
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































FEATURES 

SineTrac™ . ST· 703 
12-Bit, 4 Channel Isolated 

MULTIBUS D/A Board 
• 4 01 A Channels using 12-bit monolithic converters 

• 300 VRMS Isolation, channel-to-channel and channel· 
to-bus 

• Accurate to .05% of full-seal!! reading 

• Uses identical programming and register assignments 
to SBC-711/732/724 and ST -711/732/724 boards 

• Includes 4 externally excitation 4-20 mA current loop 
channels 

• Memory mapped, with 24-, 20-, or 16-bit user selectable 
base address 

• Compatible with both 8- and 16-bit CPU's (8- or 16-bit 
data transfer) 

• Complete hardware and software compatibility with 
MULTIBUS and SBC series microcomputers 

INTRODUCTION 

DATEL expands its line of MULTI BUS and SBC compatible 
analog output boards with the SineTrac ST-703. The ST-703 
provides 4 channels of isolated digital-to-analog (D/A) 
conversion with 12 bits of resolution. Overall voltage output 
accuracy is within ± .05% of full-scale range. To ensure the 
board's compatibility with popular process control and test 
instrumentation, four voltage ranges and a 4-20 mA current 
loop output are jumper selectable for each D/A channel. 

Like other SineTrac products, the ST-703 is fully hardware· 
and-software-compatible with its hostiSBC or MULTI BUS 
computer. All necessary address decoders, logic controls, 
and data receivers are built-in. The user installs the ST-703 
into an Intel·compatible card cage and wires the analog out· 
puts. The ST-703 is then configured as a memory-mapped 
peripheral which is addressed by the host computer as eight 
consecutive memory locations with a user selectable base 
address. This memory-mapped format allows unlimited D/A 
channel expansion by using multiple ST-703's, each with a 
different base address. 

The ST-703 is pin compatible with the ST-724, SBC-724, and 
ST-728 analog output boards. The ST-703 may be used with 
both 8- and 16-bit microprocessors. The BHENlline on the 
MULTIBUS sets the ST-703's address decoders and data 
latches for compatibility with 8- or 16-bit computers. The 
ST-703 also supports 24-bit MULTI BUS addreSSing capabil­
ity and is downward compatible with 16- or 20-bit systems. 

The most unique feature of the ST-703 is its 300 V channel­
to-channel and channel-to-bus isolation. Applications include 
situations where a low-level analog signal must be superim­
posed on a high voltage, such as testing of power supplies, 
isolation amplifiers, et cetera. The ST-703 is also useful in 
applications where actuator failure could cause computer 
errors or destruction from line voltages being applied to the 
MULTIBUS. Isolation is accomplished through a combination 
of optoisolators for digital signals, and transformer isolation 
for power distribution. An on board dc-to-dc converter provides 
four individually isolated supplies for the D/A converters. 

The systems manual shipped with each board provides instal­
lation instructions, theory of operation, and engineering 
drawings. 

GENERAL DESCRIPTION 

Data inputs to the ST-703 are from the host computer's bus. 
Input coding may be straight binary, offset binary, or 2's 
complement, and is selectable on the board. 

The MULTIBUS BHENlline is used to set the ST-703's 
address and data coding for compatibility with 8- or 16-bit 
CPU's. In the eight-bit mode, the 12 bits of data required for 
the D/A converters are acquired in two bytes. The lower byte 
contains the four lower data bits, and is loaded into a storage 
register for each D/A channel on the ST-703. The next data 
byte contains the eight higher bits. Upon conversion, the eight 
MSB's and the four stored LSB's are loaded simultaneously 
into the DAC. In the 16-bit mode, all 12 data bits are trans­
ferred in a single word to the DAC data register. The register 
outputs are optically isolated and transferred to the D/A 
converter. 

Each channel uses a DATEL model DAC-7541, a 12-bit mono­
lithic device which offers linearity of ± .02% of full·scale 
range. The converter output is monotonic, having a differen­
tial nonlinearity of ± .02% FSR maximum. Offset error on 
each channel is preadjusted to zero. Trim positions on the 
board permit recalibration of zero (or offset) and gain settings. 
Two-speed versions of the board provide settling times of 
5 !-,Sec. and 30 !-,Sec. respectively. Zero tempco is ± 2 ppm 
of FSR/degree Celsius and gain tempco is within ± 10 ppm 
of FSR/degree Celsius. 

The output of each isolated DAC is fed to its own I-to-V con­
version amplifier. A total of four voltage output ranges may 
be jumper selected by the user: 0 to + 5V, 0 to + 1 OV, ± 5V, 
and ± 10V. In addition, a V-to-I converter circuit is provided 
for each D/A output channel. A 4 to 20 mA output, usable 
with an output load from 0 to 500 Ohms, is also jumper 
selectable. 

The ST-703 contains a power-on reset circuit that allows each 
D/A output to be set to O.OOOV at power-on time regardless 
of the input coding and output range configuration. 
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5T-703 

The current output requires an external excitation source, a 
+ 18V to + 30V dc regulated supply capable of 25 rnA per 
D/A channel. Voltage and current ranges on the ST-703 are 
selected individually for each channel. This allows a mix of 
voltage or current outputs on a single board. 

The ST-703 is a memory-mapped peripheral occupying eight 
consecutive locations in the computer's address space. The 
board's base address is factory-set at OOFF10 Hex. However, 
a user may relocate the board address anywhere up to 
FFFFF8 on a-byte boundaries using DIP switches on the 
board. 

To make the ST-703 compatible with different speed CPU's 
and memory systems, a Transfer Acknowledge Delay (XACKI 
Delay) is provided, permitting eight selectable delays from 
o to 700 nSec. in 100 nSec. increments. 

The ST-703 is fully bus-, card cage-, and software-compat­
ible with the MULTIBUS and with Intel RMX software. The 
board is 12.0 inches wide x 6.75 inches deep x 0.54 inch 
high (305 x 172 x 14 mm). Multiple ST-703 boards may be 
mounted in adjacent card slots when used with a standard 
.60 inch spacing Intel card cage. 

The ST-703 draws all its power from the MULTIBUS + 5V and 
+ 12V lines. An on-board dc-to-dc converter provides four 
isolated ± 15V supplies to drive the analog output circuits. 

The ST-703 weighs approximately 12 ounces (0,341 kilo­
grams). It can operate over a temperature range of 0 to + 55 
degrees Celsius with relative humidity from 10 to 90% (non­
condensing), and from 0 to 15,000 feet (0 to 4,600 m) in 
altitude. 

MULTIBUS, iSBC, and RMX are trademarks of the Intel Corp. 

5T-703 
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FUNCTIONAL SPECIFICATIONS 
(typical at 25°C unless otherwise noted) - use generic. 

D/A ANALOG OUTPUT 
Number of Channels .. 4 D/A channels 

Channel Expansion ... Indefinite channel expansion 
using separate ST-703 boards at 
different base addresses; limited 
by available card slots and supply 
current 

Full-Scale Output 
Ranges' 

Digital Input Coding 

Output Impedance 

Output Current 
(Voltage Output) 

Current Loop 
Excitation Voltage 

Isolation Voltage 
(continuous) 

± 10V (standard) } 
± 5V Individually 
o to + 5V selectable 
o to + 10V per channel 
4t020mA 

Straight Binary } Selectable 
Offset Binary (standard) per 
2's Complement channel 

50 Milliohms 
Maximum ± 5 mA @ ± 10V short­
circuit-proof to ground. 

Maximum + 10V to + 30V, 
regulated, user supplied, 25 mA 
dc maximum channel. 

300V RMS channel-to-channel 
and channel-to-bus 

'NOTE: Outputs are short circuit protected. 

ADDRESSING 
Reserves a block of eight consecutive memory locations. 
Base address may be located on an eight byte boundary 
in the 24-bit CPU address space, provided the least signifi­
cant byte equals 0 or 8 H. 

PERFORMANCE 
Accuracy at +25°C 

Differential 
Nonlinearity 

±0.05% of FSR, ±1 LSB (in­
cludes noise and nonlinearity). 

±0.5 LSB, 0 to +55°C 

Zero Temperature Within ±5 ppm of FSR/oC 
Drift (Unipolar Output) 

Offset Temperature Within ±10.ppm of FSR/oC 
Drift (Bipolar Output) 

Gain Temperature 
Drift 

Within±20 ppm of FSRrC 

Settling Time 
ST-703B 
ST-703A 
Slew Rate 

PHYSICAL 

Outline Dimensions 

Weight 
Operating Tempera- -
ture Range 
Storage Tempera­
ture Range _ 
Relative Humidity 
Altitude 

ST-703 

6 /LSec. to 0_5 LSB of final value 
30 /LSec. to 0.5 LSB of final value 
8 V//LSec. 

12.00 inches wide x 6.75 inches deep 
x 0.54 inch high 
304,8 wide x 171,5 deep x 13,7 
high mm 
12 ounces (0.34 kilograms) 

-25 to +85°C 

10% to 90% non-condensing 
o to 15,000 feet (4,600 M) 

POWER CONSUMPTION +5V @ 1 A 

GENERAL 
Bus Compatibility 

CPU Compatibility 

+12V@450mA 

Pin-for-pin, card guide, and prog­
ram compatible with MULTIBUS 
(IEEE 796) and SBC series mic­
rocomputers. 
8- or 16-bit CPU compatible 

ORDERING GUIDE 

Model ST-703A Isolated 4 Channel 01 A board, 30 JLSec. 
settling time 

Model ST-703B' Isolated 4 Channel board, 5 JLSec. settling 
time 

'Note: ST-7038 should be selected for applications requiring 
low transient energy such as amplifier inputs. 

SETTLING TIME TYPICAL CURRENT LOOP CIRCUIT 

+10V 

DAC VOUTO 

-10V 

LDA;--U 
I I 
I I 
~Is------.... 

Is: settling time = 
optoisolator delay + slew 
time + settling to ±V2 LSB 
final voltage value 
Full-scale output 

ranges' 

ST-703 EXTERNAl. 
I I..OA.D R 
I 
I 
I 
I 
I I"TN 
I 

J' 
CONNECTOR 

" .. 2500 
OR 500n 

,% 
'II WA.TT 

CONN£CTDYM 
ACROSS EXTERNAl 
I..OA.D RESISTOR 

EXTERNAl 
LOOP 

EXCITATION 
118V <.. V+ ... 3OV1 

• FOR CAliBRATION 
ONLY 
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ST-703 
DATA FORMAT 

The ST-703 is a memory-mapped peripheral and appears to 
the CPU as a group of eight consecutive memory locations. 
Two locations are assigned to each D/A channel. The ST-703 
requires 12 bits of digital data from the CPU for a single D/A 
conversion. The following chart shows how 8- and 16-bit 
CPU's format this data. 

The ST-703 board automatically changes to a 16-bit format 
when the BHENliine on the MULTIBUS goes to zero volts (pin 
27 of the connector P1). Consequently, a high input on BHENI 
sets the ST-703 for the 8-bit format. 

D15 SINGLE WORD (16-BIT CPU) DO 

HIGH BYTE (8-BIT CPU) 
D7 DO 

DAC DAC DAC DAC DAC DAC DAC DAC 
BIT BIT BIT BIT BIT BIT BIT BIT 

1 2 3 4 5 6 7 8 
(MSB) 

X = Don't care 

REGISTERS 

Note that 8-bit CPU's must transfer the 12 data bits in two 
bytes. The low byte contains the four least-significant data 
bits which are stored in a register on the ST -703. The high 
byte contains the eight most-significant data bits. When the 
high byte is transferred, all 12 data bits are loaded into the 
DAC holding register and the D/A output is updated. Data 
transfer with a 16-bit CPU is done with a single word transfer; 
all 12 bits are simultaneously updated. Selection of 8- or 16-bit 
transfers is accomplished automatically, depending on the 
state of the MULTIBUS BHENliine. The following chart details 
the memory address assignments of the ST-703 board. Note 
that when the ST-703 is used with a 16-bit CPU, data trans­
fer must be to an even-numbered memory location. 

BASE ADDRESS SELECTION 

The ST-703 is a memory-mapped peripheral that occupies 
eight consecutive memory locations in the computer address 
space. The full 24-bit MULTIBUS addressing is supported, 
although the board may be used with CPU's that provide 16-
or 20-bit addresses. The base address is selected by a com­
bination of jumpers and DIP switches on the PC'board. The 
board is factory-configured for 16-bit addressing and with a 
base address of 00FF10 hexidecimal. 

24-,20-, 16-BIT ADDRESS SELECT 

Referring to the table below, remove or install the program­
ming jumpers for the correct number of address select bits 
used in the system where the ST-703 is to be installed. 

JUMPER 24 BIT 20 BIT 16 BIT 

E103-E104 IN OUT OUT 
E105-E106 IN OUT OUT 
E107-E108 IN OUT OUT 
E109-E110 IN OUT OUT 
E111-E112 IN IN OUT 
E 97-E 98 IN IN OUT 
E 99-E100 IN IN OUT 
E1 01-E1 02 IN IN OUT 

LOW BYTE (8-BIT CPU) 

D7 DO 

DAC DAC DAC DAC 
BIT BIT BIT BIT 
9 10 11 12 X X X X 

(LSB) 

ST-703 REGISTER ASSIGNMENTS 

MEMORY REGISTER MEMORY 
ADDRESS ASSIGNMENT ADDRESS 

(8-BITCPU) (16-BIT CPU) 

BASE + 0 DAC 0 LSB Byte BASE + 0 
BASE + 1 DAC 0 MSB Byte 

BASE + 2 DAC 1 LSB Byte BASE + 2 
BASE + 3 DAC 1 MSB Byte 

BASE + 4 DAC 2 LSB Byte BASE + 4 
BASE + 5 DAC 2 MSB Byte 

BASE + 6 DAC 3 LSB Byte BASE + 6 
BASE + 7 DAC 3 MSB Byte 

BASE ADDRESS SELECTION 

(1. Select a base address, in hexidecimal, and write it in Base 
Address, Hex. 

(2. Convert the hexidecimal code to binary by writing 1's and 
O's in the appropriate boxes (opposite Hex Bit Weighting). 

(3. Set the base address desired on DIP switches S1 and 
S2. A closed switch (ON) corresponds to a 1 on the corre­
sponding address line. An open (OFF) switch corresponds 
to a O. Unused high order address switches must be left 
in the open (OFF) pOSition. For example, if the CPU pro­
vides only 16 address lines, the address switches corre­
sponding to ADR10 through ADR17 must be OFF. 

1. To select a base address in hexidecimal use the following 
chart for changing configurations. 
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ST-703 

BASE ADDRESS SELECTION 

BASE 
ADDRESS 
HEXIDECIMAL 

/(OtoF)\ /(OtoF)\ /(OtoF)\ /(OtoF)\ /(OtoF)\ (00r8) 
HEXIDECIMAL 
BIT 
WEIGHTING 

~ __ ~ L __ --:s. L __ \ 1 __ \ L __ \ L\ 
8 4 2 1 8 4 2 1 8 4 2' -r- 7 4 2 -f' 8 4 2 . -t 8\ 

ADDRESS 
BIT NUMBER 17 16 15 14 13 12 11 10 FED C B A 9 8 7 6 5 4 3 

SWITCHI 
JUMPER 
POSITION 

113- 1 
114 

2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 

S2 

8 9 10 

S1 

TRANSFER ACKNOWLEDGE (XACK) DELAY SELECTOR 

The ST-703 generates a Transfer Acknowledge (XACK) sig­
nal in response to memory/write commands from the MULTI­
BUS. It is sometimes desirable to delay this signal in order 
to match the signal to the CPU timing. A jumper selectable 
Transfer Acknowledge Delay, ranging from 100 to 800 nSec., 
is available in the ST-703. It should be noted that the 
XACK/delay is generated from the MULTIBUS CCLKlsignal 
which is assumed to have a period of 100 nSec. Also, since 
this signal is asynchronous, the actual delay can only be set 
within a tolerance of one clock period, or 100 nSec. The 
jumper selections to configure the XACK/delay is as follows: 

DELAY (nSec.) (standard) 
100 
200 
300 
400 
500 
600 
700 
800 

JUMPER 
E85 - E86 
E87 - E88 
E89 - E90 
E93 - E94 
E95 - E96 
E91 - E92 
E83 - E84 
E81 - E82 

Install only one jumper. The standard jumper from E85-E86 
is connected in etch on the printed circuit board and must 
be cut if this jumper is changed. 

INPUT CODING/POWER-ON RESET JUMPERS 

The ST-703 may be configured to allow a choice of input cod­
ing formats. These are straight or offset binary, or 2's comple­
ment formats. In many applications it is desirable for the D/A 
converters to output a voltage of 0.000 Volts at power-on time. 
Jumpers are provided to accomplish this and depend on the 
range and input coding selected. 

Jumpering is as follows: 

INPUT CODING/POWER-ON RESET JUMPERS 

INPUT CODING DACO DAC 1 DAC2 DAC3 

Unipolar, E61-E62 E66-E67 E73-E74 E78-E79 
Offset Binary E58-E59 E63-E64 E70-E71 E75-E76 

Bipolar, E61-E62 E66-E67 E73-E74 E78-E79 
Offset Binary E57-E58 E64-E65 E69-E70 E76-E77 
(Standard) 

Unipolar, E60-E61 E67-E68 E72-E73 E79-E80 
2's Complement E57-E58 E64-E65 E69-E70 E76-E77 

Bipolar, E60-E61 E67-E68 E72-E73 E79-E80 
2's Complement E58-E59 E63-E64 E70-E71' E75-E76 

OUTPUT RANGE SELECTION 
The output range of each D/A converter may be individually 
selected to provide a choice of four voltage output ranges or 
a single current loop range. The jumper-selected ranges may 
be set according to the following chart. 

The ST-703 board is normally shipped with jumpers set for 
the ± 1 OV output, and an offset binary output coding. When-
ever there is a change in output range on a given channel, 
that channel should be recalibrated. 

OUTPUT RANGE JUMPERS 

RANGE DACO DAC 1 DAC2 DAC3 

o to +5V E9-E10 E23-E24 E34-E35 E48-E49 
E1-E3 E15-E17 E29-E31 E43-E45 

o to +10V E9-E10 E23-E24 E34-E35 E48-E49 
E3-E5 E17-E19 E31-E33 E45-E47 

+/-5V E10-E11 E24-E25 E35-E36 E49-E50 
E6-E7 E20-E21 E37-E38 E51-E52 
E3-E5 E17-E19 E31-E33 E45-E47 

+/-10V E10-E11 E24-E25 E35-E36 E49-E50 
(Standard) E7-E8 E21-E22 E38-E39 E52-E53 

E3-E4 E17-E18 E31-E32 E45-E46 

4 - 20 mA E9-E10 E23-E24 E34-E35 E48-E49 
E7-8 E21-E22 E38-E39 E52-E53 

E2-E3 E16-E17 E30-E31 E44-E45 
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OPTOISOLATOR SPEED CONFIGURATION 

The ST-703 is available with a choice of two setting time 
options. Since/because the DAC data lines are optically 
coupled, the DAC settling time is dependent on the switching 
times of the optoisolators used. A jumper is provided to select 
the settling time and is dependent on the type of optoisolator 
installed on the board, 

SETILING TIME JUMPER 

MODEL 

ST-703A 

ST-703B 

DACO DAC 1 DAC2 DAC3 

E12-E13 E26-E27 E40-E41 E54-E55 

E13-E14 E27-E28 E41-E42 E55-E56 

NOTE: The settling time jumper is programmed per the 
model number. It should not be changed to avoid per­
manent damage to the optoisolators. 

CONNECTORS 
The ST-703 board contains three connectors: P1 and P2 are 
the MULTIBUS connectors, and P3 is the Analog Output 
connector. 

The P2 MULTIBUS connector is used only when a system 
controller's address is 24 bits. The pin assignment for the 
four (extended) address lines on P2 are shown in Table 1. 

P3 is the Analog Output connector, which is described in 
Table 2. For current loop connection, refer to the current loop 
circuit. 

Table 1. Multibus Connector (P2) 

PIN SIGNAL FUNCTIONAL DESCRIPTION 

55 ADR 16 

56 ADR 17 
4 address line inputs 

57 ADR 14 
for 24 bit address controllers. 

58 ADR 15 

Table 2. Analog Output Connector (P3) 

PIN (COMPONENT SIDE) PIN 
FUNCTION FUNCTION 

Pins 1 through 22 

are no connection 

23 Analog Ground D/ A CH 3 
25 LOOP I RTN D/A CH 3 
27 Analog Ground D/ A CH 3 
29 Analog Ground D/ A CH 2 
31 LOOP I RTN D/A CH 2 
33 Analog Ground D/ A CH 2 
35 Analog Ground D/ A CH 1 
37 LOOP I RTN D/A CH 1 
39 Analog Ground D/ A CH 1 
41 Analog Ground D/ A CH 0 
43 LOOP I RTN D/A CH 0 
45 Analog Ground D/ A CH 0 
47 
49 

24 DAC V OUT CH 3 
26 LOOP I lOUT CH 3 
28 LOOP V EXC CH 3 
30 DAC V OUT CH 2 
32 LOOP lOUT CH 2 
34 LOOP V EXC CH 2 
36 DAC V OUT CH 1 
38 LOOP lOUT CH 1 
40 LOOP V EXC CH 1 
42 DAC V OUT CH 0 
44 LOOP lOUT CH 0 
46 LOOP V EXC CH 0 
48 
50 

NOTE: The Analog Ground lines for the D/A channels are 
not connected to each other or to the MULTIBUS ground. 

ST-703 

CALIBRATION 

The ST-703 board is calibrated for a voltage output range of 
± 10V and Offset Binary coding. Calibration is required if the 
output range is changed for any of the D/ A converters. A 4'/2 
digit digital voltmeter is required. To calibrate the ST-703, 
perform the following steps in order. 

