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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. 
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The Data Acquisition Adapter has a 16-bit data bus and a 
buffered 8-bit data bus. 

The adapter's 16-bit data bus provides access to: 

• 	 An analog I/O device: 

Analog input subsystem with four multiplexed channels 

Analog output subsystem with two DACs 

• 	 A binary I/O device: 

16-bit digital input port 

16-bit digital output port 

Handshaking 

• An expansion bus. 


The buffered 8-bit data bus provides access to: 


• Interrupt circuitry 


• 	 A timer/counter device: 

32-bit timer (Counters 0 and 1) 

16-bit timer/counter (Counter 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/O device, and the 

timer / counter device. 
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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. 

Address Decode 

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

AEN 


PRESEL 

CARDSEL 

~ INTCLR 

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/O), 
and the write command lines (memory and 
I/O). 

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. 
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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 A5 equal to 1, and 
A8 and A3 equal to O. 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, A 10, A 11, 
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. 
Power-on-reset occurs when the 'buffer reset' signal 
(BUFFRES), which is created by the system bus signal 
(RESET DRV), goes low. 
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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. 
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The address and control signals from the system bus are as 
follows: 

RESETDRV 

BUFFRES 

WDO-WD2 

BAO 

BlOW 

Resets system logic upon power-on or 
during a low line-voltage outage. 
RESET DRV 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 (lOR): BlOR is active 
low and is used for I/O read operations on 
the buffered 8-bit data bus. 

Buffered I/O write(lOW): BlOW is active 
low and is used for I/O write operations on 
the buffered 8-bit data bus. 
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BUFFREAD 

BUFF READ 

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. 

Inverse of BUFFREAD. 
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Control Decode 

Following is a block diagram of the control decode circuitry. 
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The control decode circuitry inputs CARDSEL, A15, WDO 
through WD2, BAO, BIOR, BlOW, and BUFFREAD generate 
the following control strobes: 

WHRLSTB 

WDEVICE 

DBUFFSTB 

RINTSTATUS 

WINTCONT 

WCNT 

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. 

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

Data buffer strobe: Enable strobe for data 
communications between the system bus 
and the Data Acquisition Adapter. 

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

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

Write counter: Write strobe for the 
timer/counter. 

Read counter: Read strobe for the 
timer / counter. 
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WLBO Write low byte out: Latch control strobe for 

WHBO 


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

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. 

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. 

Read high byte in: Enable strobe for reading 
the high byte (previously latched by RLBI) 
from the adapter's 16-bit data bus to the 
system bus. 
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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 following are used for device selection: 

DVO - DV7 Device number register bits 0 
through 7 

WRITEREADGATE Strobe for all devices 

ASO through AS15 Strobes for devices 0 through 15: 
AS8 selects the binary I/O device, 
and AS9 selects the analog I/O 
device. 
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Data Bus Conversion Circuitry 

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

The system's data bus (DO through D7) is buffered 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 register. 

The buffered 8-bit data bus also communicates with 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. 
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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 
(AO 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 
(AO 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, 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, 0 through 7. 
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Following is a write timing diagram of the adapter's 16-bit 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 
(AO 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, 0 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 
(AO is 1), the RHBI strobe occurs. The high-byte read register 
transmits the previously latched high byte to the system data bus. 
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Following is a read timing diagram of the adapter's 16-bit data 
bus. 
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Analog 110 Device 

The Data Acquisition Adapter's analog I/O 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. 
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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 'AID convert out' and 
'AID convert enable in' lines. 

August 15,1984 
© Copyright IBM Corporation 1984 Data Acquisition Adapter 23 



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: 

• - 5 to + 5 volts 

• -to to + 10 volts 

• 0 to + to volts 

The relationship of the analog input voltage to the returned digital 
value depends on the range for which the hardware is configured. 
The selected 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 +4.997 volts generates a full-scale 
value of 4095; an input of 0 volts generates a value of 2048; and 
an input of -5 volts generates a value of O. 
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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: 

WRA/DCONT 

RD AID STATUS 

RD AID VALUE 

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

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

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

Analog Input Device Registers 

AI Control Register 

AI Status Register 

AI Data Register 

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

The AI status register contains 
information about 'AiD busy,' the 
'AID interrupt status,' and the 
readback of the 'AID interrupt enable.' 

The 16-bit AI 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 AI 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 bfought to the READ/CONV pin of 
the AD574 ADC. 

Reading an Analog-to-Digital Value 

The READ/CONY 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 AI 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 AI 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 AI status register shows that the analog input device 
is in the not-busy and interrupting state. 
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'AID Interrupt' 

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

'AID Convert Out' 

The 'AID convert out' (AID CO) signal is brought out to the 
distribution panel connector on the Data Acquisition Adapter. 

The 'AID 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 'AID convert out') the output of analog data fr~m the 
external device. r--.... 

'AID Convert Enable' 

The 'AID convert enable' (AID 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. 
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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. 

[]] 

R24 R25 
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In the following "LSB" represents the weight of the 
least-significant bit of the 12-bit digital output code of the ADC. 

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

Range 1 LSB 

o to +10 volts 2.44 mV 

-5 to +5 volts 2.44 mV 

-10to+10volts 4.88 mV 

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-LSB offset. 

Bipolar Offset: 

The value of R22 is set so the transition from the digital 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 +5 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 
Transition 

-5 to +5 volts -4.99878 volts 

-10 to + 10 volts -9.99756 volts 
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The following shows the first few output-code transitions for the 
-5 to +5 volt range. 

Output Code 

0000 0000 0010 

Code Center Point r- y, LSB = 1.22 / 

0000 0000 0001 

1--' LSD ­ 2.<4 mV 

0000 0000 0000 
-5.00000V -4.99878V -4.99634V 

Analog Input 
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Gain: 

The value of R23 is set so the last transition (1111 1111 1110 to 
1111 1111 1111) occurs for an input voltage 1-1/2 LSB below 
full scale. 

The following shows the input voltage for the transition from the 
output code 1111 1111 1110 to 1111 1111 1111. 

Range Input Voltage for Last Code 
Transition 

o to +10 volts +9.99634 volts 

-5 to +5 volts +4.99634 volts 

-10 to +10 volts +9.99268 volts 

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

Output Code 

_ 1-1 LSB=4~mv 

1111 1111 1111 


-v"'//""r-y, LSB = 2.44 mV 

".// 
"./

1111 1111 1110 

1111 1111 1101 

9.98780V 9.99268V 9.99512V 

Analog Input 
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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 
a to + 10 volt range. 

Output Code 

0000 0000 0010 
/"I-y, LSB= 1.22 mV/ / -

/"
0000 0000 0001 .......­


f-l LSB = 2.44 mV - ...... / 
// 


......... 

~ 00000000 0000 

o 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. 
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Analog Output Subsystem 

Following is a block diagram of the analog output subsystem. 

WDO----I 
Analog

WD1----I 
DeviceWD2----I 
ControlAS9-----i 

WR D/A VALUEDecode f-- WR D/A CaNT
BUFFREAD­

AO 
Control 

HDO Register 

» 
Cl.. 
III 
U... 
C1) 
~ 

V>­

~ 

~ LDO-LD7 co AD7545;::+' HDO-HD3 

0 12·Bit 

III... )
III Buffered 
co 
c DAC 
V> 

LDO-LD7 
AD7545

HDO-HD3 
12·Bit) Buffered 
DAC 

D/A 

Write 

Value 


r-- Control ­

~ 

r-­

D/A 0 OUT 

~ 0 


V>... 
~ 

0­
C... 
0 
::J 

"'0 
III 
::J 

"'­
() 
0 
::J 
::J 
C1) 

n
D/A lOUT ... 

0 
~ 

'--- ­ ,,-......, 
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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: 

• 	 -5 to +5 volts 

• 	 -10 to + 10 volts 

• 	 0 to + 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. 
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Analog Output Device Control 

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

WRD/ACONT 

WRD/AVALUE 

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. 

Write digital-to-analog value: 
Controls the generation of the 
digital-to-analog write strobes. 
WR D/A VALUE occurs when the 
AO data register is addressed. 

Analog Output Device Registers 

AO Control Register 

AO Data 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. 

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 0 out' or 'D/A lout.' 
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Analog Output Potentiometers 

Four potentiometers (RI8, 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. 

~D

R19 

August 15,1984 
© Copyright IBM Corporation 1984 Data Acquisition Adapter 37 



Bipolar Offset: 

RI8 controls bipolar offset for channel 0, and R20 controls it for 
channell. 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 unipolar range is selected, the DAC output is 
a volts. 

The following table lists the output voltages for the digital code 
0000 0000 0000 (000 hex). 

Range Output Voltage for 000 Hex 
Code 

o to +10 volts 0.00000 volts 


-5 to +5 volts -5.00000 volts 


-10 to +10 volts -10.00000 volts 


The following shows the first few analog output voltages for the 
-5 to +5 volt range. 

Analog Output 

/ 
,,/

~4.99268V 

/
/

/ 
,,/

-4.99512V 

/


/

/ 

,// 
~4.99756V 

/
/ 1 LSB = 2.44 mV/ 

1.../
~5.00000V 

000 001 002 003 

Input Code (Hex) 

August 15, 1984 
38 Data Acquisition Adapter © Copyright IBM Corporation 1984 



Gain: 

R 19 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 

o 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 
/

/ 1 LSB = 4.88 mv/
,,/

9.99024V 
/

/
/ 

/ 
9.98536V 

/

/ 


/

/ 


FFD FFE FFF 

Input Code (Hex) 
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Binary 110 Device 

Following is a block diagram of the binary I/O device. 

