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INTRODUCTION





The ADA520 differential integrating analog I/O board turns your IBM PC/XT/AT or compatible compurer inlo
a high-performance data acquisition and control system. Insalled within a single expansion slot in the computer, the
ADA520 features:

8 differential, 8 single-ended with dedicated grounds, or 16 single+nded analog input channels,
l2-bit integrating ,A'iD convener for high stability and exceptional noise immuniry,
-5 o +5 volt input range,
Programmable gains of l, 10, 100, and 1000,
Trigger in and trigger out for cascading boards,

. 3?T-ILICMOS digital I/O lines (24 with buffered outpurs); optional pull-upftull-down resisrors,

. Three l6-bit,8 MHz timer/counters,

. Two l2-bit digital-to-analog output channels wirh dedicated grounds,

. 15, 110, 0 o +5, or 0 to +10 volt analog output nrnge,

. IOUT and VOUT references at I/O connector for exlernal circuiry,

. Turbo Pascal, Turbo C, and BASIC source code; diagnostics program.

The following paragraphs briefly describe the major functions of the board. More detailed discussions of board
functions are included in Chapter 3,Hardware Description,and Chapter 4,Board Operatbn and programming. The
board setup is described in Chapter l, Board Settings.

Analog-to-Digital Conversion

The analog-todigital (A/D) circuitry receives 8 differenrial, 8 single-ended with dedicated grounds, or 16
single-ended analog inpurc and converts these inputs into 12-bit digiat data words which can then be read and/or
transferred to PC memory.

The analog input channels can be set for single-ended, single-ended with ground, or differential operarion by
setdng a jumper and switch on the board. The input voltage range is -5 to +5 volts for a gain of I (the range is -O.S o
+0.5 volts for gain = 10; -.05 O +.05 vols for gain = 100; -.005 o +.005 vols for gain = f OOO). The conversion rare
is switch-selectable for ei*rer 7.5 or 30 Hz. The 7.5 Hz rate provides high rejection (over 60 dB) of 60 Hz line noise.
Customers with 50 Hz line power can specify 6.ZSp5 Hz switch-selectable iates for high rejecrion of 50 Hz line
noise.

A./D conversions are performed by a 12-bit @lus sign bit showing polarity) dual-slope integrating converter,
providing effectively l3'bit conversion resolution. The programmable gains of 1, 10, 100, and iOOO f"t you discern
changes in the input voltage as small as 1.3 microvolts.

The converted data is read and/or transfened o pC memory, one byte at a time, through the pC data bus.

Digital-to-Analog Conversion

The digital-o-analog (D/A) circuitry on the ADA520 features two independenr l2-bir analog ourpur channels
with individually jumper-selectable output ranges of -5 to +5 volts, -10 to +10 volts, 0 !o +5 volts, or 0 to +10 vols.
Data is programmed into the D/A converter and a conversion is automatically triggered for borh channels through a
single read operation.

Digital VO

The ADA520 has 32 TTL/CMOS-comparible digital I/O lines which can be directly interfaced with exrernal
devices or signals to sense switch closures, trigger digital events, or acdvate solid-sarc relays. Eight of these lines
arc provided by Port B of the on-board 8255 programmable peripheral interface @PI) chip. The remaining 24 lines
can be programmed in groups of eight as inputs or outputs. To ensure high &iving capacity, CMOS buffers are
installed on lhese 24 lines.

Pads for insralling and acrivating pull-up or pull-down resistors on the digial I/o lines are included on the
board. Installation procedures are given at the end ofchaprer l, Board Settings.



What Comes With Your Board

You receive the following items in your ADA520 package:

. ADA520 interface board

. Software and diagnostics diskeue with example prolrams in BASIC, Turbo Pascal, and Turbo C; source code

. user's manual

If any item is missing or damaged, please call Real Time Devices' Customer Service Department at
(814) 234-8087. If you require service outside the U.S., contact your local distribuor.

Board Accessories

In addition to the items included in your ADA520 package, Real Time Devices offers a full line of software and
hardware accessories. Call your local distributor or our main office for more information about these accessories and
for help in choosing the besr items to support your board's application.

Application Software and Drivers

Our cuslom application software packages provide excellent data acquisition and analysis support. Use
SIGNAL*MATH for integrated data acquisition and sophisticated digital signal processing and analysis, or
ATLANTIS for real-time monioring and data acquisition. rtdLIl.IX and labLINX drivers provide full-featrued high
level interfaces between the ADA520 and custom or third parry sofrware, including LABTECH NOTEBOOK,
NOTEBOOK,DG, and LTICONTROL. rtdLIl.IX source code is available for a one-rime fee. Our pascal and C
Programmer's Toolkitprovides routines with documented source code for custom programming.

Hardware Accessories

Hardware accessories for the ADA520 include the lvD(32 analog input expansion board which can expand a
single input channel on your ADA520 to 16 differential or 32 single-ended input channels, MR series mechanical
relay output boards, OP series optoisolated digital input boards, the TS16 temperaure sensor board, ttre TB50
terminal board and XB50 prootype/terminal board for easy signal access and prototype development, the EX-XT
and EX-AT extender boards for simplified testing and debugging of prorotype circuitry, anA XiSO and Xp40 flat
ribbon cable assemblies for external interfacing.

Using This Manual

This manual is intended to help you install your new board and get it running quickly, while also providing
enough detail about the board and its functions so that you can enjoy maximum use of its features even in fte most
complex applications. We assume that you already have an understanding of data acquisition principles and that you
can customize the example software or write your own applications progmms.

When You Need Help

This manual and the example programs in the software package included with your board provide enough
information to properly use all of the board's features. If you have any problems installing or uring this board,
contact our Technical Support Department, (814) 234-8087, during regular business hours, easrcrn standard time or
eastern daylight time, or send a FAX requesting assistance to (814) 234-52l8.When sending a FAX request, please
include your cornpany's name and address, your name, your telephone number, and a brief description of m 

-

problem.



CHAPTER 1

BOARD SETTINGS

The ADA520 has jumper and switch settings you can change if
necessary for your application. The board is factory-configured
with the most often used settings. The factory settings are listed
and shown on a diagram in the beginning of this chapter. Should
you need to change these settings, use these easy-to-follow instruc-
tions before you install the board in your computer.

Also note that by installing resistor packs ar any or all of the
four locations on the board, RN2, RN3, RN4, and RN6, and solder-
ing a jumper between +5V and common or between ground and
common in the associated pads for each resistor network, you can
configure each of the four groups of digital VO lines to be pulled
up or pulled down. This procedure is described at the end of this
chapter.





Factory-Configured Switch and Jumper Settings

Table l-l liss the factory settings of the user-configruable jumpers and swirches on rhe ADA520. Figure l-l
shows lhe board layout and the locations of the facory-set jumpers. The following paragraphs explain trow o
change the factory settings.

Table 1-1 - Factory Setilngs
Swltch/
Jumper Functlon Controlled Factory Settlng

P4

Sets 16 single-ended or 8 single-ended with
ground/8 ditferential analog input type; used in
conjunction with 52

8 single-ended with ground
(3 jumpers installed on D
pins)

P5
Sets the clock sources for the 9254 timer/counters
(TCo-TC2)

Jumpers installed on
CLKO.XTAL, CLK1.OUTO &
CLK2OUTl

P6 Sets the D/A output voltage range lor DAC1 +5 lo -5 volts

P7 Sets the D/A output voltage range lor DAC2 +5 to -5 volts

P8
Connects an exlernal trigger for simultaneous
triggering of cascaded boards Disabled (not connected)

P9
Connects 1 ol 5 interrupt sources to an interrupt
channel

Jumper installed on OUT2:
interrupt channels disabled

S 1 Sets the base address 300 hex (768 decimat)

s2
Connests negative side of differential inputs to
ground for 8 single-ended with ground operation

Closed (8 single-ended wilh
ground)

s3 Sets the A./D conversion rale 7.5 Hz

EA

Eg
Bg
tool
b d

Egp q
tool

Eg
lool

Eflp q
tool
lool

Egi l i l i l t r 9 E f r

Fig. 1-1 - Board Layout Showing Factory-Configured Settings
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P4 - single-Ended/Differentiat Anatog Inputs (Factory setting: D (g singte-Ended))
This header connector, shown in Figure 1-2, is used with switch 52 o configure the ADA520 for 8 differential,

8 single-ended with dedicated grounds, or 16 single-ended analog input channeti. Wtren operadng in rhe 16 input
single-ended mode, lhree jumpers must be insulled across the SE pins. When operating in the 8 single-endeO with
dedicated grounds or 8 differential mode, three jumpers must be installed acrosi tle D pins. DO NOT install
jumpers across both SE and D pins at the sarne dme!

