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Description

The IBM Personal Computer Data Acquisition and Control
Adapter {Data Acquisition Adapter) provides both analog and
digital /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

e A 32-bit timer

e A 5..@:, externally-clocked, timer/ counter

« An expansion bus.

August 15,1984
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The Data Acquisition Adapter has a 16-bit data bus and a
U_cﬁ@aoa 8-bit data bus.

The adapter’s 16-bit data bus provides access to:
-+ Ananalog I/0 device:
—  Analog input subsystem with four multiplexed channels
~  Analog output subsystem with two DACs
s A E:w@ I/0 device:
-~ 16-bit digital input port
—  16-bit digital output port
~  Handshaking
»  An expansion bus.
‘The buffered 8-bit data bus Eo_iﬁ_mm access to:
. 583.:3 circuitry
« A timer/counter device:
—  32-bit timer (Counters .o and 1)
—  16-bit timer/counter AOosE_oa 2).

Low and high bytes are transferred between the adapter’s
buffered 8-bit data bus and 16-bit data bus. |

A 60-pin, distribution-panel connector is provided for external _
access to the analog I/O device, the binary I/0 device, and the
timer/counter device.

August 15, 1984
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‘Major Components | | -

Following is a block diagram of the Data Acquisition Adapter.
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" The following are descriptions of the major components shown in
the figure on the previous page. _

- Address Decode and Control Circuitry

" The following are descriptions of address decode and control

circuitry. N : | L
Address Decode c
o
~ Following is a block diagram of address decode. §
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The signals zmma by the address decode circuitry are:

AEN

PRESEL

CARDSEL

INTCLR

August 15,1984
@ Copyright IBM Corporation 1984

Address enable: De-gates the processor and

| .. other devices from the I/0 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 1/0),
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 5
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The address preselection circuitry decodes the six address lines,

which are common in the adapter address and the

~ shared-interrupt address. AEN is used to prevent false decodes

during DMA cycles. Because the adapter has a base address of

hex 2E2 through 2E3, and the shared-interrupt address is hex

02Fx (where x is shared-interrupt level 3, 4, 5, 6, or 7), the

common address bits are: A9, A7, A6, and AS equal to 1, and

- A8 and A3 equal to 0. The resulting signal (PRESEL) indicates )
that either an adapter access or a shared-interrupt access may be
occurring.

The address decode circuitry uses the signals PRESEL, A10, A11,
A4, and the signals from the switches S4-1 and S4-2 to decode an
adapter’s base address. The control decode circuitry uses the
resulting signal (CARDSEL) as a master enable and then
generates the individual control signals.

When the address decoded is hex 2Fx (where x is the shared
interrupt level), INTCLR is generated. INTCLR reactivates the
adapter’s interrupt circuitry. The address decode circuitry also
generates an INTCLR signal at power-on-reset time.

Guaranteed | (888) 88-SOURCE | www.artisantg.com

Power-on-reset occurs when the ‘buffer reset’ signal L
(BUFFRES), which is created by the system bus m_mua e
(RESET DRYV), goes low. | | e/ B
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¢
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hE o b B

_mwm_HmB Bus Address and Control Signals

sng WalisAg

The following is a block diagram of the address and oonﬁoH
signals from the system bus.

August 15,1984
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- The address msa control mpmnm_m from the system bus are as

follows:

- RESET DRV

 BUFFRES

WDO0 - WD2

BAOQ

BIOR

BIOW

'8 Data Acquisition Adapter

Resets system logic upon power-on or
during a low line-voltage outage.

RESET DRY is synchronized to the falling
edge of ‘clock’ and is active high.

Buffer reset: Inverse of RESET DRV.
Provides power-on-reset of the adapter’s
control logic. BUFFRES is active low.

“Word number bits 0 through 2 (system bus

address lines A12 through A14 are buffered
and renamed WDO through WD2). Selects
word registers 0 through 7 when system bus
address line A15 is low. Selects word
registers 8 through 15 when A15 is high.

Buffered system-bus address line AO:
Selects high or low bytes.

Buffered I/O read (IOR): BIOR is active
low and is used for I/O read operations on
the buffered 8-bit data bus.

Buffered 1/0 write(TOW): BIOW is active -
low and is used for I/O write operations on
the buffered 8-bit data bus.

August 15, 1984
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BUFFREAD Buffer read: Indicates whether aread ora
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.
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Go:ﬁ: Decode

Following is a block _&w_mEE of the control decode circuitry.
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ey

The control decode circuitry inputs CARDSEL, A15, WD0O
through WD2, BAO, BIOR, BIOW, 85 BUFFREAD mmumnmﬁ

the mozoé_bm oogo_ strobes:

WHRLSTB Write-high read-low mﬁo_um mqog for
_ reading or writing the data word from the -
adapter’s 16-bit data Uzm to an on- -board or

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. :

Write strobe for the

 WCNT | - Write ooE:Q_-__
— _ timer/counter.

RCNT Read counter: Read strobe for 5@ _
timer/counter.

August 15,1984
© Copyright IBM Corporation 1984

Data Acquisition Adapter

/(\ - expansion device.

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

DBUFFSTRB - Data buffer strobe: Enable strobe for data

11
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"WLBO - Write low byte out: Latch control strobe for

| latching the low data byte for later
transmission to an on-board or expansion
device.

RLBI _ Read low byte in: Enable strobe for reading a-
_ -data word from an on-board or expansion
device to the adapter’s 16-bit data bus. The "
low byte is transmitted to the system bus
during this strobe. The high byte is latched
during RLBI for later transmission to the
system bus. |

WHBRO - Write high byte out: Enable strobe for writing
_ ~ a data word from the adapter’s 16-bit data bus

to an on-board or expansion device. The low

byte is the one previously latched in WLBO..

The high byte is the current data from the
system bus. _

RHBI ~ Read high byte in: Enable strobe for reading
the high byte (previously latched by RLEI)
from the adapter’s 16-bit data bus to the
system bus. _ :

. _ August 15,1984
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Device Selection

The following figure shows the device selection circuitry.
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The device number register stores the device number. Device
strobes are generated for on-board and expansion devices.

The mozoé_m:m are used for device selection:

DV0 - DV7 - Device number Smmmﬁ_oﬂ bits O
_ through 7
Ir.}l|lli.r.ll . ./.l\\k .
WRITEREADGATE Strobe for all devices
ASO through ASIS - Strobes for devices 0 through 15: £
_ ASS selects the binary I/0 device, 2
and AS9 selects the analog I/0O g
device. W
s
£
MM
.m

L August 15,1984
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Data Bus Conversion Circuitry

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

N

August 15,1984
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Data Bus Buffer

“The system’s data bus (DO :ﬁ.osmw D7) is U;ﬁoﬁa by the data
bus buffer to create the adapter’s buffered data bus (BDO through
BD7). The data bus buffer is activated by DBUFFSTB during all
communications between the system bus and the Data

Acquisition Adapter. The data direction is determined by
BUFFREAD.

‘The buffered 8-bit data bus is used for direct 8-bit data
communication with the interrupt circuitry, the timer/counter
device, and the device number Hommmnoh

The buffered 8-bit data bus also communicates S_E the low byte
write register, a line driver, a line receiver, and the high byte read
register to implement the conversion of the buffered 8-bit data
bus into the adapter’s 16-bit data bus.

August 15,1984
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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
(AQis 0), the WLLBO (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

(A0 is 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, O through 7. At the
same time, the line driver transmits the current data on the

‘buffered 8-bit data bus BD lines, O through 7, to the mmwuﬂom.w

16-bit data bus HD lines, O through 7.

August 15,1984 . __
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Following is a write timing diagram of the mamvﬁowm_;-cw data
bus.
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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- Uu;m read register latches the data ?oE the adapter’s
16-bit data bus HD lines, 0 through 7.

When data is read ?oB the system data bus at m.S odd address
(A0 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 _ _ _ _
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Analog 1/0 Device

The Data Acquisition Adapter’s analog I/ O_moﬁoo consists of two
subsystems: o :

. >Dm_om_5vun An analog-to-digital ooséamou.mcwmwmﬁma.

«  Analog output: A digital-to-analog conversion wccmwmﬂoa._

Analog Input Subsystem

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

August 15,1984
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R

Analog-to-digital conversion is the process of converting analog
signals ?o:mmwmv over a given range to digital values.

~ Unlike &m#_m_ (binary) ﬂmw&m;iwmow.m%m ou_w two <.o=mmo_ -
states, analog signals have SDES 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 >am@8_. _._mw an analog Ecc_“ mmﬁoo with the

ﬁocoéﬁm features:

. Four, multiplexed, differential channels
» An >UO with 12-bit resolution

. Switch-selectable wmsmom

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

August 15,1984
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The Data Acquisition Adapter’s analog input device (device

number 9) has four channels, which are multiplexed into a single
ADC. This device converts analog signals in one of three ranges
to digital values in the range of 0 to 4095.

The three switch-selectable ranges are:

«  -5to+5 volts | _ | | "

. -10 to +10 volts
. 0 to +10 volts

The relationship of the analog input voltage to the returned digital
value depends on the range for which the hardware is configured.
Theselected range setting for analog input is in effect for all
analog input channels. For example, in the -5 to +5 volt
configuration, an input of 4+4.997 volts generates a full-scale
value of 4095; an input of 0 volts generates a value of woam and
an input of -5 volts generates a value of 0.

August 15,1984
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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 mm&oméo-&mxﬁ 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
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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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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 d to generate an
active low signal, which is brought to the READ/CONYV pin of
the AD574 Euo

Reading an Analog-to-Digital Value

The READ,/CONV 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 0 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 oo_:<m.nmmos“ 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 moow

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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‘A/D Interrupt’

The actual ‘A/D interrupt’ signal (A/D INT) is a result of the
logical ANDing of the INT STATE status bit in the Al status
register, and the EOCINT ENABLE bit from the Al control
register. The inverted result generates A/D INT (an active low
'signal), which goes to the interrupt circuitry.

‘A/D Convert Qut’

The ‘A/D convert out’ (A/D CO) signal is brought out to the
distribution panel connector on the Data Acquisition Adapter,

The ‘A/D convert out’ signal is set (TTL high) when a conversion
has been commanded by programming the convert start bit. The
signal remains high until the conversion is complete. If the analog
signals received by the on-board analog input device are from an
external device that can be made to send data on receipt of a TTL
high pulse, you may use a synchronization scheme in which the
program’s request for an analog-to-digital conversion triggers

(using ‘A/D convert out’) the output of analog data from the
external device.