1. Use the following table (speCifications) to connect the digital 
voltmeter (DVM) to the test point, corresponding to the DAC 
to be calibrated. 

(FULL-SCALE) 
+9.9800 V REFERENCE ADJUSTMENT 

TEST POINTS 

DAC 0 DAC 1 

DVM + INPUT TPI 

DVM ~ INPUT TP3 

POT R3 

TP4 

TP6 

R25 

DAC2 

TP7 

TP9 

R69 

DAC 3 

TP10 

TP12 

R93 

Adjust the potentiometer for a reading of + 9.9800 volts. 

2. Connect the digital voltmeter (DVM) to the test point in the 
following table, corresponding to the DAC to be calibrated. 

NEGATIVE REFERENCE ADJUSTMENT 
TEST POINTS 

DACO DAC 1 DAC2 DAC3 
DVM + INPUT TP2 TP5 TP8 TPII 

DVM ~ INPUT TP3 TP6 TP9 TP12 

POT R2 R26 R70 R94 

Adjust the potentiometer for a reading of ~ 2.500 volts if the 
DAC is to be configured for the ±5 Volt range. Otherwise, 
adjust the pot for a reading of ~ 3.333 Volts. 

3. Monitor the D/A output to be calibrated with the DVM. If 
calibrating for 4-20 mA output range, use a 250 Ohm .1 % 
loop resistor to measure the voltage drop across the resistor. 

Use the Diagnostic Test Program Calibration Test to enter 
the ~ full-scale hexidecimal data for the D/A channel under 
test. This data would be 0000 hexidecimal for binary coding, 
or 8,000 hexidecimal for 2's complement coding. Adjust the 
proper Zero (Offset) pot for the correct reading, as shown 
below. 

ZERO OR OFFSET ADJUSTMENT POTENTIOMETERS 

CHANNEL POT 

DACO 
DAC 1 
DAC2 
DAC3 

R3 
R27 
R71 
R95 
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ST-703 
DAC - FULL-SCALE READINGS 

RANGE 

o to +5 V 
Oto+10V 

±5V 
±10V 

4-20mA 

READING 

0.0000 V 
0.0000 V 

- 5.0000V 
-10.0000 V 

1.0000 V 

4. Monitor the D/Aoutput to be calibrated with the DVM. Use 
the Diagnostic Test Program Calibration Test to enter the 
+full-scale hexidecimal data for the D/A channel under 
test. This data would be FFFF hexidecimal for binary cod­
ing, or 7FFF hexidecimal for 2's complement coding. 
Adjust the proper GAIN pot for the correct reading, as 
shown below. 

GAIN ADJUSTMENT POTENTIOMETERS 

CHANNEL 

DACO 
DAC 1 
DAC2 
DAC3 

POT 

R4 
R28 
R72 
R96 

DAC + FULL-SCALE READINGS 

RANGE READING 

Oto +5 V 
Oto+10V 

±5V 
±10V 

4 - 20 mA 

+4.9988 V 
+9.9976 V 
+4.9976 V 
+9.9951 V 
+4.9990 V 

SinaTrac ™ D/ A and Current Loop Boards 
for SBC·80 and MULTIBUS® Microcomputers 

SinaTrac ™ ST·716 
FEATURES 
• 4 or 8 D/A Channels, 16-bit resolution 
• Compatible with both 8- and 16-bit CPU's (8- or 

16-bit data transfer) 
• Accurate to 0.005% of full-scale reading 
• Complete hardware and software compatibility with 

MULTI BUS and iSBC-Series microcomputers 
• 20-Bit addressing 
• Memory-mapped, with User-Selectable Base 

Address 
• Three user-selectable output ranges available: ± 5V 

dc, and 0_ +10V dc, ±10V dc 
• Selectable Transfer Acknowledge Delay (XACK/); 

ensures compatibility with different memory speeds 

SinaTrac™ ST·728 
FEATURES 
• 4 or 8 D/A channels, 12-bit resolution 
• Compatible with both 8- and 16-bit CPU's (8- or 

16-bit data transfer) 
• Accurate to .050/0 of full-scale reading 
• Complete hardware and software compatibility with 

MULTIBUS and iSBC-Series microcomputers 
• Memory-mapped, with user-selectable Base 

Address, 16-, 20- or 24-bit addressing 
• Three user-selectable input data codes: Straight 

Binary, Offset Binary, or Two's Complement 
• Five user-selectable output ranges available: ± 5V 

dc, ±10V dc, 0_ +10V dc, 0_ +10V dc, and 
4-20 mA current loop, individually selected for each 
channel 

• Selectable Transfer Acknowledge Delay (XACK/); 
ensures compatibility with different memory speeds 
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ST-705 Analog Input 
8-Channel ASCII Serial 

Single Board Subsystem 

FEATURES 

• 8 dlfferenUal AID channels using the SDA8-8 mlcroaystem 
• RS-232-C or 20mA serial Isolated loop 
• Includes Input condlUonlng PC board pads 
• Includes direct thermocouple measurement with cold­

juncUon temperature sensor and compensation amplifier 
• Local TTL one-shot scan atart trigger from pushbutton or 

contact closure 
• DlrecUy connects to Datal's APP-20 and 48 miniature 

serial thermal panel printers 
• Selectable gain lnatrumentatlon amplifier board pads and 

trim pot. 
(Refer to the SDA8-8 product literature for full funcUonal 
deacrlpUon of the SDA8-8 mlcroaystem). 

BLOCK DIAGRAM 

USERS HOST 
COMPUTER OR 

lERMINAL DETACHABLE 
SCREW-lERMINAL 
SIGNAL INPUT 
CONNECTOR. P3 

PIN 36 / PIN 1 

:-0-0- 6f fF --=---=----=--.=--= 6l "&i 
,...------Ft=I==F=~ ,_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ J""---~ 

+15 __ 1--:-«'1--+ 

R&232-C 
VOSTRAPS 
AND JUMPERS 

,--- - --- - ---- - - ---I 
, SIGNAL CONDmONING , 

L ___ J~PE~P~(~~~~E~ _____ I 

--<ID- CJC lEMP SENSOR 

SOA8-S SERIAL AID MICROSYSTEM 
PGA ... 

=~STOR ~-.~ 

1lliM 52 

SCANllllG. 
leST SWITCH 
AND START 
1llIGGER 
ONE SHOT 

1-0'0-1 ~~~PERS G 
r------, 

10 

MICROPROCESSOR 

MEMORY 

ISOLOOPI 
RS-232-C 
SERIAL 

VO 

BAUD SWITCHES 

CJC 
AMPLIRER 

L _____ ~======~ _____ ._J ANDllllMS 

DAlEL 
T'PM-15/1 ~/1000 

AC 
POWER SUPPLY 

-15.-,_, ..... _.,. ~ .. __ ------------- 12"(305MM) -----===-~====== .. ~ 
TO 

MUX 

TYPICAL USER-INST ALLEO SIGNAL 
CONDITIONING SHUNTS. ATTENUATORS. 
SPIKE CLAMPS. RC FILTERS. BROKEN LINE 
BIAS FOR EACH CHANNEL 

BOARD MOUNTS ON 
STANDOFFS OR ANY 
MUL neus CARD CAGE 

OPTIONAL PICK-UP OF ~ 
MULTIBUS +5V. ±15VDC POWER 

AC 
POWER 

6.75" 
(171,51 

MM 
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is skilled at component procurement and electronic assembly. If II 

you need assistance, please contact Datel or a competent 
engineer. 

ST-705 

DESCRIPTION 

Designed as a complete, serially accessed 8 channel data acqui­
sition subsystem, the ST-705 is configured on a 12" x 6.75" x 
1.7"H MUL TIBUS size board. 
The ST-705 contains the SDA8-a data acquisition microsystem, 
an AC power supply, screw terminal analog input connections 
and a standard 25-pin R8-232-C DB-25P connector for direct 
plug-in to the user's terminal or computer. The ST-705 also 
includes the local thermocouple cold-junction compensation 
amplifier and connector temperature sensor. For local triggered 
scan starts, a TTL one-shot circuit accepts an onboard or 
remotted pushbutton switch or contact closure. Extra PC board 
pads are included for user-installed input voltage dividers (higher 
voltage ranges), current shunts (direct 4-2OmA measurement, 
etc.), over-voltage protection clamp diodes or RC hash filters. 
Barrier screw terminals are installed for an AC line cord. 
A board pad matrix is included for user-installed SDAs-B gain 
resistors and a gain trim pot is included. These pads would 
normally be used for the x80 and x160 gain resistors for direct 
SDAS-8 thermocouple measurement. 
The ST-705 may be mounted in a MULTI BUS card cage (avail­
able from SCANBE/ZERO, MUPAC, Electronic Solutions, Intel 
and others) or in the user's host MUL TIBUS computer. The 
ST-705 may also be mounted in a user-supplied separate chassis 
on standoffs. Although the ST-705 does not connect to MULTI­
BUS backplane bus signals, pads are included to use +5 Vdc and 
±15Vdc power from the host computer, thereby eliminating the 
ST-705 AC power supply. Using a combination of the transformer­
isolated AC supply and the optoisolated 20mA loop serial port, 
isolation of the analog inputs from the AC line or serial interface is 
achieved. 

USER PC BOARD PADS 

The three areas are: 
1. Input signal conditioning 
2. SDAS-8 gain resistor selection and trim 
3. Serial port baud rate and pinout strapping 
For each of those option areas, refer to the revision level schematic 
(drawing C-12301) and assembly/layout diagrams (drawing D-
12300) for the ST-705 in this brochure. 
Input signal conditioning encompasses a wealth of possible 
options, referring to the schematic drawing. If no conditioning is 
desired, PC board etch is installed for straight-through 
unmodified inputs (standard supplied configuration). 
The gain resistor pad area includes options for the two fixed 
thermo-couple gains (J, K require x80; S, T require x160). Also 
available is a user-selected gain and trim pot pad area. 
Serial port board options include baud rate selection using the 
on-board DIP-switch and R8-232-C handshake pinout options to 
accept a variety of smart and dumb terminals and host com­
puters. By judicious jumpering, the ST-705 may be made to 
emulate either an RS-232-C modem DCE device or a terminal 
DTE device. Most CRT terminals require the ST-705 to interface 
as a modem. Some small printers and computer serial ports 
require the ST-705 to interface as a terminal. Many RS-232-C 
devices ignore the DTR, DSR, CTS, RTS and carrier detect 
handshakes whereas some require that they are asserted. Refer 
to the EIA RS-232-C specification and the user documentation of 
the host device you are connecting to. 
The 20mA serial isoloop is normally disconnected from the DB-
25P receptacle since no standard 20mA connection exists. 
Jumpers may be installed as suggested on the ST-705 diagram 
or at the user's discretion. 

There are three primary areas where the user may customize the 
ST -705 for his application. Caution: This requires mounting and The screw-terminal input connector is Datel model 6(}12474-1. 
soldering components on a PC board and assumes that the user 

MODEL NUMBER/ORDERING GUIDE 

ST-70T ---c=. 

ACPOWER 

A= 115VAC, 
60Hz NMR 

E= 230VAC 
50Hz NMR 

J= 100VAC, 
60HzNMR 

X=ACPOWER 
SUPPLY OMITTED 
(Requires regulated 
+5, +/-15 VDC 
power. 
May be jumpered 
from MUL TIBUS 
if available) 

(All models accept 
47 to 440 Hz. 
However maximum 
rejection of AC 
noise occurs at the 
normal mode 
rejection 
frequencies 
listed abovel 

STATION NUMBER 

1 = CHANNELS 1-8 
(MASTER, ECHOS 
ALL COMMAIIIDS) 

2 = SLAVE, CHANNELS 
9-16 

3 = SLAVE, CHANNELS 
17-24 

4= SLAVE,CHANNELS 
25-32 

(Use Stations 2, 3, 4 
only in20mA 
multidrop with 
Station 1 Masten 

Example: 
ST-705A1 
(115VAC, 60Hz NMR, 
Master Station 1, 
Channels 1-8). 
A screw-terminal analog 
input connector is included. 

ACCESSORIES/ 
RELATED PRODUCTS 

MODELl DESCRIPTION 

6(}12474-1 
Spare screw tenninal. 
Analog input connector 
(One is included with 
ST-705) 

58-2079130 
OB-25S serial data 
mating connector, solder 
tab. (Optional if you do not 
have an R8-232 cable). 

58-2079260 
OB-25P solder tab 
connector (if required at 
terminal or computer). 

APP-20A21 
APP-48A2 

RS-232-C/20 rnA miniature 
panel-mount thermal 
printers. Please request 
brochures. 

TABLE OF CONTENTS 
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SPECIFICATIONS (Typical @ +25'C) 

ANALOG INPUTS 
Input Configuration .................................. . 

Differential, high-impedance, true balanced non-isolated, 
voltage input. 

Number of Channels ................................. . 
8 differential channels plus 1 single-ended CJC sensor 
input 

Full Scale Input Range ............................... . 
+ /- 4.095Vdc (gain= 1) 

Thermocouple Temperature Ranges ................ . 
Type J - 165°C to + 760°C 
Type K - 165°C to + 1232°C 
Type S - O°C to + 1768°C 
Type T - 200°C to + 400°C 

Progammable Gain Amplifier ........................ . 
Resistor-selected up to gain = 200 (+/-20mVdc FSR) 

AID Converter ........................................ . 
12 binary bits and polarity 
(1 part in 8192), 0.02% FSR linearity 

Resolution ............................................ . 
1 Count = 1 millivolt at GAl N = 1 

Common Mode Voltage Range ...................... . 
+ /-11 Vdc max to analog ground 

Common Mode Rejection ............................ . 
70dB min. 

Isolation .............................................. . 
20mA serial port optoisolation: +/-2500 V pk, 100 
megohms. AC power supply transformer isolation: 1500 
VAC, min., 100 megohms, 250 pF 

Normal Mode Rejection .............................. . 
40dB @ 50Hz (SDA&8E), 40dB @ 60Hz (SDA&8A) 

Input Impedance ..................................... . 
800 kilohms 

Temperature Coefficient ............................. . 
+/-20ppm of FSRoC (GAIN = 1) 

AID Sampling Rate ................................... . 
15 Samples/Sec. (SDAS-8A) to RAM buffer (12.5Hz, 
SDAS-8E) 

COMMUNICATIONS 
Data Encoding ....................................... . 

Upper case ASCII characters per ANSI X 3.4-1977 
Baud Rates ........................................... . 
75 to 9600 (Except 110) 

Mode ................................................. . 
Full duplex, asynchronous 

Character Format .................................... . 
1 Start, 8 Data, no parity, 1 Stop bit (all popular 10-bit 
formats). Output data bit 7(8th bit) = 0 

Levels ................................................. . 
1. R&232-C subset, non-isolated 
2. 20mA loop, optoisolated 

ST-705 

Host Buffer Control .................................. . 
XON, XOFF, (Control Q, Control S) Character encoded 

RS-232-C Signals ..................................... . 
RxD, TxD, Logic Gnd, Prot. Gnd. 

Multidrop ............................................. . 
Up to 4 stations, 320 chans., isoloop only, 4 wire 

Error Detection ....................................... . 
4 ASCII/HEX checksum characters, per AID scan 

DATA TYPES 
AID Data .............................................. . 

Selectable decimal/hexadecimal 
Thermocouple Data .................................. . 

Linearized to J, K, S, T, Fahrenheit/Celsius conversion, 
cold-junction compensated 

Time of Day Clock .................................... . 
23:59:59 hours, 1 second resolution, 0.05% crystal 
accuracy 

Status Message ...................................... . 
Hex encoded and text 

AID SCAN TRANSMISSION START 
1. Polled by remote serial command 
2. Auto-start from internal timer, command-selected 1 
second to 17:59:59 hours 
3. Local TIL event trigger input or switch closure. 

LINK COMMAND TYPES 
Line length (20 to 132 characters), editing, clock controls, 
AID controls, resets, data select, terminal controls 
PHYSICAL 
Outline dimenSions .................................. . 

6.75" X 12.00" X 1.62" (171,5 X 304,8 X 41,15mm) 
excluding standoffs, 
MUL TIBUS format 

Operating Temperature .............................. . 
0° to+60°C 

Power Required ...................................... . 
Choice of: 
115 VAC, +/-10%, 6D-440Hz 
230 VAC, + /-10%, 48-440Hz 
100 VAC, + /-10%, 48-440Hz 

Analog Input Connector .............................. . 
Screw terminal detachable from PCB edge fingers, 
0.200" centers, Datel #60-12474-1. 

Serial Data Connector ................................ . 
DB-25P 25-pin suitable for most RS-232-C devices. 

MUL TIBUS is an Intel Corp. trademark 
For detailed information about the SDAS-8 Data AcquiSi­
tion Microsystem mounted on ST-705, refer to the SDAS-8 
User's Guide, available on request. 
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ST-705 

OUTLINE DIMENSIONS 
Inches (mm) 

o 

., 
'" ,..: ~~I -

~:~g =(1~5.~75~)==p61~;;;;;~~II======~P~3t=====JI~~ 6 1FT ,1' ~ 
5.70 - 38 1 

I~,,, P4 "I 
~1L· __ -,2~,"31~ 

ST-705 
0-12523-1 2.51 ----f-----------------§l-

0 
-.25 
-.55 

J 

1 

POWER SUPPLY 

l~ 
85 1 1 

11 III n-----------------";r---,n-------~5.-~ 

\ 
100'" 
"! 

., 
I 

P1 
0 0 

'" CO) 

'" q 
.; co 

P2 
10 
co 
cD 

'" 
0100 
-",10 

:::::;~ ---
P4 DATA CONNECTOR WIRING 

NOTE: USE 
JUMPERS PROPERLY 
TO AVOID NON-STANDARD 
RS-232-C PINOUT 

@-= SOAS-8 PINS DB-25P 

WIRING 
SIDE 
VIEW 

--0--0-­
DASHED LINES ARE WIRE-WRAP 
POST/BEAG PLUGS ~PROTGND-'~ 

@rTKO~---~ -= 2 4 

>,(' 15 

~RXD~--::'~7 3 

~ E83 ~RTS-4 
E73 E74 

~,;---~CTS-5 

NC-DSR--6 

16 EXT. TRIG) 0 '---t,>--<ir;---l) ........ @SCANTRIG.,N 
15 ~ 

17 52 52 S1 PUSH- I 
7 BUTTON 18ho--~ -LOOP IN r-@ 14 ONE-SHOT 

I. 
r-...... --I---- 51G. GND-7 

.&J- 2O-DTR~8_- ·-:"'~7::------, 
NC-CAR. DETECT 8 

21 

22 
36i}-{;~:ifP~'ET f--hf----<:) -.- 0---1. 

23 ~ EaI Ea2 

38)-c1m!l:EJ!D-+-<"f---",<>.--~" 24 SEE C·12301 
FOR 

FULL WIRING 

12 25---O--~ -LOOP OUT t---® 13J E72 E71 

l,jFd 
MAX 

) 
ARROWS SHOW 
UNCHANGING SIGNAL. 
FLOW DIRECTION. OMITIED 
ARROWS MEAN THAT FLOW 
IS EITHER DIRECTION AS 
WIRED. 
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RS-232-C SERIAL DATA INTERFACE 
The serial data connections shown describe interface to 
three common RS-232-C devices: most terminals, com­
puter serial ports and modems. There are several basic 
rules to properly interface to RS-232-C devices. 
They are: 
(1) One end must be the "modem" (DCE device) and the 

other must be the "terminal" (DTE device). This has to 
do with the direction of data transmission on pins 2 and 
3 of the RS-232-C interface and not the function of the 
actual devices. 
Most modems are wired as DCE devices. Most term­
inals are DTE devices, as you would expect Many 
computer serial ports are DTE but some are DCE. The 
ST-705 may be jumpered either way. Do not let line 

ST-705 

names confuse you. Instead, observe the direction of 
signal flow shown by the arrows in the diagrams. 

(2) Most RS-232-C devices require connection to the 
important handshake signals shown. The ST-705 does 
not use these handshakes but contains a mini "break­
ouf' function to accommodate correct connection of 
these handshakes. Minimal RS-232-C connection to 
ST-705 requires only pins 2, 3 and 7 between AC-isola­
ted devices. 

(3) The character coding, length and protocol between 
both ends must agree. ST-705 ASCII usage is widely 
accepted for terminals and computers. Modems are 
transparent to coding conventions. 

For further background, consult the EIA RS-232-C specifi­
cation and other references on data communications. 

WIRING TO MOST TERMINALS 
AND COMPUTER SERIAL PORTS 

"'7 
ST·705 

WIRED AS A MODEM 
(DeE) 

CHASSIS GROUND 

TRANSMITTED OAT .... 

RECEIVED DATA 

REQUEST TO SEND 

CLEAR TO SEND 

HOST 
WIRED AS A TERMINAL 

(OTE) 

I - - - - 6 --f __ ---]..-..::DA::.;T"-AS=E:.:.T:::RE::.:AD::..:Y ____ __+_ 

1 SIGNAL GROUND 
01 

1 • ,----
1/ 

_~~--~~DA=~::.;C::.;.:.:.RR='E::.:R=DETE==C:.:.T---1_ 

20 

E77 E78 
25 • 

13 . 
.... 25 

* User-installed optional jumper connections DTR-DSR (pins 
20-6) and DTR-DCD (pins 20-8) may be required for many 
terminals. 

DATA TERMINAL READY 
20 

....25 

The connections shown above will work for most terminals 
and computer serial R5-232-C ports wired as a terminal 
(Consult your computer technical documentation.) 

