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IBM Personal Computer Data
Acquisition and Control Adapter
Distribution Panel

The IBM Personal Computer Data Acquisition and Control (Data
Acquisition) Adapter Distribution Panel, with attached ribbon
cable and 60-pin connector, is provided for external access to the
Data Acquisition Adapter’s analog I/O device, binary I/O device,
and timer/counter device.

Four 22-screw terminal strips on the Distribution Panel allow the
user to connect external devices to the Data Acquisition Adapter.
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The following shows the signals at the distribution panel and the
connector pins on which they appear.

2 mm 1
60 & 59
Signal Name/Description Pin
D/A1 1
D/AOQ 2
+10V REF 3
A GND 4
A/DO- 5
A/D 0+ 6
A/D 1- 7
A/D 1+ 8
A/D2- 9
A/D 2+ 10
A/D 3- 1 Distribution
Distribution | A/D 3+ 12 Panel
Panel A GND 13 Connector
A/D CE 14
0 GND 15
A/DCO 16
Bl 8 17
BO 8 18
Bl 9 19
BO 9 20
Bl 10 21
BO 10 22
Bl 11 23
BO 11 24
Bl 12 25
BO 12 26
Bl 13 27
BO 13 28
Bl 14 29
B0 14 30

Part 1 of 2
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Description

The IBM Personal Computer Data Acquisition and Control
Adapter (Data Acquisition Adapter) provides both analog and
digital I/O capabilities. It is installed in any full-length expansion
slot, and up to four may be installed in a system.

The adapter provides:

«  Four analog input channels multiplexed into an
analog-to-digital converter (ADC), with 12-bit resolution

« Two analog output channels, each having its own
digital-to-analog converter (DAC), with 12-bit resolution

« A 16-bit digital input port

« A 16-bit digital output port

« A 32-bit timer

« A 16-bit, externally-clocked, timer/counter

«  An expansion bus.

August 15,1984 )
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Major Components

Following is a block diagram of the Data Acquisition Adapter.
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The signals used by the address decode circuitry are:

AEN

PRESEL

CARDSEL

INTCLR

August 15,1984
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Address enable: De-gates the processor and
other devices from the I/O channel to allow
direct-memory access (DMA) transfers to take
place. When active (high), the DMA
controller has control of the address bus, data
bus, read command lines (memory and I/0),

and the write command lines (memory and
1/0).

Preselect: Indicates preliminary address
decoding of the ‘address enable’ signal (AEN),
and the address bits that are common to the
adapter’s base address and to the
shared-interrupt address.

Card select: Indicates communication is in
process between the Data Acquisition Adapter
and the system. The shared-interrupt
re-activation function is not included.

Shared-interrupt reactivation control signal.

Data Acquisition Adapter
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System Bus Address and Control Signals

The following is a block diagram of the address and control

signals from the system bus.

T T

T
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BUFFREAD Buffer read: Indicates whether a read or a
write operation on the adapter’s 16-bit data
bus is to be performed. When high, this
signal indicates a read operation, and when
it is low, a write operation is indicated.

BUFFREAD Inverse of BUFFREAD.

August 15,1984
© Copyright IBM Corporation 1984 Data Acquisition Adapter 9
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The control decode circuitry inputs CARDSEL, A15, WDO
through WD2, BAO, BIOR, BIOW, and BUFFREAD generate
the following control strobes:

WHRLSTB Write-high read-low strobe: Strobe for
reading or writing the data word from the
adapter’s 16-bit data bus to an on-board or
expansion device.

WDEVICE Write device: Write strobe for the
on-board or expansion device number
register.

DBUFFSTB Data buffer strobe: Enable strobe for data

communications between the system bus
and the Data Acquisition Adapter.

RINTSTATUS Read interrupt status: Read strobe for the
interrupt status register.

WINTCONT Write interrupt control: Write strobe for
the interrupt status register.

WOCNT Write counter: Write strobe for the
timer/counter.

RCNT Read counter: Read strobe for the
timer/ counter.