‘A/D Convert Enable’

The ‘A/D ooué: enable’ (A/D CE) signal is brought out to the
distribution panel connector on the Data Acquisition Adapter.

By holding the ‘convert enable in’ signal low (TTL), an external
device can inhibit or delay all analog-to-digital conversions
ordered by programming.

To be considered valid and allow an analog-to-digital conversion,
the ‘convert enable in’ signal must remain high until the
‘convert out’ signal goes low again.

. e 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

TITTSTTITTIRNNTTTA

August 15,1984
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In the following “[.SB” represents the weight of the _
least-significant bit of the 12-bit digital output code of the ADC.

- The table shows the 1-LSB values for each analog input range.

The ADC is intended to have a 1/2-LSB offset so the exact
analog input for a given code will be in the middle of that code
(halfway between the transitions to the codes above and below
it). The information under “Bipolar Offset”” and

“Unipolar Offset” explains this 1/2-1LSB offset.

Bipolar Offset:

The value of R22 is set so the transition from ﬁ:m_n:mxm_ output ~

code 0000 0000 0000 to 0000 0000 0001 occurs for an input
voltage 1/2 LSB above negative full scale. R22 takes effect when
a bipolar range (-5 to +3 volts or -10 to + 10 volts) is selected.

The following shows the input voltages for the transition from the
output code 0000 0000 0000 to 0000 0000 0001,

Range Input Voltage for First Code
_ _ .D..m:mﬁmo:
-5 to +6 volts ..Pmmmq.m_ volts _
-10 to +10 volts -3.99756 volts

| o _ - “August 15,1984
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Range . 1LSB
0 to +10 voils 2.44 mv . .
-5 to +5 volts - 2.44 mV . : ~—
-10 to +10 volts 488 mv .
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The following shows the

-5 to +5 volt range.

Qutput Code 1

L]

0600 0000 0010

=% LSB =122 mV

first few output-code transitions for the

\

. -
P
=

— Code Center Point
- ol
0000 0000 0001
\
_ ~
—_—l r—1 .SB = 2.44 mV
~ ’
\
0000 0000 0000 . : t
—5.00000V —4.99878V —4.99634V
Analog Input

August 15,1984
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‘Gain:

The value 90 R23 is set so the last transition (1111 1111 :5 to

1111 1111 1111) occurs for an input voltage 1- H\w LSB below
full scale.

The following shows the input voltage for the transition, from the

outputcode 1111 1111 1110to 1111 1111 1111. -
m.m:m_m . . Input Voitage for _.m.ﬁ Code
. ._._.mzm_do:
0 to +10 volts +9.99634 voits
-5 to +5 volts +wamwh <o:m.
-1 Oto +10 volts +w.mww.mm <2_ﬂm

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

Guaranteed | (888) 88-SOURCE | www.arfis'antg.com
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§

Cutput Code m
>

z

>

O

o

>

g

(O]

>

—_— L e—1 LSB = 4.88 mV -8

. ) . - 2
111711111111 4 — 5
o . X

— % LSB = 2,44 mV 5

-] . s

\ <
1111 1111 1110 + - : Lo

\\ .
P
\\
1111 1111 1101 . " " '
9.98780V  9.99268V  9.99512V

Analog Input

e A A S AL
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Unipolar Offset:

The value of R24 is set so the first transition (0000 0000 oooo 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

-
-
P
. ~
0000 0000 0010 1 _ e
—; T =% L§B=1.22 3<\ -
-
0000 0000 0001 <+ \u
——- \ =1 LB = 2.44 mV
-
P
00460 00006 0000 t e

0 1.22 mV 3.66 mV

Analeg 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

© Copyright IBM Corporation 1984 Data Acquisition Adapter 33

Guaranteed.| (888) 88-SOURCE | www.arfisantg.com

Artisan Technology Group - Quality Instrumentation -..




- 'Analog Output Subsystem

Following is a block diagram of the analog output subsystem. (.
. ) . . . ....Xlt.,.,fi» w
WD0 s
WD1 — 1 >:m._om_ ) o
wWD2 - - Device _ ~
M.m..@ Control _
. WR D/A VALUE .
BUFFREAD——] ‘Decode WR D/A CONT / o
c
> . Y Y m _
AO o/ | W
Write 2
Control >
MDO Register _<m_cm m
AL — —— Control 8.
. 3
a :
o 2
5 g
BN Y (e
% LDO-LD7 o !l\ | R m .
o . -1 © £
Y Buffered i @ 2z
5 _ £ 3
o DAC & S|
o =5
: 3
o3 (@]
5 o
¥ : 2 £
| _ O 2
nww..www | AD7545 2 i
| v 12-Bit D/A 1 0UT | 2 =
_ Buffered 17
DAC

o,
f,: S

_ - August 15,1984
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The Data Acquisition Adapter includes an on-board
digital-to- mmm_om output device with E@ mozogsm mmmﬁﬁ.mm

« Two mﬁm_om o:.%ﬁ channels, ,SE each ormbmo_ EE@
separate DACs with 12-bit resolution

«  Switch-selectable ranges for mmnw converter

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

The three switch-selectable ranges are:

« -5to+5 volts

e« =-10to +5_<o:_m

« 0to +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.

>cmzmﬂ 15,1984
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Analog Output Device Control

‘The control decode circuitry of the analog device decodes WDQ
through WD2, AS9, and BUFFREAD to mgoamﬂw the following
control signals:

WR D/A CONT Write digital-to-analog control:

: Controls the writing of the
channel-select bit to the AO control
register. The channel-select bit is used
to determine which digital-to-analog
write strobe to generate.

WR D/A VALUE Write digital-to-analog value:
Controls the generation of the
digital-to-analog write strobes.

WR D/A VALUE occurs when the
AQO data register is addressed.

Analog Output Device Registers:

AO Control Register When the ‘write D/A value’ signal
| occurs, the digital-to-analog write
value control circuitry either strobes
D/A 0 or D/A 1, on the basis of the
channel-select bit in the AO control
register.

AO Data Register When either AD7545 DAC receives a
digital-to-analog write strobe, it latches
a 12-bit digital value from the

~adapter’s 16-bit data bus. Each DAC
has data latches that are loaded when
the AO data register address is written
to. The AD7545 DAC then performs
the digital-to-analog conversion, and
an analog value is sent to the
distribution panel connector by
‘D/A Oout’ or ‘D/A 1 out.’

August 15, 1984
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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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Bipolar Offset:

R18 controls bipolar offset for‘channel 0, and R20 controls it for
channel 1. The value of the potentiometer is set so a negative
full-scale voltage is provided on the analog output channel when
the digital code 0000 0000 0000 is sent to the DAC for that
channel. The potentiometer takes effect when a bipolar range is

selected. When the :560_5 range is selected, the DAC oc:uE is .
o Volts. _

The mozoé_zm table lists the output voltages for :.6 digital code

€
0000 0000 0000 (000 hex). w
g
mm.:mm o Output do_ﬁmmm for 000 Hex : Wa
o Code =
0 to +10 voits 0.00000 volts m m
-5 to +5 volts _ -5, ooooo volts 3
. -10 to +8 <o_ﬂm L.o.ooo.oo <o_.ﬂm . m : _
g
- G
Y
‘i S
The following shows the first few analog oEvE <o_8m@m for the —’ £
-5 to +5 volt range. E
Analog Qutput My
®©
&
/7 :
~4,99268V 1 .ﬂ w
/ d £
. : \ M.w
_ | -/ o 5
~-4.99512v + _ 2
N | :
_ / _ :
e
/
~-4.99756V +
S d 1
\\ 1LSB =244 mV
7 _ o
~5.00000V & L . ¥
000 001 002 003
Input Code (Hex) 3 e
August 15, 1984
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Gain:

. R19 controls, gain for channel 0, and R21 controls it for channel
P 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

i,

August 15,1984

channel.
[ The following table lists the output voltages for the digital code
11111111 1111 (FFF hex).
Range Qutput Voltage for FFF Hex -
_ Code
0 to +10 volts +9,99756 volts
-5 10 +5 volts +4.99756 volts
-10 1o +10 volts +9.9951 2 volts
- The following shows the last few analog output voltages for a._m__
Ld -10 to +10 volt range. |
Analog Output
/
\ .
999512V | ¥ :
7 . 1 _
\\ ~ |1LsB=a.88mv
/ H
9.99024V s
e
7
/
_ /
9.98536V \ﬂ\
7/
/
/
L | i
FFD FIE FFF

_=v:~ﬂoamn1mwv
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Binary 1/O Device

Following is a block diagram of the binary 1/0 device.

wDo .mm:mz
WD Device [ _
c%m. Control .
Decode | HGLD — -
BUFFREAD~] —° I 8 : ~
/\ LDO-LO7 [ Binary
p| AL HDOHD? |, BIO-BI15 5
.M.A — Register m,
o z s
z : :
~ w. m
g RD BT VALUE 2 O
8 _ 2 3
us! o n
g BO GATE | &
- o [o0)
LDO-LD7 Binary g e
1} HDO-HD7? Out BOO-BO15,_ |& 3
c
— > AU S— :
L
{ Y e
. Sy, £ O
_ e
_ T S £
WR BO VALUE £
>
g
(o4
_ B0 STROBE g
i |f Lbo | Binary > 5
Control o
Register W
p LD2 BI CTS o
L - . <
7 ¥ bl . e %
———"— e — T
WR BIN CONT 4 | 5
LDO BI STROBE <
| [F—————— Binary [
Status .
| Register | BO CTS
LD2
o .
< | |RDBINSTATUS _ § —
P 2 :
e
R
| e August 15, 1984
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The Data Acquisition Adapter’s binary 1/O device has the
following ﬁmm:qwm

_ n - | « A l6- ,c: g:mQ o:EE port (BOO ::.ocm_a 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 Emzm_m have only two voltage states: On ﬁEmw +w 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.

| August 15, 1984
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Binary I/0 Device Control

The use of the AS8 strobe causes the binary H\ 0 mwSom to be
accessed as device number 8.