WOO ­
WD1 ­
WD2 ­
ASS,­

BUFF READ I-

Binary 
I- ­Device 


Control 

Decode 


A 
~ 
frf.... 
"S 
~~ 
OJ 

m 
~ 

0 
~ 
OJ 


OJ 

S; 

~ 

~ 

f---i 

I--i 

LDO·LD7 
HDO·HD7 

RD BI VALUE 

LDO-LD7 
HDO-HD7 

) 

WR BO VALUE 

LDO 

LD2 

WR BIN CONT 

LDO 

LD2 

RD BIN STATUS 

BIHOLD r-

f 
Binary 
In B10-B115 

Register 

0 

S: 
t:r 

o· 
:J-f 
~ 

OJ 
:J " 

BO GATE 
~ 
() 

:J 
:JJ 0 

'" ~Binary gBOO-B015
Out 

Register > 


t 

BO STROBE 
Binary 
Control 
Register 

BICTS 

t 
BI STROBE 

Binary 
Status 

BO CTSRegister 

+ 
L-
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The Data Acquisition Adapter's binary I/O device has the 
following features: 

• 	 A 16-bit binary output port (BOO through BOIS) 

~. 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, +3 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 110 Device Control 

The use of the AS8 strobe causes the binary 110 device to be 
accessed as device number 8. 

The AS8 strobe as an enable, the WDO through WD2 word bits, ~ 
and the BUFFREAD signal are used to decode which binary 
decode operation is to occur. 

Following are the four decode operations: 

WRBIN CONT 	 Write binary control: Controls the 
latching of the binary output strobe 
(BO STROBE) and the binary input 
clear-to-send (BI CTS) bits by the binary 
control register. 

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. 

WRBOVALUE 	 Write binary value: Controls the writing 
of the binary output word (BOO through 
BOIS) to the binary output register. 

RDBIVALUE 	 Read binary value: Controls the reading 
of the binary input word (BIO through 
BI1S) from the binary input data register. 
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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 

Contains the BO STROBE bit and 
the BI CTS bit. These bits do not 
physically cause or prevent binary 
1/0 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 monitored by 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 BOIS). 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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The Data Acquisition Adapter's binary I/O device consists of two 
subsystems that use low-power Schottky logic: 

• Binary input 

• Binary output 

Binary Input Subsystem 

Following is a description of the binary input subsystem. 

Binary Input Port (BIO through BIl5) 

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 I/O 
device can be used to sense the state of up to 16 individual binary 
signals. 

The binary input port also can be used for input of binary data 
words (16-bit) from another device. 

Binary Input Hold 

The entire binary input port may be latched at any time by pulling 
the HI HOLD signal low. 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 I/O 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. 
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Binary Output Subsystem 

Following is a description of the binary output subsystem. 

Binary Output Port (BOO through BOIS) 
~ 

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 output port of the binary 1/0 device supplies 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 +5 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/O device indicating the 
data is available. 
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Timer / Counter 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 
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, and 
COUNT OUT), and count events (COUNT IN). 

Following is a diagram of the timer/counter device. 

(j) 

~ 
3 14MHzOSC DividE' 

'"s; by 

14 

o 
s: 

RATE OUT cr
;»----'---'+1 g 

~ 

J? 
~ 

DELAY OUT b' 
>0---...., ~ 

Q 

COUNT OUT 

COUNT 2 OUT 
(Counter 

Int,) 

COUNT lOUT Interrupt 
(Timer Int.) Circuitry 
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Timer / Counter System Interface 

Following is a description of how the Data Acquisition Adapter 
controls its timer/counter device. 

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

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

WRCNT 	 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. 

WDO and WDI 	 Connected to the AO and A 1 pins of the 
timer / counter device. They select which 
of the three counters to be operated on, 
and address the control register. 

The following lists the resulting timer/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. 

CS RD WR A, 	 AO Description 

,0 0 0 	 0 Load Counter 0 ,0 0 0 	 1 Load Counter 1 

0 1 0 1 0 Load Counter 2 

0 1 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 

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 
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32-Bit Timer 


Following is a description of the output of the 32-bit timer 

(Counters 0 and 1), and how it is clocked. 


First Stage (Counter 0) 


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

OUT 0 Output of Counter O. 

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

Second Stage (Counter l) 

CLK 1 	 The Counter-1 clock. The output of 
Counter 0 (OUT 0) is cascaded into the 
counter of clock 1. 

OUTl 	 Output of Counter 1. Provides the 
'count lout' signal that is used by the 
interrupt circuitry. 

DELAY OUT 	 Inverted state of OUT 1 that is brought to 
the distribution panel connector. 
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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. 

CLK2 The Counter-2 clock. 

COUNT IN Clocks Counter 2. 

OUT 2 Output of Counter 2. Provides the 
'count 2 out' signal used by the interrupt 
circuitry. 

COUNT OUT 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 0 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 
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: 

• A Write to the first byte stops the current counting. 

• A Write to the second byte starts the new count. 

Following is the timing diagram for mode O. 

Mode 0: Interrupt on Terminal Count 
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Mode 1: Programmable One-Shot 

This mode is not used because the timer/counter device's 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 

CLOCK LJl 

4 3 2 0(4) 3 2 0(3) 2 oU,-------,u
OUTPUT Lr 

0(3) 3 2 1 0(3) 2 0(3) 2

Ur---------lU
OUTPUT'--J 
(n=3) 
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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 repeats. 

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 

~CLOCK 

4 2 4 2 4 2 4 2 4 2 4 2 4 

OUTPUT~ I 
(n=4) 

5 4 2 5 2 5 4 2 5 2 5 4 2 

OUTPUT~ 
(n=5) 
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Mode 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. 

If the count register is reloaded during counting, the new count is 
loaded on the next eLK pulse. 

Following is the timing diagram for mode 4. 

Mode 4: Software Triggered Strobe 

CLOCK 

4 3 2 o 

OUTPUT u 

Mode 5: Hardware-Triggered Strobe 

This mode is not used because the pins for gates 0 through 2 are 
tied high. 
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The Data Acquisition Adapter can generate an interrupt from the 
following individually maskable sources: 

• 	 32-bit timer (cascaded 16-bit Counters 0 and 1 of the 
timer / counter device) 

16-bit externally-clocked timer/counter (Counter 2 of the 
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. 
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Interrupt Control Register 

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

Bit 0 TINT ENABLE: Enables 32-bit timer interrupts 
(Counters 0 and 1). 

Bit 1 CINT ENABLE: Enables 16-bit timer/counter 
interrupts (Counter 2). 

Bit 2 IRQ ENABLE: Enables the IRQ (external 
interrupt) line and analog-to-digital 
end-of-conversion interrupts as sources of 
interrupts. 

Bit 3 Reserved for reading status. 

Bit 4 ­ 6 Not used. 

Bit 7 LINT RESET: Performs the local-reset function. 

Note: Power-on-reset (BUFFRES) resets the interrupt 
control register (clearing all bits and disabling interrupts). 
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Interrupt Status Register 

Following is a description of the bits of the interrupt status 
register. 

Bits 0 - 3 Provided for reading the status of the 
corresponding interrupt-enable bits listed under 
"Interrupt Control Register". Bit 3 is not 
currently used. 

Bit 4 TINT STAT: The timer interrupt status (COUNT 
lOUT), which is the state of the output of the 
second chained timer stage (Counter 1 of the 
timer / counter device). 

Bit 5 CINT STAT: The counter interrupt status 
(COUNT 2 OUT), which is the state of the output 
of the 16-bit timer/counter (Counter 2). 

Bit 6 IRQ STAT: The IRQ (external-interrupt) status. 
The on-board 'A/D interrupt' signal is logically 
ORed into the IRQ (external-interrupt) function. 

Bit 7 Read back as a O. 
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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 (lRQ3 through 
IRQ7) by switch S5. When not active low, the tri-state driver is 
floating 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. 
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Following is a description of the two shared-interrupt reactivation 
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 All) in the adapter's I/O 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 Acquisition 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 02F7 is 
performed. The output value is not important. 

August 15, 1984 
© Copyright IBM Corporation 19X4 Data Acquisition Adapter 59 



Distribution Panel Connector 

Following is a block diagram of the signals of the distribution 
panel connector, 14. 
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Distribution Panel Connector Signals 

The following is a description of how the distribution panel 
connector, J4, provides access to the interrupt circuitry, and the 

~ analog I/O, binary I/O, and timer/counter devices. 

D/A 0, D/A 1 

EXT +10 V REF 

AGND 

A/D 0- to A/D 3­

A/D 0+ to A/D 3+ 

DGND 

A/DCE 

A/DCO 

DAC outputs. 

lO-volt reference output. 

Analog ground: The system ground 
reference for the analog devices in the 
system. 

Channels 0 through 3 ADC inputs 
(low). 

Channels 0 through 3 ADC inputs 
(high). 

Digital ground: The system ground 
reference for the digital devices in the 
system. 

'Convert enable' input for the ADC. 
When high, enables conversion. 

'Convert out' indicator for the ADC. 
When high, indicates a conversion was 
r~quested. Returns to low when the 
conversion is complete. 
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BI STROBE 

BIO - BIl5 

BOO - B015 

BO GATE 

BO STROBE 

BOCTS 

BICTS 

Binary-input hold: Latch control for the 

binary input port. When low, the binary 

input device latches the state of all input 

lines. 


(Input) Binary input strobe: When high, 

indicates the binary input data is 

available. 


Binary input port, bits 0 through 15. 


Binary output port, bits 0 through 15. 


(Input) Binary output gate: Tri-state 

enable for the binary output port. When 

low, the binary outputs (BOO through 

B015) are floating. 


(Output) Binary output strobe: When 

high, indicates that new data was sent. 


(Input) Binary output clear-to-send: r'\ 

When high, permits new binary-output 

port data to be sent. 


(Output) Binary input clear-to-send: 

When high, indicates the binary input 

data is being requested. 
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RATE OUT 

DELAY OUT 

COUNT OUT 

COUNT IN 

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

Output from the first stage of the 32-bit 
timer (Counter 0). The 'rate out' signal 
is the inverse of the timer/counter device 
output. 

Output 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. 
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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 
connectors, 11 and 12, 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 above 
2.4 volts at 2.6 milliamperes. 