August 15,1984 .
© Copyright IBM Corporation 1984 Data Acquisition Adapter 11



861 uonesodio) WeI 1y3ukdod @ d1depy uonismboy ejeq 71|

¥861°S[ 1sn3ny

‘snq WIISAS

9y} 01 snq e1ep 119-97 sa9idepe ay) woIj
(1414 49 payde[ A[snoisaxd) 2149 y3ry Yyl
Sugpeal 10} 9qons Jjqeuy :ur 93149 Y3y pesy

‘Snq WalsAs

oY) Wol} Blep 1uaLInd oY) SI 9349 ysIy ay [,

‘O IA UI payole[ Ajsnoraaad auo ayj SI 914q
MO[ 9U ], "991Adp UoIsuedx?a 10 pieog-uo ue 0}
snq ejep 31q-91 s J91depe ay) woi] piom Blep
Sunum 10 2qoJis d[qeuy :Ino 2149 YTy SILIM

'Snq W9JSAS

9y} 01 uoIssIwIsue} 1aie[ JoJ [Ty Sunnp
payolef st 93149 ySiy UL, aqoxs sy Sunmp
Snq wa3sAS Y] 01 palwsue] sI 3149 MO]

9yl 'snq eiep 1q-97 s.Jaidepe ayl 03 901AP
uorsuedxd 10 pIeOQ-UO UB WIOIJ PIOM BIED

e JuIpeal 10J 2qoJ1s 9[qeUY :UI 914Q MO pPeay

"901A9P
uorsuedxa 10 pIe0q-Uo UB 0} UOISSTUISURI}
I9je] 10J 914Q ®iEp MO] 9y} SuIydle|

10} 9Q01)S [01JUOD DIBT :INO 91AQ MO] ILIM

19Hd

OgHM

1974

oq1iM



Device Selection

The following figure shows the device selection circuitry.

\Iﬁll\
——
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Device
Select m
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w.
Delay o]
o Leading G
m. Edge
o |WHRLSTB| by N WRITEREADGATE
K 0.1us ? ¢
o
o
&
\7\
DV0-DV7
m Device
=& Number
e |_BD0-BD7 Register
@
@
o
[
I
| €| , WDEVICE

August 15,1984 L
© Copyright IBM Corporation 1984 Data Acquisition Adapter 13



861 uonesodiod Wl Wduido) @ 19ydepy uonismboy eieq  p1
¥861°S1 18n3ny

"901AP
O/1 3o[eue 3y $199[9s ¢SV pue
“901A9p /] A1RUIq 9] S199[9S 8§V

:G1 ySnoayj () S921A9p 10J $9q0I1I§ SISV ysSnoayp SV
SIJ1AJP [[B 10J 3qOong JLVOAVIIALIIM

L y3noiy)
0 S11q J93IsI3a1 JoqUINU 1A LAA - 0AQ

:UOT}093S 9J1AQP 10 pasn ale JUIMO[[O] YL

"$301A9p uolsuedxa pue pIeoq-uo I0j palelduad aie $9qolls
301A3(J 'JOqUINU IJTAIP Y} SAI0IS IIISIFAI JaqUINU IITAP Y[,



Data Bus Conversion Circuitry

Following is a block diagram of the data bus conversion circuitry.

AN

August 15,1984
© Copyright IBM Corporation 1984

DBUFFSTB

POD7 | GATE
SAH_V Data Bus A”v
3 Buffer
3
3 DIR
@
=

BUFFREAD

sng eieq 119-g palapng

BDO-BD7 CLK
Low Byte
E—
Register
GATE
]
WHBO ———s¢

WLBO
N

B

y

BDO-BD7 | 1G  2G

Line
Driver

N

LDO-LD7

HDO-HD7

sng eleg ug-g| s,Je1depy

Receiver

BDO-BD7

LDO-LD7

HDO-HD7

CLK
High Byte
Read
Register

C—

Data Acquisition Adapter

15



861 uonedodio)y Wl WIukdod dydepy uonismboy vieqg 91
v861°G1 Isn3ny

'snq elep 119-91 s.191depe oy3 oiur snq

BIRD 1IQ-§ PaI3JJnqg 9 JO UOISIdAUOD Y] Judwd[dwr 0] 19)S13aT
PeOI 914q YSIY 9] PUB ‘ISAISDJI SUI] B ‘ISALIP dUf] B ‘19)SI301 JuIm
914Q MO[ Y] Y}M SIJedIUNWOD OS[e Snq BIep 11q-8 paIdjjng oy L,