Fig. 1-2 -

P5 - 8254 Timer/Counter Clock Sources (Factory Settings: CLKO.XTAL, CLKI.OUT0, CLK2-OUT1)
This header connector' shown in Figure l-3, lets you select the clock sources for ttre 8254 timer/counters, TCp,TCl, and TC2. The facrcry serring cascades all three rimer/counters, with the clock source for TCO being the on-board 8 MHz oscillator, the output of TCO providing the clock for TC l, and the output of TCI providing the clockfor TC2. You can connect any or all of the sources to an erternal clock input through the p2 and p3 I/O connectors,or you can set TCI and TCZ to be clocked by the 8 MlIz oscillator. Figure l-4 shows a block diagram of the timer/counter circuitry to help you with these connections.

NoTE: When installing jumpers on tlris header, make sure that only one jumper is installed in each group oftwo or three CLK pins.

XTAL

EXTCLKO

ouT0
XTAL

EXTCLKl

OUTl

XTAL

EXTCLK2

J.-.l'
l:l;'
l:l;'
L=. . r.=

Single-Ended/Diff ere ntiat Anatog Input Signal Type Ju mpers,P4

9l
dl

;l
P5

HN
Y

()

Fig. 1-3 - 8254 Timer/Counter Clock Source Jumpers, p5
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Fig. 1-4 -8254 Timer/Counter Circuit Btock Diagram

P6 - DAC I Output Voltage Range (Factory Setting: +5 to -5 volts)
This header connector, shown in Figure l-5, sets rhe ouput voltage range for DAC I at 0 to +5, +5,0 to +10, orilO volts. Two jumpers must be installed, one to select the range ano one o select the multiplier. The two topjumpers select the range, bipolar (15) or unipolar (5). The t*o bouom jumpers select the *ultipli"r, X2 or Xl. When

a jumper is on the X2 multiplier pins, the range values become +10 anO tO. The table below sh'ows the fo'r possible
combinations of jumper settings, and the diagram shows the factory sening. This header does not have to be set the
same as P7.

Fig. 1-5 - DAC 1 Output Vottage Range Jumper, p6

Voltage Range

Jumpers (Bottom to Top)

x2 x1 +5 5
-5 to +5 vohs OFF ON ON OFF
0lo +5 volts OFF ON OFF ON

-1 0 to +10 volts ON OFF ON OFF

0 to +10 volts ON OFF OFF ON



P7 - DAC 2 Output Vottage Range (Factory Setting: +5 to -5 votts)

This header connector, shown in Figure 1-6, sets the ouput voltage range for DAC 2 at 0 to +5,15,0 Eo +10, or
t10 volts' Two jumpers must be installed, one to select the range and one toselect the multiplier. The two rightrnost
jumpers select the range, bipolar (15) or unipolar (5). The two leftmost jumpers select the multiplier, X2 or il.
When a jumper is on the X2 multiplier pins, the range values become +10 and 10. The table below shows the four
possible combinations ofjumper settings, and the diagram shows the factory setting. This header does not have to be
set the same as P6.

f ISs '
Fig. 1-6 - DAC 2 Output Voltage Range Jumper, p7

Voltage Range
and Polarity

Jumpers (Left to Rlght)

x2 xl r5 5
-5 to +5 volts OFF ON ON OFF
0 to +5 vohs OFF ON OFF ON

-10 to +10 vohs ON OFF ON OFF
0 to +10 volts ON OFF OFF ON

P7

P8 - External Trigger In (Factory Setting: Disabled)

P8, shown in Figure l-7, enabtes and disables the extemal rigger input when the jumper is set o rhe enabledposition, the external trigger in pin (pin 19) at on-board VO connector pj is connected 6 n" ep converter so thattwo or more boards can be run synchronously in a .,master/slave,, configuration. Note that this header connectorenables and disables rtre trigger in only it does not affect the rrigger ouitin".

Drs
EN

Fig. ,t-l - External Trigger ln, pg

P9 - Interrupt Source and Channel Select (Factory Setting: OUT2; Interrupt Channels Disabled)
This header connector, shown in Figure l-8, les you connect one of five intemrpt sources to an interrupt

channel, IRQ2 through IRQ7. To connect tlre intemrpt source to an intemrpt channei you must insall nvo jumpers
on this header: one across 0re desired source and a second across the desired IRe channel. The available sources arethe end-of-convert signal (EOC), rimer/counrer OUTI, rimerrcounrer OUT2, pCO from the g255 ppl, and theexrcmal nigger available at P3-19 (TRIGII'D. Figure 1-8a shows the facory seuing with the IRe jumper saored in adisabled position, and Figure l-8b shows OUT2 connected to IRe3.

:II:

EXT TRIG



P9

Fig. 1.8a - Factory
Selting (lRQ disabled)

EgSH

NF
oo
N q )

Fig. 1-8 - Intenupt Source and Channelselect Jumper, p9

S1- Base Address (Factory Setting: 300 hex (268 decimal))

One of the most common causes of failure when you are first trying your board is address contention. Some of
your computer's I/O space is already occupied by internal VO and other peripherals. When the ADA520 board
attempts to use I/O address locations already used by another device, contention results and the board doe.s not work.

To avoid this problem, the ADA520 has an easily accessible DIP switch, S1, which lets you select any one of
32 starting addresses in the computer's I/O. Should ure factory serting of 300 hex (768 decirnal) be unsuitable for
your system, you can select a different base address simply by setting the switches to any one of the values listed in
Table l-2. The able shows lhe switch settings and their corresponding decimal and hexadecimal (in parenttreses)
values. Make sure that you verify the order of the switch numbers on the swirch (1 through 5) before setdng them.
When the switches are pulled forward, they are OPEN, or set to logic l, as labeled on ttre Olp swirch packige. When
you set the base address for your board, record the value in the table inside the back cover. Figure l-9 shows the DIp
switch set for a base address of 300 hex (768 decimal).

Fig. 1-9 - Base Address Switch, Sl

! ! T I T T =
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Tabf e 1-2 - Base Address Swltch Settlngs, S1
Base Address
Declmal/ (Hex)

Swltch Settlng
5 4 3 2 1

Base Address
Declmal/ (Her)

Swltch Setting
5 4 3 2 1

srz t(2w) 0 0 0 0 0 768 / (300) 1 0 0 0 0
s28 | (2r0) 0 0 0 0 1 784 | (310) 1000 r
sM | (220) 0 0 0 1 0 800 / (320) 1 0 0 1 0
s60 tQ30) 0 0 0 1 1 816 / (330) 1 0 0 1 1

s76 t(2/t0) 0 0 0 0 832 tQ40) 1 0 1 0 0

s92 tQso) 0 0 1 0 1 848 / (350) 1 0 1 0 t
608 / (260) 0 0 1 1 0 864 / (360) 1 0 1 1 0
624 | (270) 0 0 l l l 880 / (370) l 0 l l l

&0 t(280) 0 1 0 0 0 896 / (380) I 1 0 0 0

6s6 | (290) 0 1 0 0 1 9r2 | (390) l l 0 0 l

672 | (2A0) 0 1 0 1 0 928 / (3A0) 1 1 0 1 0
688 / (2Bo) 0 1 0 1 1 944 / (380) l l 0 l 1

7U t(2C0) 0 1 1 0 0 960 / (3C0) 1 1 1 0 0

720l(2Do) 0 l l 0 l 976 / (3D0) 1 1 1 0 1

736 / (280) 0 l l l 0 992 / (3E0) l l l l 0
7s2 tQF0) 0 l l l l 1008 / (3F0) l l l l l

0=c losed,1  =open

s2 - Differentiausingle-Ended Ground switch (Factory setting: cLosED )
DIP switch 52, shown in Figure l-10, is used in conjunction with header connector p4 to set up the analog

inputs for 8 differentiat, 8 single-ended with dedicated grounds, or 16 single-ended operation. When the eight
switches are OPEN (forward), they support 8 differential or 16 single-endid inpus, depending on the seuing of p4.
When the switches are CLOSED (back), they support 8 single-ended inpus with dedicated grounOs. Wirh p4 set
to D, switches can be individually set for differential or single-ended wittr ground operationlswitch 1 ses channel l,
switch 2 sets channel2, etc. The nble below shows the three configurations for p4 and 52.