Hrm AS8 strobe as an enable, the WDO0 through WD2 word bits,
and the BUFFREAD signal are used to decode which _uEmQ

decode o_uonm:os is to occur. _ o

mozoﬁsm are the four decode operations:

WR BIN CONT Write binary control: Controls the
latching of the binary output strobe
(BO STROBE) and the binary input
clear-to-send (BI CTS) bits 3 the binary
control Bmaﬁma

RD BIN STATUS Read binary status: Controls the reading
of the binary input strobe (BI STROBE)
and the binary output clear to send
(BO CTS) bits by the binary status
register.

WR BO VALUE Write binary value: Controls the writing

of the binary output word (BOO through ~

BO135) to the binary output register.

- RDBI'VALUE Read binary value: Controls the reading
of the binary input word (BIO through
BI15) from the binary input data register.

August 15, 1984
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Binary I/O Device Registers

Following is a description of the binary I/0O device registers.

Binary Control Register

Binary Status Register

Binary Input Register

Binary Output Register

August 15, 1984

© Copyright IBM Corporation 1984

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/O 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 Bos:oaa_g reading

the binary input register.

Grounding Bl HOLD causes the
binary input register to latch the
current state of all binary input lines.
If the grounding of the BI 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).

Data Acquisition Adapter 43
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The Data Acquisition Adapter’s binary 1/0 n_oi.o.m consists of two
subsystems that use low-power Schottky logic:

« Binary input

. Binary output

Binary Input Subsystem
Following is a description of the binary 5@5 subsystem.

Binary Input Port (BIO through BI15)

All bits of the binary input port (BIO through BI15) are pulled to
their high state internally, This means that if nothing is connected
to the binary input port, execution of a binary input function
returns a value of 65535 (all bits set to 1),

The input port of the Data Acquisition' Adapter’s binary 1/0
device can be used to sense the state of up to 16 individual binary
signals.

ﬂuoEsﬁi:micoﬁm_m@omsvozmoa_.,o:s@cdo:&:m@mmﬂm
words (16-bit) from another device. :

Binary Input Hold

The entire binary input port may be latched at any time by pulling
the BI HOLD signal Iow. These and all other data and
communication lines are pulled high through internal resistors to
+5 volts. No connections to them are necessary unless their
features are to be used.

Binary Input Handshaking

Binary input samples can be synchronized with binary words
generated by an external device. The external device must be
able to send parallel binary data when it receives a signal from the
Data Acquisition Adapter’s binary 1/0 device. It also must be

able to generate a TTL signal that indicates the data word is valid —

and should be sent by the Data Acquisition Adapter.

. August 15, 1984
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Binary Output Subsystem
Following is a.description of the binary output subsystem.
Binary Output Port (BOO through wO_mv

This subsystem uses high-power, tri-state, bus-driving devices.
Changes in the binary output word are carried out on a per-bit .

basis. Only those bits affected by a change in the output word are |

actually changed.  All others remain the same.

The o..:%E port of the binary I/0 device mchmom 16 high/low
signals under program control. As with the input port, these
signals can be used individually or considered as a 16-bit data
word.

Binary Out Gate

You may place the output port in tri-state by pulling the binary
out gate (BO GATE) lines low. These and all other data, _
handshaking, and control lines are pulled high by internal resistors
to 45 volts. No connections to them are necessary unless your
application requires handshaking or control.

Binary Output Handshaking

Because all communication lines are internally pulled up to their
logical true state, you can use or not use binary output
handshaking, depending on the requirements of your
communication setup.

Binary output can be synchronized with the data’input capabilities
of the external device. The external device must be able to send a
TTL signal to indicate it is ready for new data. It also must be
able to accept parallel binary data when it recieves a signal from
the Data Acquisition Adapter’s binary I/0 device indicating the
data is available. :

- August 15, 1984 - : _
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Timer/ 09:5.9. Device

The timer/counter device is an 8253-5 Programmable Interval
Timer. The timer/counter device provides three independent,
- down-counting, 16-bit counters. Each counter can be
programmed to operate in one of four modes. In this
implementation, Counters 0 and 1 are cascaded to provide a .
32-bit timer. Counter 2 is not cascaded and provides an S
independent 16-bit timer/counter. These counters can be used to
generate interrupts, provide pulses (or pulse trains) to the
distribution panel connector (RATE OUT, DELAY OUT, mum

£
o
o
COUNT OUT), and count events AOOGZH IN). 2
_ 2
Following is a diagram of the timer/counter device. W
w x
5 3
& Bivid v
3[14MHz08C wvice 0
g S s
a 14 8
ST 3
o) Q
5 ] c .
g 3
o : ’ . N P :
® 82535 - L e
Fk ADe-Ds [0 o - /(.l\ T .m
g CLKO [t : L g : g
a RATEQUT [& '3
A OUTC—y VO all - £, 3
) : g £
WDO = Ao || LK1 18 %.
: DELAY OUT] & o
WO1 —m A OUT1 vhr 3 5
H 2 5
m >
I ) COUNT IN g
READ COUNTER—| RD CLK2 [ S
_ S,
e — ﬁ COUNT OUT £
WRITE COUNTER-mi WR ouT2[— [} _Vof @
. 3
2
| %
COUNT 2 OUT
{Counter
Int.) . . o
COUNT 10UT|  |acerrupt
{Timer Int.} | Circuitry

. | August 15, 1984
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Timer/Counter System Eﬂm_l,mom

| Following is a description of how the Data >on_EmEos >Qm@8w
AR controls its timer,/ counter device.

BDO - BD7 The Data Acquisition Adapter’s buffered
| data bus lines are connected to data lines
N S (DO through D7) of the timer/counter
_ _ device’s internal data-bus buffer.

RD CNT Read counter: Connected to the RD pin
of the timer/counter device. Used as a
control signal when reading the values of
the counters.

"WR CNT | Write counter: Connected to the WR pin
of the timer/counter device. Used as a
control signal when writing mode
information and loading the counters.

WD0 and WD1 ~ Connected to the A0 and A1 pins of the
timer/counter device. They select which

-Gua'rant'e_ed'l {888) 88-SOURCE | www.artisantg.com . .-

of the three counters to be operated on, )
{ | and address the control H.om_mﬂon m
RN m .
The following lists the resulting :BQ.\ counter device operations £
performed based on the values of the timer/counter device’s ¥
address and control signals. £
Note: The CS pin of the timer/counter device is tied low. 3
CS RD WR A, A, Description N m
]
0 A 0 0 0| Load Counter 0 £
0 1 0 0 1 Load Counter 1 m
0 1 0 1 0 Load Counter 2 . .
0 T 0 1 1 Write Mode Word !
0 0 1 0 0 Read Counter 0
0 0 1 0 1 Read Counter 1 ;
) 0 0 1 1 0 Read Counter 2
N 0 0 1 1 1 No-Operation 3-State
1 X X X X Disable 3-State
. 0 1 1 X X No-Operation 3-State

August 15, 1984 _ .
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'32-Bit Timer

Following is a description of the output of the 32-bit mSmH
(Counters 0 and 1), and how it is clocked.

First Stage (Counter 0)

CLK 0 A 1.023-MHz signal (50% duty cycle)
from the system bus’ 14-MHz OSC and
divide-by-14 circuitry.

ouT o _ Output of Counter 0.

Inverted state of OUT 0 that is brought to
the distribution panel connector.

RATE OUT

Second m_..mmw (Counter 1)

CLK 1 The Counter-1 clock. The output of

Counter 0 (OUT 0) is cascaded into the
counter of clock 1.

OuUT 1 _ Output of Counter 1. Provides the
‘count 1 out’ signal that is used by the
interrupt circuitry.

DELAY OUT Inverted state of OUT 1 that is brought to

the distribution panel connector.

August 15, 1984
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16-Bit Timer/Counter

Following is a description of the output of the 16-bit
timer/counter (Counter 2), and how it is clocked.

CLK 2
COUNT IN

OuUT 2

COUNT OUT

- August 15, 1984
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The Counter-2 clock.

Clocks Counter 2.

Output of Counter 2. Provides the
‘count 2 out’ signal used by the interrupt

circuitry.

Inverted state of OUT 2 that is brought to the
distribution panel connector.
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Counter Modes

The following counter modes apply to Counters O through 2.

Note: “Output” in the following timing diagrams refers to

the OUT 0, OUT 1, and OUT 2 pins of the timer/counter

device. Counter outputs, RATE OUT, DELAY OUT, and _
- COUNT OUT, on the distribution panel connector are the N4

inverted state of OUT 0, OUT 1, and OUT 2. _

Mode 0: Interrupt on Terminal Count

Initially, the output is low after the mode-set operation. After the
count is loaded into the selected count register, the output
remains low, and the counter counts. When terminal count is
reached, the output goes high and remains high until the selected
count register is reloaded with the mode or a new count is loaded.
The counter continues to decrease after terminal count is reached.

Rewriting a counter register during counting results in the
following:

Guaranteed | (888) 88-SOURCE | www.artisantg.com

o A Write to the first byte stops the current counting. (7
» A Write to the second byte starts the new count.

Following is Em timing diagram for mode 0.

Mode Q: Interrupt on Terminal Count

o]

Artisan Technology Group - Quality Instrumentation ...

OUTPUT : |
(INTERRUPT) (n=4} e n |

_ . s ~August 15, 1984
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Mode 1: Programmabic One-Shot

This mode is not used because the timer/counter amﬁom._m gate
pins (GATE 0 through GATE 2) are tied high.

Mode 2: Rate Generator

Divide-by-N counter. The output is low for one period of the
input clock. The period from one output pulse to the next equals
the number of input counts in the count register. If the count
register is reloaded between output pulses, the present period is
not affected, but the next period reflects the new value.

When the mode is set, the output remains high until the count
register is loaded. The output can then also be synchronized by

programming.,

Following is the timing diagram for mode 2.

Mode 2: Rate Generator

WRn n= n=3
A4 3 2 04 3 2 1 03 2 1 0
OUTPUT
o3) 3 2 1 03 2 1 03 2 1°
OUTPUT |
(n=3)

August 15, 1984
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Mode 3: Square-Wave Rate Generator

This mode is similar to mode 2, except the output remains high
until half the count is complete (for even numbers), then goes low
for the other half. This is accomplished by decrementing the
counter by 2 on the falling edge of each clock pulse. When the
counter reaches terminal count, the state of the output changes,
and the counter is reloaded with the full count; the complete
process then nowoma

If the count is odd and the output high, the first clock pulse after
the count is loaded, decreases the count by 1. Subsequent clock
pulses decrease the clock by 2. After time-out, the output goes -
low and the full count is reloaded. The first clock pulse after the
reload, decreases the counter by 3. Subsequent clock pulses
decrease the count by 2 until time-out. Then the complete
process repeats. In this way, if the count is odd, the output will
be high for (N + 1)/2 counts and low for (N - 1)/2 counts.