"191S1391 IQqUWINU AJTAJP 9Y] PUB ‘QITAIP
I9Junod /Jdwn Y} ‘ARSI 1dniIdiul 9y} Yjim UOedIunuIod
B1Ep 3IQ-8 192JIp 10} pasn ST snq eiep 31q-8 paiojjng sy L

‘avdadaddnd

£Q pounuIaldp SI UONIAIIP eiep 9y, "INdepy uonismboy

elR(] 9Y] puUE SNq WIISAS 3Y) U3IM]9g SUONBIIUNWUWOD

[le SuLnp g1S44Ndd Aq p3ieande si 1oJjnq snq e1ep syl “(Lad
ysnoayy oqg) snqg ejep parajjng s Joydepe dyj 938aId 0] I9jjnqg snq
eYRp oY) Aq paIajing sI (L( ydnoiyl o) snqg viep S,WdISAS oy,

I3)Jng sng ee(q



Writing Data

Data is written sequentially from the system data bus to the
adapter’s 16-bit data bus. The low byte is first written to an even
address, then the high byte is written to an odd address. The
entire 16-~bit word is transmitted to an on-board or expansion
device at the same time that the high byte is written.

When data is written from the system data bus to an even address
(A0 is 0), the WLBO (write low byte out) strobe occurs. The
low-byte write register latches the data.

When data is written from the system data bus to an odd address
(AQis 1), the WHBO (write high byte out) strobe occurs. The
low-byte write register transmits the previously latched low byte
to the adapter’s 16-bit data bus LD lines, 0 through 7. At the
same time, the line driver transmits the current data on the
buffered 8-bit data bus BD lines, 0 through 7, to the adapter’s
16-bit data bus HD lines, O through 7.

August 15,1984 ‘e
© Copyright IBM Corporation 1984 Data Acquisition Adapter 17
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Reading Data

Data is read sequentially from the adapter’s 16-bit data bus to the
system data bus. The low data byte is first read at an even
address, then the high data byte is read at an odd address. The
entire 16-bit word is transmitted from an on-board or expansion
device at the same time that the low byte is read.

When data is read to the system data bus at an even address

(A0 is 0), the RLBI (read low byte in) strobe occurs. The line
receiver transmits the low byte from the adapter’s 16-bit data bus
LD lines, O through 7, to the system data bus. At the same time,
the high-byte read register latches the data from the adapter’s
16-bit data bus HD lines, 0 through 7.

When data is read from the system data bus at an odd address
(AOQ is 1), the RHBI strobe occurs. The high-byte read register
transmits the previously latched high byte to the system data bus.

August 15,1984 .
© Copyright IBM Corporation 1984 Data Acquisition Adapter 19
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Analog 1/0 Device

The Data Acquisition Adapter’s analog 1/0 device consists of two
subsystems:

+ Analog input: An analog-to-digital conversion subsystem.

» Analog output: A digital-to-analog conversion subsystem.

Analog Input Subsystem

On the following page is a block diagram of the analog input
subsystem.

August 15,1984 .
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Analog-to-digital conversion is the process of converting analog
signals (voltages) over a given range to digital values.

Unlike digital (binary) signals, which have only two voltage

states, analog signals have infinite voltage levels over a particular
range.

Analog-to-digital converters (ADCs) are categorized by the
number of bits of resolution they allow. The greater the number
of bits, the greater the number of discrete voltage levels that can
be represented.