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. 
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Expansion Bus Signals 

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

BUFF 00 

WRITEREADGATE 

BUFFREAD 

BUFFREAD 

BUFFRES 

ASO to AS15 

(Output) OSC signal divided by 14 
(1.023 MHz). 

(Output) Active low strobe for all 
devices. AS16 through AS255 
strobes can be created by decoding 
DVO through DV7 and using the 
signal, WRITEREADGATE. 

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

(Output) Inverse of BUFFREAD. 

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

(Input) External, interrupt request. 
Active low. 

(Outputs) Active low strobes for 
devices 0 through 15. Must be low 
for 0.4 microseconds. 
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Word number bit 3, fixed high. 

WD3 

HA4 - HA7 

DVO - DV7 

LDO - LD7 

HDO - HD7 

WDO-WD2 

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/Outputs) High byte of the 
adapter's 16-bit data bus. 

Word number bits 0 through 2 (system-bus 
address lines A12 through A14 are buffered 
and renamed WDO through WD2). 

August 15, 1984 
© Copyright IBM Corporation 1984 Data Acquisition Adapter 67 



Following is a diagram of the expansion bus read timing. 

Word Register 

Selection 
(WDO-WD3) 

- O.1J.(s 
Strobes: 
(WRITEREADGATE) 
(ASO-AS15) 

Adapter's 16-Bit 
Data Bus 
(LDO-LD71 Valid 
(HDO-HD7) 

BUFFREAD 

BUFFREAD 

Following is a diagram of the expansion bus write timing. 

Word Register 
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(WDO-WD3) 

Strobes: 
(WRITEREADGATE) 
(ASO-AS15) 

- O.1J.(s 

Adapter's 16-Bit 

Data Bus 
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Programming Considera tions 

This section describes the programming considerations for the 
Data Acquisition Adapter. 

Address Decoding 

The following table shows address decoding. 

A9 AS A7 A6 A5 A4 A3 A2 A1 

101 1 1 000 1 

• 	 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). 

• 	 A 1 through A9 are a fixed pattern to select Data Acquisition 
Adapters. 

• 	 AO selects the high or low byte of a 16-bit word register. 

The base addresses of the Data Acquisition adapters are: 

Adapter Number Base Address (Hex) 

0 02E2 
1 06E2 
2 OAE2 
3 OEE2 
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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 


0 

1 

2 

3 

4 

5 

6 

7 


8 


9 


10 


11 


12 


13 


14 


15 


Name 


Device Register 0 

Device Register 1 

Device Register 2 

Device Register 3 

Device Register 4 

Device Register 5 

Device Register 6 

Device Register 7 


Timer /Counter 0 

Register 


Timer / Counter 1 

Register 


Timer / Counter 2 

Register 


Timer/counter 

Control 

Register 


Device Number 


Interrupt Registers 


Function 


Write values to, and read 

values from, the on-board 


and external devices 


Read/load Counter 0 


Read/load Counter 1 


Read/load Counter 2 


Controls the operation 

of Counters 0 through 2. 


Selects device 

Interrupt control and status 


Not used 


Not used 
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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 Input Device Registers 

The on-board analog input (AI) device, accessed as device 
number 9, has four channels. External AI devices can be added 
to the expansion interface. These external AI 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 AI device. 

The AI device has the following registers. 

Register Read/Write Name Function 

0 Write AI Control Sets up and 
controls the 

register. 

0 Read AI Status Returns status of 
the hardware. 

2 Read AI Data Returns current 
analog value. 
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Following is a description of the bits of the AI control register. 

Bit 

0 

1 

2 

3-7 

8-15 

Name 

Convert Start 

Short Cycle 

EOCINT Enable 

Channel 

Function 

Setting this bit starts an 
analog-to-digital 
conversion. 

Reserved for enabling a 
short cycle conversion. 

End-of-conversion 
interrupt enable. When 
set, an end-of-conversion 
(conversion complete) will 
generate an interrupt. 

Not used 

Channels 0 through 255. 
On-board AI device uses 
only channels 0 through 3. 
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Following is a description of the bits of the AI status register. 

Bit Name Function 

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

1 Int State When set, indicates that a 
conversion has ended (not 
busy and interrupting 
state). If the EOCINT 
enable bit is set (enabled), 
an interrupt is generated. 

2 EOCINT Enable Read back of state of 
EOCINT enable bit in AI 
control register. 

3 - 15 Not used 

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

Bit Name Function 

0-15 Data Contains the data value from 
the last conversion. Valid 
only if the busy bit iri the AI 
status register is cleared. Bits 
o through 11 will contain data 
from the 12-bit ADC. Bits 12 
through 15 will all be zeros. 
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AI Device Access Strategy 

The following outlines the access strategy for the AI device. Note 
that because channel selection takes a while, routines that 
repeatedly access a single channel would want to select 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 register 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 settle (approximately 20 
microseconds) . 

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

5. 	 Wait for the busy stat bit to equal O. 

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. 
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Interruption Method 

To use the interruption method, do the following: 

l. 	 Set the device number in the device-number register 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 settle (approximately 20 
microseconds) . 

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

5. 	 Set the EOCINT enable bit to 1 to enable an 
end-of-conversion interrupt. 

6. 	 After servicing the interrupt, set the EOCINT enable bit to 0 
to disable AI interrupts. 
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Analog Output Device 

The analog output (AO) 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 
number, but use the same register format as the analog output 
device. 

The AO device has the following registers. 

Reaister Read/Write Name Function 


1 Write AO Control Sets up and 

controls the 

register. 


3 Write AD Data Output value. 

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

Bit Name Function 

0-7 Not used 

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

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

Bit Name Function 

0-15 Data 	 The value to be 
provided to the 
selected channel. 
Sets bits 0 through 11 
with data for the 
12-bit DACs. and bits 
12 through 15 with 
zeros. 
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AO Device Access Strategy 

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

1. Set the device number to 9 in the device-number register. 

2. Set the channel in the AD control register. 

3. Write the data value to the AD data register. 
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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 binary I/O 
device. 

The binary I/O device has the following registers. 

Rea. Read/Write Name Function 

0 Read Binary Status The current state of the 
handshaking input lines. 

0 Write Binary Control Controls the state of the 
handshakina output lines. 

2 Read Binary Input Data register for binary input 
port. 

2 Write Binary Output Data register for binary output 
port. 
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Following is a description of the bits of the binary status register. 

Bit Name 

0 BI Strobe 

1 


2 
 BO CTS 

3 
4-15 

Function 

Indicates the state of the 
binary input port's 'BI strobe' 
input handshaking line. 

Reserved 

Indicates the state of the 
binary output port's 'clear to 
send' (BO CTS) input 
handshaking line. 

Reserved 

Not used 

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

Bit Name 

0 BO Strobe 

1 

2 BI CTS 

3-4 
5-15 

Function 

This bit sets and clears the 
binary output port's 'BO 
strobe' output handshaking 
line. 

Reserved 

This bit sets and clears the 
binary input port's 'clear to 
send' (BI CTS) output 
handshaking line. 

Reserved 

Not used 
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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 'BI hold' was used). 

Following is a description of the bits of the binary output register. 

Bit Name Function 

0-15 Data The value to be placed on the 
binary output port is written 
here. Data lines of the port 
are affected as soon as the 
register is written. 
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Binary Input Access Strategies 


To use binary input with handshaking, do the following: 


1. 	 Set the device number to 8 in the device-number register. 

2. 	 Set BI CTS high in the binary control register. 

The external device puts new data on the binary input lines 
(BIO through BIlS) at the distribution panel connector. 

The data on the input lines must remain valid until BI CTS is 
lowered. 


The external device sets 'BI strobe' high. 


3. 	 Read data from the binary input register. 

4. 	 Reset BI CTS in the binary control register. 


The external device lowers 'BI strobe.' 


~ 
Following is a diagram showing binary input with handshaking. 

Output CLEAR TO SEND I'-_________BICTS 

Inputs Old Data New Data 

B10-B115 mw~~~~~~Z--,--:~r--r-~--'--'~~~"T""""7~--'--:m.~ 

STROBE 

BI 

STROB E _In_p_u_t_______-.J 


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 
© Copyright IBM Corporation 1984 Data Acquisition Adapter 81 



Binary Output Access Strategies 

To use binary output with handshaking, do the following: 

1. Set the device number to 8 in the device-number register. 

The external device lets BO CTS go high on the distribution 
panel connector. This is detected by reading the binary 
status register's BO CTS bit. 

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

3. Set the binary control register's '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 _In_p_u_t__........ 
 CLEAR TO SEND 

Outputs Old data New data 

BOO-B015/%/ff~~~~~//~~~/,//--r-7~--r--:l~....-r-/,//-r---r-o//,.----r 
STROBE 

~~ROBEO__ut_p_u_t_______~1 LI_________ 

To use binary output without handshaking, 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. 
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Timer / Counter Device Registers 

This section describes the timer/counter's control register, 
loading of the counters, its write operations, programming format, 
and read operations. 

The timer/counter device has the following registers. 

Reg. Read/Write Name Function 

~ Read/Write Timer / Counter 0 Read/load Counter 0 
Register 

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

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

11 Write Timer I counter Controls the operation 
Control Register of Counters 0 through 

2. 

Control Register 

The timer/counter's control register controls the 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 to; no read operation of its 
contents is available. 

The table on the following page shows control-word information 
for the timer/counter's control register. 
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Control Word Format 

Definitions of Control 

SC - Select Counter: 

SC1 SCO DescriDtion 

0 0 Select Counter 0 

0 1 Select Counter 1 

1 0 Select Counter 2 

1 1 IIleqal 

RL - Read/Load: 

RL1 RLO Description 

0 0 Counter latchinq operation 

1 0 Read/load most significant byte (MSB) 
onlv. 

0 1 Read/load least significant byte (LSB) 
onlv. 

1 1 Read/load LSB first. then the MSB. 