Input Contiguration

Settlngs

P4 Jumpers 52 Swltches

8 DIFF D OPEN

8 SE with AGND D CLOSED

1 6  S E SE OPEN

Fig. 1-10 - DifferentiaUSingte-Ended Ground Switch, 52

l -8



53 - AJD Conversion Rate (Factory Setting: 7.5 Hz)

DIP switch 53, shown in Figure l-l l, configures the board o perform A/D conversions at a rate of ?.5 conver-
sions per second (7.5 Hz) or 30 conversions per second (30 Hz). The four swirches operate as a group. When all of
the switches are in the DOWN (closed) position, the conversion rate is 7.5IIz.This setting ptouides maximum
rejection of 60 Hz line noise. When all of the switches are in the UP (open) position, the conversion mt€ is 30 Hz. It
you have 50 Hz line power and specified 6.25n5 Hz for your conversion speeds when ordering, then down is 6.25
Hz and up is 25 Hz. When changing the settings, make sure ALL FOUR switches are ser to thJsame position.

Note that he board has been facory-calibrated for a7.5 Hz rate. If you change the rate, you may need 19
recalibrate the board. chaprer 5, calibration, explains the procedures.

30HZ

S3

7.sHz
!!tt

Fig. 1-11 - A/D Conversion Rate switch. s3

Pull-up/Pull-down Resistors on Digital VO Lines
The 32 programmable TTL/CMoS compatible digital I/o lines can be interfaced with a number of external

devices' The lines are divided into four groups: eight buffered Port A lines, eight buffered port B lines, eightbuffered Pon C lines' and eight unbuffered 8255 PPI Port B lines. You can instfi and connect pul-up or pull-down
resistors for any or all of these groups. You may wanr to pull lines up for connection o switchis. This will pull theline high when the switch- is disconnected. or, you may want to pull down lines conneced to relays which controlturning motors on and off. These motors turn on when the digital [nes connolling them are high. pulling the linesdown prevenm them from floating high during that brief period after power-up and before the lines are inidalized.

To use the pull-up/pull-down feature, you must first install l0 kilohm, l0-pin resistor packs in one or more ofthe resislor pack locations near the P2 connector, the P3 connecr,or, and beside the 8255 Ii lttris is rhe g255 port B
91c!). The buffered digital I/o line packs are labeled RN2 PA, RN3 pB, and RN4 pc. The g255 port B pack islabeled RN6 PB. Figure l-12 shows the pack locadons.

After the resistor pack are installed, you can connect them ino the circuit as pull-ups or pull-downs. Locate thethree-hole pads on the board ner the resistor packs. They are labeled G (for grouni; on bne ena ana v (for vcc) onthe other end' The middle hole is common. Figure l-12 shows a blowup of thl pads for ports A and c. To operate aspull-ups, solder a jumper wire between the common pin (middle pin orne tnrei) ano the V pin. For pull-downs,
solder a jumper wire berween the common pin (middle pin) and tire G pin.

IOUT and VOUT References

A reference current output and reference voltage output are provided at the p2 I/o connector for use withexternal circuitry. The reference culrent, P?.39,is facory set at 5 milliamperes. The reference voltage, p2-41, isfactory sel at 5 volts. on-board trimpos are provided to ioiost the output ievels. Chapter 5 rells you how !o makethese adjustmenm.
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CHAPTER 2

BOARD INSTALLATION

The 520 board is easy to install in your IBM pCD(T/AT or
compatible computer. It can be placed in any full-size slot. This
chapter tells you step-by-step how to install and connect the board.
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Board Installation

Keep the board in is antisuatic bag until you are ready to install it in your computer. When removing it from the
bag, hold the board at the edges and do not touch the components or connectors.

Before installing the board in your computer, check the jumper and switch settings. Chapter I reviews he
facory settings and how to change them. If you need to change any settings, refer to the appiopriate instuctions in
Chapter 1. Note that incompatible jumper seuings can result in unpredictable board ope.ation and erratic response.

Also note that the Y}IIO connector mounting bracket has an oversized cutout to allow space for running the
cable to 40'pin on'board connector P3 through the same I/O slot. If you want to run both cables through theiame
slot" you must make these connections before installing the board.

To install the board:

Turn OFF the power to your computer.
Remove the op cover of the computer housing (refer o your owner's manual if you do not already know
how !o do this).

select any unused full-size expansion slot and remove the slot bracket.
Touch the metal housing of the computer to discharge any static buildup and then remove *re board from its
antistatic bag.

5. Holding the board by is edges, orient it so that its card edge Ous) connector lines up with the expansion slot
connecbr in the bo[om of tre selected expansion slol

6. After carefully positioning ttre board in the expansion slot so that the card edge connector is resting on the
computer's bus connector, gently and evenly press down on the board until iris secured in rhe sloi
NoTE: Do not force the board ino the slot. If the board does not slide ino place, remove it and ry again.
wiggling the board or exening too much pressure can result in damage o ttrl uoaro or 1o the compub;.

7. After the board is insalled, secure the slot bracket back ino place and put the cover back on your computer.
The board is now ready o be connected via the external VO ionnecor at the rear panel of your.ornpuLr.

External VO Connections

Figure 2-l shows the ADA520's P2 I/O connecror pinout and p3 on-board I/O connector pinoul Refer to these
diagrams as you make your VO connections.

l .

2.

2-3



a[rt. l attr
xx2.l Alll2
AlX3+l lll{3
All|,bl lllla

All{5rl lllt

Alll6rl lll|l

AI|ff+I /U}f?

llllbl lll{l

DtFf. 3.E

AD{r. I A|xgrAGltD

ArL2. I lil{roracxo

atl$ | lr i lr l /AoLo

il lta+ | atNlzAoxo

a|l{} | alalr^cl{D

/Ul{} |  txr,yACNO

/ltr7. I ltxrt/aclo
llra& | lltxtslolD

P2
50-Pin

E'

FCa

FCr

FC{

rc3

FC2

FCr

FCO

llt LoG ctaD

AI|ILOC G]tD

T,C OUT 2

ETT OATE 2

+t YOLTS

DIGITAL GilD

IOUT'

aouTil

lLlloo oI0

?^7

tL

Pll5

9 4

na3

?^a

Pilr

P 0

IOUT

YOUT

OIGITAL GND

EXT CLX 2

rl2 VOLTS
.12 VOLTS

.lt|ttoo ot|D
txlloo c||0
AXILOG OI0

PPI 17

t'| ta

PFI B5

Ppt 8a

PPI A!

Pn !2

PPt t.l

P n m
DrorTAL O,tO
lntocEn lr

tnlccEi out
otcrTAL oilD

lrT clr( o
ETT CATE O
EXT CLX !

Ert olTE t
ETT CLT 2

ETT G TE 2
il2 volTs
.r2 volTs

P8?

Pt6

pE5

Pta

P33

Pa2

PBI

P80

DtctTAL CilO

TTGITAL OI{D

DIGI' L OND

OIGITAL GT{O

DIOIYAL OI{D

T / C O U r 0

OIGITAL O}'D

T / C O U T T

OIGITAL GIID

l r cou r2
+t VOLTS hA

rJ
orclral'{o 

4o-pin

Fig.2-1- P2 and P3 l/O Connector pin Assignments

Connecting the Analog Input Pins

16 Single'Ended, No Dedicated GND. When operating in the 16 channel single-ended mode @4-SE,S2-OPE}9, connec[ the high side of the analog inputs to the analog input channels, AnIl through AINI6, and
connect the low side to any of the ANALOG GND pins available at the connecror (pins lB,Z1-rZon p2). Ground
any unused inpus. Figure 2-2 shows how ftese connections are made.
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Fig.2-2 - Single-Ended Input Connections, No Dedicated GND
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8 Single'Ended, Dedicated GND. When operating up to 8 channels in rhe single-ended mode with a dedicated
ground for each channel (P4-D, S2-CLOSED), connect the high side of each analog input to the selected analog
input, channel, AINI through AIN8, and connect the low side to its corresponding AGND (AINI- through enf-A-1.
Ground any unused inputs. Figure 2-3 shows how these connections are made. Note that you can mix single-ended
wittr dedicated ground and differential channels by setting the individuat switches on 52 io the proper poJition.
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Fig. 2-3 - Single-Ended Input Connections, Dedicated GND

8 Differential. when operating in the differential mode (P4-D, S2-OPEN), twisted pair cable is recommended
to reduce the effects of magnetic coupling at the input Your signal source may or may not have a separate ground
reference. When using the differential mode, you should insratfa l0 kilohm resisror pack at RN7 on t1e board toprovide a reference to ground for signal sources without a separat€ ground reference.