The Data Acquisition Adapter has an analog input device with the
following features:

«  Four, multiplexed, differential channels
« An ADC with 12-bit resolution
« Switch-selectable ranges

«  Optional data-conversion control with ‘A /D convert out’ and
‘A/D convert enable in’ lines.

August 15,1984 L.
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Analog Input Device Control

The use of the AS9 strobe causes the analog input device to be
accessed as device number 9.

The control decode circuitry of the analog device decodes WDO
through WD2, AS9, and BUFFREAD to generate the following

control signals:

WR A/D CONT

RD A/D STATUS

RD A/D VALUE

Write analog-to-digital control.
Allows the Al control register to be
written to.

Read analog-to-digital status. Allows
reading of the Al status register.

Read analog-to-digital value. Allows
reading of the Al data register.

Analog Input Device Registers

Al Control Register

Al Status Register

Al Data Register

August 15,1984

The Al control register contains the
analog-to-digital channel selection,
analog-to-digital interrupt-enable
information, and convert start bit
information. The Al control register is
cleared by BUFFRES during
power-on-reset.

The Al status register contains
information about ‘A/D busy,” the
‘A/D interrupt status,” and the
readback of the ‘A/D interrupt enable.’

The 16-bit Al data register contains
the data from the ADC. Because the
output of the ADC is a 12-bit digital
value, the four highest bits of the
register are grounded.
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Following is a timing diagram of analog-to-digital conversion.
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Starting an Analog-to-Digital Conversion

The convert start bit from the Al control register is logically
ANDed with the external ‘A/D convert enable’ signal from the
distribution panel connector. The result is inverted to generate an
active low signal, which is brought to the READ/CONYV pin of
the AD574 ADC.

Reading an Analog-to-Digital Value

The READ/CONYV pin must be taken high before the
analog-to-digital value can be read. This is accomplished by
writing a convert start bit equal to O to the Al control register.

Channel Selection

The differential analog to digital channel pair is selected by the
AD7502 4-channel, analog multiplexer on the basis of the
analog-to-digital channel-select bits of the Al control register.

Sample and Hold

During a conversion, the ‘busy’ signal from the AD574A ADC
causes the AD583 Sample and Hold to hold its present value
when the ‘busy’ signal is high, and starts sampling again when it is
low.

‘A/D Busy’ and Interrupt States
At the end of a conversion, the AD574 ADC’s ‘busy’ signal goes

low, and the Al status register shows that the analog input device
is in the not-busy and interrupting state.

August 15,1984
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Analog Input Potentiometers

Four potentiometers (R22, R23, R24, and R25) on the Data
Acquisition Adapter control bipolar offset, unipolar offset, gain,
and common mode rejection for the analog input device. The
following diagram shows the location of these potentiometers.

R22 R23

R24 R25
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The following shows the first few output-code transitions for the
-5 to +5 volt range.

Qutput Code 1

-
e
| -~

~
~

> lt="2 LSB = 1.22 mV Code Center Point
\
0000 0000 0001 4 o«
e —

\
-
L
-
\
0000 0000 0000

T
~5.00000V —4.99878V —4.99634V

0000 0000 0070

1LSB =244 mV

Analog Input

August 15,1984 )
© Copyright 1BM Corporation 1984 Data Acquisition Adapter 31



861 uoneiodio) w1 waukdo) @ ydepy uonismboy vjeq ¢
¥861°G1 1Sn3ny

indu) Gojeuy

AZLS66'6 NABIZ66'6  ADBL86'6

" ] s

— — A Lot Lot et
; ~

~
-~

o« 4 oottLeLet teet

~
~
AW $1°Z = 851 N\n" -
~ g
~

AWBgYy=49511 [—

ﬁ Lete titt Lttt

8po) indinQ

-9guel J[OA Q]+ 01 O]~
oY1 J0} SuonIsueI] apod-ndino Maj 1sef oY) smoys Fuimorjoj oy L,