WIRING TO MOST RS-232-C MODEMS 

EO' 
CHASSIS GROUND 

.., I NO CONNECTION 

0"1 OTHER 

HANDSHAKES 

SIGNAL GROUND 

ST-705 
WIRED AS A TERMINAL 

(OTE) 

* Many modems require RTS and DTR to be asserted This 
may be jumpered as shown on the modem connector or on 

L _____ ..J 

7-
LOCAL AUTo-ANSWER 
MoDeM (DeE) USED 

FORST-70s 

DISTANT 
HOST OR 

TERMINAL 

the ST-705. The ST-705 does not require these handshake 
signals. 
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ST·705 

CIRCUIT BOARD COMPONENT LOCATIONS 
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DETACHABLE ANALOG SIGNAL INPUT 
CONNECTOR, P3 

NOTE: 
PfNS6,Q,12, AID IN (SOAS PIN 25) 0 1 
If;~~12~~~, 
BE JUMPeRED 

REF. OUT (SOAS PIN 24) 0 2 

FOR BLEGROUNOS ANALOG GROUND 0 
:~ ST·705 

HROUGH PADS, t 0 MAYBe CHANNEL 1 LO 
C TED BY THE 0 RANY 0 1/0 NO CONNECTION 6 
CONNECTIONS. r 0 7 

CHANNEL 2 LO 0 8 

NO CONNECTION 0 • 
CHANNEL3 t' 0 10 

co 0 11 
NO CONNECTION 0 12 

CHANNEL 41 HI 0 13 

LO 0 ,. 
0 15 

T e 16 

0 17 

NO 0 18 

CONNECTION 0 " 

1 0 20 

0 21 

0 22 

t 0 23 
CHANNELS 

LO 0 2' 

NO CONNECTION e 25 

tl 0 26 
CHANNEL 6 

LO 0 27 

NO CONNECTION 0 28 

1"' e 2. 
CHANNEL 7 

LO 0 30 

NO CONNECTION 0 31 

CHANNEL B \ HI <:0 32 

LO 0 33 

OPTIONAL 
r - - - - - TRIG. SWITCH IN CoIG.} 0 3' 

~~R.r~LNSMIT ~ ANALOG GROUND 0 35 

~ 
TRIGGER i _____ 

TRIG. SWITCH RETURN (DIG.) 0 36 

WIRING BOARD 
SIDE SIDE 

POWERING THE ST-705X FROM MULTIBUS 

As an alternate mounting method, users may install model 
ST-705X in a low-cost MULTIBUS card cage. Although no 
digital connections are made to MUL TIBUS, +5V power 
connections are standard MUL TIBUS. Some computers 
include + /-15Vdc power supplies at the standard P2 loca­
tions shown. If preferred, a separate isolated 5 and 15 volt 
DC supply may be bussed along MUL TIBUS to drive one or 
more ST-705X's in multidrop. 
(Caution: This is for the ST-705X only, which omits the AC 
isolated power supply. USing DC power from a 1.1 UL TIBUS 
host may no longer be isolated, causing safety, damage 
and data error difficulties). 

MULTIBUS 
regulated 
DC power 

+5Vdc @ 500mA 

+15Vdc @ 50mA 

-15Vdc @ 50mA 

Power Return 

Close 
jumpers 

E97-E98 

E101-E102 

E99-E100 

E1 03-E1 04 

ST-705 

Power supplied 
through 

P1 pins 3-6, 
81-84 

P2 pins 23, 24 

P2 pins 25, 26 

P1 pins 1, 2, 11, 12 
75,76,85,86 
P2 pins1,2,21,22 
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ST-705 

BAUD RATE SELECTION 

SDA8-S PIN = (B~~D)(B~~D)( B~~D)(B~~D) 
\8 SEL ~ SEL \2 SEL ,; SEL. 

S2 BAUD 
RATE DIPSWITCH = 1 2 3 4 

75 1 0 0 1 

150 1 0 0 0 

300 0 1 1 1 

600 0 1 1 0 

1200 0 1 0 1 

2400 0 1 0 0 

4800 0 0 1 1 

9600 0 0 1 0 

ON ="0", OFF = "1" 

S2 GROUNDS SELECTED PIN 

PROGRAMMABLE GAIN AMPLIFIER 

Usage Gain Jumper Notes 

Type J & K I X 80 
Thermocouples i 

Close Trim Full Scale 
E89-E90 Gain with R52 
E91-E92 

I Only 

Type S & T X 160 Close Trim Full Scale 
Thermocouples I E-87-E88 Gain with R52 

E93-E94 

User-selected 
Gain 

: Only 

R Gain =! Close 
20Kn+ . E85-E86 
(Gain-i) E95-E96 

Only 

I nstall Resistors 
at R45, R44 
with Trims at 
R50, R51. Choose 
low resistor 
Tempco to avoid 
degrading 
accuracy. 

LOCALLY-TRIGGERED SCAN TRANSMISSION 

INPUT TYPE 

10 Microsecond 
positive TTL 
Pulse 

Switch closure 
to ground. 
(P3, PIN 34 
includes 
a 4.7 Kilohm pullup 
to+5V) 

INPUT DIP SWITCH S2 
CONNECTIONS (Close=ON, 

Open=OFF) 

P4: 
input, pin 16 
ground, pin 7 

P3: 
switch, pin 34 
return, pin 36 

Close S2 SW.6 
Open 82 8W.7 

Open 82 8W.6 
Close 82 8W.7 
Open828W.8 
Close 82 8W.9 

8T-705 on-board None 
pushbutton S1 

Open 82 SW.6 
CloseS28W.7 
Close 82 SW.8 
Open 82 8W.9 

SERIAL CHARACTER FORMATS RECEIVED 

START BIT DATA BITS PARITY BIT STOP Bit(s) 
(LSB first) 

7 

7 

8 

None 

Odd, 
Even, 
</» or 1 

None 

2 

1 

*Upper case ASCII characters transmitted from 8T-705 set 
data bit 7 equal to logic O. 
ST-705 doesn't care about received character parity. 

DIPSWITCH, S2 

OFF~LOGIC"'''f-- ~ ON~LOGIC"O" 

PIN 1 ~o- PIN 20 BAUD SEL. 8 

~O- ~~'1~' BAUD RATE 

~o- BAUD SEL 2 SELECT 
. TABLE 

~o- BAUDSEL.1 

20mA LOOP SELECT ~o- 16 ~SELECT 

~o-

J--~-~o- SELECTION, SEE TABLE 

~o- AND SCHEMATIC WIRING 

~o- DRAWING 

PIN10 ~o- PIN 11 NOT USED 

VIEW WITH P4 AND P3 ORIENTED 
AT TOP 

AID CODING TABLE 

Input Volts Hexadecimal Decimal 
(R GAIN = 00 Display* Display 
no connection) 

+4.096V +++++ +++++ 
+4.095 V OFFFH +4.095 
+2.048V 0800H +2.048 
+1.024V 0400H +1.024 
+0.256V 0100H +0.256 
+0.002 0010H +0.002 
+0.001 0001H +0.001 

0.000 OOOOH +0.000 
-0.001 FFFFH -0.001 
-0.002 FFFEH -0.002 
-0.256V FFOOH -0.256 
-1.024V FCOOH -1.024 
-2.048V F800H -2.048 
-4.095V FOO1H -4.095 
-4.096V ----- -----
*In hex, the polarity bit 12 has been extended to the top 3 
MSB's (Bits 13, 14 15) 
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ST-705 

SERIAL COMMAND SUMMARY 

LEGEND: 

1. XXX - X are characters entered and displayed on the 
terminal. 

2. ( ) are blind control characters (such as carriage return 
or escape) which do not appear on the terminal. 

3. Carriage return (CR) requests the SDAS-8 to execute 
the command conSisting of the previous character 
string. Terminate all commands with "Return" or 
"Enter". 

4. The asterisk (*) confirms that the command was exe­
cuted, and is ready for the next command. 

5. The pound sign (#) indicates that the returned char­
acter string is not executable. Re-enter a corrected 
string. 

COMMAND EXAMPLES 

* - Power-up prompt Previous command executed; ready 
for next command 

# - Echoed string not executable; try again 
G(CR) - Display status message 
B(CR) - Display time (HR:MIN:SEC) 
B23:59:59(CR) - Set time in 24 hour format 
(Escape) - Reset all controls to power-up status except 

clock 
(DEL or backspace) - Delete previous character for edit­

ing before execution 
(Control S or DC3 or XOFF) - [13H EX] Stop transmission 

immediate and wait 
(Control Q or DC1 or XON) - [11 HEX] Start transmission 

immediate, mid string 
R - Stop output transmission from SDAS-8. Stop L mode 

auto-start timer. (CR) not required. Revert to 
trigger or polled-start mode. 

AID CONTROLS 

X(CR) - Display one scan 
M:2(CR) - Set up to display channel 2 only 
M:1 ,8(CR) - Set up to display channels 1-8 
L02(CR) - Start automatic scan transmissions every 2 

seconds. R or (ESC) are the only way to stop L 
mode. 

L59:59(CR) - Start automatic scan transmissions every 
59 minutes: 59 seconds 

L 17:59:59(CR) - Start automatic scan transmissions 
every 17:59:59 hours:minutes/seconds 
(max.) 

H(CR) - Format AID data as hexadecimal ASCII 
D(CR) - Format AID data as decimal ASCII (cancel hex) 
V(CR) - Format AID data as DC volts, (cancel 

thermocouple) 

J(CR) - Format AID data linearized to selected 
thermocouple 

K(CR) 
S(CR) 
T(CR) 
A(CR) - Transmit AID data from CJC channel, equivalent 

ambient temperature. Range+/-99°C. 
F(CR) - Format AID data as Fahrenheit 
C(CR) - Format AID data as Celsius 

TERMINAL CONTROLS 
W(CR) - Toggles between rubout echo as BS-SP-BS or /X 

where X is the last character 
PSO(CR)- Setcolumnwidth to 20,40,48, 72,80 or 132 (20 

= power up state) 
E(CR) - Echo all printables (power up state) for full 

duplex 
Q(CR) - Don't echo printables (for half duplex) 
Nnnn(CR) - Insert nnn nulls between, CR, NULL's, LF, 

(Range <p -254) 
N255(CR) - Suppress line feed. End all scans with CR, 

(N ULL's), no line feed. N255 (CR) is a toggle, 
which cycles on and off with each applica­
tion. Confirm the line feed status bit using the 
G status. 

I: nnn - n(CR) - Start all AID scans with the Ident character 
string nnn - n (20 characters max) 
Cancel with I:(CR) 

All lower case printables - Echo if selected. Not acted 
upon. 
All non-specified controls - Echo. if selected. Not acted 
upon. 
BN(CR) - Delete time and station 
BYICR) - Resume time and station 

POWER UP MODE 

Station 1 
20 characters per line 
Trigger/polled scan start 
8 channels, 1-8 
Echo on 
Elapsed time from power-on 
The line terminator sequence at power up is: 
<CR, NUL, NUL, - (216 NUL's), no LF> 

VERY IMPORTANT 
For CRrs, send ESCAPE first to cancel the NUL's and restore 
LF. 
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ST·705-

ST-705 
STATION 1 

1-8) 
(CHANNELS ~ 

ALL OTHER CONNECTIONS 
NOT USED 

TYPICAL 20mA ISOLOOP MULTIDROP WIRING 

P4 

---e- =SDAS-6PINS 

OPEN DIP SWITCH 5-16 

t~m~~ ~~~f..f~ 
OPTO PORTS 

UP TO SEVERAL 
THOUSAND FEET IN 
PROPER CONDITIONS 

20mA="1" 

ISOLATED 
20mA 
SERIAL PORTS 

-----7~ 
r-­

HOST 
TERMINAL 

OR COMPUTER 

; + I--I~~~~~ 
~ I I .---+----+---I--+--------''----+-t-I --'-1+ 1-- j---JV'~-;---:;:'I---. 
~ 

18 I 25 
I 10 11 I 

I I I 
I I I I 
--J-' I 

L _..J 

ADDITIONAL ISOLATED 
ST-70S STATIONS, 

CHANNELS 9 AND UP 

TYPICAL ST·705 MOUNTING 
IN A NEMA HOUSING 

USER-SUPPLIED 
ISOLATED LOOP 
SUPPlIES_ 
1. SELECT FOR 

20mA"ON" 
CURRENT 

2. MAY USE A SINGLE 
DC POWER 
SUPPLY, 
SEPARATE FROM 
THE ST-705 
SUPPLY 
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FEATURES 

• Model ST-711: 32S AID Channels, no D/A 
Channels 

• Model ST-732: 32S/16D AID Channels, In-
cludes 2 D/A Channels plus current loop out­
puts 

BOTH MODELS INCLUDE: 
• Full mechanical, electrical, and pinout com­

patibility to Datel's iSBC711/732 Analog 110 
Boards and Datel's ST-711RLY Board. 

• Operates with all MUL TIBUS and iSBC-Series 
compatible microcomputers using 16, 20 or 24-
bit addressing, 8-bit data transfer. 

• Works directly from Datel's RMX-80 Analog 110 
Driver operating software. 

• Includes an 10-stage jumper-selected, pro­
gram-gatable pacer start clock, 1 mS 
to 1 sec., crystal-controlled. 

• AID input accept up to 16 user-installed 
shunts for 4-20 mA etc., current inputs. 

• FET-Input differential amplifier accepts on­
board resistor for fixed high gain up to Xl000 
(10 mV full scale range). 

• Includes Programmable Gain Amplifier (Xl, 2, 
4, 8 gains). 

GENERAL DESCRIPTION 

The Sine-Trac ST-711 and ST-732 AlD-D/A Analog Input! 
Output systems extend Datel's SineTrac family concept of 
slide-in peripheral boards for popular mini-and-micro­
computers. The ST-711 and ST-732 interface to the growing 
Datel's Single Board Computer (SBC) Series and other Multi­
bus-compatible micro-computers. The iSBC has multiple 
sources and has been proposed as an ANSI standard. The 
ST-711/732 also interfaces to the 16-bit iSBC-86/12 from 
Datel which also uses MUL TIBUS, thus insuring present and 
future product compatibility for the user. 

Models ST-711 and ST-732 are second generation combina­
tion A/D-D/A peripheral board systems for the iSBC-80 only 
boards and they feature functional, hardware and program­
ming differences to the ST-800 by adding 2 D/A converters 
plus current loop amplifiers (ST-732 only) without sacrificing 
the high AlD channel density of 32 single-ended or 16 diffe­
rential channels per board. Other important differences in­
clude memory-mapped interfacing (vs. conventional regis­
ter transfer 1/0 for the ST-800), addition of a FET input 
programmable differential amplifier (with optional high gain 
operation), a jumper-programmed, 10-stage crystal Pacer 
clock and complete pin-for-pin form, fit, and function identi-

SineTrac ST-711,ST-732 
32 AID, 2 01 A Channel 

Analog Boards for 
MUL TIBUS Microcomputers 

ty to competitive iSBC-711/732 series A/D-D/A board sys­
tems. This last feature allows Datel's ST-7111732 to oper­
ate directly from Datel's RMX-80 Analog 1/0 Drivers (Real­
time Multitasking Executive Software.). 

Hardware differences include the change from an MDAS-16 
data acquisition module on the ST-800 to a hybrid ADC-HS 
combined AlD converter and Sample/Hold Amplifier on the 
ST-711/732. Substantial addressing, register and DMA log­
ic is saved on the ST-7111732, making room for the D/A's, 
current amplifiers, and Pacer clock. 

ORDERING GUIDE 

ST-711 32 S/16D AlD, D/A 

ST-732 32 S/16D AlD, 2 D/A Loops 
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ST-111, ST-132 

INTRODUCTION 

The ST-711 is a full analog input system only (use Model ST-
732 for DIA outputs) including either 32 single-ended AID in­
put channels (standard) or 16 differential channels (jumper 
change). The ST-711 includes the DCIDC Power Converter 
to supply all on-board ±15 V dc requirements, Programma­
ble Gain Amplifier (X1, 2, 4, 8 gains) with optional (added re­
sistor) gain selection up to X100 (.1 OmV full scale range). 
Also included is a 10-stage jumper-selected crystal Pacer 
clock, selectable base memory address, jumper-selected 
End of Conversion (EOC), End of Scan (EOS) and Pacer 
Clock/External Start Interrupts (external TTL AID conver­
sion starts are software-gatable). Up to 16 differential 
channels contain pads to accept user-installed shunt resis-

tors for 4-20 mA, 1-5 mA, 10-50 mA and other current input 
ranges. 

For conversion control, the ST-711 includes on-board regis­
ters to store start and final AID channel address, status 
bits, conversion modes and interrupt enables. 

An AID Converter auto-increment mode, which is program­
selected, automatically advances the channel address af­
ter each conversion. Successive AID samples will contin­
ue until the program-selected last channel address is 
reached. 

The ST-732 is identical to the ST-711; both include two 12-

ST-111/132 COMPARISON TO ST-800 
I HI-GAIN DIFF. 

NO. AID AID CHANS EX PAN· AMPL. & RANG· CURRENT LOOF EXTERNAL INTERFACE 
MODEL CHANS. SION AID THRUPUT RATE PROG. GAIN AMPL. ES OUTPUTS CLOCK START TYPE 

ST·711 32S/16D Must use additional 711 23,000 Samples/sec Included Xl, 2, 4, 8 User-option, up to None, use 732 Included, 10- Included, gata- Memory-
(No O/A) boards with different X1000 (1 OmV FSR) board. stage bin. devi- ble starts AID mapped 16 

base addresses. Indeti- der lmS to 1 Cony. reserved 10-
nite expansion sec, Stal or cations, any 

jumper-select. base 16m 
Starts AID 

ST-732 " " " " " 2 Chans. Inc\. 4-20 " " 
(2 D/A's Loops Incl. 

ST·800 165, BD, 32S Up to 256S/120 using 35,000 Samples/sec. No No None None RC adj. one- Register Tran-
(No D/A) or l6D ST-800ADX Boards (DMAMode) shot start elk. sefer Program 

Set status bit or interrupt 1/0 
or interrupt 

IDENTICAL PIN·OUTS 
DCIDC COMPATIBLE OPERATING REGISTER BITS TO DIAGNOSTIC 

MODEL POWERA NOTES INTERRUPTS COMPUTERS SOFTWARE COMPET. MODELS TAPE PROGRAM DMA 

ST·711 Included Uses ADC·HS End of conversion iSBC·80/0S RMX·80 iSBC-711 Includes program No 
(No D/A) Combined AID End of Scan Pacer iSBC-80-10 Analog I/O iSBC·732 listing in manual 

Converter and elk. 2 of 3 may be iSBC·80·20 Drivers 
Sample/Hold. wired to INTAA, INTB iSBC-80-30 (Diagnostic 
Stores Start & or 8 Multibus inter- iSBC-80·20 (·4) Supplied) 
Final Chan. rupts iSBC-86/12 & Multibus 
Addr. compatible omputers 

ST-732 " " " " " " " " (No D/A) 

ST·800 Included Uses MDAS- EOC, EOS, Start iSBC·80105 None None Includes program list- Yes, re-
(No D/A) 16 Data Acqui- Clock. May be wired iSBC-80/10 (Diagnostic ing in manual Quires Dat-

sition Module to any of 8 Multibus iSBC·80/20 Supplied) el'sDMA 
Interrupts iSBC-80/30 I controller 

iSBC·80/20 H) I board 
iSBC-86/12 & Multibus 
Compatible computers 
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bit hybrid DAC-HK D/A converters with input registers. Also 
included with each D/A converter is a current loop output 
amplifier with unipolar range of 4 to 20 mA, which is compati­
ble with industrial process transceivers and is especially 
suited to driving long cables in noisy, industrial applica­
tions. 

DESCRIPTION 

The AID section of the ST -711/732 used Datel's hybrid tech­
nology ADC-HI2B combined successive approximation 
AID converter and Sample/Hold Amplifier. The ADC-HS fea­
tures 5 Ilsec S/H acquisition time and 8 Ilsec AID conver­
sion time and 12 bit binary resolution. System accuracy 
varies from ±0.5% of FSR ±1/2 LSB (10V range) to ±.03% 
FSR ±1/2 LSB (10 mV range), including noise, quantization, 
nonlinearity and dynamic errors. The ST -711/732 employ 
Datel's MX-1606 series fast CMOS multiplexers which incor­
porate ±35V overvoltage protection. Input impedance is 
100 meg-ohms minimum (power on) with 30 pA typical input 
bias current. Balanced inputs require 5 kilohms maximum 
source impedance to maintain accuracy and throughput 
rate. 

All models include an FET input differential amplifier which is 
wired as single-ended for the 32-channel models. This am­
plifier will accept a fixed resistor to increase the gain to 100, 
making 10 millivolt full scale ranges practical. For differen­
tial inputs, the common mode noise rejection varies from 
120 dB at dc with a gain of 8 to 60 Hz with a gain of 1000. 
Sample/Hold aperature delay time is 100 nanoseconds, 
maximum. 

System temperature coefficients are ±25 ppm of FSRrC 
(gain drift of gain = 1) and ±20 IlVoC (RTI) zero drift. Amplifi­
er settling time is 8 microseconds (high level) and typically 
110 microseconds (low level). Overall system throughput 
rate for high level signals is 23,000 samples per second. 

The standard AlD-D/A digital coding is offset binary (bipolar) 
but jumpers may easily be changed to straight binary (uni­
polar) or 2's complement (bipolar). Standard AlD-D/A ana­
log signal ranges are +10V full scale but may be jumper se­
lected to ±5V, or +5V, or 10V unipolar. 

D/A outputs include operational amplifiers for voltage out­
puts, giving very low output impedance (2/10's of an ohm) at 
5 mA short circuit proof output current. D/A settling time is 
4 IlS (Fs pk-pk change). Output temperature drift is ±50 
ppm to FSR/oC. 4 to 20 mA current loop outputs accept a 15 
to 30V dc voltage compliance with ±0.075% FSR accuracy 
and ±50 ppm FSR/oC drift. 