M - MODE: 

M2 M1 MO Description 

0 0 0 Mode 0 

0 0 1 Mode 1 

X 1 0 Mode 2 

X 1 1 Mode 3 

1 0 0 Mode 4 

1 0 1 Mode 5 

BCD - Binary Coded Decimal: 
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Counter Loading 

A count register is not loaded until the count value is written (one 
or two bytes, depending 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 edge may yield 
invalid data. 
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Timer/Counter Write Operations 

Each counter of the timer/counter must be programmed with the 
mode and quantity 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 RLl). 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 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 loaded 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 RL1) are programmed. Then the restart 
operation proceeds. 
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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 

LSB Count Register Byte Counter n 

MSB Count Register Byte Counter n 

Alternate Programming Format: 

Number Byte Descri~tion Reg. 

1 MODE Control Word 8 
Counter 0 

2 MODE Control Word 8 
Counter 1 

3 MODE Control Word 8 
Counter 2 

4 LSB Count Register Byte 9 
Counter 1 

5 MSB Count Register Byte 9 
Counter 1 

6 LSB Count Register Byte 10 
Counter 2 

7 MSB Count Register Byte 10 
Counter 2 

8 LSB Count Register Byte 11 
Counter 0 

9 MSB Count Register Byte 11 
Counter 0 
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Timer/Counter Read Operations 

In most counter applications, it becomes 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 without 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 counter are as follows: 

• The first I/O Read contains the least-significant byte. 

• The second I/O Read contains the most-significant byte. 

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. 

Reg. Description 

8 Read Counter 0 

9 Read Counter 1 

10 Read Counter 2 
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The second method of reading the value of the counters involves 
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. 

07 I 06 I 05 I 04 I 03 I 02 I 01 I DO 

SC1 I SCO I 0 I 0 I x I x I x 1 x 
Note: 

SC1, SCO - specify counter to be latched 
05, 04 - 00 designates counter latching operation 
X - don't care 
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Device Number Register 

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

The on-board devices are: 

• Analog I/O device (device number 9) 

• Binary I/O device (device number 8) 

The following table describes the bits of the device-number 
register. 

Bit Name Function 

0-7 Device Number Selects which device to 
address (0-255) 

8-15 Not used 
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Interrupt Registers 

Two registers are decoded for register 13, the interrupt 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 Acquisition Adapter's 
current interrupt status. 

The following is a description of the bits of the interrupt control 
register. 

Bit Name Function 

0 TINT Enable Enables the timer-g~nerated 
interrupts. 

1 

2 

CINT Enable 

IRQ Enable 

Enables counter-generated 
interrupts. 

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

3 Reserved. Must be 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. 
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The following is a description 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 Name 

0-3 TINT Enable 
CINT Enable 
IRQ Enable 

4 TINT STAT 

5 CINT STAT 

6 IRQ STAT 

7 

Function 

Read back of the cu rrent state of 
bits 0 through 3 in the interrupt 
control register. 

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

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

IRQ Status; if this bit is set, the 
IRQ line generated an interrupt. 

Reserved 
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Interface 

Following is information about the Data Acquisition Adapter's 
connectors, J4 (distribution panel), and 11 and 12 (expansion 

",-..., bus). 

Distribution Panel Connector 

The following shows the location of the distribution panel 
connector (J4). 
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The following shows the pins of the distribution panel connector 
and their respective signals. 

Sianal Name/Descriotion 


DIA 1 

D/AO 


+10V REF 


A GND 


AID 0­

AID 0+ 


AID 1­

AID 1+ 


AID 2­

AID 2+ 


AID 3­

External AID 3+ 


Device AGND 


AID CE 


D GND 


AID CO 


BI8 

BO 8 

BI 9 

BO 9 

BI 10 

BO 10 

Bill 

BO 11 

BI 12 

BO 12 

BI 13 

B013 

BI 14 

B014 


Pin 

1 

2 

3 


4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 


Data 

Acquisition 

Adapter 
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S·IgnaINarne/Description Pin 


BI15 31 


BI3 41 Data 


External BO 3 42 Acquisition 


Device BI4 43 Adapter 


BO 15 32 


BI HOLD 33 


BO GATE 34 


BIO 35 


BO 0 36 


BI 1 37 


BO 1 38 


BI 2 39 


BO 2 40 


B04 44 


BI5 45 


BO 5 46 


BI6 47 


BO 6 48 


BI7 49 


BO 7 50 


RATE OUT 51 


DELAY OUT 52 


BI STROBE 53 


BO STROBE 54 


BO CTS 55 


BICTS 56 


IRQ 57 


COUNT OUT 58 


COUNT IN 59 


DGND 60 
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Expansion Bus Connectors 

Following is information about the expansion bus connectors (11 
and 12). 

Expansion Bus Connector Jl 

The following shows the location of the expansion bus connector, 
11. 
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The following shows the pins of the expansion bus connector, 11, 
and their respective signals. 

S·'IgnaINarne/DeScriptlon 

BUFF 00 

Reserved 

WRITEREADGATE 

BUFFREAD 

BUFFRES 

BUFFREAD 

IRQ 

Reserved 

Reserved 

o GND 


External o GND 


Device Reserved 


Reserved 

o GND 

DGND 

Reserved 

Reserved 

AS7 

AS6 

AS5 

AS4 

AS3 

AS2 

AS1 

ASO 

AS15 

AS14 

AS13 

AS12 

AS11 

AS10 

AS9 

AS8 

Pin 

1 

2 

3 
4 

5 

6 
7 

8 

9 

10 

11 Data 

12 Acquisition 

13 Adapter 

14 

15 
16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 
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Expansion Bus Connector J2 

The following shows the location of the expansion bus connector, 
J2. 
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The following shows the pins of the expansion bus connector, J2, 
and their respective signals. 

S·IgnaINarne/DeSCriptlon 

W03 

o GNO 


HA 70 GNO 


HA 60 GNO 


HA 5 0 GNO 


HA4 0 GNO 


OV7 


OV6 


OV 5 


OV4 


LO 7 


External 	 LO 6 


Device 	 LO 5 


L04 


LO 3 


LO 2 


LO 1 


LO 0 


HO 7 


HO 6 


HO 5 


HO 4 


HO 3 


HO 2 


H01 


HOO 


OV3 


OV 2 


OV 1 


OVO 


WO 3 0 GNO 


W02 


WO 1 


WOO 


p.In 

1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 Data 

12 Acquisition 

13 Adapter 

14 


15 


16 


17 


18 


19 


20 


21 


22 


23 


24 


25 


26 


27 


28 


29 


30 


31 


32 


33 


34 
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Notes: 
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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. 
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Analog Output Range 

Following is a description of the switch blocks that control the 
Data Acquisition Adapter's analog output range for channels a 
and 1. 

Channel 0 

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

S 1-1 controls voltage range: 

On: la-volt range 
Off: 20-volt range 

S 1-2 controls voltage polarity: 

On: Bipolar (±) voltage 
• Off: Unipolar (+) voltage 
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The following diagram shows the location and switch settings for 
switch block S 1. 

Input Range 

-5 to +5 volts 

Switch Settings 

-10 to +10 volts 

o to +10 volts 

Note: 
block. 

Only the settings shown may be used for this switch 
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Channell 

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

S2-1 controls voltage range: 

• On: 10-volt range 
• Off: 20-volt range 

S2-2 controls voltage polarity: 

• On: Bipolar (±) voltage 
• Off: Unipolar (+) voltage 
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The following diagram shows the location and switch settings for 
switch block S2. 

Output Range Switch Settings 

-5 to +5 volts 

-10 to + 10 volts 

o to +10 volts 

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

Switch block S3 has four switches: S3-l, S3-2, S3-3, and S3-4. 
The settings of these switches determine the relationship of 
analog input voltage to the values returned by the analog input 
device. r---.. 

S3-1 is not used and is placed in the Off position. 

S3-2 controls the 20-volt input range: 

• On: 20-volt range active 
• Off: 20-volt range inactive 

S3-3 controls the lO-volt input range. 

• On: lO-volt range active 
• Off: lO-volt range inactive 

S3-4 controls voltage polarity. 

• On: Bipolar (±) voltage 
• Off: Unipolar ( +) voltage 
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The following diagram shows the location and switch settings for 
switch block S3. 

Output Range 

-5 to +5 volts 

Switch Settings 

-10to +10volts 

o to +10 volts 

Note: 
block. 

Only the settings shown may be used for this switch 
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Adapter Number 

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

Note: Up to four Data Acquisition Adapters may be 
installed in your unit. Each adapter must be given a different 
adapter number. 

Adapter Number Switch Positions 

o 

2 


3 
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Interrupt Level 

Switch block S5 has two 5-switch switch blocks rather than one 
la-switch switch block. The switches of the right-hand, 5-switch, 
switch block, although numbered 1 through 5, are functionally 

".........." identical to switches 6 through 1 O. 


These 10 switches determine the interrupt level of each Data 
Acquisition Adapter. Set the interrupt level for each adapter 
before installation. Data Acquisition Adapters installed in the 
same unit must be set to the same interrupt level. The setting for 
interrupt request level 7 (IRQ7) is recommended. 
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The following diagram shows the location and switch settings for 
switch block S5. 

IRQ Level 

7 
(Recommended) 

6 


5 


4 

3 

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

The following is a description of the Data Acquisition Adapter 
~ specifications and device characteristics. 

Data Acquisition Adapter 

Following is a description of the Data Acquisition Adapter 
specifications. 

Dimensions 


Height 99.1 mm (3.9 in.) 


Height at Tab Pins 106.7 mm (4.2 in.) 

~ 

Length 335.3 mm (13.2 in.) 


Thickness 14.2 mm (0.56 in.) 