$1|OA 89266°6+ SHOA QL+ 01 0L-
SHOA YE966 T+ S}|OA G4 01 G-
SHOA $E€966°6+ SIHOA QL+ O} O
uonisues )
apo) i1seT 104 dbejjop 1nduy abuey

TITTTITT ETTT OVOTITIT TIT1T 11T 9pod ndino
9y wWoI} uonisuel) 3y Ioj afeljoa ndur oY) smoys Furmooy ayJ,

"9[eds [N}
;0[9q ST Z/1-1 99.1j0A Indul ue 10J SO0 (TT1T TITT 1111
OYOLIT TII[ IT11) uonIsuer) jse[ ay} 0s 39S SI £TY JO ON[eA YL

uren)



Unipolar Offset:

The value of R24 is set so the first transition (0000 0000 0000 to
0000 0000 0001) occurs for an input voltage of +1/2 LSB. R24
takes effect when the unipolar range (0 to +10 volts) is selected.

The following shows the first few output-code transitions for the
0 to +10 volt range.

Output Code

0000 0000 0010 7,

- TIL\» LSB=1.22 3<\
\
0000 0000 0001 1 -
—_— Ta LSB = 2.44 mV
L~
1
\
0000 0000 0000 —_— —+
] 1.22 mV 3.66 mV

Analog Input

Common Mode Rejection:

R25 allows for the reduction and balancing of the error caused by
common mode noise (voltage common to both sides of an analog
input channel). The common-mode input range specification for
the analog input device is + 11 volts maximum. The value of R25
is set so on the most sensitive range (-5 to +5 volts), the effect of
common mode voltage is balanced on each side of zero volts. For
example, a common mode voltage of +11 volts produces the same
output code as a common mode voltage of -11 volts.

August 15,1984 .
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The Data Acquisition Adapter includes an on-board
digital-to-analog output device with the following features:

« Two analog output channels, with each channel using
separate DACs with 12-bit resolution

« Switch-selectable ranges for each converter

Each DAC converts digital values in the range of 0 to 4095 to
voltages in one of three ranges. The switches on the adapter
control voltage polarity and range.

The three switch-selectable ranges are:
e -5to +5 volts

« -10to +10 volts

« 0Oto+10 volts

The settings of these switches determine the relationship between
analog output values and the voltages from the analog output
device. The relationship of the digital value to the analog output
voltage depends on the range for which the hardware is
configured. Because each analog output channel has its own
DAC, the analog output range can be set for each channel. For
example, in the 0 to + 10 volt configuration, a digital value of 0
generates an output of 0 volts; a digital value of 2048 generates
an output of +5 volts; and a digital value of 4095 generates an
output of +9.997 volts.

August 15,1984 .
© Copyright IBM Corporation 1984 Data Acquisition Adapter 35



$861 uonesodio) WgI 1ySukdos @ 19)depy vonismboy vyeqg  9¢

¥861 ‘ST 1sndny

Jmo 1 v/@, 10 ano g v/q,

£q 10109uu0d Joued UOIINQLIISIP

313} 01 1U3S ST an[eA JoJeue Ue

pue ‘uoIsIaAU0d 3oreue-031-[eNIIp Y3
surrojrad usyl DV SYSLAV UL "0
U3)111M ST SSAIPPE 19181321 vlep OV Yl
Uaym PIpeo[ aIe eyl SaYD1L[ vIep sey
OVd yoeg 'snq e1ep )q-9] s,191depe
oY} WO} an[eA [eISIP NG-Z1 ©

sayo1R] 1 ‘0qOoI1s 21Im Fo[eur-01-[813Ip
B S9AI9321 DV SYSLAV 19U UsYm

‘13181391

[o11U0d OV 9Y3 Ul 31q 109[3S-[ouURYD
Y} JO SIseq YL U0 ‘I V/A 100 V/A
$9gons OIS ANIMNOIIO [ONU0D JNRA
1M FoJeur-0)-1BNIIP Y} ‘SINID0
[eudrs onfeA v /( 91IM, 1) UdYM