ST-711, ST-732 

SPECIFICATIONS, MODELS ST·7111732 
(Typical at 25°C, dynamic conditions, unless noted) 
GENERAL 
Configurations Available 

Model ST·711 
32S/16D AID Chans, No D/A Channels 
Model ST·732 
32S/16 AID Chans, 2 D/A Channels 

ANALOG INPUTS 
Number of Channels 
32 single-ended or 16 differential 
(Jumper-selected, 32S suplied standard) 
Channel Expansion 
May expand indenfinitely by using additional ST-711/732 
boards with different base address. Expansion limited by 
board slots and power. 
Input Type 
With impedance voltage input, non-isolated. Differential 
inputs are balanced. 
Current Inputs 
Up to 16 differential voltage inputs may be converted to 
differential current inputs with shunt resistors provided 
and installed by the user. Pads on the board will accomo­
date 4-20 mA, 1-5 mA, 10-50 mA and other ranges. 4-20 
mA ranges require 250-ohm, 1/4W ±1 % resistors, +100 
ppm/oC max. 
Input Overvoltage 
±35V sustained (no damage) 
Input Capacitance to Ground 
5 pF - Off channels, 100 pF - On channels 
Full Scale Input Ranges 
±10V, ±5V ±2.5V, ±1.25V (supplied standard, selectable 
by 2-bit programmable gain code). Board pads are etched 
for the user to install a fixed gain resistor, providing down 
to ±1 0 mV full scale range. 
Programmable Gain Amplifier 
Supplied, Xl, X2, X4, X8 gains (see ranges above). Fixed 
high gain Xl000 optional (see above) 
Input Impedance. 
100 megohms min.,.differential or to ground (power on) 
1.5 kilohms min. (power off) 
Input Source Resistance 
5K ohms max. (balanced) 
1 K ohms max. (unbalanced) 
Input Bias Current 
30 pA typ., 200 pA max. 
Overall Accuracy at +25°C 
(including 3-sigma noise and quantization error, dynamic 
response errors, referred to input, after initial calibration) 
GAIN ACCURACY 

Xl ±0.05% FSR ±1/2 LSB 
X2 ±O.07% FSR ±1/2 LSB 
X4 ±O.07% FSR ±112 LSB 
X8 ±O.07% FSR ±1/2 LSB 
Xl00' ±O.I%FSR±I/2LSB 
Xl 000' ±0.3% FSR ±1/2 LSB 
'Requires rewiring diff. ampl. for fixed high gain 
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ST-711, ST-732 

Common Mode Voltage Range 
Within ±12V of analog common (signal plus common 
mode) 
Common Mode Rejection 
At Gain = 1 

OHz 100dB 
100 Hz 80 dB 
1 KHZ 60 dB 

At Gain = 8 
o Hz 120dB 

100Hz 100dB 
1 KHZ 80dB 

At Gain = 1000 (Requires rewiring dill. ampl. for fixed 
high gain) 

60 Hz 100 dB 
Nonlinearity ±1/2 LSB 
Differential Nonlinearity ±1/2 LSB 
Resolution 12 binary bits (1 part in 4096) 
MUltiplexer Crosstalk From Off Channels 
0.01% max. 
Sample/Hold Switch Feed Through 0.01 % max. 
Sample/Hold Aperture Time 
100 nanoseconds, max. 
System Temperature Coefficients 
Gain 
±25 ppm of FSRfOC (Gain X1) 
±30 ppm of FSRfOC (Gain X2, 4, 8) 
Zero 
±20I1V/oC 
A/D Conversion Period 20 microseconds 
Amplifier Settling Time 
(Input = ±FSR pk-pk step) 
8 microseconds (HL) 
110 microseconds (LL) 
System Throughput Rate 
(High Level Inputs) 
23,000 samples/seconds 
A/D Digital Outputs 
Ollsset binary (bipolar) - Supplied standard 
Two's complement (bipolar) {ReWired with jumpersl 
Straight Binary (unipolar) by user J 
Output Data Format 
12 bit binary group compatible to SBC-Series comput­
ers. The AID Bit 1 (MSB) may be inverted by jumper to 
2's complement coding. 

ANALOG OUTPUTS (ST-732 only) 
VOLTAGE OUTPUTS 

Number of Channels 
2 non-isolated 
Full Scale voltage 

o to +5V 
Oto +10V 
-5 to +5V 

-10to +10V 

Output Ranges 
Jumpers may be rewired 
by the user or by Oatel 
in OEM quantities 
(Supplied Standard) 

Digital Input Coding 

Straight binary 
2's Complement 

Jumpers may be 
rewired by the 
user or by Oatel 
in OEM quantities 

Offset Binary (Supplied standard) 
Output Impedance 200 milliohms 
Output Current ±5 mA, short circuit proof to ground 
Slew Rate 1OV/I1S (with no Ext. Cap. Load) 
SettlingTime 
4 microseconds to within ±1/2 LSB of final value 
Accuracy at +25°C ±50 ppm of FSRrC 

CURRENT LOOP OUTPUTS 
Full Scale Current Output Range 
4 to 20 mA, unipolar. (May be rewired to other ranges 
by the user.) 
Current Loop Load Resistance 0 to 500 ohms 
Current Loop Voltage Compliance 
18 to 30V dc, unipolar, provided by the user 
Accuracy at +25°C ±50 ppm of FSRrC 

PHYSICAL 
Outline Dimensions 
12W X 6.750 X 0.5H inches· 
(305 X 171 X 13 mm) 
Pin-far-pin and card guide compatible to the Multibus 
SBC-Series computers 
Weight 22 ounces (0.6 kg) 
Operating Temperature Range 0 to +55°C 
Storage Temperature Range -25°C to +S5°C 
Relative Humidity 10% to 90%, non-condensing 
Altitude 0 to 15,000 feet (4600 m) 

POWER CONSUMPTION 
+5V dc ±5% @ 2.5 Amps. max 
An on-board DC/DC Power Converter operated from +5V, 
is provided to supply regulated ±15V for linear circuits. 
Programming and Architecture Type of Interface 
Memory-mapped interface 
The ST-711/732 appears to the CPU as 16 consecutive 
memory locations with 4 unused locations 
Compatibility 
Pin-far-pin and card guide compatible to the Multibus, 
SBC-Series computers 
Compatible Software 
RMX-80 Analog I/O Drivers 
ASM-SO 80S0 Assembly Language 
Compatible Computers: 
iSBC-80/10 
iSBC-80/05 
iSBC-80/20 
iSBC-80/20 (-4) 
iSBC-80/30 
iSBC-86/12 
Data Transfer - 8 bits 00/-07/ 

'Cards may be stacked adjacent if standard 0.60" spacing cages are used. 
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M!:MORY ADQI'II:SSASSIGNMENT~ (All addre$ses in hex) 
Datel 

N~lfl Addr, SuppJied_ CQ.mmandF'ur!(;tio_n 

M+O 00F700 Write Load Command Register 
M+O 00F700 Read Read Status Register 
M+1 00F701 Write Load RGA and Ch. Addr. 

Register 
M+1 00F701 Read Read PGA and Ch. Addr. 

Register 
M+2 00F702 Write Load Last Chan. Addr, 

Register 
M+3 00F703 Write Clear Interrupts 
M+4 00F704 Read Read AID Data LO Byte 
M+5 00F705 Read Read AID Data HI Byte 

M+8 00F708 Write DACo LO ByteA:: Hid, 
Reg. 

M+9 00F709 Write DACo HI ByteA:: DACo 

(HRA::DACo) 

M+A 00F70A Write DAC1 LO ByteA:: Hid. 
Reg. 

M+B 00F70B Write DAC 1 HI ByteA:: DAC 1 

(HRA::DAC 1) 

CA::F 00F70C/F& Don't Use 
00F706/7 

------------------------ ----

M must be on 16-byte boundaries (A2/-A01 = 0) 

ST-711, ST-732 

CLEAR INTERRUPTS (WRITE 00F703) Transfer Acknowledge Delay 

Bits 

7,6 
5 
4 
3 

2,1, 0 

Function 

Not Used 
o = Clear EOC Interrupt 
o = Clear EOS Interrupt 
o = Clear Pacer Clk. Interrupt 
Not Used 

The ST-711/732 responds with a Transfer Acknowledge 
(XACK) with any Read or Write Command. The XACK may 
be delayed to suit different processors. 16 delay steps are 
jumper-selected from 50 nS to 1.5 IlS. Standard units are 
set to 50 nS. 

Pacer Clock 

Adjustable time-base consisting of a 10-stage binary divider 
capable of starting AID conversions in the External Trigger 
Mode. Time-base periods are jumper-selected and the os­
cillator may be either crystal or RC controlled. The standard 
range is 97 IlS to 1 second. 

Interrupts 

2 of 3 possible interrupts may be jumper-selected to one or 
both (INTA and INTB) interrupt lines. The interrupts are 
EOC, EOS and Pacer Clock. They are factory-jumpered as: 
INT A - EOS, INT B - EOC. Additionally, any of the 8 Multi­
bus interrupts may be wired to any combination of the EOC, 
EOS Pacer Interrupts. 
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ST-711, ST-732 

AID CONTROL ADDRESSES 

LOAD COMMAND REGISTER (WRITE I2II21F7121121) 

Bits Function 

7 Not Used 
6 Not Used 
5 1 = Enable End of Convert (EOC) Interrupt 
4 1 = Enable End of Scan (EOS) Interrupt 
3 0 = Clear Board Busy Status 
2 1 = Enable External Trigger 
1 1 = Enable Automatic Ch. Addr. Increment 
o 1 = Enable AID Conversion 

READ STATUS REGISTER (READ I2II21F7121121) 

Bits Function 

7 1 = AID Conversion Done 
6 1 = Scan Done 
5 1 = EOC Interrupt Enabled 
4 1 = EOS Interrupt Enabled 
3 1 = Board is Busy 
2 1 = External Trigger Enabled 
1 1 = Auto-increment Enabled 
o 1 = AID Conversion Enabled 

READILOAD PGA DNA START CHAN. ADDR. AID 
(READ WRITE I2II21F71211) 

Bits 

7,6 

5 

4 

3 

2 

Function 
--------------~ ----

00 = Gain Xl 
01 = Gain X2 
10 = Gain X4 
11 = Gain X8 
Not Used 

1 = 24 

1 =23 

1=22 

1=21 

1=20 

Start Chan. Addr. Select 
(1 of 32) 

--~--------

LOAD AID LAST CHANNEL ADDRESS (WRITE 
I2II21F71212) 
-- -- --- ---

Bits 

7,6,5 

4 

3 

2 

o 

Function 

Not Used 

1 =24 

1=23 

1=22 

1 = 21 

1 = 20 

Last Chan. Addr. Select 
(1 of 32) 

DIA COMMANDS 

LOAD HOLD REGISTER with DAC LO Byte DIA 
(Writel2ll2lF71218 DACO, Write I2II21F7I21A-DAC1) 

Bits 

7 
6 
5 
4 

3,2,1,0 

Function 

DAC Bit 9 
DAC Bit 10 
DAC Bit 11 
DAC Bit 12 (LSB) 
Zeros 

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

LOAD HI BYTE TO DACj Load Hold Reg. to DAC 
(Write I2I121F71219 DACO, WriteI2lI2lF7I21B-DAC1) 
Enable DAC Input Register Strobe 

Bits Function' 
----- --- ---

7 DAC Bit 1 (MSB) 
6 DAC Bit 2 
5 DAC Bit 3 
4 DAC Bit 4 
3 DAC Bit 5 
2 DAC Bit6 
1 DAC Bit 7 
0 DAC Bit 8 

• A/D-D/A convention is to label the converter's Most Signifi­
cant Bit as Number 1 (MSB). (Note that D/A addressing is 
mapped continuous to AID addressing). 

AID DATA ADDRESSES 

READ AID DATA HI BYTE (Read I2II21F7I21S) 

Bits 

7 
6 

o 

Function 

ADC Bit 1 (MSB) 
ADC Bit 2 

ADC Bit8 

READ AID DATE LO BYTE (Read I2II21F71214) 

7 
6 
5 
4 

Bits 

3,2,1,0 

Function 

ADC Bit 9 
ADC Bit 10 
ADC Bit 11 
ADC Bit 12 (LSB) 
Not Used 
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5T-711, 5T-732 

INTERFACE CONNECTORS 

Programmable Low Level 
Gain Unipolar Bipolar Unipolar Bipolar 

X1 0 +5V 
X2 0 +2.5V 
X4 0 + 1.25V 
XS 0 +675 mV 

0 +10V 
0 +5V 
0 +2.5V 
0 +1.25 

±5V 
±2.5V 
±1.25V 
±675mV 

±10V 
±5V 
±2.5V 
±1.25V 

Upto +SO mV 
Up to +40 mV 
Upto +20 mV 
Upto +10 mV 

Upto±1V 
Up to ±500mV 
Up to ±200mV 
Up to ±100mV 

(Standard, Offset Binary) 
A 

Selected by on-board jumpers 

Memory Base Address 
The 16-location starting base address is factory set at 
00F700 (hex) but may be reassigned on 16-byte 
boundries (LSB = 0) by altering a supplied DIP jumper 
plug. However, the supplied diagnostic program is pre­
set to operate from base address 00F700H. 

Requires substitution by 

user of fixed gain resistor 
on the on-board differential 
amplifier 

INTERFACE CONNECTORS 

NO. OF PIN SPACING 
DESIG. FUNCTION PINS CENTERS (IN) 

PI SBe Multiabus 86 0.156 

Bus Connector 

P2 ±1SV Aux. Power 60 0.1 

(Bus) 

Jl 2 D/A Analog 50 01 

Outppul Channels 

J2 1 sl 80/165 AID In- 50 01 

put Channels 

J3 2nd 80/16S AID 50 01 

Input Channels 

DATA ACQUISITION COMPUTER 

EXTERNAL 
PROCESS BEING 
MEASURED OR 
CONTROLLED 

TEMP. 

PRESSURE 

RPM 
FLOW RATE 
VOLTS.mV 

PHYSICAL 
PARAMETERS 

TRANSDUCERS 
& SENSORS 

ST-711 
ANALOG 
INPUT 
BOARD 

DISK 
~ 

CPU 
MEMORY 

~ 
PORTS 

r---l 
I I 
I 
I REMOTE I 
co~~t~RI 

LAN I (VAX. IBM) I 
I I 
I I 
L ___ J 

w~ 
SOFTWARE PROGRAM 
BUlLT BY USER 

TERMINAL 

MATING RIBBON 
CONNECTORS 

58-2076061 

58-2076061 

58-2076061 
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SineTrac ST-716 
16-Bit D/A Board for MULTI BUS 

ISBC-SO Microcomputers 

FEATURES 

• 4 or 8 DIA channels, 16-bit resolution 

• Compatible with both 8- and 16-bit CPU's (8- or 16-bit 
data transfer) 

• Accurate to 0.005% of Full-Scale reading 

• Complete hardware and software compatibility with 
MULTI BUS and ISBC-Series microcomputers 

• 24-bit addressing 

• Memory-mapped, with user-selectable base address 

• Three user-selectable output ranges available: 
±5 V dc, 0 to +10 V dc, and ±10 V dc 

• Selectable Transfer Acknowledge delay (XACK/) 
ensures compatibility with different memory speeds 

DATEL'S SmeTrac S7716 DIA BOARD PROVIDES END USERS AND OEM's WITH A MEANS OF PRODUCING HIGH RESO· 
LUTiON ANALOG OUTPUTS FROM THEIR MULTIBUS AND ISBC MICROCOMPUTERS, WITH 16 BITS OF RESOLUTION, 
THIS BOARD IS AN IDEAL CHOICE FOR PRECISION SERVO CONTROL AND SIMILAR APPLICATIONS. 

GENERAL DESCRIPTION 

The ST-716 provides 4 or 8 channels of digital-to-analog (O/A) 
conversion with 16 bits of resolution. Overall accuracy is within 
.OOS% of full scale reading. Voltage range outputs are jumper­
selectable to ensure the board's compatibility with popular 
process control and test instrumentation. 

Like other SineTrac products, the ST-716 is fully hardware and 
software compatible with its host ISBC or MULTIBUS computer. 
All necessary address decoders, logic controls, and data 
receivers are built in. The user simply slides the ST-716 into an 
Intel-compatible card cage and wires the analog outputs. The 
ST-716 is then ready as a memory-mapped O/A peripheral. It is 
addressed by the host computer as 16 consecutive memory 
locations with a user-defined base address. This memory­
mapped format permits virtually unlimited O/A channel expan­
sion by using multiple ST-716's, each with a different base 
address. 

A systems manual is shipped with each board, providing instal­
lation instructions, theory of operation, and engineering 
drawings. 

Figure 1 is a simplified block diagram of the ST-716, with the 8 
O/A channel circuitry for Model ST-7160 shown within dashed 
lines. The ST-716 is pin-compatible with OATEL:s ST-724, ST-728, 
ISBC-724, and ISBC-728 analog output boards. The 4-channel 
ST-716's are software-compatible with the ST-724's and ST-728's 
while the 8-channel ST-716's are software-compatible with the 
ST-728's. 

Data inputs to the ST-716 are from the host computer's bus. 
Input coding is offset binary. 

Each channel uses a OATEL Model OAC-HP16B (or OAC­
HP16B-1), a 16-bit hybrid device which offers linearity to 
±0.003% of Full-Scale reading. The output of the converter is 
monotonic to 14 bits between + 1Q°C and +40°C. Offset error 
on each channel has been adjusted to zero prior to shipping 

the boards. Trim pots on the board permit recalibration of zero 
(or offset) and range setting. The converter settles in 1S"S to 
within±O.OOS% of FSR. Zero tempco is ±S ppm of FSR/oC, 
and gain tempco is within ±20 ppm of FSR/oC. 

The board's base address is factory set at OF710. However, the 
user may relocate the board's address anywhere up to FFFFO 
by rewiring a 20-pin DIP plug supplied with the board. The user 
may also extend the addressing to a full 24 bits by soldering 
jumpers into holes provided on the board adding four more bits. 
This would extend the addressing capability to FFFFFO hex. 

In order to make the ST-716 compatible with different speed 
CPU and memory systems, a Transfer Acknowledge delay 
(XACKlOelay) circuit is provided. The user enables 16 jumper­
selectable delays from .OS to 1.S microseconds. 

The ST-716 is fully bus, card cage, and software compatible with 
the MULTIBUS. The board is 12"Wx 6.7S"0 x O.S"H (30Sx 172 
x 13 mm). Multiple ST-716 boards can mount in adjacent card 
slots when used with a standard, .60" spacing Intel card cage. 
The ST-716C and ST-7160 draw ali their power from the MUL­
TIBUS +SV line. 

An on-board dc-to-dc converter provides the ± 1SV to drive the 
board analog output circuits. The St-716 weighs approximately 
11.2 ounces (0,318 kg). It can operate over a temperature range 
of 0 to +SsoC with relative humidity from 10 to 90% (non­
condensing), and from 0 to 1S,000 feet (0 to 4600m) in altitude. 

Refer to Figure 2 for information regarding the location of al'l 
user-selectable jumpers for addressing, XACKlOelay, and out­
put range selection. 
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Figure 1. ST-716 Block Diagram 

FUNCTIONAL SPECIFICATIONS 

(Typical at 250C, unless otherwise specified) 

D/A ANALOG OUTPUT 

Number of Channels 
ST-716C .............. .4 D/A Channels with on­

board dc-to-dc converter. 

ST716D ............... 8 D/A channels with 2 on­
board dc-to-dc converters. 

Full Scale Output 
Ranges ............... ±5V,Oto +10, ±10Vdc 
Digital Input Coding. . .. Offset Binary 
Output Impedance .... ' 50 Milliohms 
Maximum Current Availa-
ble on Voltage Outputs .. ± 5 mA 

Data Register. . . . . . . . . . Reserves a block of 16 con-
Memory Mapping secutive memory locations 

PERFORMANCE 

Accuracy at +2S·C .. ±0.005% of FSR (includes 
noise and nonlinearity) 

Setting Time .. 10V change, 26 "Sec. (to 
0.005% FSR) 

Power Supply Rejection .. ±0.002% FSR/% 
Monotonicity . . . . To 14 bits over +10·C to 

+40°C temp Range 
Zero Temperature Drift ... Within ±5 ppm of FSR/·C 
(Unipolar Output Only) . 
Offset Temperature Drift .. ±8 ppm of FSR/oC 
(Bipolar Output Only) 
Gain Temperature Drift ... Within ±20 ppm of FSR/·C 

POWER CONSUMPTION 
(From MULTIBUS +5 V dc, no load) 

ST-716C ................ 2.0 Amps, typical 
ST-716D ................ 4.2 Amps, typical 
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FUNCTIONAL SPECIFICATIONS (cont.) 

PHYSICAL 

Outline Dimensions 

Weight 

..... 12.00"W x 6.75"0 x 0.50"H 
(304,8 x 171,5 x 12,7 mm) 
ST-716 boards may be in­
stalled adjacent to each 
other in SBC card cages 
with 0.60" spacing 

.. 11.2 ounces (0,318 kg) 
Operating Temperature 
Range ................. 0 to +55°C 
Relative Humidity .... 10% to 95%, non-

ST·716 

also onto the selected DAC's input. Digital to-analog conver­
sion then begins. Data transfer with a 16-bit CPU is somewhat 
simpler. All 16 data bits are transmitted as a single word. Data 
is loaded directly into the selected DAC, and a D/A conversion 
takes place. 