Connect the high side of the analog input to the selected analog input channel, AINI+ through AINS+, and
connect the low side to the corresponding AIN- pin. Then, for signal sources with a separate ground reference,
connect the ground from the signal source o an ANALOG GND (pins l8 and ?n-22 onp2). Figure 2-4 shows howthese connecdons are made. Note that you can mix single-ended win deoicated ground and difierential channels bysetting the individual swirches on 52 o the proper position.
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Fig.2-4 - Ditterential Input Connections

Connecting the Trigger In and Trigger Out pins, Cascading Boards

The ADA520 board has an external trigger input (P3-19) and output (P3-21) so rlnr rwo or more bards can be
cascaded and run synchronously in a "masterAlave" configuration. By cascading two (or more) boards as shown in
Figue 2-5,they can be riggered tio stan an A/D conversion at the same time.

Connecting the Analog Outputs

For each of the two D/A outpus, connect the high side of the device receiving the ouput to the AOUT channel
(Y2-17 orP2-l9) and connect the low side of the device o an ANALOG GND (P2-18 ory2-20).

Connecting the Timer/Counters and Digital UO

For all of these conn@tions, the high side of an external signal source or destination device is connected to the
appropriate signal pin on rhe I/O connecror, and tre low side is connecbd to any DIGITAL GND.

Running the 520DIAG Diagnostics Program

Now that your board is ready to use, you will want to try it out. An easy-to-use, menu-driven diagnostics
program, 520DIAG, is included with your example software to help you verify your board's operation. you can also
use this program to make sure that your current base address setting does not contend with another device.
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CHAPTER 3

HARDWARE DESCRIPTION

This chapter describes the features of the ADA520 hardware.
The major circuits are the AlD, D/A, digital VO, and 8254 tmerl
counter. Board intemrpts are also described in this chapter.
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The ADA520 has four major circuits, the A/D, the D/A, digital VO, and timer/counten. Figure 3-l shows the
block diagram of the board. This chapter describes the hardware which makes up the major circuits. It also discusses
intemrps.

A/D Conversion Circuitry

The ADA520 performs analog'todigital conversions on up to 16 analog input channels. The following para-
graphs describe he A/D circuitry.

Analog Inputs

The input type is jumper and switch selectable for single-ended, single-ended with dedicated ground, or
differential operation. Single'ended operation is typically used when the-analog input voltage source is close o the
board and the voltage levels are fairly high (greater than +0.5 volts for a gain of t;. fhe difierential mode provides
noise immunity when long cable runs are unavoidable, signal levels are low, or surrounding electrical noise is high.

The input range is -5 o +5 volts for a gain of l Gain is used to match the input voltage levels being measured
as closely as possible with the board's input voltage range. For analog inpus ranging between +500 millivolts, a
gain of l0 can be used; for analog inputs ranging between +50 millivols, a gain of f OO can be used, and for analog
inputs ranging between +5 millivolts, a gain of 1000 can be used. Because it reduces the input voltage range,
increasing the gain also increases the resolution of the conversion. For example, when the gain is set to 100, voltage
changes of 13 microvolts are reflected in the digitized data. Overvoltage protection to t35 volts is provided at the
inputs.

Fig. 3-1 - ADA520 Btock Diagram
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A"/D Converter

The dual slope integrating A7D converter performs conversions at a rate of either 7.5 or 30 times per second
depending on the setting of DIP switch 53. The ouput is a 12-bit daa word plus a sign bit which rells you wherher
the digial value represents a positive or a negative volage. This gives you an effective resolution of 13 bits.

The converter samples the input voltage over a window of time before performing the conversion. The con-
verter measures the time required to charge and discharge a capacitor. A counter and a reference in the AID chip
determine the integration period. Because the input signal is sampled for a specified period instead of being instanta-
neously captured by a sample-and-hold device, spikes and glitches which may be present at the input are averaged
ouL The result is a highly accurate conversion.

D/A Converters

Two independent 12-bit analog output channels are included on the ADA520. The analog outputs are generated
by two l2-bit D/A conveners with independent jumper-selecuble oueur ranges of +5, tl0, 0 o +5, or 0 o +10
volts. The t10 volt range has a resolution of 4.88 millivolts, the t5 and 0 o +10 volt ranges have a resolution of
2.44 millivolts, and ttre 0 to +5 volt range has a resolution of l.22millivols.

Digital VO

An 8255 programmable peripheral interface @PI) is used for digital connol functions. This high-performance
ITVCMOS compatible chip has 24 digital VO lines divided inro rwo grcups of 12lines each:

Group A - Port A (8 lines) and port C upper (4 lines);
Group B - Porr B (8 lines) and port C lower (4 lines).

The ADA520 uses Ports A and C for on-board data and control operations. Port B is available 1,9 the user. In
addition, 24 buffered TTL/CMOS digiral VO lines are available o the user for ransfening daa beween the com-
puter and external devices. These lines are grouped ino three 8-bit ports, Port A, Port B, -O pott C. These ports can
be independently programmed as inpus or outputs. The bidirectional buffers on the I/O lines monitor the direction
programmed at BA + 4 to automatically set their direction.

Timer/Counters

An 8254 programmable interval timer provides three l6-bit, 8 MHz timer/counters to support a wide range of
timing and counting functions. These timer&ounrcrs can be cascaded or used individually for many applications.

Each timer/counrer has two inputs, cLK in and GATE in, and one output, timer/counter our. The clock
sources for the timer/counters can be selected using jumpers on header connector P5 (see Chapter l). The timer/
counters can be programmed as binary or BCD down counters by writing the appropriat€ datato the command word,
as described in Chapter 4. The command word also lets you set up the mode of operation. The six programmable
modes are:

Mode 0 Evenr Counrer (Intemrpt on Terminal Count)
Mode I Hardware-Rerriggerable One-Shor
Mode 2 Rare Generator
Mode 3 Square Wave Mode
Mode 4 Sofrware-Triggered Strobe
Mode 5 Hardware Triggered Srobe @eriggerable)
These modes are detailed in the 8254 Data Sheet, reprinted from Intel in Appendix C.

Intemupts

The ADA520 can use any one of five signal sources to generate inFnupts. These sources are: A/D end-of-
convert (EOC), OUTI and OUTZ from ttw8254 timer/counter, pCO from the 8255 ppl, and the trigger in (TRIGIN).
Chapter I tells you how to set the jumpers on intemrpt header connecbr P9, and Chapter 4 provide-s sor" progtar-
ming information.
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CHAPTER 4

BOARD OPERATION AND PROGRAMMING

This chapter shows you how to progmm and use your ADA520
board. It provides a complete description of the vo map, a detailed.
description of programming operations, and a flow diagram to aid
you in programming. The example programs included on the disk
in your board package are listed at the end of this chapter. These
progftlms, written in Turbo C, Turbo Pascal, and BASIC, include
source code to simplify your applications progamming.
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Defining the VO Map

The vo map for the ADA520 is shown in Table 4-l below. As shown, the board occupies 16 consecutive Voport locations' The base.address (designated as BA) can be llected "riig 
op switch Sl as described in chapter l,Board settings' This switch can be accessed without removing the board from rhe computer. sl is facory set at 300hex (768 decimal)' The following sections oescriue rtre registir conients or eact address usea in the I/o map.

Tabfe 4-1- ADAS2O t/O trlap

Register Descrlptlon Read Functlon Wrlte Functlon
Addrass'
(Declmat)

PPI Port A (Read Data)
REad A/D converted data,
MSB & LSB Reserved B A + 0

PPlPort  B Read 8 digital input lines Program 8 digitaloutput lines B A +  1
lfllort C (Conrrot) Reserved Program control lines 8 A + 2
PPlControlWord Reserved Program PPI configuration B A + 3

lD Register/Buffered Dioital
l/O Direction

Port A Butfered l/O

Read lD number (value = 1)

Program digital UO ports A,
B, & C as inputs or outputs
(non-8259 digirat UO lines) B A + 4

Read Port A digital input lines
Program Port A digitaloutput
ilnes B A + 5

Port B BuffEred l/O Read Port B digital input lines
Program Pon B digitaloutput

B A + 6

Port C Butfered l/O REad Port C digital input lines
Program Port C digital output

BA+ 7S2S4TimertCounter O Read TCO count value Load TCO count register B A + 8
S2S4Timerl0ounter 1 Head TCl count value lgq TCl count register B A + 9
8254Timer/Counler 2 Read TC2 @unt valu6 L:^dJCZ counr regisrer B A +  1 08254 ControlWord ReservEd Program control register B A +  1 1Updare Ail DACs/
D/A Converter 1 LSB Update outputs ol all DACs Program DACI LSB B A +  1 2Statuy
D/A Converter 1 MSB Read A/D converter status Program DAC1 MSB B A +  1 3D/A Converter 2 LSB HesErved Program DAC2 LSB B A +  1 4D/A Converter 2 MSB Reserved Program DAC2 MSB B A +  1 5' BA = $35s Address
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BA + 0: PPI Port A - Read A/D Data (Read Only)

This address is used to read the MSB and LSB of the A/D conversion, as defined below. When bit 7 of the PPI
Port C word (PC7) is 0, the MSB is read; when PC7 is l, the LSB is read" Bit 7 of the MSB tells you whether the
converted voltage is a positive or negative value. Bit 6 goes o I when the input voltage exceeds the input voltage
range. The able below shows the expected converted daa for maximum positive and negative input voltages and for
0 vols.