Following is the timing diagram for mode 3.

Mode 3: Square Wave Generator

OUTPUT | . _I
(n=4) 5 4 2 5 2 & 4 2 8 2 5 4 2
OUTPUT I _|._ r

{n=5)

August 15, 1984
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Maode 4: Software-Triggered Strobe

After the mode is set, the output is high. When the count is -
loaded, the counter begins counting. When the counter reaches
terminal count, the output goes low for one input clock period,
then goes high again.

N If the count register is reloaded during counting, the new count is

loaded on the next CLLK pulse.

Following is the timing diagram for mode 4.

Mode 4: Software Triggered Stroke

nroox|__|__I_E_._::_________
.Elm _ n=4
OUTPUT _ _

Mode 5: .I»E%mnm..ﬂammm..wn Strobe

HEmaoammmsoﬂcmoavoomumoﬂrmvmsm?wmmﬁmmo_&mozm:mmao
tied high. _ : _

August 15, 1984 _ _
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The Data Acquisition Adapter can generate an interrupt from the
following mu&ﬁacwzw maskable sources:

« 32-bit CBQ. Aommomama 16- _u: Counters 0 mza 1 of the
:Eon\ counter device)

e 16-bit externally-clocked timer/counter m Counter M of So

N timer/counter device)

« ADC ‘end of conversion’ signal

« IRQ external interrupt (on the distribution panel connector
and the expansion bus).

Interrupts generated by the Data Acquisition Adapter can be set
to an interrupt level in the range of IRQ3 through IRQ7. The
interrupt level is set with the switches of S5 on the adapter and
must be set before adapter installation. IRQ7 is recommended.

August 15, 1984 :
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Interrupt Control Register

Following is a description of the bits of Eo 58353 control
register.

Bit 0 - TINT ENABLE: Enables 32-bit timer 583%9"
(Counters 0 and 1). |
—’
Bit 1 CINT ENABLE: msm_u_om 16-bit :Eom\ counter
interrupts (Counter 2). .
Bit 2 ~ IRQ ENABLE: Enables the TRQ (external £
- interrupt) line and analog-to-digital E
end-of-conversion interrupts as sources of - W
interrupts. W
£
Bit 3 Reserved for reading status. '8
Bit 4 - 6 Not used. 8
3
- Bit 7 LINT RESET: Performs the local-reset function. m |
Note: Power-on-reset (BUFFRES) resets the interrupt (s
control register (clearing all bits and disabling interrupts). L "TE
g
.m

| L August 15, 1984
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Interrupt Status Register

mo:oﬁsm is a-description of the 98 of the Eﬁmﬁd@ﬂ mSEm

- register.

wxmo_..u_

Bit4

Bit 5

Bit 6

Bit 7

August 15, Emuﬁ
© Copyright IBM Corporation 1984

Provided for reading the status of the
corresponding interrupt-enable bits listed under
“Interrupt Control Womaﬁw Bit 3 is not

currently used.

TINT STAT: The timer interrupt status (COUNT
1 OUT), which is the state of the output of the
second chained timer stage (Counter 1 of the
timer/counter device).

CINT STAT: The counter interrupt status
(COUNT 2 OUT), which is the state of the osﬁﬁ

of the 16-bit timer/counter (Counter 2). .

IRQ mﬁPH The IRQ Aoﬁomsm_-wuﬁmﬁswc mSEm
The on-board ‘A/D interrupt’ signal is logically
ORed into the IRQ (external-interrupt) function.

~ Read back as a 0.

Data’ Acquisition Adapter 57
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Interrupt Request Pulse

The corresponding three interrupt-enable and three
interrupt-status lines are logically ANDed. Any combination of

‘the three interrupt sources may be enabled. The enabled

interrupts are logically ORed to generate the adapter-interrupt
trigger signal. This signal causes the generation of an ‘interrupt
request out’ pulse by enabling a tri-state driver to be active low
for two cycles of the system clock. The output of this driver is
connected to the desired system interrupt level (IRQ3 through
IRQ7) by switch S5. When not active low, the tri-state driver is

momcsm and allows other adapters to share the interrupt line.

Interrupt Reactivation

‘When the shared-interrupt line pulses low, regardless of whether
“the Data Acquisition Adapter or another interrupt-sharing
“adapter was the source, the interrupt-reactivation circuitry

prevents the Data Acquisition Adapter from generating interrupts.

Thus, a single interrupt causes deactivation of additional

interrupts. Additional interrupts are reactivated by either the
‘local reset’ signal (only one Data Acquisition Adapter
reactivated) or the INTCLR signal (all interrupt-sharing adapters
reactivated). A logical OR of the ‘local reset’ or INTCLR
shared-interrupt reactivation signals starts the
interrupt-reactivation circuitry.

August 15, 1984
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: wozogsm is a description of the two mrmaoaéamﬁ&uﬁ Hmmﬁ?mﬁon _

signals.
Local Interrupt Reset

The local-interrupt-reset bit in the interrupt control register -
controls the reactivation of only one Data Acquisition Adapter.,
The particular adapter is singled out by the adapter-number bits
(A10 and A11) in the adapter’s I/0 address space.

Global Interrupt Reset

A global-interrupt reset also can be performed. This resets the .
interrupt circuitry of all adapters sharing a particular interrupt
level. The only requirement is that the adapters support interrupt
sharing. The Data >o&5m§os Adapter does support interrupt
sharing.

To perform a shared-interrupt global reset, an I/O Write to an
address hex 02Fx (02F3 through 02F7) is performed for a
particular interrupt level (IRQ3 through IRQ7). Thus, to reset all
adapters sharing interrupt IRQ7, an I/O Write to hex owmq is

-performed. The osﬁﬁ value is not important.

August 15, 1984
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Umm_:.mv:mc: Panel Connector

Following is a block diagram of the signals of the Emn:_uz:o:
pénel connector, J4.

D/AD -
Analog D/AT — - | R
/0. A/D 03+ C
Device A . . . .
e
A_F A/D 03— ) g
=
_ A/DCE L
-t = ©
A/D CO W
m
+10V REF g
i )
9
A GND o . %
o %
BOO-BO1D v = W
- m.. @
— c
& o
Binary - B8O o>._.m. M m
1/0 M m.\ - “y :
Device - wO CTS o i !...\ﬁm
o s
BOSTROBE | 3 — 2
. - 2 £
BIO-BI15 g g
A” 2
3
_____BIHOLD &
- a
BI CTS m
- )
g
Bl STROBE S
- . <
E
D GND o
P c
H g g
| <
RATE OUT
Timer/Counter DELAY QUT
Device _ COUNT IN
COUNT QUT
Interrupt o (RQ
. Circuitry M .

. >=m=m~ 15, 1984
60 Data Acquisition Adapter © Copyright IBM OoBo_.m:o: 1984



Distribution Panel Connector Signals

The mo:ogbm is a description of how the distribution ﬁmsm_
s . connector, J4, provides access to the interrupt circuitry, and the

w7 analog I/0, _UEmQ 1/0, and timer/counter devices.
D/A 0,D/A 1 DAC outputs.
N
e EXT +10 YV REF 10-volt reference output.
A DZU _  Analog ground: The system ground E
reference for the analog devices in the g
system. _ | g
A/D 0~ to A/D 3- Channels 0 through 3 ADC inputs | W _
 (low). m :
A/D 0+ to A/D 3+ Channels 0 through 3 ADC inputs &
| (high). g
D GND - Digital ground: The system ground m
- reference for the Em;& devices in the g
= system. . °
o : . 5
— A/DCE ‘Convert enable’ input for the ADC. -
When high, enables conversion. _ m
A/D CO i ‘Convert out’ indicator for the ADC. | nm
When high, indicates a conversion was 7
requested. Returns to low when the 8
conversion is complete. 3
./.,..1

e

August 15, 1984 L |
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BI HOLD Binary-input hold: Latch control for the
binary input port. When low, the binary
input device Eﬁormm the state of m: input
lines.

BI STROBE (Input) Binary input strobe: When high,
indicates the binary input amﬁm is
available.

BI0 - BI15 Binary input port, bits O through 15.

BO0O - BO15 | Binary output port, bits O through 15.

BO GATE (Input) Binary output gate: Tri-state
enable for the binary output port. When
low, the binary outputs (BOO through
BO15) are floating.

BO STROBE (Output) Binary output strobe; When
high, indicates that new data was sent.

Guarénteed | (888) 88-SOURCE | www.artisantg.com -

BO CTS (Input) Binary output clear-to-send: |
~ When high, permits new binary- -output .
port data to be sent. |

BI CTS o (Output) Binary input clear-to-send:
_ When high, indicates the binary 5@5
data is being Bﬂc@mﬂoa
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DELAY OUT
COUNT OUT

COUNT IN

August 15, 1984
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(Input) External-device,
interrupt-request: Active low.

Qutput from the first stage of the 32-bit
timer (Counter Q). The ‘rate out’ signal
is the inverse of the timer/counter device
output. _

Qutput from the second stage of the

32-bit timer (Counter 1). The ‘delay out’
signal is the inverse of the timer/counter
device output.

Output from the 16-bit counter device
(Counter 2). The ‘count out’ signal is the
inverse of the timer/counter device
output. |

Input to the 16-bit counter device
(Counter 2).
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Expansion Bus

Following is a block diagram showing device selection signals,
control signals, and data bus lines which make up the expansion
bus. : . .

b
To 5
Interrupt m LDO-LD? T
w—p  Circuitty “ K Cow Data
@ T
w
L = HDO-HD7Y
- & K High Data
2N
s 1”
/\ IRQ
o m
N Device M_
ﬁ\mm_mﬁ 51
% Strobes ASG-ASTS m.
3 Circuitry v Mu
3 _ ;
0 Delay . $
o l.eading
gl Edge
“ WHRLSTRB
. I by .Im \ WRITEREADGATE .
0.1us
N . DVO-DV7
mm Device — V
& —————— Number |
2 Register
w
=
|5l WDEVICE__ }
1| |k
o
i .
=
& _ WDOo-wD2 V
BUFFREAD o
BUFFREAD
Buffered Controtl
BUFF Do -

N4
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The expansion bus is an expansion interface for data acquisition
and control adapters. The bus consists of two 34-pin transition
oosmooﬁow.m,_u _ and J2, on the Data Acquisition Adapter.