Table 1. Data Formats for 8- or 16-Bit CPU's 

SINGLE WORD, 16-BIT CPU 

HIGH BYTE (8·BIT CPU) LOW BYTE (8·BIT CPU) 

BASE + 1,3,5,7,9,B,0, or F BASE + 0, 2,4,6,8,A,C, or E 

Altitude. 
condensing 

........ 0 to 15,000 ft. 015014013012011 0100908 07 06 05 04 03 02 01 DO 

SELECTION OF 8-BIT OR 16-BIT CPU's 

The ST-716 board automatically changes to a 16-bit format when 
the BHENlline on the MULTIBUS goes to zero volts (pin 27 of 
connector P1). A high input on BHEN/, consequently, sets the 
ST-716 for the 8-bit format. 

DATA FORMAT 

The ST-716 requires 16 bits of digital data, input from the host 
computer, for a single digital-to-analog (D/A) conversion. Table 
1 indicates how 8-bit and 16-bit CPU's format this data. 

Note that 8-bit CPU's must transmit the 16 data bits in two bytes. 
The low byte contains the 8 least significant data bits; these are 
stored in a data register on the ST-716. The high byte contains 
the remaining 8 data bits. When the host transmits the high byte 
containing the 8 MSB's, the data register places the 8 LSB's 

J 1 

COMPONENT SIDE 

J. 

'9 .9 (ST-116D ONLY} 

XACK/OElAV SELECT 

,------"'1. r------..., 
.: 2:5 27:2:9:31: 1r;n 

+5VOC/DC 
CONVERTER 

CST-716D ONLy) 

PS2 

I 26 28 30 32 1 ~ 
L ______ ...J BASE ADDRESS 

DECODER 

85 

i i i i i iii iiiiiiii 
N M " '" <J) "- co '" ~ 

;:' ~ ;! ';2 ~ 

~-~ ~ 
« 

~ ~ ~ ~ ~ ~ ~ ~ ;:s ;:s ~ ;:s-« al « !;j: « « « « « « « « « «ID 
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ST-716 REGISTER ASSIGNMENTS 

Table 2 details the memory address assignments of the 16 
memory locations the ST-716 occupies. Please note that when 
the ST-716 is used with 16-bit CPU's, every other (even­
numbered) address location is used. 

24·bit Address 
Enable Jumper 

·User solders lumper 
wires between holes. 
Jumper = logic 1 

P1 P2 

No Jumper = logic 0 
See 24-8il Addressing 

OUTPUT 
VOLTAGE 

JUMPER SELECTION 

RANGE DACe DAC1 DAca DAC3 DAC. DAC5 DACI DAC7 
8-1.V '-3 5-S 8·8 11-1214-1511-1820-2123-24 

:tSV±10V 1-' '-5 7-8 10-1113-1411-1718-2022-23 

Figure 2. ST-716 Board Layout Drawing 
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ST·716 

BASE ADDRESS SELECTION 

NOTE: The ST-716 may be used with both 8- and 16-bit 
microprocessors. Bits 10,11,12 and 13are used or 20-bit 
addressing. Full 24-bit addressinQ would use these bits 
and address bits 14, 15, 16 and 17. 

Use Table 3 as a worksheet to assign the base address. 

Table 2. ST-716 Register Assignments 

MEMORY MEMORY 
ADDRESS ADDRESS 

(8·BIT FUNC· (16·BI1) 
CPU'S TION REGISTER ASSIGNMENT CPU'S 

BASE+O WRITE Output LSB Byte for DAC 0 
(Channel 0) 

BASE+O) BASE+ 1 WRITE Output MSB Byte for DAC 0 
(Channel 0) 

BASE+2 WRITE Output LSB Byte for DAC 1 

BASE + 3 WRITE 
(Channel 1) 

BASE +2 Output MSB Byte for DAC 1 
(Channel 1) 

BASE + 4 WRITE Output LSB Byte for DAC 2 

BASE+5 WRITE 
(Channel 2) 

BASE +4 Output MSB Byte for DAC 2 
(Channel 2) 

BASE+6 WRITE Output LSB Byte for DAC 3 

BASE+ 7 WRITE 
(Channel 3) 

BASE+6 Output MSB Byte for DAC 3 
(Channel 3) 

BASE+8 WRITE Output LSB Byte for DAC 4 
(Channel 4) 

BASE+8 BASE+9 WRITE Output MSB Byte for DAC 4 
(Channel 4) 

BASE+A WRITE Output LSB Byte for DAC 5 
(Channel 5) 

BASE+A BASE + B WRITE Output MSB Byte for DAC 5 
(Channel 5) 

f""'C 
WRITE Output LSB Byte for DAC 6 

(Channel 6) 
BASE+C BASE + 0 WRITE Output MSB Byte for DAC 6 

(Channel 6) 
BASE + E WRITE Output LSB Byte for DAC 7 

(Channel 7) BASE+E 
BASE+ F WRITE Output MSB Byte for DAC 7 

(Channel 7) 

Procedure 

1. Select a base address, in hex, between OOOOOX and 
FFFFFX. Write all but the last digit in the boxes. (The last 
hex digit selects the 8D/A channels, .and cannot be preset)r 

2. Convert the hex code to binary'by writing l's and O's in the 
boxes opposite "Hex Bit Weighting". 

3. To set the ST-716 for a particular base address: 

Address bits 4 through 13: Connect the "1" pins 
together to pin 10 or 11 and the "0" pins together 
to pin 1 or 16, on DIP plug XA-l. 

4. Address bits 0 through 3 select the 8 D/A channels and are 
not shown. 

5. For 16-bit processors, bits 10, 11, 12 and 13 must be tied to 
pin 1. 

6. XA-l is a 20-pin DIP plug. (See Table 4) 

7. Full 24-Bit addressing requires soldering jumperwires be­
tween etched holes provided ant he ST-716 boards. See the 
ST-716 board component layout diagram for the location of 
these holes. 

Table 4. Dip Plug XA-l Pin AsSignments 

Set For Base Address of 0F700H 

SIGNAL PIN # PIN# SIGNAL 

+5V 1 

J~i 
20 +5V 

ADR10 2 19 ADR4 
ADRC 3 18 ADR5 

ADR 11 4 17 ADR6 

ADR12 5 16 ADRB 

ADR13 6 15 ADR7 

ADRF 7 

I~ ~ 
14 ADR8 

ADRE 8 13 ADR9 

ADRD 9 12 ADRA 

GND 10 11 GND 

TOP VIEW 

NOTES: 

1. Address inputs to the ST-716 are low true. Tie pins to ground 
(Pin 10 or 11) for logic 1; tie them to +5V. (Pin 1 or 20) for a 
10gicO. 

2. Etch holes exist on the board to assign logic levels to the 
additional four bits. Refer to the component layout diagram 
for the location of these holes. 

Table 3_ Base Address Selection 

BASE 
ADDRESS 

(HEX) 

HEX BIT 
WEIGHTING 

ADDRESS 
BIT# 
HEX 

XA-1·PIN 
N'S/JUMPERS 

I 

24·biI Addressing 

2O·bi' ~AddreSSing 
l6-bit Addressing 

/0101'-' /oi;;-F" / OloF-, / OloF~ ~ 

~ '4 "2 ~ ~. '4 "2 ~ ~ '4 "2 ~ I~ '4 "2 ~ i~ 
17 16 15 

" 
13 ,2 11 10 F E D C B A 9 8 7 

NOT APPLICABLE Pin Pin Pin Pin Pin Pin Pin Pin Pin Pin Pin Pin Pin 
SEE NOTE 1 6 5 4 2 7 8 9 3 16 12 13 14 15 

NOTES 
1. Address bits 14, 15, 16 and 17 are enabled by placing jumpers across etched holes provided on 

the printed wiring board. See '24-Bit AddreSSing' 
2. Boards are factory set for a base address of OOF10 hex. 

'4 "2 

6 5 

Pin Pin 
17 18 

x 

~-
4 

Pin 
19 
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TRANSFER ACKNOWLEDGE (XACKI) DELAY 
SELECTION 

The ST-716 board generates a Transfer Acknowledge (XACK/) 
signal in response to write commands from the host computer. 
It is sometimes desirable to delay this signal, in order to match 
the XACKJ signal to the host computer timing. The ST-716 has 
a jumper-selectable Transfer Acknowledge Delay (XACKJdelay) 
ranging from 50 nanoseconds to 1.5 microseconds. 

The accuracy of the XACK/delay is dependent in part on the 
duty cycle of the CCLKJsignal generated by the computer, 
shorter duty cycles result in greater accuracy. The delay time 
is advanced on the leading edge of CCLK/; XACKI is generat­
ed on the trailing edge of CCLKJ. 

Please refer to Table 5 for jumper configurations yielding differ­
ent delay times. 

OUTPUT RANGE CODING SELECTION 

DELAY 
jLsec 
'0.05 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 
1.0 
1.1 
1.2 
1.3 
1.4 
1.5 

ST·716 

Table 5. XACK/Delay Selection 

JUMPERS 

- - - -
31-32 - - -
- 25-26 - -

31-32 25·26 - -
- - 27-28 -

31·32 - 27-38 -
- 25-26 27·28 -

31-32 25-26 27-28 -
- - - 29·30 

31-32 - - 29·30 
- 25-26 - 29·30 

31·32 25-26 - 29-30 
- - 27-28 29-30 

31·32 - 27·28 29-30 
- 25-26 27-28 29-30 

31-32 25·26 27-28 29·30 
*Factory supplied configurations Datel ships the ST-716 boards with the full-scale output ranges 

configured as follows: 

ST-716C1 ± 5V dc 
Table 6. ST-716 Output Range Selection Jumpers 

ST-716D1 0 to + 10V dc 
ST-716C2, D2 ± 10V dc 

The particular jumper connections for individual DAC's appear 
in Table 6. 

Tables 7 and 8 show the signals present on the output connec­
tors of the ST-716. 

MODEL 

ST·716C2 
ST-71602 

ST-716Cl 

ST-71601 

RANGE 

±10V 

±5V 

010 +10V 

Table 7. J1 Analog Output Connections 

WIRING SIDE PIN#'S 

N/C 2 1 
N/C 4 3 
N/C 6 5 
N/C 8 7 
N/C 10 9 
N/C 12 11 
N/C 14 13 
N/C 16 15 
N/C 18 17 
N/C 20 19 
N/C 22 21 

DAC3, VOUT 24 23 
N/C 26 25 
N/C 28 27 

DAC2, VOUT 30 29 
N/C 32 31 
N/C 34 33 

DAC 1, V OUT 36 35 
N/C 38 37 
N/C 40 39 

DACO, VOUT 42 41 
N/C 44 43 
N/C 46 45 

POWER COMMON 48 47 
-15V POWER' 50 49 

NOTE: Pins 49 and 50 are outputs; 1 mA maximum (for reference only) 

DAC DAC DAC DAC DAC DAC DAC 
0 1 2 3 4 5 6 

1-2 4-5 1·8 10·11 13·14 16·17 19·20 

1-2 4-5 1·8 10-11 13·14 16·17 19·20 

2-3 5-6 8·9 11-12 14-15 17·18 20-21 

COMPONENT SIDE 

N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 

DAC 3, ANA RTN 
N/C 

GND 
DAC 2, ANA RTN 

N/C 
GND 
DAC 1, ANA RTN 

N/C 
GND 
DAC 0, ANA RTN 

N/C 
GND 
POWER COMMON 
+15V POWER' 
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ST"716 

Table 8. J2 Analog Output Connections 

WIRING SIDE PIN #'5 

N/C 2 
N/C 4 
N/C 6 
N/C 8 
N/C 10 
N/C 12 
N/C 14 
N/C 16 
N/C 18 
N/C 20 
N/C 22 

DAC7, VOUT 24 
N/C 26 
N/C 28 

DAC6, VOUT 30 
N/C 32 
N/C 34 

DAC5, VOUT 36 
N/C 38 
N/C 40 

DAC4, V OUT 42 
N/C 44 
N/C 46 

POWER COMMON 48 
-15V POWER2 50 

NOTES: 
1. J2 not used on 4 channel versions of ST-716. 

2. Pins 49 and 50 are outputs; 1 mA maximum (for reference only) 

24·BIT·ADDRESSING 

For 16 or 20-bit addressing, Remove jumpers 53 
through 68. For 24·bit addressing, install jumpers 
61 to 62, 63 to 64, 65 to 66 and 67 to 68. Also install 
the following according to the desired address: 

Address 
bit: 

Jumper: 

A 171 A161 A151 

59-60 57-58 55-56 

OPEN ="0", CLOSED = "1" 

A141 

53-54 

COMPONENT SIDE 

1 N/C 
3 N/C 
5 N/C 
7 N/C 
9 N/C 

11 N/C 
13 N/C 
15 N/C 
17 N/C 
19 N/C 
21 N/C 
23 DAC 7, ANA RTN 
25 N/C 
27 GND 
29 DAC 6, ANA RTN 
31 N/C 
33 GND 
35 DAC 5, ANA RTN 
37 N/C 
39 GND 
41 DAC 4, ANA RTN 
43 N/C 
45 GND 
47 POWER COMMON 
49 +15V POWER2 

ORDERING INFORMATION 

MODEL 

ST-716 TT ~1-±5V do. ~ 0 10 ,1OV do 0",,", 
L2-±10V dc Output 

C-4 D/A Channels 
D-8 D/A Channels 

ACCESSORIES 

Part Number Description 

31-20760040 Edge Connector for 
J1, J2, (Two supplied) 
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SineTrac ST-724 
4-Channel D/ A and Current 

Loop Board for 
MULTIBUS Microcomputers 

FEATURES 

• 4 D/A channels using 12-bit Hybrid Converters with 
Input Registers 

• Accurate to .05% of Full Scale Reading 

• Memory-mapped, with user-selectable Sase Address 

• Complete hardware and software compatibility with 
Multibus and SSC-series Microcomputers 

• Pin·for·pin replacement for iSBC·724. Uses identical 
programming and register assignments to 
iSBC·711/732 and ST·7111732 A/D·D/A boards 

• Works directly from Intel RMX Software 

• Includes 4 externally excited 4 to 20 mA industrial 
current loop amplifiers. 

• Pin-selectable Transfer Acknowledge (Xack/) Delay­
ensures compatibility with different memory speeds 

• On-board DC/DC power converter generates ±15 Vdc 
from +5 Vdc computer bus 

INTRODUCTION 

The ST-724 Analog Output board extends DATELS SineTrac family 
of slide-in computer peripherals to a variety of industrial and 
instrumentation applications. It provides 4 channels of D/A conver­
sion, each with 12 binary bits of resolution for an overall accuracy 
to within .05% FSR. The ST-724 is fully hardware and software com· 
patible with the popular MULTI BUS series of microcomputers­
it is a pin-for-pin replacement for the iSBC-724. And, the ST-724 
is significantly less expensive than other boards with compar­
able featu res. 

The ST-724 is memory mapped-it appears to the hostcom­
puter as eight consecutive locations in memory. The board 
base address is factory set to F7¢8 but may be reassigned 
by the user anywhere in memory. The ST-724 also features 
an adjustable Transfer Acknowledge Delay (XACK/Delay). 
The ST-724 generates a Transfer Acknowledge signal in 
response to memory write commands from the system com­
puter. The XACK!Delay circuitry permits a delay of this 
signal, to ensure compatibility with the host computer. 

Digital inputs to the ST-724 may be set for offset binary or 2's 
complement (bipolar) coding or for straight binary (uni-

COMPATIBLE TO: iSBC-80 SERIES 
iSBC-86 SERIES 

polar). Outputs from ±5V, ±10V, O-H5V and O-H10V DC 
permit the ST-724 to interface with a variety of process re­
ceivers, proportional controllers, or recorders. A 4 to 20 mA 
current loop is also provided which permits the board to be 
used in electrically noisy industrial environments. All out­
puts may be shorted to ground without damage. 

Power to the ST-724 comes from the host computer's + 5V 
power bus. An on-board DC-to-DC converter generates 
± 15V for the analog output circuitry. 

DESCRIPTION 

Input to the ST-724 is from the host computer data bus. Since 
the Intel Multibus provides only 8 binary bits of data per memory 
word, and the D/A converters on the ST-724 require 12 binary bits, 
two memory bytes are required for each conversion. The 4 least 
significant bits are transmitted first, (for DAC <1>, at the base 
memory address) and are latched into a 4-bit register. The next 
data byte (base address + 1) contains the 8 MSB bits, and initi­
ates a conversion. 

D/A conversion is accomplished by DATELS DAC-HK12BGC, a 12-bit 
hybrid unit with an input storage register and linearity to within ± V2 
LSB. The output of the converter is monotonic, having a differen­
tial nonlinearity of ±'/2 LSB maximum. Offset zero error on each 
channel has been adjusted to zero prior to shipping the board; pots 
on the board permit recalibration of zero or offset settings. 
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ST-724 

Zero temperature coefficient (unipolar outputs only) forthe 
converter is less than ±5 ppm/DC of Full Scale Reading. 
Offset temperature coefficient (bipolar outputs only) is with­
in ±10 ppm/DC of FSR. Maximum gain tempco measures 
±20 ppm/DC of FSR. DAC settling time is 4 f.Lsec maximum 
(to within Y:! LSB of value), and slew rate is 20V/f.Lsec. 

The voltage output ranges from the ST-724 board are jump­
er selectable and have an output impedance of 50 milli­
ohms. Maximum available current on the voltage outputs is 
±5mA. The ST-724 also provides voltage to current con­
verters for each of its four D/A channels. 

The current output option is jumper-selected by the user, 
and requires a user-supplied external excitation source 
(+18 to +30 Vdc). 

The ST-724 is a memory-mapped device which occupies 8 con­
secutive memory locations. The starting (base) address is set 
at the factory to F7¢8. However, the user may reposition this 

ST-724 
BLOCK DIAGRAM 
4-Channel 0/ A 

~--
MWTC 

BASE 

1\ 
ADDRESS 

ADR0TO'\ 
DECODER 

AND 
ADRF FUNCT.ION v SELECT 

lOGIC 

l 1 
CClK 

'" INIT SELECTABLE 
8::> XACK ",0> 

XACK DELAY ::>u 
!!lo> 
'::i'" 
::>0 
::;irl .... 
~ 

1 
1\ 

D~TODJ) DATA 
RECEIVER 

p 

V 

±15V 
+5VDC OCTO DC 

CONVERTER 
(BPM 15/150) 

7" 

BASE +1 

BASE +3 

BASE +5 

BASE +7 

BASE +0 OR 20R40R6 

~r 
D~TOD7 

+15V 
TO 
ANALOG 

-15V CIRCUITS 

base address anywhere up to FFF8 in the host computer's 
memory by reconfiguring jumpers on the ST-724 board. 

The selectable Transfer Acknowledge DelayCircuit(XACK! 
Delay) provides 16 delays from .05 to 1.5 f.Lsec which may 
be jumper-programmed by the user. 

The overall size of the ST-724 is 12.0"W x 6.75"D x 0.5"H 
(305 x 172 x 13 mm). Multiple ST-724 boards may be 
installed in adjacent card slots if used in a standard (.60" 
spacing) Intel card cage. The ST-724 weighs 18 ounces 
(.51 kg). It should be operated in an ambient temperature 
from 0 to +55DC, with relative humidity from 10% to 95% 
(non-condensing), and from 0 to 15,000 ft (0 to 4600m) in 
altitude. The board may be stored at temperatures from 
-25DC to +85DC. The ST-724 is powered from the host 
computer bus's +5 Vdc supply, and draws 1.5A. 

1-1\ 
~ 
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0 ~ 
DAC1 

~ 
vi 
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~ 
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/ 
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I 
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I 
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EXT. LOOP : 

~' 
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~ 
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I : 
I 
I 
I 

DAC2 I 
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I 
I 
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I 
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J1 
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SPECIFICATIONS 
Typical at +25°C, dynamic conditions, unless 
otherwise specified 

D/A ANALOG OUTPUT 
Number of Channels . .4 D/A channels 
Channel Expansion ... I ndefin ite channel expansion 

by separate, stand-alone 
ST-724 boards, each with a 
different base address; 
limited byavailable card slots, 
and power supply current. 