MSB

Bit 11 Bir 10 Bit I Bir 8
Polarlty Flag
0 = negative
1 = positive Overrange Flag

0 = in range
1 = oul of range

LSB

Bir 7 Bir 6 Bir s Blt 4 Bit 3 Bit 2 Bit 1 Bit 0

Polarity Flag Converted Data (12 blts) Voltage

1 1 1 1 1  1 ' t 1 1  1 1 1 1 +4.99878 volls

0 1 1 1 1  1 1 1 1  1 1 1 1 .4.99878 volts

0 0000 0000 0000 0.0 volts

BA + 1: PPI Port B - Digital VO (ReadAilrite)

This port transfers the 8-bit PPI Port B diginl input and digital output data betrpeen the board and an ext€rnal
device. A read transfen data from the external device, through P3, and ino PPI Port B; a write transfers the wriuen
data from Port B through P3 tD an external device.

ln7 ln6 In5 ln4 ln3 ln2 In1 In0

D7 D6 D5 D4 D3 D2 D1 DO
OutT Out6 Out5 Out4 Out3 Out2 Outl Out0

BA + 2: PPI Port c - channel select/Gain select/A/D controv (write only)
BA + 2 pro$ams the channel and gain, starts an ,{/D conversion, and selects ttre MSB or LSB to be read ar

BA + 0. The bit control is as shown on the next page.

D7 D6 D5 D4 D3 02 D1 DO
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Galn Select
0 0 - x 1
01 =  x l0
1 0  -  x 1 0 0
11 =  x1000

Analog Input
Channel Select
0000 = channel 1
0001 = channel 2
0010 = channel 3
0011 =channe l4
0100 = channel 5
0101 = channel 6
0 1 1 0 - c h a n n e l T
0111 -channe lS
1 000 = channel 9
1001 = channel 10
1010=channe l  11
1011 =channe l  12
1 100 = channel 13
1101 =channe l  14
1 1 1 0 = c h a n n e l  1 5
1 1 1 1 = c h a n n e l 1 6

Start Convert
0 = no @rlVOrt
1 * start converl

Raad A/D Data
0 = read MSB
1 = read LSB

BA + 3: 8255 PPI Control Word (Write Onty)

When bit 7 of this word is set !o l, a write programs the PPI configuation. On inirialization, the ppl must 69
programmed so that Port A is Mode 0 input, Port B is Mode 0 input or output, Port C lower is output, and port C
upper is input, as shown below (X = don't care).

Mode Set
1 = aclive

D7 D6 D5 D4 D3 D2 D1 DO

I.r--l--T'
l l  I  I  Port
l l  I  |  0 = (

i i l l l=i
! t  I  norra
l l  |  O = o u t p u t
l ;  |  1 = i n P u t

l l l
I I ltlode Select

i l  o=modeo
: l  1 - m o d e 1

''" i
! 'r,
i3:
I  t t
I
I
I
I

rde Seler
= mode t
= mode
= mode I

;t

Port A
0 = output
1 = input

-l
t C Lower
output
input

Port C Upper
0 = outpul
1 = input

L_ ___o3rBJ

!crorp a
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The table below shows the control words for ttre 16 possibre Mode 0 porr I/o combinarions.

8255 Porl l/O Flow Dlrecilon and Control Words, Mode 0
Group A Group B Contrrll Word

Port A
Port C
Upper Port B

Port C
Lower Blnary Declmal Hex

Output Output Output Output 1 0 0 0 0 0 0 0 128 80
Output Output Output Input 1 0 0 0 0 0 0 1 129 81
Output Output Input Output 1 0 0 0 0 0 1 0 130 82
Output Output lnpul Input 1 0 0 0 0 0 1 1 1 3 1 83
Output Input Output Output 1 0 0 0 1 0 0 0 136 88

Output lnput Output Input 1 0 0 0 1 0 0 1 137 89
Output lnput Input Output 1 0 0 0 1 0 1 0 138 8A
Output Input lnpul Input 1 0 0 0 1 0 1 1 139 8B
lnput Output Output Output 1 0 0 1 0 0 0 0 144 90
Input Output Output Input 1 0 0 1 0 0 0 1 145 91
Input Output lnput Output 1 0 0 1 0 0 1 0 146 92
' lDUt Output lnput lnput 1 0 0 1 0 0 1 1 147 93

Input Input Output Output 1 0 0 1 1 0 0 0 152 98
Input Input Output Input 1 0 0 1 1 0 0 1 153 99

Input Input lnput Output 1 0 0 1 1 0 1 0 154 9A
lnput lnput Input Input 1 0 0 1 1 0 1 1 155 9B

When bit 7 of the PPI connol word is set to 0, a write can be used to individually progam the port C lines.

D7 D6 D5 D4 D3 D2 D1 DO

Blr
Blt Sel
0 = S € t

SeVReset
Funclion
0 = active Bit Select

000 = Pco
001 = PC1
o10 = Pc2
011 =  PC3
100 = Pc4
101 - PCs
1 1 0 = P C 6
1 1 1  =  P C 7

Blt SeUFeset
0 = s € t b i t l o 0
1 = S € t b i t t o l
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For example, if you want to set Port C bit 0 to 1, you would set up the connol word so ttrat bit 7 is 0; bits l, 2,
and 3 are 0 (this selects PCO); and bit 0 is I (this sets PCO to 1). The conrrol word is set up like this:

D7 D6 D5 D4 D3 D2 D1 DO

X = don'l care

Blr
Set PCO

Blt Seleet
000 = Pgg

BA + 4: ID Register/Buffered Digitat VO Direction (ReadAVrite)

A read provides the contents of the ID register. This value should be l.

A write programs the direction of the Port A, port B, and port c buffered digital Vo lines. The botom 3 bits of
this word set up the lines as inputs or outputs, as shown below. Note that on reset, all 24 lines are automatically
programmed as inpus until you write new data o BA + 5, BA + 6, and BA + 7. If you change their direction to
outpu8, the lines may be high or low, depending on their last programmed values. To set the lines 19 the values you
want, write new data o BA + 5, BA + 6, and BA + 7.

D7 D6 D5 D4 D3 D2 D1 DO

Port B Direction
0 - input
1 - outpul

Porl C Dlrectlon
0 = input
1 = outpul

BA + 5: Port A Digital I/O Lines (Read/Write)

Transfers the 8-bit Port A buffered digital input and digiral output da111 between t6e board and an external
device. BA + 4 is used to set up the port as an input or an output. When set up as inputs, a read transfers dara from
the external device, through Y2,and onto the board where it can be placed in user memory; when ser up as outputs, a
write transfers the written data from the board ttrrough p2 o an external device.

BA + 6: Port B Digital UO Lines (ReadAilrite)

Transfers the 8-bit Port B buffered digital input and digital output dara between the board and an exlernal
device. This is not the same as the 8255 PPI Port B lines; the PPI lines are controlled at BA + l. BA + 4 is used to
set up the port as an input or an output. When set up as inpus, a read transfers data from the external device, through
P3' and onto fte board where it can be placed in user memory; when set up as outputs, a write transfers the written
data from the board through P3 to an external device.

BA + 7: Port C Digital I/O Lines (Read/Write)

Transfers the 8-bit Port C buffered digital input and digital output data between the board and an exrernal
device. BA + 4 is used to set up the port as an input or an output. When set up as inputs, a read transfers data from
the external device, through P2, and onto the board where it can be placed in user memory; when ser up as outputs, a
write transfers the written data from the board through P2 to an external device.

sets PCO to 1:
(wriilen ro BA +3)

SeUReset
Functlon

Port A Dlrectlon
0 = input
1 = oulput
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BA + 8: 8254 Timer/Counter 0 (ReadAMrite)

A read shows the count in the counter, and a write loads the counter with a new value. Counting begins as soon
as the count is loaded.