Weight 270 g (9.5 oz) 
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Power Requirements 

+5 volts ±5% at approximately 1 ampere typical 0.5 ampere 
maximum) 

System Reference Voltage 

Output Voltage 

Accuracy 

Output Load Current 

Output Load Capacitance 

Output Protection 

Output Impedance 

+ 10 volts 

±1.2% 

±2 milliamperes maximum 

0.5 microfarads maximum for 
stability 

Protected for short to common 

2-ohms maximum at 
distribution panel connector 
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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 

Humidity Range 8 % to 80% non-condensing 

Altitude 2187 m (7000 ft) maximum 

Non-Operating· Environment 

Temperature Range 

Humidity Range 5% to 100% non-condensing 

August 15, 1984 
© Copyright IBM Corporation 1984 Data Acquisition Adapter 113 



Data Acquisition Adapter 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 

Output Channels 

Output Ranges 

Output Load Current 

Output Load Capacitance 
for Stability 

Digital Coding 

Integral Linearity Error 

Impedance 

Protection 

12 bits 

2 

Switch-selectable ranges: 
oto + 10 volts (unipolar), 
-5 to +5 volts (bipolar), and 
-10 to +10 volts (bipolar). 

±5 milliamperes minimum 

0.5 microfarads maximum 

Unipolar: binary. 
Bipolar: offset binary. 

± 1 least significant bit (LSB) 
maximum 

2-ohms maximum at the 
distribution panel connector 

Protected for short to common 
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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 

±I/2 LSB maximum; 
guaranteed monotonic 

±0.1 % maximum between 
ranges. Any range adjustable 
to zero. 

± 35 ppm;o C of full scale 
range (FSR) maximum 

±3.25 millivolts maximum 

±8ppm;oC of FSR 
maximum 

Adjustable to zero 

±24 ppm/DC 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 

± 1 % of FSR maximum 

10 microseconds maximum to 
within ± 0.1°;':) FSR 
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Analog Input Device 

The analog input device has the following characteristics: 

Resolution 

Input Channels 

Input Ranges 

Input Resistance 

Input Capacitance 

Input Leakage Current 

Input Current 

Digital Coding 

Safe Input Voltage 

Power Supply Rejection 

Integral Linearity Error 

12 bits 

4 differential 

Switch-selectable ranges: 
oto +10 volts (unipolar), 
-5 to +5 volts (bipolar), and 
-10 to + 10 volts (bipolar). 

100 megohms minimum 

200 picofarads maximum; measured 
at the distribution panel connector 

±300 nanoamperes maximum 

±4 milliamperes at maximum input 
voltage ~ 

Unipolar: binary. 

Bipolar: offset binary. 


±30 volts maximum (power On or 

Of0 

± 1/2 LSB maximum change full 
scale calibration 

± 1 LSB maximum 
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Differential Linearity Error 

Differential Linearity Stability 

~ 

Gain Error 

Gain Stability 

Common-Mode Input Range 

Common-Mode Rejection 

~ 

Unipolar Offset Error 

Unipolar Offset Stability 

Bipolar Offset Error 

Bipolar Offset Stability 

± 1/2 LSB maximum 

± 5 ppm;o C maximum; 
guaranteed monotonic 

±O.l % maximum between 
ranges. Any range adjustable 
to zero. 

±32 ppm;oC of FSR 
maximum 

± 11 volts maximum 

72 dB minimum ratio (signal 
within common-mode range) 

Adjustable to zero 

±24 ppm/oC of FSR 
maximum 

Adjustable to zero 

± 24 ppm;o C of FSR 
maximum 
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Settling Time For channel acquisition: 20 

Conversion Time 

Throughput to Memory 

'AID convert enable' 

Input Impedance 

'AID convert out' 

Fanout 

microseconds maximum to ±0.1 % 
of the input value 

35 microseconds maximum 

15,000 conversions per second, 
minimum 

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

10 LS TTL loads or 2 standard 
TTL loads 
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Binary Device 

The binary device has the following characteristics: 

Binary Input (BIO through BIl5) 

Input Impedance 

Throughput to memory 

BI HOLD 


Input Impedance 


'BI Strobe' 


Input Impedance 


BICTS 


Fanout 


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

25,000 operations per second, 
minimum 

Two LS TTL loads plus one 
10-kilohm pull-up resistor 

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

10 LS TTL loads or 2 standard 
TTL loads 
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Binary Output (BOO through BOI5) 

Fanout 

Throughput from Memory 

'BO Gate' 


Input Impedance 


BoeTS 

Input Impedance 

'DO Strobe' 

Fanout 

28 LS TTL loads or 7 standard 
TTL 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 
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32-Bit Timer Device 

The 32-bit timer device has the following characteristics: 

Counter 0 

CLK 0 Frequency 1.023 MHz 

'Rate Out' 


Fanout 10 LS TTL loads or 2 standard TTL loads 


Counter 1 


'Delay Out' 


Fanout 10 LS TTL loads or 2 standard TTL loads 
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16-Bit Timer/Counter Device 

The 16-bit timer/counter device has the following characteristics: 

'Count In' 

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

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


'Count Out' 


Fanout 10 LS TTL loads or 2 standard TTL loads 
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--------------------------------------------------

Logic Diagrams 


SHT 7 
A9 

A8 

A7 

A6 

J3 
I/O 
SLOT 

A31 

A30 

A29 

A28 

SHT 3 

SHT 4 

i 
A5 A27 

A4 A26 

A3 A25 

SHT 7 
A2 A24 

A23 

SHT 16 

1 
SHT16 

IRQ3 

IRQ 4 

IRQ 5 

IRQ 6 

IRQ 7 f­

825 

824 

823 

822 

821 

A19 

A18 

A17 

SHT 4 

SHT 3 

SHT 3 

SHT 3 

SHT 5 

AEN SHT 4 

813 

814 

lOW 

lOR 

SHT 3 

SHT 3 

NOTES: 

1. Resistors are 5%, 1/4W carbon 
film unless otherwise noted 

2. Symbols used: 

I I Connector 
signals 

c==) Other 
signals 

1/0 Slot J3 Sheet 1 

August 15,1984 
© Copyright IBM Corporation 1984 Data Acquisition Adapter 123 



NOTE, R3, R5, R6 ARE NOT INSTALLED. 

SHT 1 J3-63 RESERVED SHT18At=r---\~,J.,.--
"Q"S"! 

SHT 1 J3-629:: : 

SHT 1 +121 J3-B9 ~n_"~'~"' __ 

L1 J19 


"0"12 

Jl-10 

R5 

LjSHT 1 - 12 1 J3-87 ~.-.·.•V.,.- J1-13 


"O"U 

J1-14 RESERVED SHT18A 

+5 
r-----,15 RB 

f.."'-AJVV......,..--Q +15 SHT 13A, 136Ul 
SHT 1 +5l===~ POWER 3.3n~ 

GEN 

40B 
13 R9 

f.."'-AJVV...----o-15 SHT13A.13B 

DC to DC 

Converter 
 SHT 17 

SHT 18A 

SHT l8A 

SHT lBA 
SHT 1 GND 

'--_---.J 
SHT lBA 

SHT 17 

,,---DGND 

SHT 17 

SHT 17 

A GND SHT 13A, 136. 14, 15. 17 

Power Supplies and Grounds Sheet 2 
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SHT 1 lOR SHT 5 

74lS244 

SHT 1 lOW SHT 5 

SHT 3 BlOW 

SHT lBA 

SHT 5,7,9,12, lBA 

74lS244 

SHT 1 AO SHT 4. 5'----------' L£.1 9 '----./ 

74lS240 


SHT 1 RESET DRV 


SHT 1 A12 

SHT 1 A13 

' '.LS2.; ~ 
U1B ~ WD 3 SHT lBB 

19 
~ 

SHT 1 A14 WD2 SHT 9,12, lBB 

System Bus Control and Address Lines Sheet 3 
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+5V O 
16 ~ A9 ) SHT 1 

13 

11 
t---- P 

4 
t---­

~ 
8 

SHT 3( BlOW 

~ 14 
SHT 1 ~----+-+-+-H-+-+---'-'-I 

SHT1( Al0 

ADSWl 

ADSW2 

INSWl 

INSW3 

INSW5 

INSW7 

INSW~ 

19 

~-=lo~I~:~-+-+-r-r~--~: 

~c~1+2~o~+-~~____~4 
~"~rll~8+-~________~5 
~:116 6 IN 

~:~_+il~4-r~__________~7 
~9 1- /~-1~12~____________~8 

L.::S~ 
10 

SHTl (~~A~4_~____________1"l8 

SHTl (C=~A~2==~___________~1~7 

SHTl (~~A~l_~____________~l 

12
SHT 3 ( BAD 

11 
SHT 3 (BUFFRES 

U50 
74LS688 

Address 
Preselection 

U22 
PAL 1 
16H2 

Address 

Decode 


14 

1L..:l~2__--(~=~=:J)A8or A7 ) 

A6 ; 

A5 

15 
INTCLR) SHT 16 

OUT 

16 
CARDSEL) SHT 5 

Address Decode Sheet 4 
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J2·30 SHT 188DVl 
J2.29 SHT 188r~====================~D~V~O~~~~ 

~_____~~ SHT18B 

SHT 5 
J2-27 SHT 18ar----------2D~V~3~~~~J 

23 A 1 = SHT7( BOO _)--2 ~~~--~~~g SHT 18A 
17 16 22 B 2 ASlD 0 U39SHT 7 BDl 

U40 74154 
21 C 3 AS274LS374SHT 7 

12Device 20 D 4 AS3 
SHT 7 

Number 
19 S AS4 

SHT 7 Regl$ter 


15 6 ASS" 

SHT 7 

7 AS6
SHT 7 


Device 


Select 8 AS7 
SHT 7 SHT 18A 

Strobe 
9 ASS

Decoder SHT 9, 18A 

10 AS9 
SHT 12, 18A 

11 AS10 

13 ASIT 

14 AS!f2 

15Ari3 
SHT 18B 

16 AS14 'rGi 
SHT 188 

17 AS15
G2 SHT 18A 

SHT 18B 

SHT 5 

Device Selection Sheet 6 

August 15, 1984 
128 Data Acquisition Adapter © Copyright IBM Corporation 1984 



@
> 



(1

t:
cO

O
 

'O
t:

 
'<

 
[/

J
..., 

.....
 