All drivers on the bus are intended to be low-power Schottky
(LS) TTL bus drivers or equivalent devices. Such devices can
drive below 0.4 -volts at 12 milliamperes load current, and m_uo<o
m#,\o:mmawma_:_mmﬁﬁom .

All receivers on the bus are intended to be no more than two LS
TTL loads for each external device on any bus line. Such devices
will present a load current of no more than 0.8 milliamperes
sourcing at 0.4 volts, and no more than 40 microamperes sinking
at 2.4 volts. A single LS TTL load for each external device on
any bus line is preferred.

Drivers on the bidirectional data lines must be tri-state devices
enabled only during the appropriate strobes.

August 15, 1984
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Expansion Bus mmmum_m

Following is a description of the signals on the expansion bus.

BUFF 0, (Output) OSC signal divided by 14
- _ (1.023 MHz).
iEHMWH>UQ>HM A_O_.:@Ev Active low strobe for all

devices. AS16 through AS255
strobes can be created by decoding
DVQ through DV7 and using the
signal, WRITEREADGATE. _

BUFFREAD ~ (Output) When high, indicates a
read is occurring. When low,
indicates a write is occurring.

‘BUFFREAD (Output) Inverse of BUFFREAD.

BUFFRES (Output) inverse of RESET DRV.
Performs system reset and
initialization.

IRQ . (Input) External, interrupt request.
Active low.

ASO to AS1S (Outputs) Active low strobes for

devices O through 15. Must be low
for 0.4 microseconds.

August 15, 1984
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WD3
WD3
HA4 - HA7

DVO - DV7
LDO - LD7
HDO - HD7

WDO0 - WD2

Atgust 15, 1984
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Word number bit 3, fixed high.

~Word number bit 3, grounded.

Reserved expansion signals; grounded.

(Output) Device-number bits. Select one
of 256 possible devices.

(Inputs/Outputs) Low byte of the
adapter’s 16-bit data bus.

(Inputs/ O_csuﬁmv High byte of the
adapter’s 16-bit data bus.

‘Word number bits 0 %_.onmw 2 (system-bus

address lines A12 through A14 are buffered

-and renamed WDO through WD?2).
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~ Following is a n:mmBE_ of the expansion bus read timing.

- o-m tm - . W/\JI./M

Word Register | — N | - d.,;.\.h
Selection HVA MA . .
(WDO-WD3) ™ — : g .

—_— F— 0.1 us . :
Strobes: fl\\
(WRITEREADGATE) \ /
{AS0-ASTE) * _ A

Adapter's 16-Bit
Data Bus

woLon KA v e

| — ot (), 115

BUFFREAD V.. . N
BUFFREAD L . /

L]
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Following is a diagram of the expansion bus write timing. A g
. . i [ 5 145 i m
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| waom_..miimsm Considerations

o 8

Data >oﬁ_5m§om >Qm68w

~  Address Umnc&:m

The following table shows address amooamzm_.

(. This section describes the vSmEBSSm oosmaoamsosm moH. the

A15 A14 A13 A12

Al1 A10

A9 AB A7 A6 A AdATAZ AT

AD

Register Select

_ Card Select

1 01 1 1 0 00 1

Byte Select

«  Register Select selects one of 16 word registers (0 through

15). Only registers 0 through 13 are used.

«  Card Select selects the adapter number (0 through 3).

» Al through A9 are a fixed pattern to select Data ?HEE:E;

Adapters.

T
{ N
S

The base addresses of the Data >onsmm:mon adapters are:

«  AO selects the Emr or low _uﬁ_o_% a Hm-_uw word register.

Adapter Number wmmm Address :._mﬁ
0 Q2E2
1 0BE2
-2 QAEZ
3 OEE2

o
s \-.

August 15, 1984
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Registers

Each Data Acquisition Adapter has 16 (two-byte) word registers
through which all access to the Data Acquisition Adapter is made.
The registers allow access to the Data Acquisition Adapter’s
on-board and expansion data-acquisition and control devices, the
adapter’s interrupt registers and device number register, and the

timer/counter device registers.

The following table shows the

Data Acquisition Adapter’s

registers.
Register Name Function
0 Device Register 0 Write values to, and read
1 Device Register 1 - values from, the on-board
2 Device Register 2 and external devices
3 Device Register 3
4 Device Register 4
5 Device Register 5
B Device Register 6
7 Device Register 7
8 Timer/Counter 0 Read/load Counter 0
Register -
9 Timer/Counter 1 Read/load Counter 1
Register
10 Timer/Counter 2 Read/load Counter 2
Register -
11 Timer/counter __Controls the operation
Control of Counters O through 2.
Register . :
12 Device Number Selects device
13 interrupt mwmmmﬁ.ma Interrupt control and status
14 o Not used
15 Not cmmn

70 Data Acquisition Adapter
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Device Registers

Eight register addresses have been reserved for reading and
writing the registers on the on-board and external devices. The
device is selected using the device-number register. These
registers may then be used for access. to the registers of that
device. These registers are both read and write registers, and
often two different functions will be decoded for the read and
write. _ _

Analog EE:_ Device Registers

The on-board analog input (AI) device, accessed as device
number 9, has four channels. External Al devices can be added
to the expansion interface. These external Al devices have up to
256 channels, use ADCs with up to 16 bits of resolution, and are
accessed with a different device number, but with the same
register format as the on-board Al device.

The Al device has the following registers.

Register Read/Write Name - Function
¢ _ Write Al Control - Sets up and
controis the
register.
0 Read Al Status Returns status of
. ‘the hardware,
2 Read Al Data - Returns current
analog value.

August 15, 1984 _
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ﬂ.o:oimm is a description of the bits of the Al control ao%mﬁﬁ.._

- Bit : Name . " Function
a Convert Start Setting this bit starts an
analog-to-digital
L conversion. e
1 Short Cycle -Reserved for enabling a
: short cycle conversion. \
2 EOCINT Enable End-of-conversion
interrupt enable. When
set, an end-of-conversion €
{conversion complete) will S -
generate an interrupt. m
Q
3
3-7 . Not used m
_ _ 2
8-15 Channel Channels 0 through 2566. 194
On-board Al device uses 8
only channels O through 3. g
_ Q-
"o
[0}
o
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- Function

Bit" Name
0 Busy State When set, indicates that
the ADC is in the process
of doing a conversion and
data is not yet valid.
Int State When set, indicates that a

conversion has ended {not
busy and interrupting
state}). If the EQCINT
enable bit is set {enabled),
an interrupt is generated.

EOCINT Enable

Read back of state of
EQCINT enable bit in Al
contral register.

3-15

Not used

Following is a description of the bits of the Al data register.

Bit

Name

Function

0-15

Data

O through 11 will contain data

Contains the data value from
the last conversion. Valid
only if the busy bit in the Al
status register is cleared. Bits

from the 12-hit ADC. Bits 12
through 15 will all be zeros.

August 15, 1984
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Al Device Access Strategy

The following outlines the access strategy for the Al device. Note
that because channel selection takes a while, routines that
repeatedly access a single channel would want to m.&ooﬁ the
channel only once before data acquisition.

Polling Method - (\
To use the polling method, do the following:
1. Set the device number in the device-number nmmwmﬂmn to 9.

2. Set the channel and simultaneously disable conversion by
setting the convert start bit to 0.

'3, Wait for the ¢hannel multiplexer to settle (approximately 20
microseconds).

4. Request a conversion by setting the convert start bit to 1 and
set the same channel. _

Guaranteed | (888) 88-SOURCE | www.artisantg.com

5. Wait for the busy stat bit to equal 0. e

../r-l..\\

6. Enable reading of the ADC’s data by setting the convert start
bit to 0, and set the same channel.

7. Read the data value.

Artisan Technology Group - Quality Instrumentation ...
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Interruption Method
To use the Eﬁﬁc@mos Emﬁroa, do the following:
1. Set the device number in the device-number _.mmm.m_“@a to 9.

2. Set the channel and simultaneously disable conversion by
setting the convert start bit to o.

3. Wait for the channel multiplexer to mmEo Amuﬁnoﬁamﬂo_w wo
E_QOmooomamv

4. Request a conversion by setting the convert start bit to H
and set the same channel.

5. Set the EQOCINT enable bit to 1 to osm_&o an
end-of-conversion interrupt.

6. After servicing the interrupt, set the mOOHZH enable U: to 0
to Emmd_@ Al interrupts.

August 15, 1984
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Analog Output Device

The analog output C?O_V device has two channels, uses 12-bit
DACs, and is accessed as device number 9.

External AO devices can be added to the expansion interface.

These devices have up to 256 channels, use DACs with up to

16-bit resolution, and are accessed with a different device e
number, but use the same register format as the analog output

device.

The AQ device has the following registers.

w.mm:mﬁmq Read/Write Name Function .
1 Write . AQ Control Sets up and
controis the
register.
3 Write AQ Data O.c:.u_,: cmEo.

Guaranteed | (888) 88-SOURCE | www.artisantg.com

Following is a description of the bits of the AO control register.

Bit . Name _n_._:ozo_._. . . . e
0-7 Not used _

8-15 Channel Selects channel O through
255. On-board AQ device
uses channels 0 and 1.

Following is a description of the bits of the AO data register.

Artisan Technology Group - Quality Instrumentation -.:

Bit Name . Function
0-15 Data The value to be : W
provided to the
selected channel.
Sets bits 0 through 11
with data for the
12-hit DACs, and bits
12 through 15 with
2eros. N

e ke s August 15, 1984
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AO Device Access Strategy

To use the AQ device access strategy, do the following:

1. Set the device number to 9 in the device-number R%mamﬁ

2. Set the channel in the AO control register.

3. Write E@.n_mﬁm value to the AO data register. |

G_uaréhteed | (888) 88-SOURCE | Www.artisantg.com
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Binary Input/Output Device

'This on-board device, which is accessed as device number 8, is a

parallel binary (TTL) I/O device. It has one 16-bit output port,
one 16-bit input port, and support for handshaking lines.

Binary I/O expansion devices can be attached to the expansion
interface. These devices are accessed with a different device
number, but use the same register format as the UEmQ I/0

device.