BA + 9: t254 Timer/Counter I (ReadAilrite)

A read shows the count in the counter, and a write loads the counter with a new value. Counting begins as soon
as the count is loaded.

BA + 10: 8254 Timer/Counter 2 (Read/Write)

A read shows the count in the counter, and a write loads the counter with a new value. Counting begins as soc,n
as the count is loaded.

BA + 11: 8254 Controt Word (Write Onty)

Accesses the 8254 control register o directly conEol the three timer/counters.

Counler Selec
00 = Qsunlsl g
01 * Qsunlgt 1
10 = Cgunlsy 2
11 = 1ss6 back setting

Read/Load
00 = latching operation
01 - 7ss646rd LSB only
10 = 1s3cl46.d MSB only
11 = 1s6!/e.d LSB, then MSB

D7 D5 D5 D4 D3 D2 D1 DO

nler Selecl
r r 0 Counter

BCD/Blnary
0 = binary
1 = B C D

Counter Mode Select
000 * Mode 0, svent @unt
001 - Mode 1, programmable 1-shot
x10 = Mode 2, rale generator
x11 = fvlsls 3, square wave rate generator
100 - Mode 4, software-triggered strobe
101 = Mode 5, hardware-triggered strobe

BA + 12: Update DACs/ DIA Converter I LSB (Read/Write)

A read updates the DACI and DAC 2 outputs. A wrire programs the DACI LSB (eight bits).

DAC LSB D7 D6 D5 D4 D3 D2 D1 DO
Bit 7 B i t6  B i rs  B i l4 Bit 3 B i t2  B i l1  B i ro
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BA + 13: StatudD/A Converter l MSB (Read/Write)

A read provides ttre A/D convener status bit defined below. When you start a conversion, the staurs line goes
high. After the line goes high, tlen watch for it to go low, signaling that the conversion is complete.

A/D Status
0 - not converling
1 = converting

A write progmms the DACI MSB (four bits) into D0 through D3; Dt through D7 are inelevant.

DAC MSB D7 D6 D5 D4 D3 D2 D1 DO
Bir 11 Bir '10 Bit 9 Bit 8

BA + 14: D/A Converter 2 LSB (Write Only)

hograms the DAC2 LSB (eight bits).

BA + 15: D/A Converter 2 MSB (Write Only)

Programs the DACZ MSB (four bits) into D0 through D3; Dt through D7 ue inelevanl
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Programming the ADA520

This section gives you some general information about programming and the ADA520 board, and then walks
you tfuough the major ADA520 programming functions. These descriptions will help you as you use the example
progmms included with the board and the programming flow diagrams at the end of this chapter. All of the prognm
descriptions in this section use decimal values unless otherwise specified.

The ADA520 is programmed by writing to and reading from the corrert VO port locations on the board. These
I/O ports were defined in the previous section. Most highJevel languages such as BASIC, pascal, C, and C+r, and
of course assembly language, make it very easy to read/write these ports. The table below shows you how to read
from and write to VO ports using some popular programming languages.

Language Read Write

BASIC Data = INP(Address) OUT Address, Data

Turbo C Data - inportb(Address) outportb(Address, Dala)

Turbo Pascal Data := Port[Address] Port[Address] := Data

Assembly mov dx, Address
in al, dx

mov dx, Address
mov al, Data
out dx, al

In addition to being able to read/write the I/O ports on the ADA520, you must be able to perform a variety of
operations that you might not normally use in your programming. The table below shows yorlsome of the operaon
discussed in this section, with an example of how each is used with Pascal, C, and BASIC. Note that the modulus
operator is used to retrieve the least significant byte (LSB) of a two-byte word, and the integer division operator is
used to retrieve rhe mosr significant byre (MSB).

Language Modulus Integer Divislon AND OR
c o/o

a - b o / o C a = b / c
&

a-b&c
I

a * b l c

Pascal MOD
a : =  b  M O D  c

DIV
a : = b D l V c

AND
a : = b A N D c

OR
a : = b O R c

BASIC MOD
a = b M O D c

\ (backslash)
a = b \ c

AND
a * b A N D c

OR
a = b O R c

Many compilers have funcdons that. can read/write either g or 16 bis from/to an I/o porr For example, Turbo
Pascal uses Port for 8-bit port operations and PortW for 16 bis, Turbo C uses inportb for an 8-bit readof a port
and inport for a l6-bit read. Be sure to use only 8-bit operations with the ADA520!

Clearing and Setting Bits in a Port

When you clear or set one or more bits in a porq you must be careful that you do not change the statgs of the
other bits. You can preserve the status of all bits you do not wish to change by proper use of thl AND and OR
binary operators. Using AND and OR, single or multiple bits can be easily clearedin one operation.

To clear a single bit in a port, AND the current value of he port with the value b, where b = !55 - 2ur.
Example: Clear bit 5 in a port. Read in the current value of the porr, AND it with 223
(223 =255 '25), and then write the resulting value to the port. In BASIC, this is programmed as:

V :  fNP (PortAddress)
V = V A N D 2 2 3
OUT PortAddress, V
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To set a single bit in a port, OR the curent value of the port with the value b, where b = 2b,.
Examnle: Set bit 3 in a port. Read in the currenr value of the port, OR it with 8 (8 = 23), and then
write the resulting value to the port. In pascal, this is programmed as:

V :=  por t  lpor tAddress ] , .
V : = V O R 8 ;
Port  [PortAddress] := V,.

Seuing or clearing more tlan one bit at a time is accomplished just as easily. To clear multiple bis in a porq
AND the curent value of the port with the value b, where b = 255 --1the sum of the values of ne Uits to Ue cieareCy.
Note that the bits do not have !o be consecudve.

Example: Clear bis 2, 4, and6 in a porr Read in the current value of the port, AND it with l7 I
(l7l = 255 '22 - T - 2'), and then write the resulting value to the port In i, rhis is programmed
as:

v = inportb (port_address), .
v = v & 1 7 1 . ;
outportb (port_address, v) ;

To set multiple bits in a port, oR the current value of the port with the value b, where b = the sum of theindividual bits ro be set. Note that the bia to be set do not havi to be consecutive.
Example: Set bis 3, 5, and 7 in a port. Read in the current value of the port, OR it wittr 16g(168 = 23 + 2s + 2\, and then write the resulting value back o the porr In assembly language, rhis
is programmed as:

mov dx, portAddress
in al ,  dx
o r  a l ,  1 6 8
out dx, al_

often, assigning a range of bits is a mixture of setting and clearing operations. you can set or clear each bitindividually or use a faster method of first clearing all ft;bits in rtre ring! rhen setting only rtrose bi,, rhat musr beset using the metfiod shown above for setting multiple bits in a pon. rne rouowing ex-ample shows how this two-step operation is done.

Example: Assign bits 3,4, and 5 in a port !o 101 Oits 3 and 5 set, bit 4 cleared). First, read in theport and clear bis 3,4, and 5 by ANDing them with l99. Then ser bits 3 and 5 by ORing them
with 40' and finally write the resulting value back to ttre pon In C, this is proffimed as:

v :  inportb(port_address) ;
v  =  v  C  1 9 9 ;
v  =  v  |  4 0 ;
outportb(port_address, vl ;

A final note: Don't be intimidated by the binary operarors AND and oR and try to use operabrs for which youhave a better intuition. For instance, if you are tempted o use addition and subtraction to set 
"no 

.1"a, bits in placeof the methods shown above, DON'T! Addition and subracdon may seem logical, but they will not work if you tryto clear a bit that is already clear or set a bit that is already set. For ixample, you might think that to set bit 5 of aport, you simply need to read in the port, add32 (25) to that value, and thin write ftJresulting value back to the port.This works fine if bit 5 is not already set. But, what happens when bir 5 rs already set? Bits o-to + witt be unaffectedand we can't say for sure what happens to bits 6 and 7, but we can say for sure that bit 5 ends up cleared instead ofbeing set. A similar problem happens when you use subtraction to cliar a bit in place or trre menod shown above.
Now that you know how to clear and set bits, we are ready to lmk at the programming steps for the ADA520board functions.
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A"/D Conversions

Before you are ready to start taking A/D conversions, you must initialize the programmable peripheral interface
@PI) and select the channel and gain (when you initialize the PPI, the channel and gain are auromatically set o l).
The software provided with your board contains example programs for board inirielization.