~
~
 

-
V

I
 

53
" 

3
:;

­
1.

0 
(1

0
0

 
:
:
;
~
 

'0 ::; ;:; c· ;:
l 

-.D
 

CI
C ..,. 0 El
l .. 
 El
l 

r'
)>
 

.Q 5.
 

f!J
. - o· =
 

>
 -=­ Ell ~ -~
 ... 

) 
) 

) 



S
H

T
 5

 
~
~
-
-
-
-
-
-
-
-
-
-
­

S
H

T
 5

 
~
~
-
-
-
-
-
-
-
-
-
-
-
­

S
H

T
 1

 

S
H

T
 1

 

S
H

T
 5

 

S
H

T
 3

 

I 
>80

0)
S

H
T

 S
 

~
 

--
c!

§
D

S
H

T
 5

 

~
 

'
l
-
~
 

\-
-
~
)
 

,
-
-
(
 

B
D

G
 

) 

\_
--

C
iD

Q
 S

H
T

 1
0

 1
1

.1
3

8
 1

4
.1

5
 

S
H

T
 l

O
,l

l,
1

3
B

,1
4

.H
:'

 

SH
T1

°1"
B 

S
H

T
 1

0
.1

1
,1

3
8

 

S
H

T
 6

.8
1

6
 

S
H

T
 6

8
.1

6
 

D
a

ta
 B

u
s 

C
o

n
v
e

rs
io

n
 

S
h

e
e

t 
7

N
 

Ie
 



III
 -
~ ~ 

~
7

4
L

S
2

4
4

 

8 
~
2
 

~
-
-
-
,

_
--

--
<

U
S

l 
-
-
-
-
-
-
-
-
-
-
-
-
-

L 
__

 Jl
.'

__ 
-.

JB
U

fF
O

o
 

S
H

T
1

8
A

 

o 
l
/
 

1.
19

 

.-
--

JA
A

T
E

lit 
-
-
~
~
_
.
 

O
U

T
 

S
H

T
ll

 

>­ r'
) 

'5
 

-= 5.
 

~
. .... 

21
 

G
A

T
f:

: 
0 

G
A

H
 

1 

>­
·5

 

g. 
[,oJ

" 
,. ~ 

E
N

P 
E

N
T

 
G

A
T

!:
 2

 
B

O
O

 
1 

S
il

l 
7 

U
4

6
~
 

C
L

R
 

O
U

T
 0

 
7

4
lS

7
4

 

-=.... 
U

49
 

e
lK

 1
 

~
 

o 
7

4
L

S
1

6
3

 
r.' 

• 5
V

 9
... 

S
H

T
 1

 
1

4
M

H
Z

 
0

0
 

e
lK

 0
 

O
SC

 
LD

 
9 

U
26

 
8

2
5

3
-5

 
12

 
e
lK

 2
 

T
IM

E
R

 
C

O
U

N
T

E
R

 

O
U

T
 2

 
S

H
T

 7
 

S
H

T
 1

7
 

C
O

U
N

T
@

 
J4

-5
9

 

('

l 
A

O
 

S
H

T
 3

 


o 
131

 
S

H
T

 3
 

O
U

T
 1

'< '" ""
1 

SH
T

 :
,

~
.
 

go
 

W
R 

S
H

T
 5

 

-
=
~
2
~

__ 
--

(C
O

U
N

T
1

0
U

T
) 

S
H

T
1

6
0:;

>
3:

:s:
: 

1 
2 

D
E

L
A

Y
 

('l
O

C
I 

U
2

7
 

J4
·5

2
 

O
U

T
 

S
H

T
 1

7
 

o
S

::
 

7
4

L
S

Q
4

 

""

1 



S
H

T
 1

6
 


'" 
.....

 
C

Il 

Q
­

~
V
l
 

C
O

U
N

T
 


o
·
~
 



O

U
T

 
S

H
T

 1
7

 

=
­

-
\
0

-D
oo

 
T

im
e

r/
C

o
u

n
te

r 
D

e
v
ic

e
 

S
h

e
e

t 
8 

~
~
 

) 
) 

) 





SHT 3 ( WOO )----2- A Y6 9 RO BI VALUE) SHT 10 

Y2 13SHT 3 ( W01 }----.!- B (WR BOVAlUE) SHT 11 

U24SHT 3 fUF F REAi}------2- C 
74lS138 

15 WR BIN CONT 
SHT 6 ( AS8 ~ G2A YO r,

+5~ G1 19 

ClK ClR 
~O BIN STATUS

SHT 3 ( W02 G2B Y4~ 
~O QH J4~54 I BO STROBE SHT 17 

U25 
74lS175 

~D oH J4~56 I BI CTS SHT17 

+5 II 
RN10 10K ~ 

G1 

SHT17 ~ 


10 4 5 
BI STROBEr J4~53 lOO SHT 7 

+5 U11 
74lS367 

RN9 10K 

10 6 7 
SHT 1 7 BO CTSr J4~55 lD2 SHT7 

Binary 1/0 Device Control Decode Sheet 9 

August 15, 1984 
© Copyright IBM Corporation 1984 Data Acquisition Adapter 131 



+5V l 

RN10 10K 

? 

SHT 17 BIO I J4·35 

I J4·37Bll 

I J4·39BI2 

I J4·41BI3 

I J4·43BI4 

I J4·45 

I J4-47 

BI5 

BI6 

I J4·49SHT 17 BI7 

LDI J4·33SHT 17 BI HO 

9 8 

RN7 
10K 

6 7 

+5 

10 

5 4 2 33 

18 

4 

17 

7 

14 

8 

13 

D 

U38 
74LS373 

Q 

Binary 
Input 
Register 

GK 

11 1 

2 

19 

5 

16 

6 

15 

9 

12 

LOO 

LDI 

LD2 

LD3 

LD4 

LD5 

LD6 

L07 

) 

) 

) 

) 
) 

SHT 7 

SHT7 

SHT9 (RD BI VALUE 

+5 ~1 

SHT 17 

·SHT17 

IBI8 

I 
I 

BI9 

Bll0 

, I Bill 

!IBI12 

'I 
I 

BI13 

BI14 

BI15 I 

J4·17 

J4·19 

J4·21 

J4·23 

J4·25 

J4·27 

J4·29 

J4·31 

RN7 
10K 

9 8 6 7 5 4 

c 

3 32 

18 

4 

17 

7 

14 

8 

13 

D 

1 I 1 

K G 

U36 
74LS373 

Q 

Binary 

Input 

Register 

2 

19 

5 

16 

6 

15 

9 

12 

)HDO SHT 7 

)HDI 

HD2 ) 

)H03 

H04 ) 

)H05 

)HD6 

)H07 SHT 7 

Binary Input Device Sheet 10 

August 15, 1984 
132 Data Acquisition Adapter © Copyright IBM Corporation 1984 



RN8 10K RN9 10K 
+5 +5

1 1 

SHT 7 LDO 
8 9 7 6 453 2 3 2 2 3 5 4 6 7 9 8 

J4-36 I BOO SHT 17 

LDl 

LD2 

18 

4 
U37 
74LS374 

19 

5 

J4-38 

J4·4Q 

I BOl 

I B02 

LD3 
17 16 

J4·42 I B03 

---------­~ 7 D 

Binary 

0 6 
J4·44 I BO' 

~ 
14 Output 

Register 
15 

J4-46 I B05 

L06 
8 9 

J4-48 I B06 

SHT 7 L07 
13 

K IT 
12 

J4-50 I 807 SHT17 

11 1 

SHT 9 \\'VR BO VALU 

74LSD4+:1 RN510K 
8BO 10 9 

SHT 17 GATE v J4-34 U27 .r-.I 
RN5 10K RN6 10K 

+5 '"' l-V +5
1 

11 1 

8 9 7 6 4 5 3 23 K G 2 2 3 5 4 6 7 9 8 
SHT 7 HOO J4-,a IB08 SHT17 

18 19 
HDl J4·20 I B09 

U35 
H02 74LS374 L_ J422 J BOlO 

17 16 

4 5 

H03 J4-24 I Ball 

D 0 
H04 

7 6 
J4-26 I B012 

Binary
1. 15 

H05 Output J4·28 I 8013 

Register 
H06 

8 9 
J4·30 I 8014 

13 12 
SHT 7 H07 J4·32 I 8015 SHT 17 

Binary Output Device Sheet 11 

August 15, 1984 
© Copyright IBM Corporation 1984 Data Acquisition Adapter 133 



VI 

~ N... 
+"." Q) 

T 

a 

c" 
" 

I i 

Q) 
.s: 

e... 
c 
o 
U 
Q) 
u 
.~ 

Cl 
o 
"­
Cl o 
'iii 
c: 
<t 

August 15, 1984 
134 Data Acquisition Adapter © Copyright IBM Corporation 1984 



) 
) 

) 
@

> 
n

S
::

 
oC

/C
l

"O
s::

'<
rn

 
~
.
 

f"
+

 

'§
.-

1
-;

;2
--

1
"'

V
I 

;
;
~
 

-
15

 0
 

I 
• 

• 
• 

• 
I 

I 
, 

, 
• 

I 

::
;­ \0

 
R

N
4

nO
O

Sl
.j::

>. 
'8 

-O
U

T
S

H
T

 1
7 

A
/D

O
­

5·
8 

V
IN

 
)S

H
T

1
3

8
 

A
/D

O
+

~ o· 
A

/D
l­

::I
 

A
D

7
5

0
2

K
A

/D
l+

 
0

0
 

4 
C

h
an

n
el

 
- -.c 

U
1

0
 

~
 

A
/D

2
-

A
n

a
lo

g
 

M
ul

tl
pl

e)
(e

r 

A
/D

2
+

 
T

L
0

6
4

I 
+

O
U

T
A

/D
J
­

,. 
S

H
T

 1
7 

A
/D

3
+

 

o 
A

D
 

A
1 

&
 

T
1

6
T

'1 
I 

8 
R

1
6

 
8

2
0

K
 

-1
5

 0
 

•
•
•
•
 
I'"

 
I 

~ .::
l 

S
H
T
'
2
~
 

e. 