Full Scale 
0.",., R.ng~ ..... ± OOV ,".nd"'di } 

C~:""") ±5V J.mpe, Jumpers t.O ~+ 1 OV Selectable 
~~~~~~~~~nges ~+5V by User 
±10V. offset 4-20 mA 
binary (Current Loop) 

Digital Input Coding ... Straight Binary }Jumper 
Offset Binary Selectable 

(standard) by User 
2's Complement 

Outputlmpedance .... 50 Milliohms 
Maximum Current 

Available on 
Voltage Outputs .... ±5 mA @ ±10V short-circuit-

proof to ground 

ADDRESSING Reserves a block of 8 
memory locations, all succes-
sive to a jumper-selectable 
memory base address 

CURRENT LOOP EX-
TERNAL EXCITATION 
VOLTAGE +18V to +30VDC, regulated, 

user-suppl ied. 
(25 mA maximum!DAC) 

PERFORMANCE 

Non-linearity ......... ±y,; LSB maximum 
Differential 

Non-linearity ....... ±y,; LSB maximum 
Offset or Zero Error ... Adjustable to zero using pot. 

Each channel individually 
adjustable. 

ORDERING GUIDE 

MODEL DESCRIPTION 
ST·724 4 Channel, Multibus·Compatible 

D/A Board 
31·2076040 Edge Connector, J1, Spare 

(One Included with Board) 
(PCB to solder tab) 

UM-ST-n4 ST-724 Manual 
(One Included with Board) 

For 8 D/A channels, use Model ST·728, 

ST-724 

Zero Temperature 
Drift .............. (Unipolar Output only) 

Within ±5 ppm of FSR/oC ' 
Offset Temperature 

Drift, , .. , , , , , , .. , . (Bipolar Output only) 
Within ±10 ppm of FSR/oC 

Gain Temperature 
Drift. .. , , , ... , .... Within ±20 ppm of FSR 1°C 

Settling Time, , , , . , , ,Maximum, 4 Ilsec to within 
y,; LSB of final value 

Slew Rate.,.""", ,20V/llsec 
Power Supply 

Rejection, , , , . , , , , ,54 dB to DC supply bus 

PHYSICAL 

Outline Dimensions, ., 12.00"W x 6.75"0 x 0.50"H 
(304,8 x 171, 5 x 12, 7 mm), 
ST-724 boards may be 
installed adjacent to each 
other in SBC card cages, 

Weight ......... , .. , .18 ounces (.510 kg) 
Operating Tempera-

ture Range .. , , , , , ,0 to +55°C 
Storage Tempera-

ture Range, , . , . , . , -25°C to +85°C 
Relative Humidity, , .. 10% to 95%, non-condensing 
Altitude, .. " .. , .. " ,0 to 15,000 ft (4600m) 

POWER 
CONSUMPTION 

GENERAL 

+5Vdc ±5/% @ 1.5A from 
computer bus (±15Vdc 
supplied from on-board 
DC/DC power converter.) 

Compatibility, , , , . , , ,Pin-for-pin, cardguide, and 
program compatible with 
Multibus and SBC-series 
microcomputers. 
A pin-for-pin replacement 
for the SBC-724. 

Connector ., .. , .. ,. Dual 25·pin PCB, 0,1 rr centers 

~Use(s external circuits 
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ST-724 

INPUT DATA FORMAT 

Since 12-bit D/A converters are used on the ST-724. and 
since the Intel Multibus provides for only 8-bits of data per 
memory word. two 8-bit bytes in two sequential memory 
words are necessary for each 0/ A conversion. 

The lS Byte is loaded onto the board first and is stored in a 
4-bit register until the MS Byte is loaded. Thus. the memory 
location of the lS Byte is always the lower of the two loca­
tions used for a given channel. Conversion begins as soon 
as the MS Byte is loaded; within 4 microseconds an analog 
signal appears at the board's output. 

REGISTERS 

The memory address bit function assign­
ments are as follows. For an explanation 
of lSB and MSB Bytes. please see "Input 
Data Format". MEMORY 

ADDR. 
M+{i! 
M+1 
M+2 
M+3 
M+4 
M+5 
M+6 
M+7 

LEAST SIGNIFICANT BYTE 
07 06 05 04 03 02 01 DO 

DAC DAC DAC DAC 
BIT BIT BIT BIT 
9 10 11 12 X X X X 

(lSB) 

MOST SIGNIFICANT BYTE 

DAC DAC DAC DAC DAC DAC DAC DAC 
BIT BIT BIT BIT BIT BIT BIT BIT 
1 2 3 4 5 6 7 8 

(MSB) 

X = Don't care 

ST-724 REGISTER ASSIGNMENTS 

FACTORY 
ASSIGNED 
MEM. ADDR. FUNCTION 

F708 Output lSB Byte for DAC 0 (Channel 0) 
F7~9 Output MSB Byte for DAC !iI (Channel 0) 
F70A Output lSB Byte for DAC 1 (Channel 1) 
F7!i1B Output MSB Byte for DAC 1 (Channel 1) 
F70C Output lSB Byte for DAC 2 (Channel 2) 
F7!i1D Output MSB Byte for DAC 2 (Channel 2) 
F7!i1E Output lSB Byte for DAC 3 (Channel 3) 
F7!i1F Output MSB Byte for DAC 3 (Channel 3) 
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D/A CALIBRATION PROCEDURE 

Calibration of the ST-724 should be performed every 90 
days or whenever the Analog Output Range jumpers are 
reconfigured. More frequent calibration may be indicated 
in adverse operating conditions. The Diagnostic program 
supplied with the ST-724 was written as part of the cali­
bration procedure. 

1. Set the board jumpers for the desired output range: 
0 .... H5V, 0~+10V, 4~20 mA, ±5V, or ±10V. See "Out­
put Range Selection" for details. 

2. Connect a digital voltmeter (Fluke 8800A or equivalent) 
to the outputs of Channel 0 (DAC 0). For voltage 
ranges, measure between "V OUT" and "ANA RTN". 
For current ranges the user must supply a precision 
2500 or 5000 resistor; voltage measurements are then 
made across this resistor (see Note 1, bottom of Cali­
bration Table). 

3. Using the Diagnostic program, select the "Calibration 
Test", Call Key "C". 

4. The teletypewriter will respond by printing out: 
CALIBRATION TEST 

5. Enter character "0" to select Channel is (DAC 0) 
CHANNEL-¢ 
HEX DATA 

ST-724 

6. Making reference to the Calibration Table, enter the 
hex code for the -Full Scale output voltage (or cur­
rent), then enter a Carriage Return. Adjust the OFFSET 
potentiometer, until the reading on the DVM corre­
sponds to the -Full Scale reading from the table. 

7. Refer again to the Calibration Table, and enter the hex 
code for + Full Scale voltage or current. Adjust the 
GAIN potentiometer until the reading on the DVM is the 
+ Full Scale voltage as indicated in the table. 

8. Repeat steps 6 and 7. 

9. Calibration for Channels 1, 2, and 3 (DAC's 1, 2 & 3) 
is the same as for Channel 0. 

10. The complete cal ibration may now be checked using 
the Calibration Table. Any hex value on the table may 
be entered followed by a carriage return. The corre­
sponding analog output should appear on the DVM. 

CHANNEL-
CALIBRATION TABLE 

ANALOG OUTPUT 4-DIGIT HEX INPUT 

UNIPOLAR (STRAIGHT BINARY) BIPOLAR (OFFSET 
BINARY OR 2'S STRAIGHT 

VOLTAGE 4~20 mA CURRENT' COMPLEMENT 
OR OFFSET 2'S 
BINARY - COMPLEMENT 

5000 LOAD 2500 LOAD NOSIGN WITH SIGN 
~+5V ~10V LOOPV+>18V LOOPV+>15V ±5V ±10V EXTENSION EXTENSION 

4.9988V 9.9976V 9.9980V 4.9990V 4.9976V 9.9951V FFF¢ 7FF¢ 
4.9976V 9.9951V 9.9961V 4.9980V 4.9951V 9.9902V FFE0 7FE¢ 
4.9951V 9.9902V 9.9922V 4.9961V 4.9902V 9.9805V FFC¢ 7FC0 
4.9902V 9.9805V 9.9844V 4.9922V 4.9805V 9.9609V FF8(1 7F8(1 

4.9805V 9.9609V 9.9687V 4.9844V 4.9609V 9.9219V FF0¢ 7FrJ0 
4.9609V 9.9219V 9.9375V 4.9687V 4.9219V 9.8437V FE(l¢ 7E¢¢ 
4.9219V 9.8437V 9.8750V 4.9375V 4.8437V 9.6875V FC(I(1 7C(1(1 
4.8437V 9.6875V 9.7500V 4.8750V 4.6875V 9.3750V F80(l 781616 

4.6875V 9.3750V 9.5000V 4.7500V 4.3750V 8.7500V FIt¢¢ 701616 
4.3750V 8.7500V 9.0000V 4.5000V 3.7500V 7.5000V E¢0¢ 60016 
3.7500V 7.S000V 8.0000V 4.0000V 2.5000V 5.0000V C¢0¢ 4000 
2.5000V 5.0000V 6.0000V 3.0000V O.OOOOV O.OOOOV 81t¢¢ 0000 

1.2500V 2.5000V 4.0000V 2.0000V -2.5000V .... 5.0000V 416016 C00¢ 
0.6250V 1.2500V 3.0000V 1.5000V -3.7500V -7.5000V 2(l¢¢ A000 
0.3125V 0.6250V 2.5000V 1.2500V -4.3750V -8.7500V 1 (I(I~ 90016 
0.1563V 0.3125V 2.2500V 1.1250V -4.6875V -9.3750V 0816(1 8800' 

0.0781V 0.1563V 2.12S0V 1.0625V -4.8437V -9.6875V 1641616 8400 
0.0391V 0.0781V 2.0625V 1.0312V -4.9219V -9.8437V 1621616 82(10 
0.0196V 0.0391V 2.0312V 1.0156V -4.9609V -9.9219V ¢l(l¢ 8100' 
0.0098V 0.0196V 2.0156V 1.0078V -4.9805V -9.9609V ¢~816 80816 

0.0049V 0.0098V 2.0078V 1.0039V -4.9902V -9.9805V !/l(l4¢ 804(1 
0.0024V 0.0049V 2.0039V 1.0020V -4.9951V -9.9902V 160216 802!/l 
0.0012V 0.0024V 2.0020V 1.001OV -4.9976V -9.9951V ¢¢H~ 8(110 
O.OOOOV O.OOOOV 2.0000V 1.0000V -5.0000V -10.0000V 160016 80160 

Note 1: Both the 2500 and the 5000 resistors (.1 % precision) provide 4 to 20 
rnA output. The current Qutputcircuit is calibrated in terms of voltage 
since most digital multimeters provide greater resolution and accu­
racy on voltage measurements than on current. 

The voltages listed are those measured across a 2500 or a 5000 
precision resistor, connected between "" RTN" and "lOUT" on any 

DAC output. A user-supplied DC regulated voltage. v+ (+15V < 
V + ,; + 30V for 2500 resistor. +18V < V + ,; + 30V for 5000 
resistor; 25 rnA max) is required for current output and calibration, 
and should be connected to "V + LOOP". The supply providing V+ 
should be grounded at "ANA RTN". 
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ST-724 

BASE ADDRESS SELECTION 

1. Select a base address, in hex, between ¢~fIlfll and FFF8. 
2. Write it in squares below opposite" Base Address, Hex". 
3. Convert the hex code to binary by writing 1's and O's 

in the appropriate boxes below (opposite "Hex Bit 
Weighting"). . 

4. To set the base address, insert a jumper at each location 
opposite a "1". Please note that to obtain a "low" ("0") on 
bit 3, the jumper between 93 and 94 must be removed, 
and a jumper between 94 and 95 must be added. 

BASE 
ADDRESS 
HEX / (~to F) 

HEX BIT L - -
WEIGHTING 8 4 2 
ADDRESS 
BIT* F E D 
JUMPERS 
IN FOR 69 71 73 
"1", OUT to to to 
FOR BIT 70 72 74 
"0" 

.. For low on bit 3. remove 93 to 93 2m:! ~ 94 to 95 

BOARD LAYOUT 

J1 

GAIN OFFseT 9A lOA 
DAq DAC~ •• 

GAIN 
DAe 1 

49 

OFFSET 21A 22A 
DAel •• 

\.. / (fIl to F) 

~ -L 
- --

1 8 4 2 

C B A 9 

75 77 79 81 
to to to to 
76 78 80 82 

COMPONENT SIDE 

J2 

NOT USED 

GAIN 
DAC2 

OFFSET 3:"A 34A 
DAC2 •• 

\. / (¢to F) \. 
~ L - - -=-1 8 4 2 1 

8 7 6 5 4 

83 85 87 89 91 
to to to to to 
84 86 88 90 92 

J3 

NOT USED 

49 

GAIN OFFSET 45A 46A 
DAC3 DAC3 •• 

o 03.~:.:~O ~ ~,},:.:~~ ~ ~27.i3~.:;: ~ ~3}4~.::: LJ L1 ••••• 11 LI ~ ••••• 23 LJ ~ ••••• 35 LJ LJ •••• ·47 

t, ~: T,\ L;:' " " '1"\ l:, ~:T U_-,-__ l_N_' _D_~_~_:_O 4_'_1_
4
_
4
_._
4
_
8
--, 

·~------~----'----OUTPUT RANGE SELECTION 

I \ 
••• • •• 495051 525354 

61 63 65 67 •••• 69717375 

INPUT CODe SELECTION 

\ 
• •• 555657 

77798183 85878991 

\ • •• 58 59 60 

M' 

(fIl or 8) 

-Z-S: 
8 

3 

93 
to 
94* 

•••• • ••• •••• •••• 62 64 66 68 DCIOC CONVERTER 

•••• •••• •••• ••• t 70727476 78808284 86889092 939495 

TRANSFER t ACKNOWLEDGE 
DELAY BASE ADDRESS 
SELECTION SElECTION 

P1 P2 

11-122 DATEL, Inc. 11 Cabot Boulevard, Mansfield, MA 02048-11941TEL (508) 339-30001TLX 174388/FAX (508) 339-6356 



OUTPUT RANGE AND 
INPUT CODING SELECTION 

The ST-724's 4 D/A output channels may be set indepen­
dently for any of four voltage ranges or a single current 
output range. Full scale ranges of ±10V, ±5V, 0--;.+ 10V, 
0--;.+5V, or 4--;.20 mA may be jumper-selected according 
to the chart below. Input digital coding may be offset binary, 
2's complement, or straight binary on any channel. Again, 
refer to the chart below for details. 

The ST-724 board is normally shipped with jumpers set for 
the ±10Voutput, and an offset binary input coding. Please 
note that whenever there is a change in output range on a 
given channel, that channel should be recalibrated. 

INPUT CODE SELECTION JUMPERS 

CODE DAC(6 DAC1 
UNIPOLAR 

OR 
OFFSET BINARY 49-50 52-53 

(STANDARD) 
2'S 

COMPLEMENT 50-51 53-54 

TRANSFER ACKNOWLEDGE 
(XACK/) DELAY SELECTION 

DAC2 

55-56 

56-57 

DAC3 

58-59 

59-60 

The ST-724 board generates a Transfer Acknowledge 
(XACK/) signal in response to Write commands from the 
host computer. It is sometimes desirable to delay this signal, 
in order to match the XACK/ signal to the host computer 
timing. A jumper selectable Transfer Acknowledge Delay 
(XACK/ delay) ranging from 50 nanoseconds to 1.5 micro­
seconds is available in the ST-724. 

The accuracy of the XACK/ delay is dependent in part on the 
duty cycle of the CCLK/ signal generated by the computer­
shorter duty cycles result in greater accuracy. The delay 
time is advanced on the leading edge of CCLK/; XACK/ is 
generated on the trailing edge of CCLK/. 

Please refer to the table below for jumper configurations 
yielding different delay times. 

XACK/ DELAY SELECTION 
DELAY 
I'sec JUMPERS 
'0.05 - - - -
0.1 61-62 - -
0.2 - 63-64 - -
0.3 61-62 63-64 -
0.4 - - 65-66 -

0.5 61-62 - 65-66 -

0.6 - 63-64 65-66 -

0.7 61-62 63-64 65-66 -

0.8 - - - 67-68 
0.9 61-62 - - 67-68 
1.0 - 63-64 - 67-68 
1.1 61-62 63-64 - 67-68 
1.2 - - 65-66 67-68 
1.3 61-62 - 65-66 67-68 
1.4 - 63-64 65-66 67-68 
1.5 61-62 63-64 65-66 67-68 . Factory supplied configuration. 

ST-724 

OUTPUT RANGE SELECTION JUMPERS 

RANGE DAC~ DAC 1 DAC 2 DAC3 
± 10V 3-5 15-17 27-29 39-41 

(STANDARD) 6-7 18-19 30-31 42-43 
3-5 15-17 27-29 39-41 

±5V 6-8 18-20 30-32 42-44 
3-4 15-16 27-28 39-40 

010 +10V 6-8 18-20 30-32 42-44 
1-2 13-14 25-26 37-38 

010 +5V 3-4 15-16 27-28 39-40 
6-8 18-20 30-32 42-44 

9-10 21-22 33-34 45-46 
410 20 mA 11-12 23-24 35-36 47-48 

CURRENT LOOP 9A-10A 21A-22A 33A-34A 45A-46A 

ANALOG OUTPUT CONNECTIONS 

J 1 
ETCH SIDE PIN ii'S COMPONENT SIDE 

NC 2 1 NC 
NC 4 3 NC 
NC 6 5 NC 
NC 8 7 NC 
NC 10 9 NC 
NC 12 11 NC 
NC 14 13 NC 
NC 16 15 NC 
NC 18 17 NC 
NC 20 19 NC 
NC 22 21 NC 

DAC3, VOUT 24 23 NC 
DAC3, lOUT 26 25 DAC3, I RTN 
DAC 3, LOOP V + IN 28 27 DAC 3, ANA RTN 
DAC 2, VOUT 30 29 NC 
DAC 2, lOUT 32 31 DAC 2, I RTN 
DAC 2, LOOP V + IN 34 33 DAC 2, ANA RTN 
DAC 1, VOUT 36 35 NC 
DAC 1, lOUT 38 37 DAC 1, I RTN 
DAC 1, LOOP V + IN 40 39 DAC 1, ANA RTN 
DAC (6, VOUT 42 41 NC 
DAC~, lOUT 44 43 DAcfIl, I RTN 
DAC rI, LOOP V + IN 46 45 DAC ~, ANA RTN 
POWER COMMON 48 47 POWER COMMON 
-15 REF. VOLT. OUT' 50 49 +15 REF. VOLT. OUT' 

"'Not Intended to power external circuitry; 1 mA max. 
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SineTrac ST-728 
Of A Board for MUL TIBUS 
Microcomputers 

FEATURES 

• 4 or 8 D/A channels, 12 bit resolution 
• Compatible with both 8 and 16 bit CPU's (8 or 

16 bit data transfer) 
• 16, 20-, or 24-Bit addressing 
• Accurate to 0.05% of Full Scale Reading 
• Complete hardware and software compatibility 

with MUL TIBUS and iSBC-Series microcomput­
ers 

• Memory-mapped, with user selectable Base 
Address 

• Three user-selectable input data codes: 
Straight Binary, Offset Binary, or Two's Com­
plement 

• Five user-selectable output ranges: ±5V dc, 
±10V dc, 0 to +5V dc, 0 to +1 OV dc, and 4-20 
mA current loop, individually selected for each 
channel 

• Selectable Transfer Acknowledge Delay 
(XACK/) - ensures compatibility with different 
memory speeds 

• ST-728A (4 D/A channels) 
ST-728B (8 D/A channels) 
ST-728C (4 D/A channels, DC-to·DC converter) 
ST-728D (8 D/A channels, DC-to-DC converter) 

APPLICATIONS 

• Computer control of analog input chart recor­
ders, process receivers, proportional control­
lers, actuators and displays 

• Custom automatic test equipment, computer 
simulators, modelling systems, pattern gener­
ators, multi-channel Waveform generators 

INTRODUCTION 

DATEL expands its range of MULTIBUS and SBe compati­
ble analog output boards with the SineTrac ST-728. The ST-
728 provides 4 or 8 channels of digital to analog (D/A) con­
version with 12 bits of resolution. Overall accuracy is within 
±.05% of full scale reading. To ensure the board's compati­
bility with popular process receiver, control, and test instru­
mentation, four voltages ranges, and a 4-20 mA current loop 
output are jumper selectable for each D/A channel. 

Like other SineTrac products, the ST-728 is fully hardware 
and software compatible with its host SBe or MUL TIBUS 
computer. All necessary address decoders, logic controls, 
and data receivers are built in. The user simply slides the 
ST-728 into an Intel compatible card cage and wires the an­
alog outputs. The ST-728 is then ready as a memory­
mapped D/A peripheral. It is addressed by the host com put-

Compatible with: iSBC-80 Series 
iSBC-86 Series 

er as 16 consecutive memory locations with a user­
locatable base address. This memory-mapped format per­
mits unlimited D/A channel expansion by using multiple ST-
728's, each with a different base address. 

The ST-728 is pin compatible with the ST-724 and SBC-724 
analog output boards (4 channel ST-728's are software 
compatible with ST-724's; 8-channel ST-728's look like two 
ST-724's). Unlike the ST-724, however, the ST-728 may be 
used with both 8-and 16-bit microprocessors. The BHENI 
line on the MULTIBUS sets the ST-728's address decoders 
and data latches for compatibility with 8- or 16-bit comput­
ers. 

A systems manual is shipped with each board, which pro­
vides a source listing of the Diagnostic as well as installa­
tion instructions, theory of operation, and engineering draw­
ings. 

GENERAL DESCRIPTION 

Data inputs to the ST-728 are from the host computer's bus. 
Input coding may be straight binary, offset binary, or two's 
complement, and is selected by jumper plugs on the board. 

The MULTIBUS BHEN/line is used to set the ST-728's ad­
dress and data decoding for compatibility with 8 to 16 bit 
CPU's. In the 8 bit mode, the twelve bits of data required for 
D/A conversion are acquired in two bytes. The lower byte 
contains the four lower data bits, and is loaded into a stor­
age register for each D/A channel on the ST-728. The next 
data byte contains the 8 higher bits. Upon converion, the 8 
MSB's and the 4 stored bits are loaded simultaneously into 
the DAC. In the 16-bit mode, all twelve data bits are trans­
ferred in a single byte. 

Prior to being converted, the digital data is held in a storage 
register. Enabling the register loads the data into the digital 
to analog converter (DAC), and a conversion proceeds. 

Each channel uses a 12-bit monolithic D/A device which of-
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fers linearity to ±1!2 L8B of full scale reading. The output of 
the converter is monotonic, having a differential nonlinearity 
of ±1/2 L8B maximum. Offset error on each channel has 
been adjusted to zero prior to shipping the boards. Trim 
pots on the board permit recalibration of zero (or offset) and 
range settings using the supplied Diagnostic program. The 
converter settles in 400 n8 to within 1/2 L8B of it final value. 
Zero tempeo is ±2 ppm of F8RfOC, and gain tempco is within 

±10 ppm of F8RfOC. 

The output of each DAC is fed to its own I-to-V conversion 
amplifier. A total of 4 voltage output ranges may be jumper­
selected by the user: ±5V and ±1 OV bipolar; and 0 to +5V or 
o to +1 OV single-ended. In addition, a V to I converter cir­
cuit is included for each D/A output channel. 4-20 mA out­
put, usable with an output load from 0 to 500 r.l, is also jump­
er-selectable. 

The current output requires an external excitation source -
a + 18V to + 30V dc regulated supply, capable of 25 mA per 
D/A channel, must be provided. Voltage and current output 
ranges on the 8T-728 are selected independently for each 
channel, permitting a mix of different voltage or current out­
puts on a single board. 

The 8T -728 is a memory-mapped peripheral occupying 16 
consecutive locations in the host computer's memory. The 

5T-728 

board's base address is factory set at OF7001. However, 
the user may relocate his address anywhere up to 
FFFFF0H. 

In order to make the 8T-728 compatible with different speed 
CPU and memory systems, a Transfer Acknowledge Delay 
(XACKIDelay) circuit is provided. 16 delays from 0.05 to 1.5 
).18 are jumper-selectable by the user. 

The 8T-728 is fully bus, card cage, and software compatible 
with the MULTIBU8 and with Intel RMX software. The board 
is 12.0"W x 6.75"0 x 0.5"H (305 x 172 x 13 mm). Multiple 
8T-728 boards may be mounted in adjacent card slots when 
used with a standard, 0.60" spacing Intel card cage. 

The 8T-728C draws all its power from the MULTIBU8 +5V 
line. An on-board DC-to-DC converter provides the ±15 to 
drive the board's analog output circuits. The ST-728A and 
8T-728B do not have a DC-to-DC converter. They are pow­
ered from the +5V MUL TIBU8 line, and an external ±15V 
supply. 

The 8T-728 weighs approximately 11.2 ounces (0,318 kg). 
It can operate over a temperature range of 0 to +55°C with 
relative humidity from 10 to 90% (non-condensing), and 
from 0 to 15,000 feet (0 to 4600 m) in altitude. 

INPUT DATA FORMAT AND REGISTER ASSIGNMENTS 

DATA FORMAT 

The 8T -728 requires 12 bits of digital data, input from the 
host computer for single digital to analog (D/A) conversion. 
The chart below indicates how 8-bit and 16-bit CPU's format 
this data. 

Note that 8-bit CPU's must transit the 12 data bits in two 
bytes. The low byte contains the four least significant data 
bits: these are stored in a data register on the 8T-728. The 
high byte contains the remaining 8 data bits. When the high 
byte is transmitted, all twelve bits of data - the 4 L8B's 
stored in a register and the 8 M8B's coming from the host 
computer - are loaded into the input of the selected DAC on 
the 8T-728, and D/A conversion proceeds. Data transfer 
with a 16-bit CPU is somewhat simpler. All twelve data bits 
are transmitted in a single word. Data is loaded directly into 
the selected DAC, and a D/A conversion takes place. 

SELECTION OF 8-BIT OR 16-BIT CPU'S 

The 8T -728 board automatically changes to a 16-bit format 
when the BHEN/line on the MUL TIBUS goes to zero volts 
(pin 27 of the connector P1). A high input on BHEN/, conse­
quently, sets the 8T-728 for the 8-bit format. 

ST-728 REGISTER ASSIGNMENTS 

The following chart details the memory address assign­
ments of the 16 memory locations the 8T -728 occupies. 
Please note that when the 8T-728 is used with 16-bit CPU's, 
every other (even-numbered) address location is used. 

ST-728 REGISTER ASSIGNMENTS 
"--"---,---,----- ""--"-"--~--: 

MEMORY 
ADDRESS 

I MEMORY , 
ADDRESS 

(B-bit CPU's) FUNCTION REGISTER ASSIGNMENT (16-bit CPU's) 

BASE +0 WRITE Output LSB Byte for DAC 0 (Channel 0) 
BASE +0 

BASE +1 WAITE Output MSB Byte for DAC 0 (Channel 0) 

BASE +2 

BASE +3 

BASE +4 

BASE +5 

1- BASE +6 

1-
BASE +7 

BASE +8 

BASE +9 

BASE +A 

BASE +8 

WRITE Output LSB Byte for DAC 1 (Channell) 

I I BASE +2 
WRITE Output MSB Byte for DAC 1 (Channell) 

~' WRIT. E I Output LSB Byte for DAC 2 (Channel 2)~' BASE +4 i 
WRI!E Output MSB Byte for DAC 2 (Channel 2) - T -- --- ---.. -------- ---------

I 
WRITE + Output LSB Byte for DAC 3 (Channel 3) I 

BASE +6 
__ WRITE_ Outpu~ MSB _~yte for _DAC ~ (Channel 3_) ----- _I 

WRITE Output LSB Byte for DAC 4 (Channel 4) i 

I BASE +8 
WRITE Output MSB Byte for OAC 4 (Channel 4) lI'i, 
WRITE ! Output LSB Byte for DAC 5 (Channel 5) I' 1 

BASE +A 
WRITE Output MSB Byte for DAC 5 (Channel 5) 

DATEl, Inc, 11 Cabot Boulevard, Mansfield, MA 02048-1194iTEL (508) 339-3000iTLX 174388/FAX (508) 339-6356 11-125 



5T-728 

FUNCTIONAL SPECIFICATIONS 
(Typical at +25°C, dynamic conditions, unless otherwise 
specified) 

D/A ANALOG OUTPUT 
Number of Channels 
ST-728A, C - 4 D/A Channels 
ST-728B, D - 8 D/A Channels 
Indefinite channel expansion by separate, stand-alone ST-
728 boards, each with a different base address; limited by 
available card slots, and power supply current. 

Full Scale Output Ranges 
±10V (standard) 
±5V 
o to +10V 
Oto+5V 
4-20 mA 

Digital Input Coding 
Straight Binary 
Offset Binary (Standard) 
2's Complement 

Output Impedance 
50 Milliohms 

Jumper 
Selectable 
by User for 
each channel 

Jumper­
Selectable 
by User in 
4-channel 
groups 

Maximum Current Available on Voltage Outputs 
±5 mA @ ±1 OV short-circuit-proof to ground 
Current Loop Load Resistance 
o to 500n 
Current Loop External Excitation Voltage 
+ 18V to +30V dc, regulated, user-supplied (25 mNDAC, 
max.) 

ADDRESSING 
Reserves a block of 16 consecutive memory locations. 
Base address may be located by jumper selection anywhere 
in the host computer's memory on 16-byte boundaries. 

PERFORMANCE 
Accuracy at +25°C 
±0.05% of FSR (includes noise and nonlinearity) 
Linearity Error, max. ±1/2 LSB 
Linearity Error, O°C to +70°C ±1 LSB 
Differential Linearity Error ±1/2 LSB 
Monotonicity 
Monotonic over O°C to +70°C temp. range 
Zero Temperature Drift 
(Unipolar Output only) Within ±2 ppm of FSRloC 
Offset Temperature Drift 
(Bipolar Output only) Within ±5 ppm of FSRfOC 

Gain Temperature Drift 
Within ±10 ppm of FSR/oC 
Settling Time (Board) 
5 IlS to within 112 LSB of final value 

PHYSICAL 
Outline Dimensions 
12.00"W x 6.75"D x 0.50"H (304,8 x 171,5 x 12,7 mm) 
ST-728 boards may be installed adjacent to each other in 
SBC card cages with 0.60" spacing 
Weight (ST·728B) 11.2 ounces (0,318 kg) 
Operating Temperature Range 0 to + 55°C 
Relative Humidity 10% to 95%, non-condensing 
Altitude 0 to 15,000 ft 

POWER CONSUMPTION 
All ST -728 models use some +5V power from the MUL TI­
BUS. The ST-728C (4 channels) has an on-board DC-DC 
converter, so that all board power comes from the +5V line 
on the MULTIBUS. The ST-728A (4 channels no DC-to-DC) 
and ST-728B (8 channels, no DC-to-DC) require external 
±15V supplies, input to the board via connector P2. The 
chart below summarizes the ST-728 board power require­
ments. 

r---

I 
, 

from 

ST.728A! 

+5V MULTIBUS (P2) (P2) I .-

-I 7SOmA 140mA 70mA 

Except as noted, current i (150mA) (90mA) 
readings are: 

ST'728Bl 1000 rnA 110mA 275 mA 
typical, (with output load) 
typical, without output load (130mA) (300 mAl 

ST·728C 1500 mAmax. NlA NIA 
-

5T-7280 2500 rnA max. NlA NlA 

GENERAL 
Bus Compatibility 
Pin-for-pin, card guide, and program compatible with MUL TI­
BUS and SBC-series microcomputers. 

CPU Compatibility 
May be used with either 8-bit or 16-bit microprocessors. 
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ST-728 

ANALOG OUTPUT CONNECTIONS 

J1 (DAC'S 0, 1, 2, 3) 
r--------------------------

WIRING SIDE PIN SIDE, 

NO CONNECTION 2 1 NO CONNECTION I 
NO CONNECTION 4 3 NO CONNECTION 
NO CONNECTION 6 5 NO CONNECTION 
NO CONNECTION 8 7 ' DAC 3, REF RTN 
NO CONNECTION 10 9 I DAC 3, EXT REF 
NO CONNECTION 12 i 11 I- DAC 2, REF RTN 
NO CONNECTION 14' 13. DAC 2, EXT REF 
NO CONNECTION 16 15 DAC 1, REF RTN 
NO CONNECTION 18 17 DAC 1 , EXT REF 
NO CONNECTION 20 19 DAC 0, REF RTN 
NO CONNECTION 22 21 DAC 0, EXT REF 
DAC 3, V OUT 24 23 DAC 3, ANA RTN 
DAC 3, I RTN 26 25 DAC 3, I RTN 
DAC 3, LOOP V+ 28 27 GND 
DAC 2, V OUT 30 29 DAC 2, ANA RTN 
DAC 2, lOUT 32 31 DAC 2, I RTN I 

DAC 2, LOOP V+ 34 33 GND 
DAC1,VOUT 36 35DAC1,ANARTN I 

DAC 1, lOUT 38 37 DAC 1, I RTN 
DAC 1, LOOP V+ 40 39 I' GND 
DAC 0, V OUT 42 41 DAC 0, ANA RTN 1 

DAC 0, lOUT 44 43 DAC 0, I RTN 
DAC 0, LOOP V+ 46 45 GND I 