You can moniror rhe conversion status using the status bit at I/O address location BA + 13. When bit 0 of this
word goes high, it means a conversion is in progress. When it goes low, the conversion is completed- When you are
monioring the status line, make stue you see it go high and then low before you assume the conversion is com-
pleted. This line does not go high until slightly after the Start Convert line starts a conversion, which means that you
could read a false low when lhe conversion first begins. (Remember that the slatus signal is inverted to derive thi
end-of-convert signal which can be monitored ttuough an IRQ line. The end-of-convert line is low during a conver-
sion and goes high when the conversion is completed.)

Initializing the PPI

The Port A and Port C lines ofthe PPI are used to read data, control the AID converter, and set the channel
number and programmable gain. Port A's eight lines are used to cary the converted data. This daa is output from
the A,tD converter in two 8-bit words, an MSB and an LSB. The Port C lines are used to control the channll and gain
selection and A/D conversion.

D7 D6 D5 D4 D3 D2 D1 DO

I Galn Select
I  OO=x1
I  01  - x1o
|  10 = x100

|  
1 ' l  =x1000

Start Convert
0 = flO COtIV€d
1 = start convert

Read A/D Data
0 = read MSB
1 = read LSB

07 D6 D5 D4 D3 D2 D1 DO

Analog Input
Channel Select
0000 - channel 1
0001 = channel 2
0010 = channel 3
0011 -channEl4
01 00 - channel 5
0101 = channel 6
0 1 1 0 = c h a n n e l T
0 1 1 1  = c h a n n e l S
1000 = channel 9
1001 =channel 10
1010 = channel 11
10'11 - channel '12
1 1O0 = channel 13't 101 - channel 14
1 1 1 0 - c h a n n e l  1 5
1 1 1 1 = c h a n n e l ' 1 6

To set the Pon C lines up so that you can control the channel and gain and take A,lD conversions, the ppl must
be initialized whenever you power up or reset your system. This is done by writing data to the ppl control word at
I/O address location BA + 3. The I/O map is defined ar rhe beginning of this chapier. The ppl musr be set up like
this:
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D7 D6 D5 D4 D3 D2 D1 DO

X = don't care

Blr
Reset

. Selecting a Channel

To select a conversion channel, you must assign values to bis 0 through 3 in the PPI Port C port at BA + Z.Ttrc
bit structure diagram for PPI Port C above shows you the 4-bit instruction for each of the 16 channels. Channels 9
through 16 are not used in ttre differential and single-ended with dedicated ground modes.

Note that when you write to Port C o change the active channel, you must presenre the o0rer four bits of data as
you had them if you want those settings to be unchanged.

. Setting the Gain

To set the gain, you must assign values !o bits 4 and 5 in ttre PPI Port C port at BA + 2.Thebit structure
diagram for PPI Port C above shows you the 2-bit instruction for each of four gain settings, l, 10, 100, and 1000.

Note that when you writc to Port C o change the gain setting, you must preserve the other six bits of data as
you had them if you want those settings to be unchanged.

There is a way to individually set and reset the lines of Port C by writing the correct data to the control word at
address location BA + 3. For example, you can individually set (o logic l) or reset (o logic 0) pC4 and pC5 by
writing two sets of data to the control word (not to Port C!) as shown in Figure 4-l below. This example shows
how to set the gain to 100. When the most significant bit, D7, of the control word is set to 0, it activates the bit
set/reset function which les you individually set or reset any one of pon C's bits:

Sets PC4 to 1:
(written to BA +3)

Sets PC5 to 0:
(written to BA + 3)

SeURes€t
Functlon

SeUResel
Function

D7 D6 D5 D4 D3 D2 D1 DO

X - don't care

Blr
Set Pet

Fig. 4-1 - Setting the Gain to 100

Blt Select
100 - PC4

0

PC5

Blt Select
101 = PCS

Using Bit SeVReset Function
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A/D Conversion Modes

The A/D converter can perform convenions in two modes , Single Convert and Continuous Convert.

Two lines from PPI port C, PC6 and PC7, are used to control the conversions. These lines can be set by writing
to PPI port C (BA + 2) or by using ttre single bit set/reset function described in the previous section, Setting the
Gain, and under BA + 3 in the Defining the IIO Map swtron later in this chapter. PC6 conrols the Sart Convert
function. Whenever PC6 is high, conversions can be started. PC7 determines which byte of the convert€d darr, the
MSB or the LSB, is to be read at PPI Port A. When PC7 is low, the MSB is read; when it is high, the LSB is read.
For each convenion, the MSB is typically read first, followed by the LSB.

. Single Convert Mode

the Single Convert mode lets you perform a single A/D conversion each time you pulse the Start Convert line,
PC6, high. Figure 4-l shows the timing diagram for this mode, and Figure 4-3 provides a flow diagram

Start
Convert

I

l l

. I Status=Convertino

t l

LSB

Fig.4-1 - Singte Convert Mode Timing Diagram

. Continuous Convert Mode

\\e Continuous Convert mode les you perform continuous A/D conversions by keeping the Start Convert line,
PC6, high. Figure 4'2 shows the timing diagram for this mode, and Figure 44 provides a no* Aiagnm.

Start
Convert

PC7

Read Data

Read Data

MSB LSB

Fig.4-2 - Continuous Convert Mode Timing Diagram
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Program 8255 PPI:
Porl A in, Port C out

Select Channel & Gain

Start Conversion
P C 6 - 1

Check Status
Status = 1?

Stop Conversion
P C 6 - 0

Check Status
Status = 0?

Set PC7 = 0
to enable MSB

Read PPI Port A
lor MSB

Set PC7 = 1
to enable LSB

Read PPI Port A
for LSB Stop Program

Fig. 4-3 - Single Convert Mode Flow Diagram



Program 8255 PPI:
Port A in, Port G out

Select Channel & Gain

Check Stalus
Status = 1?

Check Status
Stalus - 0?

Set PC7 = 0
to enable MSB

Read PPI Port A
lor MSB

Set PC7 = 1
to enable LSB

Read PPI Port A
for LSB

Stop Conversion
P C 6 = 0

Stop Program

Fig.4-4 - Continuous Convert Mode Flow Diagram



. Cascading Boards

Two or more boards can be cascaded and riggered so that A/D conversions are performed simultaneously on
each board. Figure 4-5 provides a flow diagram for cascaded operation. Chapter 2 shows how to connect the boards
for simultaneous triggering.

BOARDS 1 & 2

Fig. 4-5 - Cascaded Boards, Single Convert Mode Flow Diagram
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BOARDS 1 & 2

Program 8255 PPI:
Port A in, Port C out

S€t PC7 = 0
to enable MSB

Set PC7 - 0
to enable MSB

Read PPI Port A
for MSB

Read PPI Port A
for MSB

Set PC7 = 1
to enable LSB

Sot PC7 = 1
to enable LSB



Interrupts

. What Is an Interrupt?

An intemrpt is an event that causes the processor in your computer o temporarily halt is current process and
execute another routine. Upon completion of the new routine, control is retumed to the original routine at the point
where its execution was intemrpted.

Intemtpts are very handy for dealing with asynchronous events (evens that occur at less than regular intervals).
Keyboard activily is a good example; your computer cannot predict when you might press a key and it would be a
waste of processor time for it to do nothing while waiting for a keystroke to occur. Thus, the intemrpt scheme is
used and the processor proceeds with other tasks. Then, when a keystroke does occur, the keyboard 'intermpts' the
processor, and the processor gets the keyboard data, places it in memory, and then renrrns to what it was doing
before it was intemtpted. Other common devices that use intemrpts are modems, disk drives, and mice.

Your ADA520 board can intemrpt the processor when a variety of conditions are met. By using thase intemrpts,
you can write software ttrat effectively deals with real world events.

. Interrupt Request Lines

To allow different peripheral devices to generate intemrps on the same computer, the PC bus has eight different
intemtpt request (IRQ) lines. A ransition from low to high on one of these lines generates an intemrpt request
which is handled by the PC's intemlpt controller. The intemrpt conroller checks to see if intemrpts are to be
acknowledged from that IRQ and, if another intemrpt is already in progress, it decides if the new request should
supersede l}te one in progress or if it has o wait until the one in progress is done. This prioritizing altows an
intemrpt to be intemrpted if the second request has a higher pnority. The priority level is based on the number of the
IRQ; IRQO has the highest priority, IRQI is second-highest, and so on through IRQ7, which has rhe lowest. Many of
the IRQs are used by the standard system resources. IRQO is used by the system timer,IRel is used by the key-
board' IRQ3 by COM2, IRQ4 by COMI, and IRQ6 by the disk drives. Therefore, it is important for you o know
which IRQ lines are available in your sysr€m for use by the ADA520 board.