The binary 1/O device has the following registers.

mmm_w. Read/Write Zm.qzm . Function
0 Read Binary Status The current state of the
handshaking input lines.
0 Write mm:ma\ Control Controls the state of the
. :m:am:mr_:w output __zmm
2 Read Binary Input Data register for U_:m_.< _:UE
. poit.
2 Write Binary Output Data register for binary output
port.

78 Data Acquisition Adapter
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Following is a description of the bits of the binary status register.

Bit" Name . Function

0 81 Strobe Indicates the state of the
binary input port’'s ‘Bl strobe’
input handshaking line.

N 1 Reserved .

2 BO CTS Indicates the state of the
binary output port’s ‘clear to
send’ {(BO CTS} input
handshaking line.

3 | Reserved
4-15 _ | Not used

.. Guaranteed | (888-) 'S'STISQU'I-?C:E |-_vv_vy\:/§/-.artijsantg.'_<:c">'m

m,.ﬁ Reservad
5-15 Not used

Following is a description of the bits of the binary control
register.
N Bit _Name Function .
L . 0 BO Strobe This bit sets and clears the g
o — _ : | binary output port's ‘BO £
strobe’ output handshaking £
line. 3
£
3
1 Reserved M
2 BICTS This bit sets and clears the .
binary input port’s ‘clear to .3
send’ {BI CTS} output Q.
handshaking line. : m
Z

August 15, 1984 n
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Following is a description of the bits of the binary input register.

Bit = | Name Function
0-15 Data The current value at the _
binary input port can be read
from this register. The value
contained is not latched _
(unless ‘Bl hold’ was used).

m .
3
m :
Following is a description of the bits of the binary output register. W
Bit . Zm-:m. .m::nao: O
0-15 Data The value to be placed on the m
binary output port is written 2
here. Data lines of the port =
are affected as soon as the )
register is written. =)
)
g
S
0
SN
Nt S
g
=
...M.
&
a
3
(0]
>
g
e
8
<
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E:m@ Input Access Strategies

To use binary input with rmsawrmﬁﬁm,. do the following:
| 1.  Set the device HES_UQ_ to 8 in the device-number register.
2. Set BI OHm high in the binary control H.omwm:u.. :

The mﬁmg& device puts new data on the binary input E:wm
(BIO ancmr BI15) at the distribution bmm@_ connector.

The n_m_“m on the input lines must remain <m:n_ _.EE BI Oﬂm is
lowered.

The external device sets ‘BI strobe’ high.

3. Read data from the binary input register.

ur_ - Reset BI CTS in the binary control register.
The external device _oéﬁ.m_ ‘BI strobe.’

Following is a diagram showing binary input with Wmuamgwwum._

gicTs Output CLEAR TO SEND

Inputs Old Data New Data

B08I1s \\\\\\\\\W&\\\\\\\\\\\\\\\\ |

STROBE

Bi

STROBE [MPut

To use binary input without handshaking, do the following:
1. Set the device number to 8 in the device-number register.

2. Read the data value from the binary input register.

~ August 15, 1984 | o
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Binary OE_E.: >n.nnmm m.:.ma.mmmmm |

To use binary output with gsamrmwwnm. do the following:

1. Set the an&om number to § in the device-number register.
The extérnal device lets BO O,_Hm go high on the distribution
panel connector. This is detected by HomQEm the binary
m.B.Em register’s BO CTS bit.

2. Write the new data value to the binary ocﬁ& register.

3. Set the _umzw_.w control _.ommmﬁma,m ‘BO strobe’ bit. |

4. Reset the ‘BO strobe’ bit in the binary control register.

The external device releases BO CTS.

The following diagram shows binary output with handshaking.

BO CTS |MPU! CLEAR TO SEND
Outputs  Old data New data
500801 K\\\\\\%&\\\\\\\\\\\\\\\\
STROBE
m.mmo_mm Output

To use binary output without :msamgﬁs@ do the following:
1. Set the device number to 8 in the device-number register.

2. Write the data value to the binary output register.

>=mz£ Hm 1984
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Timer/Counter Device Registers

This section describes the timer/counter’s contro! register,
loading of the'counters, its write operations, wwommmEBEm format,
and read operations.

The timer/counter device has the following registers.

Reg. Read/Write Name : _Function

8 Read/Write | Timer/Counter 0. | Read/load Counter 0
Register . :

9 Read/Write Timer/Counter 1 Read/load Counter 1
Register L .

10 Read /Write Timer/Counter 2 Read/load Counter 2

_ _ Register ) y _

11 Whrite Timer/counter Controls the operation
Control Register of Counters 0 through
. 2. o

Control Register

The timer/counter’s control register controls Em operating mode
of each counter, selection of binary or binary coded decimal
(BCD) counting, and how each counter register is loaded. The
control register can only be written 8 no H.oma operation of its

contents is available.

- The table on the mo__oéﬁm page shows oObﬁo_-éo_d information

for the timer/counter’s Ss:.o_ ammm\@.

August 15, 1984 L e |
© Copyright IBM Corporation 1984 Data Acquisition Adapter 83

Guaranteed | (888) 88-SOURCE | www.artisantg.com

Artisan Technology Group - Quality Instrumentation ...




T T T T S T AT VAT M S T e MLS TPTTT T T s

84 Data Acquisition Adapter © Copyright IBM Corporation 1984

“Control Word Format
D7 D6 | D5 | D4 | b3 D2 | bt | po
sc1_jsco [ R Ao | M2 | M1 | MO | BCD
Definitions of Control
SC - Select Counter:
—
sC1_| sco_ Description
0 0 Select Counter 0
0 1 Select Counter 1 : m
T 0 Select Counter 2 2
©
1 1 liegal £
_ g
RL - Read/Load: W
. LL
O
RL1 RLO _ Description x
0 0 Counter __Bo:m:m o..nm_,.mﬁ_o: m
1 0 Read/load most significant byte (MSB) =
only. 3
0 1 Read/load least significant byte {LSB) T
. only. . £
1 1 Read/load LSB first, then the MSB, 5
: _ E
M - MODE: | —/  T7E
M2 | Mt MO Description m
0 0 0 Mode O =
0 0 1 Made 1 E
X_ i1 0 Mode 2 7
X 1. 1 Mode 3 8
1 lo |o Mode 4 3
1 0 1 Mode m. m
3
BCD - Binary Coded Decimal: .
0 Binary counter 16~bits <
1 BCD counter {4 decades)
m.f.
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Counter Loading

~ A count register is not loaded until the count value is written (one

or two bytes, aovmm%sm on the mode selected by the RL bits) and
followed by a rising edge and a falling edge of the clock. Any
reading of the counter before that falling clock mmmm may yield
invalid data.

>mmcmﬁ 15, 1984
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Timer/Counter Write Operations

Each counter of the 252\ counter must be programmed with the
mode and duantity desired. The programmer must write to the
timer/counter’s control register, a control word containing mode
information and the programmed number of count register bytes
(1 or 2) before actually using the selected counter.

Writing the control word can be in any sequence of counter
selection (Counter 0 does not have to be first or Counter 2 last).
Each counter’s control word has a separate address so that its
loading is completely independent of sequence. However, the
loading of the count register with the actual count value must be
done in the exact sequence programmed in the control word (RLO
and RL1). This loading, like that of the control word, is still
sequence-independent, but when a selected count register is
loaded, it must be done with the number of bytes programmed in
the control word. The one or two bytes, loaded i in the count
register, do not have to immediately follow the associated control

word, they can be programmed at any time after the control word
is loaded, as long as the correct number of bytes is _omaom in
order.

All counters are down counters. Thus, the value loaded into the

count register will actually be decreased. Loading all zeroes into  ~~

a count register results in the maximum count (2 to the 16th for
binary, or 10 to the 4th for BCD). In mode 0, the new count
does not restart until loading is complete. The count register will
accept one or two bytes, depending on how the mode control
words (RLO and RL.1) are programmed. Then 5@ restart
operation ?oomoam

o ~August 15, 1984
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Timer/Counter Programming Format

The programming format shown below is a simple example of
timer/counter loading and does not imply that it is the only
format that can be used.

Programming Format:

MODE Control Word Counter n =

LLSB Count Register Byte Counter n o

MSB Count Register Byte Counter n : m

m.

Alternate Programming Format: 3

. 6

Number | Byte | Description Reg. 8

1 MODE Control Word (<] w

Counter 0 . W

2 MODE Control Word 8 g

. Counter 1 . 5

| 3 MODE | - Control Word | s el
. _1 Counter 2 : e
N . . . . b .m
—~ 4 LSB -Count Register Byte 9 ,m
. Counter 1 2

-5 MSB Count Register Byte .. |- »./§ .m

. Counter 1 b 2

6 LSB Count Register Byte 14 : nw

Counter 2 -y

©

. _ . 0

7 MSB Count Register Byte | -~ 10 8

Counter 2 2

8 LSB Count Register Byte | - 1% B

Counter 0 g
9 MSB | .:Count Register Byte - 14 2

. Counter O

August 15, 1984 .
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Timer/Counter Read Ovmammoum

In most counter applications, it @mooéom necessary to read the -

value of the count in progress and make a computational decision

based on this quantity. Event counters are probably the most

common applications that use this function. The timer/counter

has logic that allows the programmer to easily read the contents _

of any of the three counters é:so_.: disturbing the actual count in /|\
Progress.

The programmer can use two methods to read the value of the
counters. The first method involves the use of simple I/O read
operations of the selected counter. The only requirement of this
method is that the actual operation of the selected counter must
be inhibited by external logic that inhibits the clock input (only
valid for Counter 2, because its ‘clock in’ signal is brought to the
distribution panel connector). This requirement ensures a stable
count reading.

The contents of the selected ooczﬂon_ma as follows:

«  The first H\ O Read contains the least-significant byte.

.. Guaranteed | (888) 88-SOURCE | www.artisantg.com

» = The second I/0 Read contains the most-significant byte. | m,,s ,

Because of the timer/counter’s internal logic, the entire reading
procedure must be finished. If two bytes are programmed to be
read, then the two bytes must be read before any loading-write
(WR) commands can be sent to the same counter.

The following chart has information about the read operation.