~~~i~~~~~~N _ ~~_L:~~~~~~~~~_ J 
NOTE: 1. 49 & 50 are outputs; 1 mA max (for ref. only). 

J2 (DAC'S 4, 5, 6, 7)1 

-- ---- ---- ---T---
WIRING SIDE PIN #'S COMPONENT SIDE 
NO CONNECTION I 2 1 NO CONNECTION 
NO CONNECTION 4 3 NO CONNECTION 
NO CONNECTION 6 5 NO CONNECTION 
NO CONNECTION 8 7 DAC 7, REF RTN 
NO CONNECTION 10 9 DAC 7, EXT REF 
NO CONNECTION 12 11 DAC 6, REF RTN 
NO CONNECTION 14 13 DAC 6, EXT REF 
NO CONNECTION 16 15 DAC 5, REF RTN 
NO CONNECTION 18 17 DAC 5, EXT REF 
NO CONNECTION 20 19 DAC 4, REF RTN 
NO CONNECTION 22 21 DAC 4, EXT REF 
DAC 7, V OUT 24 23 DAC 7, ANA RTN 
DAC 7, lOUT 26 25 DAC 7, I RTN 
DAC 7, LOOP V+ 28 27 GND 
DAC 6, V OUT 30 29 DAC 6, ANA RTN 
DAC 6, lOUT 32 31 DAC 6, I RTN 
DAC 6, LOOP V+ 34 33 GND 
DAC 5, V OUT 36 35 DAC 5, ANA RTN 
DAC 5, lOUT 38 37 DAC 5, I RTN 
DAC 5, LOOP V+ 40 39 GND 
DAC 4, V OUT 42 41 DAC 4, ANA RTN 
DAC 4, lOUT 44 43 DAC 4, I RTN 
DAC 4, LOOP V+ 46 45 GND 
POWER COMMON ~ 47 POWER COMMON 

L=~~Y_ POW§~_~ __ ~_O _49 _:I: 15V POWE~ __ _ 

NOT E S : 1. J2 not used on 4 channel versions of ST -728 
2. 49 & 50 are outputs; 1 mA max (for ref. only). 