. E259 Programmable Interrupt Controller

The chip responsible for handling intemrpt requests in the PC is the 8259 Programmable Intemrpt Controller.
To use interrupts, you need to know how to read and set the 8259's intemrpt mask register (IMR) and how to send
the end-of-interupt @OI) command to the 8259.

. Interrupt Mask Register OMR)

Each bit in the intemrpt mask register (IMR) contains rhe mask srarus of an IRe line; bit 0 is for IReo, bit I is
for IRQI, and so on. If a bit is set (equal to l), then the corresponding IRQ is masked and it will nor generarc an
intemlpt. If a bit is clear (equal to 0), then the corresponding IRQ is unmasked and can generate intenups. The
IMR is programmed tlrrough port 2lH.

IRQT IRQ6 tR05 rRo4 IRQ3 rRo2 l rRQl IRQO l/O Port 21H

For all blts:
0 = IRQ unmasksd (enabled)
't = IRQ masked (disabled)

. End-of.Interrupt (EOI) Command

After an intenupt service routine is complete, the 8259 intemrpt controller must be notified. This is done bv
writing the value 20H to I/O port 20H.

4-18



. What Exactly Happens When an Interrupt Occurs?

Understanding the sequence of events when an intemrpt is triggered is necessary to properly write software
intemrpt handlers. When an intemrpt request line is driven high by a peripheral device (such as the ADA520), ttre
intemrpt connoller checks to see if intemrpts are enabled for that IRQ, and then checks o see if other intemrpts are
active or requesEd and determines which intemrpt has priority. The intemrpt controller then intemrps fte proces-
sor. The curent code segment (CS), instruction pointer (IP), and flags are pushed on the stack for storage, and a new
CS and IP are loaded from a table that exists in the lowest 1024 bytes of memory. This table is referred to as the
intemtpt vector table and each entry is called an intemtpt vector. Once the new CS and IP are loaded frrom the
intemrpt vector table, the processor begins executing ttre code located at CS:IP. When the intemrpt routine is
completed, the CS, IP, and flags that were pushed on tle stack when the intemrpt occurred are now popped from the
stack and execudon resumes from the point where it was intemrpted.

. Using Interrupts in Your Programs

Adding intemrpts to your software is not as difficult as it may seem, and what they add in terms of performance
is often worth tte effort. Note, however, ttrat although it is not that hard to use intemtpts, the smallest mistake will
often lead to a system hang that requires a rebooL This can be both frustrating and time-consuming. But, after a few
tries, you'll get ttre bugs worked out and enjoy the benefits of properly executed intemrps. In addition to reading t5e
following paragraphs, study the INTRPTS source code included on your ADA520 program disk for a better undlr-
standing of intemrpt progam developmenL

. Writing an Interrupt Service Routine (ISR)

The first step in adding intemrps to your software is to write rhe intemrpt service rour.ine (ISR). This is the
routine that will automatically be executed each time an intemtpt request occurs on the specified IR'e. An ISR is
different than sundard routines that you write. First, on enEance, fte processor registers should be pushed onto the
stack BEFORE you do anything else. Second, just before exiting your ISR, you must clear the intemrpt sratus of the
ADA520 and write an end-of-intemrpt command o the 8259 controller. Finally, when exiting the ISR, in addition to
popping all the registen you pushed on entrance, you must use rhe IRET insrucdon and not a plain RET. The IRET
automatically pops the flags, CS, and IP that were pushed when the intemrpt was called.

If you find yourself intimidated by intemrpt programming, take heart. Most Pascal and C compilers allow you
to identify a procedure (function) as an intemrpt type and will auomatically add these instructions to your ISR, with
one important exception: most compilers do not automatically add the end-of-intemrpt command to 0re procedure;
you must do this younelf. Other than this and the few exceptions discussed below, you can write your ISR just like
any other routine. It can call other functions and procedures in your program and it can access global daa. if yoo ate
writing your first ISR, we recommend that you stick to the basics; just something tlrat will convince you that it
works, such as incrementing a global variable.

NOTE: If you are writing an ISR using assembly langrrlgs, you arc responsible for pushing and popping
registers and using IRET insread of RET.

There are a few cautions you must, consider when writing your ISR. The most important is, do not use any
DOS functions or routines that call DOS functions from within an ISR. DOS is not reenrranq that is, a DOS
function cannot call itself. In typical programming, this will not happen because of the way DOS is wriuen. But
what about when using intemrps? Then, you could have a situation such as this in your program. If DOS function X
is being executed when an interrupt occurs and the intemrpt routine makes a call o DOS function X, then function
X is essentially being called while it is already active. Such a r@ntrancy attempt spells disaster because DOS
functions are not written tro support it. This is a complex concept and you do not need to understand it. Just make
sure that you do not call any DOS functions from within your ISR. The one wrinkle is that, unfortunately, it is not
obvious which library routines included with your compiler use DOS functions. A rule of thumb is that routines
which write to the screen, or check the status of or read the keyboard, and any disk Vo routines use DOS and should
be avoided in your ISR.

The same problem of reentrancy exists for many floating point emulators as *eU, meaning you may have to
avoid floating point (real) math in your ISR.
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Note that the problem of reentrancy exists, no matter what programming language you are using. Even if you.
are writing your ISR in assembly language, DOS and many floating point emulators are not reentrant. Of course,
there are ways around this problem, such as those which involve checking !o s€e if any DOS functions are currently
active when your ISR is calle4 but such solutions are well beyond the scope of this discussion.

The second major concern when writing your ISR is to make it as short as possible in terms of execurion time.
Spending long periods oj time in your ISR may mean that other important intemrprs are being ignored. Also, if you
spend too long in your ISR, it may be called again before you have completed handling ne f1sirun. This often leads
!o a hang that requires a rebool

Your ISR should have this strucure:
' Push any processor registers used in your ISR. Most C and Pascal intemrpt routines automatically do this for

you.
. Put tle body of your routine here.
' Issue the EOI command to the 8259 intemrpt controller by writing 20H o port 20H.
' Pop all registers pushed on entrance. Most C and Pascal intemrpt routines auomatically do this for you.
The following C and Pascal examples show what the shell of your ISR should be like:

In C:

void in terrupt  ISR(void)
{

/ *  Your code goes here.  Do not
outpor tb (0x20,  0x201 ;

)
In Pascal:

Procedure fSRt fnterrupt , .
begin

{ Your code goes here. Do not
P o r t  [ 9 2 0 ]  : =  $ 2 0 , -

end,.

use any DOS functions ! * /
/ *  Send EOI command to g2|g *  /

use any DOS funct ions !  )
{  Send EOI comnand to 8259 }

' saving the startup Interrupt Mask Register (IMR) and rnterrupt vector
The next step after writing the ISR is to save the startup state of rhe intemrpt mask register and the intemrpt

vector that you will be using. The IMR is located at VO port 21H. The inrenupt u*or yo-u will be using is located
in the intemrpt vector able which is simpty an array of 256-bit (4-byte) pornteis and is iocated in the fint 1024
bytes of memory (Segment = 0, Offset = 0). You can read this value directly, but it is a better practice to use DOS
function 35H (get intemtpt vector). Most C and Pascal compilers provide a library routine for reading the value of avector. The vectors for the hardware intemtpts are vectorc 8 through 15, where ni,eO uses vector g, net o.",vector 9, and so on. Thus, if tlre ADA520 will be using IRQ3, you should save the value of intemrpt veclor l l.

Before you install your ISR, temporarily mask out the IRQ you will be using. This prevents ttre IRe from
requesting an interrupt white you are installing and initializing your ISR. To rast ne Ii.q, read in the current IMR
at I/O port 2lHand set the bit that corresponds to your IRQ (remember, setting a bit disabies intemrpts on that IRe
while clearing a bit enables them). The IMR is ananged so that bit 0 is for IRe0, bit 1 is for IRel, and so on. See
the paragraph enitJed Interrupt Mask Register (IMR) earlier in this chapter for help in determining yo*. IRe's bit.
After setting tlre bit, write the new value to I/O port 2lH.

with the startup IMR saved and the intemrpts on your IRQ temporarily disabled, you can assign tlre intemrpt
vector to point to your ISR. Again' you can overwrite the appropriate entry in the vector rable with a direct memory
write, but this is a bad practice. Instead, use either DOS function 25H (set intemrpt vector) or, if your compiler
provides it, the library routine for setting an intemrpt vector. Remember that vecior 8 is for IRe0, vecor 9is for
IRQI, and so on.

4-20






































































































































