1918139y BIe(d OV

19)S139Y [0NU0) OV

$19)S139Y I3 Inding Sojeuy

‘PassAIpPe SI I191SIZAI BlRp OV

Y} UaYM SINd0 ' TVA V/d dM
"$9(0I1S 9)1Im oJeue-0)-jelIdIp

3] Jo uonerauagd 9yl s{o1uo))
:onyeA 3o[eur-01-[RU3IP I

‘9)eI2UdT 01 9GONS NLIM
FoJeue-01-1e1IIp YdIyM SUIULIIIIP O
pasn ST 31q 10979S-[oUURYD O], "J9ISIZI
[oNIUoD OV Y1 03 11g 109[3s-[aUURYD
9Yy3 Jo 3unum ay} SjoInuo))

:;Jo13uod goreue-ol-[eNIIp I

ANTVAV/A IM

INOD V/d M

:S[eU3Is [0IU0D

Suimofoj ay1 91e1ousd 01 QVAUANE PUR ‘6SV ‘TAM YSnonp
OdM SOPOOaP 1A Foeur 9yl JO AIINDIID JPOIJP [OIIUOD Y T,

Jo11U0)) A IndinQ Joeuy



Analog Output Potentiometers

Four potentiometers (R18, R19, R20, and R21) on the Data
Acquisition Adapter control bipolar offset and gain for the analog
output device. The following diagram shows the location of these
potentiometers.
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Gain:

R19 controls gain for channel 0, and R21 controls it for channel
1. The value of the potentiomenter is set so a positive full-scale
—1 LSB voltage is provided on the analog output channel when
the digital code 1111 1111 1111 is sent to the DAC for that
channel.

The following table lists the output voltages for the digital code
1111 1111 1111 (FFF hex).

Range Output Voltage for FFF Hex
Code
0 to +10 volts +9.99756 volts
-5 to +5 volts +4.99756 volts
-10 to +10 volts +9.99512 volts

The following shows the last few analog output voltages for the
-10 to +10 volt range.

Analog Output
/
/
9.99512v | ~
/
\\ 1LSB=4.88 mV
/
9.9902av }
/
/
/7
/

9.98536V #

7

/
/
/
FFD FFE FFF

Input Code (Hex)
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The Data Acquisition Adapter’s binary I/0O device has the
following features:

e A 16-bit binary output port (BOO through BO15)
¢ A 16-bit binary input port (BIO through BI15)

« Input and output handshaking over the ‘strobe’ and
‘clear-to-send’ lines

» Direct control using BO GATE (‘binary out gate’) and
BI HOLD (‘binary in hold’).

Digital signals have only two voltage states: On (high, 43 volts)
and Off (low, +0.2 volts). Digital signals in this range are called
TTL signals, because they are the proper levels to be interpreted
by the transistor-to-transistor logic circuitry. These signals have
many uses in data acquisition and control applications. Among
these are sensing the state of two-state devices and controlling
devices that require two-state control signals.
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Binary I/O Device Registers

Following is a description of the binary I/O device registers.

Binary Control Register

Binary Status Register

Binary Input Register

Binary Output Register

August 15, 1984
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Contains the BO STROBE bit and
the BI CTS bit. These bits do not
physically cause or prevent binary
I/0 events from occurring. They are
programming control bits.

Allows the status of BO CTS and

BI STROBE bits to be monitored.
These bits do not physically cause or
prevent binary I/0 events from
occurring. They are programming
status bits.

When BI HOLD is brought high (or if
no connection is made), the binary
input register is not latched and
allows the current state of the binary
input lines to be monitored by reading
the binary input register.

Grounding BI HOLD causes the
binary input register to latch the
current state of all binary input lines.
If the grounding of the B HOLD line
is maintained, any later read will
obtain the value that was present
when the line was initially grounded.

Contains the binary output word
(BOO through BO15). Grounding the
BO GATE signal places the binary
output port in the tri-state condition
(all points floating). The binary
outputs are gated out when the

BO GATE signal is brought high

(or if no connection is made).
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