation
of accurate time delays under software control. In-
stead of setting up timing loops in software, the pro'
grammer configures the 82C54 to match his require-
ments and programs one of the counters for the de-

sired delay. After the desired delay, the 82C54 will
interrupt the CPU. Sottware overhead is minimal and
variable length delays can easily be accommodated.

Some of the other counter/timer functions common
to microcomputers which can be implemented with
the 82C54 are:

r Real time clock
. Even counter
o Digital one-shot
o Programmable rate generator
o Square wave generator
. Binary rate multiplier
o Complex waveform generator
. Complex motor controller
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Block Diagram

DATA BUS BUFFER

This 3-state, bi-directional, 8-bit butfer is used to in-
terface the 82C54 to the system bus (see Figure 3)'

Figure 3. tslock Dlagram Showlng Data Bus

Buffer and Read/Write Loglc Functlons

READ/WRITE LOGIC

The Read/Write Logic accepts inputs from the sys-
tem bus and generates control signals for the other
functional blo-cks of the 82C54' A1 and As select
one of the three counters or the ControlWord Regls'
ter to be read from/written into' A "low" on the RD
input tells the 82C54 that the CPt& reading one of
thl- counters. A "low" on the WH input tells the
82C54 that the CPU is ryilllng either a Control Word

or an initial count. Both FD and WR are qualified by
G; FD and WF are ignored unless the 82C54 has
been selected bY holding CS low.

CONTROL WORD REGISTER

The Control Word Register (see Figure 4) is selected
by the Read/Write Logic when At, Ag :-^1J' lf the
CpU tnen does a write operation to lhe 82C54, the
data is stored in the Control Word Register and is
interpreted as a Control Word used to define the
operation of the Counters.

The Control Word Register can only be written to;

status informatron is available with the Read-Back
Command.

231244-4

I
I

231244-5

Figure 4. Block Diagram Showing Control Word

Register and Counter Functions

couNTER O, COUNTER 1, COUNTER 2

These three tunciionalblocks are identicalin opera'
tion, so only a single Counter will be described' The
internal block diagram of a single counter is shown
in Figure 5.

The Counters are fully independent. Each Gounter
may operate in a ditferent Mode'

The Control Word Register is shown in the figure; it
is not part of the Gounter itself, but its contents de-
termine how the Counter oPerates.
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intef 82C54

231244-6

Figure 5. Internal Block Diagram of a Counter

The status register, shown in the Figure, when
latched, contains the current contents of the Gontrol
Word Flegister and status of the output and null
count flag. (See detailed explanation of the Read-
Back command.)

The actualcounter is labelled CE (for "Counting Ele'
ment"). lt is a 16-bit presettable synchronous down
counter.

OLi, and OL1 are two 8-bit latches- OL stands lor
"Otiiput Latch"; the subscripts M and L stand for
"Most significant byte" and "Least significant byte"
respectively. Both are normally relerred to as one
unit and called just OL. These latches normally "fol-
low" the CE, but if a suitable Counter Latch Com-
mand is sent to the 82C54, the latches "latch" the
present count until read by the CPU and then return
to "following" the CE. One latch at a time is enabled
by the counter's Control Logic to drive the internal
bus. This is how the 16-bit Counter communicates
over the 8-bit internal bus. Note that the CE itself
cannot be read; whenever you read the count, it is
the OL that is being read.

Similarly, there are two 8-bit registers called CRi,
and GR1 (for "Count Register"). Both are normally
referreo to as one unit and called iust CR. When a
new count is written to the Gounter, the count is

stored in the CR and later transferred to the CE' The
Control Logic allows one register at a time to be
loaded from the internal bus' Both bytes are trans'
ferred to the CE simultaneously. CRu and CRl are
cleared when the Counter is programmed. In this
way, if the Counter has been programmed for one
byte counts (either most significant byte only or least
significant byte only) the other byte will be zero.
Note tnat the CE cannot be written into; whenever a
count is wriften, it is written into the CR'

The Control Logic is also shown in the diagram. CLK
n, GATE n, and OUT n are all connected to the out'
side world through the Control Logic.

82C54 SYSTEM INTERFACE

The 82C54 is treated by the systems software as an
array of peripheral l/O ports;three are co-unters and
the fourth is a control register for MODE program-
ming.

Basically, the select inputs A9, A1 connect to the Ag,
A1 address bus signals of the CPU. The CS can be
dirived directly lrom 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 larger sys'
tems.
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OPERATIONAL DESCRIPTION

General

After power-up, the state ot the 82C54 is undefined.
The Mode, count value, and output of all Counters
are undefined.

How each Counter operates is determined when it is
programmed. Each Counter must be programmed
before it can be used. Unused counters need not be
programmed.

Programming the 82C54

Counters are programmed by writing a ControlWord
and then an initial count. The controlword format is
shown in Figure 7.

All Gontrol Words are written into the Control Word
Register, which is selected when A1, Ao = 11' The
CoitrotWord itsetf specifies which Counter is being
programmed.

By contrast, initial counts are written into the Coun-
ters, not the Control Word Register. The 41, Ag in'
puts are used to select the Counter to be written
into. The lormat of the initial count is determined by
the Control Word used.

Control Word Format

A1 ,Ae :11  G :O  FD :1  WR=0

D7 D5 D5 Da & -9a- e:---Do

SC - Select Counter:
scl sco

M - MODE:
]n2 Ml MO

RW - Read/Wrlte:
RW 1 RWo

NOTE: Don't care bits (X) should be 0 to insure
compatibility with luture Intel products'

sc1 sc0 RW1 RWO M2 M'l MO BCD

0 0 Select Counter 0

0 1 Select Counter 1

I 0 Select Counter 2

I 1
Read-Back Command
(See Read OPerations)

0 0 0 Mode 0

0 0 1 Mode 1

X 1 0 Mode 2

X 1 1 Mode 3

1 0 0 Mode 4

1 0 1 Mode 5

0 0 Counter Latch Command (see Read

Operations)

U 1 Read/Write least significant byte only.

1 0 Read/Write most signilicant byte only

1 1 Read/Write least significant byte first'
then most significant byte'

BCD:

0 Binary Counter 16-bits

1 Binary Coded Decimal(BCD) Counter
(4 Decades)

Figure 7. Control Word Format
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