M
O

D
E

 R
E

J.
 


S
H

T
 1

2 
(A

ID
 C

H
A

N
 S

E
l}

)
ftl

• .... S·
 

S
H

T
 1

3
8

 {
 

A
ID

 B
U

S
Y

 

=
 

> ! .... ~ 
A

n
a

lo
g

 I
n

p
u

t 
D

e
vi

ce
 C

h
a

n
n

e
l 

M
u

lt
ip

le
x
e

r
.., 

a
n

d
 S

a
m

p
le

 a
n

d
 H

o
ld

 
S

h
e

e
t 

1
3

A
 

-~ ti
l 



,-------------------------------{AiOBUSY SHT 13A 

SHT '~A VIN alP IN 

S3 
3 13 

1 X SPAN 

1 
~2 14 REF IN ~JI)""----<Hf_----1 

2 X SPAN 

REF OUT f"----~o-J 

U1 

AD574AK RN3 20K 

16 
SHT 7 

12 Bit 

ADC 11 U16 
74LS244 

18 
28 

~------=-:, BUSY 19 12_~ 

AI20 11 
Data 

21 15 

22 13 

23 11 
SHT 7 

SHT 13AGEAO/CONV }--------'-I READ/CONV 
24 11 

SHT 7 

"'_---'-1 VI OGle 
25 15 U15 

74LS244 

26 13 

~~__--,-1"-15 DC 21 11 

Vee AC AI 12 

11 Data 

C25 C24 
Register 14 

16 

18 
SHT 7 

1G 2G 

19 

SHl12 HD A 0 VALUE 

Analog Input Device 
ADC AI Data Register Sheet 138 

August 15, 1984 
136 Data Acquisition Adapter © Copyright IBM Corporation 19R4 



) 
) 

) 
@

> 
('
)~

oO
C

l 
'
O
~

'<
<Z

>
::1.

 f"
'+

 

~
.....

. 
-
V

l 
Ci

l~
 

,5
0

 
0 

•
•
•
 

13
s:

:­ 1.
0 

('
)0

0
 

~
 

g.
+:

-
U

1
4

U
6

 

'8 
7

4
L

S
7

4
 

7
4

L
S

l3
8

 
1

5
 

D
/A

 0
 W

R
 S

T
R

O
B

E
Q

 
15

 
'1 A

 
V

O
~ o· ::>

 
G

l 
V

I 



co
 

1 
14

 
R

N
' 

1 
2 

A
N

' 
13

 
'5

V
 


~
 

G
'B

 

R

1
8

 
2

0
K

" 



1
K

 


-
5

1
-'

'>D
 

F
­

R
IO

 

8
2

0
K

 
3 

R
N

1
1

2
 

N
'v

-
J4

-2
 

D
/A

O
 O

U
T

 
S

H
T

 1
7

 
2

0
K

· 
R

7
 

o 
R

N
I 

el
1

 

&
 

2
0

K
" 

47
11

 

""
'11

 

>
 

4
7

p
f 

A
0

6
4

4
K

 
I 

5 
R

N
1 

'0
~
 

--
-'

V
V

'-
­

2
0

K
"

'50
 

~O
 

~ 
.... gO ! tt .. 

A
n

a
lo

g
 O

u
tp

u
t 

D
e

vi
ce

 
D

A
C

 
fo

r 
C

h
a

n
n

e
l 

0 
S

h
e

e
t 
1

4
.... (.

,.j
 

-.
.l 



.. 
 ~ CI
C t:l
 ! 

S
H

T
 1

3
8

 ~
N
T
 +

10
 R

E
F,

) 

~ .c 5.
 

A
21

1
5

 

f!l
. 

14
 

19
.... 

V
R

E
F

 
D

IA
l 

O
U

T
 

S
H

T
 1

7
 

g. 
1

3
 

U
5

 
A

D
7

5
4

5
K

 

t 
1

2
 

11
 

"0
 

~
.... 

R
FB

 k
~ 

22
0,

\2
1

2
 B

it
 

B
u

ff
er

ed
 

D
A

C
 

D
U

ll
 

@
 

S
H

T
 7

 

n 
V
D
O
~
+
5

.g '<
 

D
G

N
D

:J
. 

I 
CS

 1
16

S
H

T
 7

~
 

2 
A

G
N

D
63

>
a::

:c:
: 

W
R

 

17
 


D
IA

l 
W

R
S

T
R

O
B

E



n(J
Q

o
C

::
 

...
. 

fI
l

'0
 

...
.. 

S
H

T
 1

4 
o 

A
n

a
lo

g
 O

u
tp

u
t 

D
e

v
ic

e
 

~.
~ 

D
 A

 C
 
fo

r 
C

h
a

n
n

e
l 

1 
S

h
e

e
t 

1
5

 
o
~
 

::
s
_

 
-
\
0

 
~
o
o
 

...
 ~
 

) 
) 

) 





) 
) 

) 



©
> 

n 
C

 
0 

0
0

 
S

H
T

 1
2

'O
c 

..., 
.....

 
S

H
T

 7
 

'<
 
'"

 

~
~
 

~
V
l
 

o
;
~
 

3
:­ \0

 
n

o
o

Sl
.j:

:.
'0

 
' 

Sl ~
 o· :J
 

S
H

T
 7

 

S
H

T
 5

 

'Y
O

 

S

H
T

 3



..-D
 

S
H

T
 7

 

o SI:
l .....
 

SI:
l 

('
)>
 

.c S.
 

S
H

T
 7

 

~.
 

S
H

T
 5

 
.....

 o· 
S

H
T

8
=

 
>

 
S

H
T

 8
 

~
 

S
H

T
 4

 
"C .....

 
$

H
T

1
8

A
 

IR
Q

.,III 
S

H
T

 1
7

 
lA

O
 

-

~
.
 

(C
O

U
N

T
 2

 O
U

T
) 

~
~
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

~
=
:

. 
~
f
-
-
-
-
-
-
-
-
-
-
-
-
-
-
4
-
-
-
-
-

II
 

==
..J 




IN
S

W
 

55
 

IR
Q

,
-
,
 

~--
r--

-o~
IR

Q
J
 

S
H

T
 1

 

4
-
o
~
~
I
R
Q
4
 

, 

6
1
~
I
R
0
5
1
 

~
I
R
0
6
 

~
~
I
R
0
7
S
H
T
l
 

'-
-
-
-
-
"
 

~
 

In
te

rr
u

p
t 

S
ta

tu
s
 a

n
d

 C
o

n
tr

o
l 

S
h

e
e

t 
1

6
 

Ie
 



OUTPUTS 	 INPUTS 

6SHT14 DIAO 	 AID 0+ SHT13AI 2 	
I 

J41 	
I5SHT 15 I OIA 1 	 AIOO 

3 8 I 
SHT 12 I AID CO AID 1 

SHT 13B I +10V REF 	 AID 1+ 

16 7 I 
SHT 2 I A GND AID 2+4 	 10 

9 IG A/D2 

SHT 11 I BOO AID 3+36 12 I 
36 11I BO 1 	 A/D3 SHT 13AI 
40 14I BO 2 A/DCE I SHT 12 

I BO 3 BIO SHT1042 35 l 
44 37r B04 	 BI1 I 
46 39r BO 5 	 BI2 I 
48 41I BO 6 	 BI3 I 
50 43I BO 7 	 BI4 I 
18 45I B08 	 BI5 I 
20 47I B09 	 BI6 I 
22 49r eo 10 	 817 I 
24 17I BO 11 BI8 I 
26 19I BO 12 BI9 I 
28 21r BO 13 	 BI10 I 
30 23r BO 14 	 BI11 I 
32 	 25 

27 

SHT 11 r BO 15 	 BI12 I 
SHT9 	 BI13I BO STROBE l-----2i-	 I 

56 29SHT9 I BI CTS 	 BI14 I 
31 IBI15 SHT 10 

15 34SHT2 I DGND 	 BO GATE I SHT 11 

~ 33 BI HOLD SHT10I 
55 BOCTS I SHT9 

53SHT8 I RATEOUT ~ 	 BI STROBE I SHT 9 

52 59
SHT8 I DELAY OUT COUNT IN ' SHT 8 


SHT 8 I COUNT OUT f-----2!- IRO SHT 16 
57 I 

Distribution Panel Connector J4 Sheet 17 

August 15, 1984 
140 Data Acquisition Adapter © Copyright IBM Corporation 1984 



SHT 8 

SHT6 

r 
r 

BUFF 00 

WRITEREADGATE 

1 

3 

JI 

8 I IRQ I SHT 16 

SHT 3 I BUFFREAD 
4 

SHT 3 I BUFFREAD 
6 

SHT 3 L BUFF RES 
5 

SHT 2 r RESERVED 
2 

H 18 

SHT 2: [ RESERVED 
9 

~ 
SHT 2 [ RESERVED 

13 

~ 
SHT 2 I o GND 

11 

B15 
16 

SHT 6 I ASO 
26 

25 
\ AS1 

I AS2 
24 

\ AS3 
23 

AN 
22 

I ASS 

AS6 : :: I 

\ AS7 
19 

I ASS 
34 

33 

1 AS9 

[ ASlO 
32 

\ AS11 
31 

[ ASIT 
30 

I AS13 
29 

[ AS14 
28 

SHT 6 I AS15 
27 

Expansion Bus Connector J1 Sheet 18A 

August 15, 1984 
© Copyright IBM Corporation 1984 Data Acquisition Adapter 141 



34 18I I I JSHT 3 WDO LDO SHT7 

33 J2 17 
SHT 3 WD1 LD1I I J I 

32 16 
SHT 3 WD2 LD2I I I I 

31 15 
DGND WD3 LD3I I I I 

I I 1 14 J ISHT 3 WD3 LD4 

30 13 
SHT 6 DVO LD5I I I I 

29 12 
DV1 LD6I I I I 

28 11 
DV2 LD7I I J I 

27 26 
DV3 HDOI I J I 

10 25I I J JDV4 HD1 

I 
9 24 

IDV5 HD2 

I 8 23 
JDV6 HD3 

I 7 22 ISHT 6 DV7 HD4 

I 6 21 ID GND HA4 HD5 

I I 5 20 J IDGND HA5 HDG 

D GND HAG I 4 19 J HD7 SHT 7 I I 
DGND HA7I I 3 

2 
SHT 2 I D GND 

Expansion Bus Connector J2 Sheet 18B 

August 15.1984 
t 42 Data Acquisition Adapter © Copyright IBM Corporation 1984 



Index 


A 

AID busy and interrupt states 27 
AID convert enable 28 
AID convert out 28 
AID interrupt signal 28 
adapter number 108 
adapter's 16-bit data bus read timing 20 
adapter's 16-bit data bus write timing 18 
address and control circuitry 4 