Artisan Technology Group - Quality Instrufhentatidh

Reg. Description
8 " Read Counter O
9 Read Counter 1
10 Read Counter 2

. .J.f.\\.
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%:mmmoo:a Em:goa.ow, wmm&umﬂrmd\.mEG om :5_ oocamnmng?om
reading while counting, _

To allow the programmer to read the contents of any counter _
without affecting the counting operation, special internal logic of
the timer/counter can be accessed with simple write commands to
the mode register. When the programmer wishes to read the
contents of a selected counter, he loads the mode register with a
special code that latches the present count value into a storage
register so that its contents have an accurate, stable quantity. The
programmer then issues a normal Read command to the selected
counter, and the contents of the latched register are available.

The second method of reading the counters has the same
limitation as the first method described. That is, the entire read

operation must be finished as programmed. The Read command
has no effect on the counter’s mode.

The following table shows the control word used for latching

count. This control word is written to the timer/counter’s control
register,

D7 D6 D | D4 D3 D2 D1 DO
SC1 SCO 0 0 X X X X
Note:

SC1, SCO - specify counter to be latched

D5, D4 - 00 designates counter latching operation
X - don't care _

August 15, 1984
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‘Device Number Register o -

The device-number register selects the device to be accessed.
Only the low-order byte should be written. :

The on-board devices are:

« Analogl/O device (device number 9)

» - Binary I/0 device (device number 8)

The following table describes the bits of the device-number 8
register. _ 5
5
m.: _ Zm_.:m __ ._u::_nﬁo: W

0-7 Device Number Selects which device to ol
- address (0-255} 5

8-15 | Not used 3
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Interrupt Registers

Two registers are decoded for register 13, the w_:oz.cE control
register and the interrupt status register. The interrupt control
register may be written to for setting up the Data Acquisition

Adapter for various interrupts. The interrupt status register may

be read for information about the Data >o@Em§o: Adapter’s

current Hbﬁoﬂ.ﬂﬁﬂ status.

The mozogsm is a a@mozv:oz of the bits of the interrupt control

ﬁmm_mawﬂ

Bit Name

Function

0 TINT Enable

Enables ihe timer-generated
interrupts.

1 CINT Enable

Enables counter-generated
interrupts.

2 IRQ Enable-

Enables the external IRQ line to
generate an interrupt. [t also
enables Al end-of-conversion
interrupts. To enable EOC
interrupt, both this bit and the
EOCINT enable bit in the Al
control register must be set.

Reserved. Must _um cleared.

4-6

Not used. Must be cleared.

7 LINT Reset

Local Interrupt Reset; re-enables
the interrupt circuitry of the
addressed Data Acquisition
Adapter.

August 15, 1984
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The following is a aomoac:o_u of the bits of the interrupt status

register.

Note:

The bits of the interrupt status register contain the

current state of the devices that generate an interrupt. They
are not latched, and they are not reset by reading them.

Bit Narmne Function .
0-3 TINT Enable Read back of the current state of
CINT Enable bits O through 3 in the interrupt
{RQ Enable controf register,

4 TINT STAT Timer Interrupt Status; if this bit
is set, a timer-generated
interrupt has occurred.

5 CINT STAT Counter Interrupt Status; if this
bit is set, a counter-generated
interrupt has occurred.

6 IRQ STAT IRQ Status; if this bit is set, the

: IRQ line generated an interrupt.

7 mmmmﬁcma

92  Data Acquisition Adapter
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Interface

Following is information about the Data Acquisition Adapter’s
connectors, J4 (distribution panel), and J1 and J2 (expansion
bus).

Distribution Panel Connector

The following shows the location of the distribution panel
connector (J4). _

3 [

i

mmll’lll.l __ ll-rlllllmc
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The following shows the pins of the distribution panel connector
and their respective signals. : _

Signal Name/Description -

Pin

External
Device

D/A 1 1
D/AO 2
"+10V REF 3
A GND 4
~A/D O- 5
A/D O+ 6
A/D1- 7
A/D 1+ 8
A/D 2- 9
_A/D 2+ 10 _
A/D 3- 11 Data
A/D 3+ 12 Acquisition
A GND 13 Adapter
A/D CE 14
D GND 15
A/DCO 16
BI 8 17
BO 8 18
BI 9 19
BO 9 20
Bl 10 21
8O 10 22
BI 11 23
BO 11 24
Bl 12 25
BO 12 26
Bl 13 27
BO 13 28
Bl 14 29
BO 14 30

94 Data Acquisition Adapter
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-Signal Name/Description Pin

Bi 15 o o
BO 15 32
Bl HOLD . | 33
BO GATE _ 34
BI O _ 35
BOO _ 36
BI1 - _ 37
N BO 1 : 38
BI2 | 39
BO 2 40
: Bl 3 . 41 - Data £
" External . BO3 42 ~ Acquisition w
Device Bi4 : . 43 Adapter m
BO4 | 44 E
BI 5 _ 45 g
BO 5 46 i _
BI 6 47 £
BO 6 . _ 48 m
Bi 7 _ 49 B
BO7 50 &
RATE QUT _ 51 3
DELAY QUT 52 £
- _ ‘Bl STROBE 53 5
o - | BOSTROBE 54 g
ST N BO CTS 55 g.
| BI CTS 56 2
IRQ 57 =R
COUNT OUT | 58 5
COUNT IN | 59 Z.
D GND 60 &
&
5
g
g
£

August 15,1984 _
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- Expansion Bus Connectors

.mo:oémmm is information about the expansion bus connectors (J1
and J2). :

Expansion Bus Connector J1

The following shows the location of the expansion bus connector,
J1. |

(HIEENIINARN TN EA NN NN TR AN |
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The following shows the pins of the expansion bus oommmonow. I1,
and their respective signals.

~ Signal Name/Description

Pin
BUFF Do 1
Reserved 2
WRITEREADGATE 3
BUFFREAD 4
BUFFRES 5
B8UFFREAD 6

7
IRQ 8
mmm.m?,ma 2]
Reserved 10
D GND 11 Data
External D GND 12 Acquisition
Device Reserved 13 Adapter

Reserved 14 _
D GND 15
D GND 16
‘Reserved 17
Reserved 18
AS7 19
ASB 20
AS5 21
AS4 22
AS3 23
AS2 24
AS1 25
ASO 26
AS15 27
AS14 28
AS13 29
AS12 30
AS11 31
AS10 32
ASS 33
AS8 34

August 15, 1984
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Expansion Bus Connector J2

The following shows the location of the expansion bus ooss_ooﬁoﬁ
J2. _

ELTFRETTITTITTTION

__-lll}llll!lli!lI.HIIIHI!IIIIIH
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The following shows the pins of the oﬁumsﬂow bus connector, J2,
-and their respective signals.

Signal Name/Description Pin
WD 3 _ 1
D GND 2
_HA 7D GND 3
o HA 6 D GND 4
N HA 5 D GND 5
HA 4 D GND 6
DV 7 . 7
DV 6 8
DV 5 9
DV 4 10 _
LD 7 11 Data
External D6 12 Acquisition
Device LD 5 13 Adapter
LD 4 14 _
LD 3 15
LD 2 16
: LD 1 17
LD O 18
HD 7 19
HD 6 20
o HD 5 ) 21
e HD 4 22
HD 3 23
HD 2 24
HD 1 25
HD 0 26
DV 3 27
DV 2 28
DV 1 29
DV 0 30
WD 3D GND 31.
WD 2 32
WD 1 33
WD 0 34

August 15, 1984
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Switch Settings

The Data Acquisition Adapter has five groups of slide-type DIP
switches that control analog output range, analog input range,
adapter number, and interrupt level. Each group of switches is
labeled on the adapter, and each switch is numbered on the

\__ housing. The switch positions (On and Off) also are labeled on
the housing. | _ o
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gm__om Output Range

Following is a description of the switch blocks that control the
Data Acquisition Adapter’s analog output range for channels O
and 1. | _ o .

Channel 0 o | _ | o
Switch block S1 has two switches: S1-1 and S1-2. These

switches determine the relationship between analog output values

and the voltage output of the analog output device.

S1-1 controls voltage _.mzmo”_

« ~ On: 10-volt range
« Off: 20-volt range

S1-2 controls voltage polarity:

« On: Bipolar (+) voltage
«  Off: Unipolar (+) voltage
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The following diagram m:oém the location and switch settings for
switch block S1. _ _ : _

Input Range Switch Settings

-5 ta +5 volts | WD u

Guaranteed | (888) 88-SOURCE | wiww.artisantg.com

-10 to +10 volts HED

S | . | - O to +10 volts w D m

Note: Only the settings shown may be used for this switch-
block.

Artiéan Technology Greup - Quality Instruhentdtioh
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Chamnel 1

Switch block S2 has two switches: S2-1 and S2-2. These
switches determine the relationship between analog output ﬁtcom
and the voltage output of the analog output device.

S2-1 controls voltage Bsmm”

e« On: 10-volt range
o Off: 20-volt range
_ >~ _
S2-2 controls voltage polarity: w
©
« On: Bipolar {+) voltage Wa
» Off: Unipolar (+) voltage L
2
o
?
E
g
9
./Pll\m e m
2
T |
S
5
5
<
o

_ - August 15, EMK
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" The following diagram shows the location and .mﬁ_“ow_ settings mo_n

switch block S2.
]
o || T
w
k!
o
O
=3
Output Range Switch Settings - 9
0.
-5 to +5 voits i _m u .. m _
10 to +10 volts i, s
S ! Oto +10 volts - { D E 2
Note: Only the setiings shown may be used for this switch 2
]
>
g
s
g
kS
.

August 15, 1984 . _ |
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Analog Input Range

- Switch block S3 has four switches: S3-1, S3-2, mu-w_._ and S3-4.

The settings of these switches determine the relationship of .
analog input voltage to the values returned by the analog input
device. _ _

S$3-1 is not used and is placed in the Off position.

S$3-2 controls ww@ 20-volt input range:

« On: moéo: range active
»  Off: 20-volt range inactive

§3-3 controls the 10-volt input range.

» On: 10-volt range active
«  Off: 10-volt range inactive

S3-4 controls voltagé polarity.

»  On: Bipolar (£) voltage
«  Off: Unipolar (+) voltage .

106 Data Acquisition Adapter
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The following diagram shows the location and switch settings for
switch block S3.