address decode 4 
control decode 10 
device selection 13 
system bus address and control signals 8 

address decode 4 
address decode signals 5 
address decoding 69 

AI control register 25, 72 
AI control signals 25 
AI data register 25, 73 
AI device access strategy 74 

interruption 75 
polling 74 

AI status register 25, 73 
analog I/O device 21 

AID busy and interrupt states 27 
AID convert enable 28 
AID convert out 28 
AID interrupt signal 28 
analog input device registers 25 
analog input subsystem 21 
analog output subsystem 34 
analog-to-digital conversion timing diagram 26 
channel selection 27 
reading an analog-to-digital value 27 

August 15, 1984 
© Copyright IBM Corporation 1984 Index-l 



sample and hold 27 
starting an analog-to-digital conversion 27 

analog input device 23 
analog input device control 25 
analog input device registers 25, 71 

AI control register 25, 72 
AI data register 25, 73 
AI status register 25, 73 

analog input potentiometers 29 
bipolar offset 30 
common mode rejection 33 
gain 32 
unipolar offset 33 

analog input range 106 
analog input subsystem 21 

analog input device control 25 
analog input device registers 25, 71 
potentiometers 29 

analog output device 34 
analog output device control 36 
analog output device registers 36, 76 

AO control register 36, 76 
AO data register 36, 76 

analog output potentiometers 37 
bipolar offset 38 
gain 39 

analog output range 102 
switch block S 1 102 
switch block S2 104 

analog output subsystem 34 
analog output device control 36 
analog output device registers 36, 76 
potentiometers 37 

analog-to-digital conversion timing 26 
AO control register 36, 76 
AO data register 36, 76 
AO device access strategy 77 

August 15, 1984 
Index-2 © Copyright IBM Corporation 1984 



B 

binary control register 43, 79 
binary decode operations 42 
binary I/O device 40, 78 

binary I/O device control 42 
binary I/O device registers 43, 78 
binary input subsystem 44 
binary output subsystem 45 

binary I/O device control 42 
binary I/O device registers 43, 78 

binary control register 43, 79 
binary input register 43, 80 
binary output register 43, 80 
binary status register 43, 79 

binary input access strategies 81 
binary input handshaking 44, 81 
binary input hold 44 
binary input port 44 
binary input register 43, 80 
binary input subsystem 44 

binary input handshaking 44 
binary input hold 44 
binary input port 44 

binary out gate 45 
binary output access strategies 82 
binary output handshaking 45, 82 
binary output port 45 
binary output register 43, 80 
binary output subsystem 45 

binary out gate 45 
binary output handshaking 45 
binary output port 45 

binary status register 43, 79 
block diagrams 

address decode 4 
analog input subsystem 22 
analog output subsystem 34 
binary I/O device 40 
control decode 10 
Data Acquisition adapter 3 
data bus conversion circuitry 15 

August 15, 1984 
© Copyright IBM Corporation 1984 Index-3 



c 

device selection 13 
distribution panel connector 60 
expansion bus 64 
interrupt circuitry 54 
system bus address and control signals 7 
timer/counter 46 

channel selection 27 
components 

address decode 4 
address decode and control circuitry 4 
analog I/O device 21 
analog input subsystem 21 
analog output subsystem 34 
binary I/O device 40 
binary input subsystem 44 
binary output subsystem 45 
control decode 10 
data bus buffer 16 
data bus conversion circuitry 15 
device selection 13 
expansion bus 64 
interrupt circuitry 54 
timer/counter device 46 
timer/counter system interface 47 
16 bit timer/counter 49 
32 bit timer 48 

control decode 10 
control strobes 11 
counter loading 85 
counter mode 0 50 
counter mode 1 51 
counter mode 2 51 
counter mode 3 52 
counter mode 4 53 
counter mode 5 53 
counter modes 50,51,52,53 

August 15, 1984 
Index-4 © Copyright IBM Corporation 1984 



D 


data bus buffer 16 
~ read timing diagram 20 

reading data 19 
write timing diagram 18 
writing data 17 

data bus conversion circuitry 15 
device characteristics 114 
device number register 90 
device registers 71 

analog input device 71 
analog output device 76 
binary I/O device 78 

device selection 13, 90 
dimensions (adapter) 111 
distribution panel connector 60, 93, 94 
distribution panel connector signals 61 

E 

expansion bus 64 
connector 11 96 
connector 12 98 
read timing diagram 68 
signals 66 
write timing diagram 68 

expansion bus read timing 68 
expansion bus signals 66 
expansion bus write timing 68 

G 


global interrupt reset 59 

August 15, 1984 
© Copyright IBM Corporation 1984 Index-5 



H 


handshaking 44,45,81,82 
binary input 44, 81 
binary output 45, 82 

I 

interface information 
distribution panel connector 14 93 
expansion bus connectors 96 

11 96 
12 98 

interrupt circuitry 54 
interrupt control register 56, 91 
interrupt reactivation 58 
interrupt request pulse 58 
interrupt status register 57, 92 

interrupt control register 56, 91 
interrupt level 109 
interrupt reactivation 58 

global interrupt reset 59 
local interrupt reset 59 

interrupt registers 56, 91, 92 
interrupt request pulse 58 
interrupt status register 57, 92 
interruption method 75 

L 

local interrupt reset 59 
logic diagrams 

address decode 126 
analog I/O device control 134 

August 15, 1984 
Index-6 © Copyright IBM Corporation 1984 



analog input device 135, 136 
ADC 136 
AI data register 136 
channel multiplexer 135 
sample and hold 135 

analog output device 137, 138 
DAC for channel 0 137 
DAC for channel 1 138 

binary I/O device control decode 131 
binary input device 132 
binary output device 133 
control decode 127 
data bus conversion 129 
device selection 128 
distribution panel connector 140 
expansion interface connectors 141, 142 

connector J 1 141 
connector 12 142 

I/O slot J3 123 
interrupt status and control circuitry 139 
power supplies and grounds 124 
system bus control and address lines 125 
timer/counter device 130 

p 


polling method 74 
power requirements 112 
programming considerations 

address decoding 69 
AI device access strategy 74 
analog input device registers 71 
analog output device 76 
analog output device registers 76 
AO device access strategy 77 
binary I/O device registers 78 
binary input access strategies 81 
binary input/output device 78 
binary output access strategies 82 
counter loading 85 

August 15, 1984 
© Copyright IBM Corporation 1984 Index-7 



device number 90 
device number register 90 
device registers 71 
interrupt registers 91 
registers 70 
timer/counter device 83 
timer/counter read operations 88 
timer / counter registers 83 
timer/counter write operations 86 

R 


reading an analog-to-digital value 27 
registers 70 

AI control 25, 72 
AI data 25, 73 
AI status 25, 73 
analog input device 71 
analog output device 36 
AO control 36, 76 
AO data 36, 76 
binary control 43, 79 
binary II0 device 78 
binary input 43, 80 
binary output 43, 80 
binary status 43, 79 
device number 90 
device registers 71 
interrupt control 56,91 
interrupt status 57, 92 
timer/counter device 83 

s 


sample and hold 27 
specifications 

August 15,1984
Index-8 © Copyright IBM Corporation 1984 



Data Acquisition Adapter 111 
dimensions 111 
environment 113 
power requirements 112 
system reference voltage 112 

device characteristics 114 
analog input device 116 
analog output device 114 
binary device 119 
16-bit timer/counter device 122 
32-bit timer device 121 

starting an analog-to-digital conversion 27 
switch blocks 

Sl 102, 103 
S2 104,105 
S3 106,107 
S4 108 
S5 109,110 

switch settings 
adapter number 108 
analog input range 106 
analog output range channel 0 102 
analog output range channel 1 104 
general description 101 
interrupt level 109 
switch blocks 102 

Sl 102, 103 

S2 104, 105 

S3 106,107 

S4 108 

S5 109, 110 


system bus address signals 8 
system bus control signals 8 
system reference voltage 112 

T 


timer / counter control register 83 
timer / counter control word information 84 
timer / counter device 46, 83 

August 15, 1984 
© Copyright IBM Corporation 1984 Index-9 



counter loading 85 
counter modes 50, 51, 52, 53 
read operations 88 
registers 83 
system interface 47 
write operations 86 
16 bit timer/counter 49 
32 bit timer 48 

timer / counter device registers 83 
timer/counter programming format 87 
timer/counter read operations 88 
timer/counter system interface 47 
timer/counter write operations 86 
timing diagrams 

analog-to-digital conversion 26 
counter mode 0 50 
counter mode 2 51 
counter mode 3 52 
counter mode 4 53 
expansion bus read/write 68 
read timing 20 
write timing 18 

Numerals 

16 bit timer/counter 49 
32 bit timer 48 

August 15, 1984 
Index-to © Copyright IBM Corporation 1984 


	1
	2
	3
	4