./rl\\” m
2 “E
o
0
g
Output Range Switch Settings ._ .
‘0
-5 to +5 volts : ﬁcmgﬁ_ m
~1010 +10 volts TEIN N
= {0 K
MM. M . . CREEREAC . n
e E : 0 to +10 volts i E E D E 2
Note: Only the settings shown may be used for this switch =
block. - - _ 5 |
O
s
)
g
2
8
g
kY
August 15, 1984 L L
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Adapter Number

Switch block S4 has two switches: S4-1 and S4-2. Hrmmo
switches specify the adapter number (0 through 3). Assigna
number to each Data Acquisition Adapter before installation.

Note: Up to four Data Acquisition >am§wa may be -
installed in your unit. Each adapter must be given a different .__~/
adapter number.

Guaranteed | (888) 88-SOURCE | www.artisantg.com

Adapter Number Switch Positions _ e

1 Fd

0 00

—zq
Cm
S
Artisan Technology Group - Quality Instrumentation ...
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Interrupt Level

Switch block S5 has two 5-switch switch blocks rather than one
10-switch switch block. The switches of the right-hand, 5-switch, | |
switch block, although numbered 1 through 3, are functionally _
identical to switches 6 through 10. |

\__.- ‘These 10 switches determine the interrupt level of each Data
Acquisition Adapter. Set the interrupt level for each adapter S _
before installation. Data Acquisition Adapters installed in the
same unit must be set to the same interrupt level. The setting for Sl
interrupt request level 7 (IRQ7) is recommended. _

Gu:;{rantee_d I (8é_8): 88-SOURCE | -Www.artiéantg.éom

Artisan Technalogy Group - Quality [ns_trurh_ehtati‘oﬁ

August 15, 1984 . .
© Copyright IBM Corporation 1984 - Data >on5m_»_c= Adapter 109



" The following diagram shows Eo location and switch settings for
switch block S5.

° w0 = Ol p==
d H_QEH___@_H:_% - _H_WB -
o Ui LT =

LUK 3

IRQ Level Switch Settings

0001 Fog

7
(Recommended)

—=za]
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| —"—
-]
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-
[ —
[ -
[ |

==
(-
—
|

-y

|-

=

e ’

j— |
1

| St

Wt}

i
J

I
QU] fuleid

Note: . Only the settings shown may be used for this switch
block.

August 15, 1984
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Specifications

The mozogsm is a ammozuﬂos of the Data >o@EmEo= ;Pam?mn
specifications and device characteristics.

‘—  Data Acquisition Adapter

Following is a description of the Data >onEm:_o: Adapter

specifications.
Dimensions
Height - 99.1 mm (3.9 in.)
Height at Tab Pins 106.7 mm (4.2 in.)
._ - Length 3353 mm (132 H.v_
- Thickness . | 14.2 mm (0.56 mb.v_ |
Weight | 270 g (9.5 oz)
e
8]

August 15, 1984 _ -
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Power Requirements

+5 volts +5% at approximately 1 m_.dmwwm typical (1.5 ampere ,
Bm_xEEEv : : : 5

System Reference Voltage

Output Voltage +10 volts
Accuracy | +1.2%
Qutput Load Current - +2 milliamperes maximuin
Output Load Capacitance 0.5 microfarads maximum for

stability
Output Protection Protected for short to common
Output Impedance 2-ohms maximum at ~

_ distribution panel connector
i’

P
R “
’ i

e

et

L . _ August 15, 1984
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Environment

The Data Acquisition Adapter complies with the limits for a Class
B computing device according to Subpart J of Part 13 of FCC
rules and meets German VED requirements when installed in the
host system. _ _

Operating Environment

Temperature Range +5t0 +46°C (+41to +114.8°F)
Humidity Range 8% to 80% non-condensing
Altitude : 2187 m (7000-ft} maximum

Non-Operating Ernvironment

Temperature Range - -4 to +60°C (-40 to _._.3003

Humidity Range - - | 5% to 100% non-condensing

August 15, 1984
© Copyright IBM Corperation 1984 Data Acquisition Adapter 113
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Data Acquisition Pm&:ﬁ. Devices

Following is a description of the characteristics of the devices on

the Data Acquisition Adapter. _ &£
Analog Output Device
The analog output device has the following characteristics:
Resolution | 12 bits
Output Channels | -2
Output Ranges ~ Switch-selectable ranges:
_ 0 to +10 volts (unipoilar),
-5 to +5 volts (bipolar), and
-10 to + 10 volts (bipolar).
Output Load Current +5 milliamperes minimum
Quiput Load Capacitance 0.5 microfarads maximum
for Stability : o S
Digital Coding Unipolar: binary. —
Bipolar: offset binary.
Integral Linearity Error + 1 ._omm_“ significant bit (1.SB)
maximum
Impedance : ~ 2-ohms maximum at the
_ distribution panel connector
Protection ~ Protected for short to common

. . - August 15, 1984
114 Data Acquisition Adapter © Copyright IBM Corporation 1984
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- T,
. .

Differential Linearity Error

Gain Error

Gain Stability

Unipolar Offset Error

Unipolar Offset Stability

Bipolar Offset Error
Bipolar Offset Stability
Power Supply Rejection

Throughput from Memory

+1/2 ﬁmw._BmNWBsz
guaranteed monotonic

+0.1% maximum between

ranges. Any range adjustable

to zero.

435 ppm/°C of full scale

range (FSR) maximum
+3.25 millivolts maximum

+8ppm/°C of FSR
maximum

Adjustable to zero
+24 ppm/°C of FSR

maximum

+1/2 LSB maximum change
in full scale calibration

25,000 conversions per
second, minimum

Dynamic characteristics for a <10 volt to +10 volt step with less
than +5 milliamperes and less than 1000 picofarads load are:

Overshoot

Settling Time

August 15, 1984
@© Copyright IBM Corporation 1984

+ 1% of FSR maximum

10 microseconds maximum to
within +0.1% FSR

- Data Acquisition Adapter 115
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~ Analog Input Device

The analog input device has the following characteristics:

Resolution _ 12 bits
Input Channels | 4 differential |
Input Ranges Switch-selectable ranges: -
_ 0 to +10 volts (unipolar}, !
-5 to +5 volts (bipolar), and £
-10 to + 10 volts (bipolar). 2
Input Resistance 100 megohms minimum W _
Input Capacitance 200 picofarads maximum; measured m _
at the distribution panel connector 5!
Input Leakage Current +300 mmsomiwoaom maximum w
Input Current : +4 milliamperes at maximum input m
| voltage g
O]
S
Digital Coding Unipolar: binary. g
Bipolar: offset binary. o e o
Safe Input Voltage +30 volts maximum (power On or w
_ Off) _ g
Power Supply Rejection +1/2 LSB maximum ormumm full. m
: scale calibration g
£
Integral Linearity Error +1 LSB maximum e
.m
Mn.\ .r |
nw( \.\

o - Aungust 15, 1984
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" Differential Linearity Error +1/2 LSB maximum

Differential Linearity Stability | +5 ppm/°C maximum;
_ guaranteed monotonic

. Gain Error +0.1% maximum between
N S _ ranges. Any range -adjustable
to Zero.
B
Gain Stability o +32 ppm/°C of FSR 3
| | - maximum. W
Common-Mode Input Range +11 <o:m. maximum m :
‘Common-Mode Rejection 72 dB minimum ratio (signal =
| o within common-mode range) £
3 Unipolar Offset Error Adjustable to zero _ m
Unipolar Offset Stability '+24 ppm/°C of FSR £
maximum g
<
Bipolar Offset Error | Adjustable to zero | M
Bipolar Offset Stability +24 ppm/°C of FSR g |
maximum <
August 15, 1984
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___sz_m:m Time
__ Conversion Time
Throughput to Memory

‘A/D convert enable’

Input Impedance

‘A/D convert ont’

Fanout

118 Data Acquisition Adapter

For channel acquisition: 20
microseconds maximum to +0.1%

of the input value

35 microseconds maximum

15,000 conversions per second,

minimum

One LS TTL load plus 10-kilohm
pull-up resistor

10 LS TTL loads or 2 standard
TTL loads

August 15, 1984
© Copyright 1BM Corporation 1984

Guaranteed | (888) 88-SOURCE | www.artisantg-.c_om

Artisan Technology Group - Quiality Instrumentation ...




Binary Device

The binary device has Em.mo:oi_sm characteristics:

E:m..w Input (BIO through BI15)

r:u& F_%mnw:nm One LS TTL load plus 10-kilohm
_ pull-up resistor

Throughput to memory 25,000 operations per second,
_ Lo minimum
BI HOLD

Input HEumamunm_ - Two LS TTL loads plus one
: ‘10-kilohm pull-up resistor
‘BI Strobe’

One LS TTL load plus one
10-kilohm pull-up resistor

Input _Evmmmsom

BI CTS

Fanout : 10LSTTL Mom%_ or 2 standard
: TTL loads _

August 15, 1984
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wmsmww Output (BOO nr..c:mr_WOHmv |

Fanout

Throughput from Memory

‘BO Gate’

Input Impedance

BO CTS

Input Impedance

‘BO Strobe’

Fanout

120 - Data Acquisition Adapter

28 LS TTL loads or 7 standard

H.EL loads

25,000 operations per second,
minimum . :

~Two LS TTL loads plus one

10-kilohm pull-up resistor

One LS TTL load plus
10-kilohm pull-up resistor

10 LS TTL loads or -2 standard
TTL loads

- August 15, 1984
“© Copyright IBM Corporation 1984
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e
i

- Counter 1

R - S et -
o

32-Bit Timer Device

~The 32-bit timer device has the following characteristics:

Oo:_:_”_mn 1]

CLK 0 Frequency 1.023 MHz

‘Rate Out’

Fanout | 10 LS TTL loads or 2 standard TTL loads

‘Delay Out’

Fanout 10 LS TTL loads or 2 standard TTL loads

Guaranteed | (888) 88-SOURCE | www.artisantg.com -
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16-Bit Timer/Counter Device
The 16-bit mBoH_\ counter device has the following characteristics:

‘Count In’

EE_: Impedance One LS TTL load plus 10-kilohm pull-up
_ - resistor . .

Input Frequency DC - 2 MHz (50% duty cycle)

‘Count Out’

Fanout o 10 LS TTL loads or 2 standard TTL loads

Guaranteed | (888) 88-SQURCE | www.artisantg.com
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Logic Diagrams
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NOTE: R3,'RE, R6 ARE NOT INSTALLED,

R3

R T W W

RU Y

S5HT1 1B J3-B3
SHT 1 +5 J3-B29
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N7

SHT 1 +12
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Preselectian
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