['''" ;-_. ~~."". 
[A"A"" \ iY--
: EKTEANAI. R~ 25011 

I l.OIIIO II OR1~1 fN 

i Y.WATT 

, 
: ! RTN COf<lNECT DYM 

Jl ACROSS EXTERNAL 
CONNECTOR ~ RESISTOR 

~~~:~~flm?P 
• fOR CALIBRATION 

ONLY 

Typical ST·728 Current Loop Wiring 
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ST-728 

D/A CALIBRATION PROCEDURE (Performed with optional Diagnostic Program) 

Calibration of the ST-728 should be performed every 90 
days or whenever the Analog Output Range jumpers are re­
configured. More frequent calibration may be indicated in 
adverse operating conditions. The Diagnostic program list­
ed in the ST -728 user manual was written as part of the cali­
bration procedure. Please see the section entitled "Diag­
nostic Program". 

1. Set the board jumpers for the desired output range: 0 
to +5V, Oto +10V, 4-20 mA, ±5V, or±10V. See "Out­
put Range Selection" for details. 

2. Connect a digital voltmeter (Fluke 8800A or equival­
ent) to the outputs of Channel 0 (DAC 0) .. For voltage 
ranges, measure between "V OUT" and "ANA RTN". 
For current ranges the user must supply a precision 
25n or 500n resistor; voltage measurements are then 
made across this resistor (see Note 1, bottom of Cali­
bration Table.) 

3. Using the Diagnostic program, select the "Calibration 
Test", Call Key "C". 

4. The teletypewriter will respond by printing out: 

CALIBRATION TEST 
CHANNEL-

5. Enter character "0" to select Channel 0 (DAC 0) 
CHANNEL-O 
HEX DATA 

6. Making reference to the Calibration Table, enter the 
hex code for the -Full Scale output voltage(or cur­
rent), then enter a Carriage Return. Adjust the OFF­
SET potentiometer, until the reading on the DVM cor­
responds to the -Full Scale reading from the table. 

7. Refer again to the Calibration Table, and enter the hex 
code for +Full Scale voltage or current. Adjust the 
GAIN potentiometer until the reading on the DVM is 
the +Full Scale voltage as indicated in the table. 

8. Repeat steps 6 and 7. 
9. Calibration for Channels 1 through 7 (DACs 1 through 

7) is the same as for Channel O. 
10. The complete calibration may now be checked using 

the Calibration Table. Any hex value on the table may 
be entered followed by a carriage return. The corre­
sponding analog output should appear on the DVM. 

CALIBRATION TABLE 

! UNIPOLAR (STRAI:::L:':A:~~PUT I B~~L~~J~[:;T?~-:::':~EX INPUT __ I 
~- VOLTAG-E--l-- 4-20~ ·cURRENJ1--1-~--~ 1 ~rN~:~~ET COMP2~~MEN)1 
I r 1500n LOAD 200n LOAD I I NO SIGN WITH SIGN 
10 TO +5Vo TO +10~LOOP V+>18V LOOP V+>15V. ±5V I ±10V I EXTENSION EXTENSION I 

I 

4.9988V II' 9.9976V·1 9.9980V I 4.9990V 1 4.9976V 9.9951V i FFFO 7FFO' 
4.9976V 9.9951V 9.9961V 4.9980V I 4.9951V 9.9902V FFEO 7FEO 
4.9951V [ 9.9902V 1 9.9922V 4.9961V 4.9902V 9.9805V FFCO 7FCO 

I 4.9902V' 9.9805V 1 9.9844V 4.9922V 4.9805V 9.9609V FF80 7F80 

I 4.9805V 9.9609V' 9.9687V 4.9844V 4.9609V 9.9219V FFOO 7FOO 

1 4.9609V 9.9219V I 9,9375V 4.9687V 4.9219V 9.8437V FEOO 7EOO 
4.9219V 9.8437V 9.8750V 4.9375V 4.8437V 9.6875V FCOO 7COO 

1 4.8437V 9.6875V 9.7500V 4.8750V 4.6875V 9.3750V F800 7800 

I 4.6875V 
4.3750V 
3.7500V 
2.5000V 

1.2500V 
0.6250V 
0.3125V 
0.1563V 

0.0781V 
0.0391 V 
0.0196V 
0.0098V 

0.0049V 
0.0024V 
0.0012V 

9.3750V 
8.7500V 
7.5000V 
5.0000V 

2.5000V 
1.2500V 
0.6250V 
0.3125V 

0.1563V 
0.0781V 
0.0391 V 
0.0196V 

9.5000V 
9.0000V 
8.0000V 
6.0000V 

4.0000V 
3.0000V 
2.5000V 
2.2500V 

2.1250V 
2.0625V 
2.0312V 
2.0156V 

4.7500V 
4.5000V 
4.0000V 
3.0000V 

2.0000V 
1.5000V 
1.2500V 
1.1250V 

1.0625V 
1.0312V 
1.0156V 
1.0078V 

l. O.OOOOV 

0.0098V 
0.0049V 
0.0024V 
O.OOOOV 

2.0078V 
2.0039V 
2.0020V 
2,0000V 

1.0039V 
1.0020V 
1.0010V 
1.0000V 

Note 1: Both the 250n and the 500n resistors (0.1% precision) provide 4 to 20 rnA 
output. The current output circuit is calibrated in terms of voltage since most 
digital multimeters provide greater resolution and accuracy on voltage meas­
urements than on current 

The voltages listed are those measured across a 250n or a 500n precision 
resistor, connected between "I RTN" and "lOUT" on any DAC output. A user 

4.3750V 
3.7500V 
2.5000V 
O.OOOOV 

-2.5000V 
-3.7500V 
-4.3750V 
-4.6875V 

-4.8437V 
-4.9219V 
-4.9609V 
-4.9805V 

-4.9902V 
-4.9951V 
-4.9976V 
-5.0000V 

8.7500V 
7.5000V 
5.0000V 
O.OOOOV 

-5.0000V 
-7.5000V 
-8.7500V 
-9.3750V 

-9.6875V 
-9.8437V 
-9.9219V 
-9.9609V 

-9.9805V 
-9.9902V 
-9.9951 V 
-10.0000V 

FOOO 
EOOO 
COOO 
8000 

4000 
2000 
1000 
0800 

0400 
0200 
0100 
0080 

0040 
0020 
0010 
0000 

7000 
6000 
4000 
0000 

COOO 
AOOO 
9000 
8800 

8400 
8200 
8100 
8080 

8040 
8020 
8010 
8000 

-supplied DC regulated voltage, V+ {+15V < V+ S +30V for 2500 resistor, 
+ 18V < V+ :0:;: +30V for 500!~ resistor; 25 mA max} is required for current out­
put and calibration, and should be connected to ~V + LOOP". The supply 
providing V+ should be grounded at "ANA ATN". 
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ST-728 

TRANSFER ACKNOWLEDGE (XACK/) DELAY SELECTION 

The ST-728 board generates a Transfer Acknowledge 
(XACK) signal in response to Write commands from the 
host computer. It is sometimes desirable to delay this sig­
nal in order to match the XACKI signal to the host computer 
timing. A jumper selectable Transfer Acknowledge Delay 
(XACK/delay) ranging from 50 nanoseconds to 1.5 micro­
seconds is available in the ST-728. 

The accuracy of the XACK/delay is dependent in part on the 
duty cycle of the CClKI signal generated by the computer­
shorter duty cycles result in greater accuracy. The delay 
time is advanced on the leading edge of CClK/; XACKI is 
generated on the trailing edge of CClKl. 

Please refer to the table for jumper configurations yielding 
different delay times. 

XACKI DELAY SELECTION 

DELAY 
flsec. JUMPERS 

71-72 
71-72 
71-72 

I 67 -68 65-66 71-72 

.----.=--=-~i~!~---·-r -::-~=:~~~l! li~l! 

GAIN 
DAC 1 

J1 

[
i6.-;; - --, 

XACK ,.. , .,... ___ _ 

DELAY 187·-sa 69 10 I I .-;. I} INPUT 
SELECT I :: I 1 13 15 17' CODe 
. L __ ~L 7!..1 L _ !.~ J SELECTION 

BASE ADDRESS 
DECODER ,.--------, 

I~ I 
1~81831 
, •••• I 
L ____ .. ':"_ J 

.. .. .. 
P1 

COMPONENT SIDE 

J2 

(USED ON SH28B ONLy) 

49 49 

ST-728 Board Layout 

'Factory supplied configuration 

J3 

NOT USED 

P2 

+ 5V DC· TO·DC 
CONVERTER 

(SH28C ONLy) 

PS1 
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ST-728 

BASE ADDRESS SELECTION 
(For Assembly D-11625, Revision F or later) 

----------------

I * Base Address [see note 2] 
(Hexadecimal) (0 to F) (0 to F) (0 to F) (0 to F) 

t--~-------~~-.-~-- --~,~------------- -.----.---~--~- - .. ,-.--.~--.. -(0 to F) f") 
Hex bit 842 1 8421 842 1 842 1 842 1 
weighing 

Address Bit 17161514 13121110 FED C BA98 7654 3-0 

(Hex) 

Jumper 

I 

A A A A i A A A A AF AE AD AC AB AA A9 A8 _A7A6A5D 
(see note 1) 17161514 

I 
13121110 

-_ .. _-----,-----

Note 1: Jumper Out;" 0", Jumper In; "1" . 
• Address bits 3 - 0 are decoded by D/A channel addressing. 

Note 2: For 24-bit addressing, install jumper 80~81. For 16- or 20~bit addressing, remove jumper 80~81. 
Note 3: To control 8- or 16-bit transfers by detecting BHEN/, remove jumper 84-85. Install jumper 84-85 to ground 

BHENI (always low). 

OUTPUT RANGE 
INPUT CODING SELECTION 

The ST-728's D/A output channels may be set independent­
ly for any of four voltage ranges or a single current output 
range. Full scale ranges of±10V, ±5V, Oto +10V, Oto +5V, 
or 4-20 mA may be jumper~selected according to the chart 
below. Input digital coding may be offset binary, 2's com~ 
plement, or straight binary. Again, refer to the chart below 
for details. 

INPUT CODE SELECTION JUMPERS 

CODE DAC 0 TO DAC 3 DAC4 TO DAC 7 

Unipolar or Offset 
Bin. (Standard) 7 4~ 75 

The ST'728 board is normally shipped with jumpers set for 
the ±10V output, and an offset binary input coding. Please 
note that whenever there is a change in output range on a 
given channel, that channel should be recalibrated. 

2's Complement 

OUTPUT RANGE SELECTION JUMPER 

73~74 

77-78 

76-77 

-----,-----,---------r------, ~ 

R:1~~E ·II>~~O ~~~11 ~:~92 ~~~ll ~~~54 ~~~35 ~~~16~:~{1 
~ndard) I 4-5 ~g:12-1 20-21 28-29 +--~3~6~-37 44-45 52-53 ___ 6Q:~LI 

±5V 2~3 10-11 I 18~19 -26-27 34-35--1-- 42~43 50~51 58-59 
4~6 12~ 14 _ 2Q:2~~ _ 28 ___ -... 30""------+_~~3 ___ 6 __ -3 ___ 8 ____ _+_--4'-'4-~4'-"6'----_+_--"5-"'2~-"5'-'4-+--60--6-2_ 

o to + 1 OV_+-------"4 ___ -6'----~+__-1.~ 2 ___ -___ 14 ____ _+_- 20-22 f 28~30 36-38 44-46 +-_52-54 _ 60-62 
------- 4-6 12-14 20-22 ~I 28~30 36~38 44~46 i 52-54 60-62 

o to +5V 5-7 13-15 21-23 I 29-31 __ 3_7_-3_9_ 45-47 53-55 61-63 
4t020mA 1-2 9-10 17-18 25-26 33-34 41-42 49-50 57-58 

Current_loop 1 7-8 1.5 _.~.1.6 .. ~ ... _L __ ._ .... 2.~3 ... -2 .. 4. . ... __ L_. __ ... _ .. 3.1-32 39-40 47-4.8 ..._L._._ .... 5 .. 5:.~5_6 ... _ 63-64 

ORDERING GUIDE 
MODEL NUMBER DESCRIPTION 
ST-728A12/24 4 D/A Channels, no DC-DC Converter (±15V dc, +5V dc power required) 
ST-728B12/24 8 D/A Channels, no DC-DC Converter (±15V dc, +5V dc power required) 
ST-728C2I24 4 D/A Channels, with DC-DC Converter (+5V dc power required) 
ST-728D2I24 8 D/A Channels, with DC-DC Converter (+5V dc power required) 
31-2076040 Edge Connector, J1 and J2, Spare 
UM-ST-728 ST-728 Manual (Spare; one supplied with board) 
Standard (2/24) versions includes the current loop option. Versions without current 100ps(1/24) are 
available at lower cost for scheduled, quantity orders. _______________ _ 
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;UBSTITUTION GUIDE FOR DISCONTINUED PRODUCTS 
The following products are no longer available from DATEL. Where applicable, the nearest equival­
ent DATEL replacement is listed. Some of these replacement products are functionally similar only 
and may not be pin-for-pin compatible with the discontinued product. 

DISCONTINUED NEAREST DISCONTINUED NEAREST 
MODEL EQUIVALENTS MODEL EQUIVALENTS 

9639 Series NONE DAS·250 NONE 
ADC-833R ADC·207 DAS-256 Series DVME Series 
ADC-84,85,87 ADC-HX,-HZ DDS-32 Series DVMESeries 
ADC-89 Series ADC-856 DM-2000AR DM-3102A, B 
ADC-E Series ADC-7109, ADC-ET Series DM-2115 NONE 
ADC-G10B ADC-816, ADC-510/515 DM-350 DM-31 00LlDM-31 OOB 
ADC-G8B ADC·815 DM-4100L DM-4101L 
ADC-HU ADC-207 DM-4100N DM-4101N 
ADC-L Series ADC-HX12B DPP-7 DPP-Q7 
ADC·M Series ADC-HZ12B DVC-350 DVC-350A 
ADC-MA Series ADC-HX12B ICT Series NONE 
ADC-SH4B ADC-HS12B LPS-16 Series NONE 
ADC-TV8B ADC-208, ADC-304 MDXP-32/32-1 NONE 
ADC-UH Series ADC-208, ADC-304 SCS-16 DVME-643 
All -E version Power Supplies NONE SHM-1 SHM-IC1, SHM-20 
All -J version Power Supplies NONE SHM-2, -2E SHM-7, SHM-40 
AM-100 Series AM-551 SHM-UH SHM-7, SHM-40 
AM-200 Series AM-542 ST·LSI-RLY NONE 
AM-300 Series NONE ST -6800 Series DVMESeries 
AM-410,-411 NONE ST -6832 Series DVMESeries 
AM-470 NONE ST-711 RLY ST-702 
AM-490 AM-7650 ST-800 Series ST-711/732 and ST-728 
APP-20V Series NONE ST-MNOVA NONE 
APP-20-2 Series APP-2-21 Series ST-NOVA Series NONE 
APP-48 MIL Series APP-M48 Series ST-PDP Series NONE 
BPM-12/210-D48 NONE UPA-9/100 NONE 
BPM-12/420·D48 NONE UPM-12/100A NONE 
BPM-15/330-D48 NONE UPM-12/420-D28 NONE 
BPM-18/100-D12 NONE UPM-12/420-D48 NONE 
BPM-18/100-D28 NONE UPM-12/840-D24 NONE 
BPM-18/100-D5 NONE UPM-12/840-D28 NONE 
BPM-18/140-D12 NONE UPM-12/840-D48 NONE 
BPM-18/140-D24 NONE UPM-12/840-D5 NONE 
BPM-18/140-D48 NONE UPM-15/100A NONE 
BPM-18/140-D5 NONE UPM·15/330-D12 NONE 
BPM-18/25-D12 NONE U PM-15/330-D24 NONE 
BPM-18/25-D28 NONE UPM·15/330-D28 NONE 
BPM-18/25-D5 NONE UPM-15/330-D48 NONE 
BPM-18/280-D12 NONE U PM-15/330-D5 NONE 
BPM-18/280-D24 NONE UPM-15/660-D12 NONE 
BPM-18/280-D28 NONE UPM-15/660-D24 NONE 
BPM-18/280-D48 NONE UPM-15/660-D28 NONE 
BPM-18/280-D5 NONE U PM-15/660-D48 NONE 
CAPP-20 NONE U PM-15/660-D5 NONE 
CDPP-Q7 NONE U PM-24/125-D5 NONE 
DAC-19B Series DAC·HZ12 UPM-24/420-D12 NONE 
DAC-29B Series DAC-HZ12 UPM-24/420-D5 NONE 
DAC-49B Series DAC-HZ12 UPM-28/180-D12 NONE 
DAC-69B Series DAC-HZ12 U PM-28/180-D5 NONE 
DAC-71, -72 DAC-HP16 UPM-28/360-D12 NONE 
DAC-85,-87 DAC-HZ12 UPM-28/360-D5 NONE 
DAC-9B Series DAC-IC8B UPM-5/1000-D48 NONE 
DAC-HA Series DAC-7533,-7541, -7134 UPM-5/1000-D5 NONE 
DAC-HI Series DAC-HF Series UPM-5/200-D5 NONE 
DAC-HR DAC·HP16 UPM-5/2000-D12 NONE 
DAC-I Series DAC-HF Series UPM-5/2000-D5 NONE 
DAC-V Series DAC-HZ12 UPM-6/150A NONE 
DAC-VR Series DAC-HK12 UPM-9/100A NONE 

VFV Series VFQ-1,-2,-3 
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LIST CUSTOMER PRICE 
EFFECTIVE NOVEMBER 1, 1988 

Prices In U.S. Dollars 

LOOK FOR SUBSTANTIAL 
PRICE REDUCTIONS ON 
SELECTED PRODUCTS. 

ORDERING GUIDE 

This ordering guide is presented as a procedural guide. For a formal statement of policies, refer to the TERMS AND 
CONDITIONS OF SALE found on the Quotation form or on the Customer Acknowledgement copy of the Sales Order. 

PLACING AN ORDER 
When ordering a DATEL product, give the complete model number, product 
description, and option description. Place orders with a DATEL field sales 
representative or with the factory by letter, telephone, FAX, or TELEX. Minimum 
order and minimum per shpment is $100. 

OUTSIDE THE U.S.A. AND CANADA Place overseas orders with a DATEL 
Sales Subsidiary (In West Germany, France, the Unhed Kingdom, and Japan) or 
whh a DATEL overseas sales representative. Orders received directly will be treated 
the same as n placed through our overseas sales representative. In countries 
without a DATEL representative, orders should be placed by TELEX and confirmed 
by air mall. 

FIELD SALES REPRESENTATIVE 
DATEL employs field sales representatives throughout the United States, Canada, 
Europe, and the Far East. In addition, it has direct Sales Offices in Santa Ana and 
San Jose, California. DATEL also has Sales Subsidiaries in Munich, West 
Germany; Paris, France; London, England; and Tokyo and Osaka, Japan. Only 
these sales representatives are authorized by DATEL to solicit sales, and any 
information or data received by sources other than these authorized representatives 
or the DATEL factory are not considered binding. 

PRICES 
All prices are F.O.B. , Mansfield, Massachusetts, U.S.A. in U.S. dollars. Applicable 
federal, state, and local taxes are extra and paid by buyer. Prices are subject to 
change without notice. 

TERMS Net 30 days 

DISCOUNTS 
Quanthy discounts are available when placed in a single order. OEM discounts are 
available on an order or contract basis; consult the factory for details 

QUOTATIONS 
Price and delivery quotations made by DA TEL or hs authorized field sales 
representatives are valid for 60 days unless otherwise stated. 

DELIVERY 
DATEL uses an IBM System 4381, for efficient processing of orders. All orders 
placed with DATEL are acknowledged within a few days by an acknowledgement 
copy of our sales order form. This copy indicates pertinent information including a 
formal statement of terms and condhlons of sale and estimated delivery date. This 
date has preference over all other agreed upon dates unless otherwise specified. 

DATEL ships all products in rugged commercial containers suitable for insuring safe 
delivery under normal shipping conditIons. Unless shipping method Is specified, 
the best available method will be used. ShippIng charges are normally prepaid and 
billed to the customer except for AIr Freight charges which are sent collect. The 
appropriate data sheet and/or instruction Is packed with each product shipped. 

ORDER CANCELLATION 
All orders entered whh DATEL are binding and are subject to a cancellation charge 
if cancelled before or after the scheduled shipping date appearing on the 
acknowledgement copy of the sales order form. Refer to DATEL's Standard Terms 
and Condhions for specHlc charges. 

WARRANTY 
DATEL warrants that all of hs products are free from defects in material and 
workmanship under normal use and service for a period of one year from date of 
shipment. DATEL's obligations under this warranty are limited to replacing or 
repairing, at hs option, at hs factory or facilhy, any-of the products which shall within 
the applicable period after shipment be returned to DA TEL's facility, transportation 
charges prepaid, and which are after examination disclosed to the satisfaction of 
DATEL to be thus defective. This warranty shall not apply to any such equipment 
which shall have been repaired or altered except by DATEL or which shall have 
been subjected to misuse, negligence, or accident. In no case shall DATEL's 
lIabliky exceed the original purchase price. The aforementioned provisions do not 
extend the original warranty period 01 any product which has either been repaired or 
replaced by DATEL. 

RETURNS 
You will need a return authorization number and shipping instructions from the 
factory when returning products for any reason. Items should not be returned air 
freight collect as they connot be accepted. It is absolutely necessary to return 
products in the manner stated here, otherwise considerable delay will result in 
processing the return. 

RETURNS OUTSIDE THE U.S.A. AND CANADA Contact the local sales 
representative or factory for authorization and shipping instructions first. 

CERTIFICATE OF COMPLIANCE 
When requested by the customer DATEL will provide a standard Certificate of 
Compliance with all shipments. This request must be specified on the purchase 
order. 

DATEL, INC. 11 CABOT BOULEVARD, MANSFIELD, MASS. 02048 U.S.A. 

TEL. (508) 339-3000 FAX: (508) 339-6356 TELEX: 174388 



EFFECTIVE November 1, 1988 CUSTOMER PRICE LIST 

MODEL PRICE MODEL PRICE MODEL PRICE MODEL PRICE 

ADC-B207/208 450.00 '" ADC-521MM-QL 264.00 ADS-126MM 274.00 BPM-12/420-D24 128.00 
ADC-B301E 959.00 ADC-5211 155.00 '" ADS-21AC 475.00 BPM-12/420-D28 128.00 

( " ADC-B302E 1436.00 ADC-5211H 201.00 '" ADS-22AC 425.00 BPM-12/420-D5 128.00 
ADC-B303E 2426.00 ADC-5211H-QL 330.00 AM-1435MC 99.00 BPM-12/60 57.00 , , 
ADC-B304E 509.00 ADC-5212 155.00 AM-1435MM 138.00 BPM-120/25 105.00 

ADC-B310E 2536.00 ADC-5212H 201.00 AM-1435MM-QL 154.00 BPM-151100 63.00 
ADC-B500 726.00 ADC-5212H-QL 330.00 AM-227 117.00 BPM-151150-D24 81.00 
ADC-B500-1 173.00 ADC-5214 155.00 AM-427-1A 5.00 BPM-15/150-D28 81.00 
ADC-B505 702.00 ADC-5214H 201.00 AM-427-1B 9.40 BPM-15/150-D5 81.00 
ADC-EHI0Bl 199.00 ADC-5214H-QL 330.00 AM-427-2A 6.50 BPM-15/200 79.00 

ADC-EHI0B2 242.00 ADC-5215 155.00 AM-427-2B 9.00 BPM-15/25-D12 49.00 
ADC-EH12B2 257.00 ADC-5215H 201. 00 AM-430A 6.65 BPM -15/25-D28 49.00 
ADC-EH12B3 263.00 ADC-5215H-QL 330.00 AM-430B 16.50 BPM-15/25-D5 49.00 
ADC-EH8B1 120.00 ADC-5216 155.00 AM-450-2 4.35 BPM-15/300 95.00 
ADC-EH8B2 170.00 ADC-5216H 201. 00 AM-450-2M 21.35 BPM-15/60 57.00 

ADC-EK10B 29.25 ADC-5216H-QL 330.00 AM-452-2 6.70 BPM-150/20 105.00 
ADC-EK12B 38.25 ADC-574ZA 83.55 AM-452-2M 20.45 BPM-180/16 105.00 
ADC-EK12DC 12.55 ADC-574ZB 47.45 AM-453-2C 5.50 BPM-5/250 77.00 
ADC-EK12DM 35.10 ADC-574ZC 36.20 AM-453-2M 6.25 BPM-5/500 79.00 
ADC-EK12DR 26.85 ADC-674ZA 93.85 AM-460-2 6.65 BPS-121125-D12 86.00 

ADC-EK8B 11.05 ADC-674ZB 60.95 AM-462-2 6.65 BPS-12/125-D28 86.00 
ADC-ET10BC 16.50 ADC-674ZC 46.45 AM-464-2 6.15 BPS-12/125-D5 86.00 
ADC-ET10BM 46.15 ADC-7109 13.45 AM-500GC 113.00 BPS-121l250- D12 169.00 
ADC-ET12BC 18.40 ADC-800 24.75 AM-500MC 124.00 BPS-1211250-D24 169.00 
ADC-ET12BM 62.50 ADC-810MC 258.00 AM-500MM 167.00 BPS-12/230-D12 112.00 

ADC-ET12BR 43.50 ADC-810MM 398.00 AM-500MM-QL 185.00 BPS-12/230-D24 112.00 
ADC-ET8BC 13.15 ADC-810MM-QL 502.00 AM-543MC 203.00 BPS-12/230-D28 112.00 
ADC-ET8BM 36.40 ADC-811MC 235.00 AM-551MC 71.00 BPS-12/230-D5 112.00 
ADC-HC12BMC 246.00 ADC-811MM 363.00 AM-551MM 85.00 BPS-12/40-D5 43.00 
ADC-HC12BMM 336.00 ADC-811MM-QL 458.00 AM-551MM-QL 101. 00 BPS-12/625-DI2 125.00 

AM-7650-1 4.05 
ADC-HC12BMM-QL 373.00 ADC-815MC 201. 00 BPS-12/625-D24 125.00 
ADC-HS12BMC 167.00 ADC-815MM 258.00 AM-7650-2 4.95 BPS-15/100-D12 86.00 
ADC-HS12BMM 227.00 ADC-815MM-QL 284.00 APP-M20Al 709.00 BPS-15/100-D28 86.00 
ADC-HS12BMM-QL 313.00 ADC-816/883B 370.00 APP-M20A21 820.00 BPS-151l00-D5 86.00 
ADC-HX/883B 293.00 ADC-816MC 218.00 APP-M20D1 709.00 BPS-15/1000-D12 169.00 

APP-M20D21 820.00 
ADC-HX12BGC 106.00 ADC-816MM 299.00 BPS-15/1000-D24 169.00 
ADC-HX12BMC 135.00 ADC-817AMC 263.00 APP-M20D3 865.00 BPS-151190-D12 112.00 
ADC-HX12BMM 189.00 ADC-817AMM 336.00 APP-M20E1 709.00 BPS-151l90-D24 112.00 
ADC-HZ/883B 307.00 ADC-817AMM-QL 447.00 APP-M20E21 820.00 BPS-15/190-D28 112.00 /' '" 
ADC-HZ12BGC 137.00 ADC-817MC 338.00 APP-M48D1 1165.00 BPS-15/190-D48 112.00 

APP-M48D2 1165.00 
ADC-HZ12BMC 155.00 ADC-817MM 411.00 BPS-15/190-D5 112.00 
ADC-HZ12BMM 220.00 ADC-817MM-QL 522.00 APP-M48D3 1165.00 BPS-15/3S-D5 4S.00 
ADC-MC8BC 7.45 ADC-825MC 177.00 APP-M48D4 1370.00 BPS-15/412-D12 135.00 
ADC-MC8BM 13.00 ADC-825MM 240.00 APP-20A1 615.00 BPS-15/412-D24 135.00 
ADC-207/883B 179.00 ADC-825MM-QL 265.00 APP-20A21 720.00 BPS-15/412-D28 135.00 

APP-20A3 775.00 
ADC-207MC 40.00 ADC-826/883B 345.00 BPS-15/412-D5 135.00 
ADC-207MM 78.00 ADC-826MC 197.00 APP-20D1 615.00 BPS-15/500-D12 125.00 
ADC-208/883B 211.00 ADC-826MM 279.00 APP-20D21 720.00 BPS-15/500-D24 125.00 
ADC-208MC 66.00 ADC-827AMC 245.00 APP-20D3 775.00 DAC-DG12B1 415.00 
ADC-208MM 115.00 ADC-827AMM 313.00 APP-20E1 615.00 DAC-DG12B2 415.00 

APP-20E21 720.00 
ADC-300 40.00 ADC-827AMM-QL 416.00 DAC-HF10BMC 171. 00 
ADC-301 105.00 ADC-827MC 320.00 APP-20E3 775.00 DAC-HF10BMM 210.00 
ADC-302 215.00 ADC-827MM 388.00 APP-20Jl 615.00 DAC-HF10BMM-QL 296.00 
ADC-S03 550.00 ADC-827MM-QL 491.00 APP-20J2 820.00 DAC-HF12BMC 201. 00 
ADC-304 43.00 ADC-830C 7.00 APP-20J3 775.00 DAC-HF12BMM 239.00 

APP-48Al 1060.00 
ADC-310 590.00 ADC-847A 6.70 DAC-HF12BMM-QL 324.00 

'" ADC-500BMC 249.00 ADC-847B 18.30 APP-48A2 1060.00 DAC-HF8BMC 158.00 
~ ADC-500BMM 274.00 ADC-847M 30.50 APP-48A3 1060.00 DAC-HF8BMM 192.00 
~ ADC-505BMC 240.00 ADC-856C 47.00 APP-48A4 1295.00 DAC-HF8BMM-QL 275.00 

'" ADC-505BMM 264.00 ADC-856M 61.95 APP-48D1 1060.00 DAC-HKB-2/883B 217.00 
APP-48D2 1060.00 

'" ADC-505BMM-QL 288.00 ADC-868 7Sl. 00 DAC-HKB/883B 217.00 
'" ADC-508MC 2S0.00 ADC-881 451.00 APP-48D3 1060.00 DAC-HK12BGC 67.00 
~ ADC-508MM 253.00 ADC-974 999.00 APP-48D4 1295.00 DAC-HK12BGC-2 67.00 
~ ADC-508MM-QL 276.00 '" ADS-105MC 279.00 APP-48E1 1060.00 DAC-HK12BMC 82.00 
~ ADC-510BMC 230.00 '" ADS-105MM 307.00 APP-48E2 1060.00 DAC-HK12BMC-2 82.00 

APP-48E3 1060.00 
~ ADC-510BMM 253.00 '" ADS-105MM-QL 335.00 DAC-HKI2BMM 139.00 
~ ADC-510BMM-QL 276.00 ~ ADS-106MC 279.00 APP-48E4 1295.00 DAC-HK12BMM-2 139.00 

ADC-5101 224.00 '" ADS-106MM 307.00 APP-48J2 1060.00 DAC-HPB-1I883B 241. 00 
ADC-5101H 300.00 ADS-106MM-QL 335.00 APP-48J3 1060.00 DAC-HPB/883B 241.00 
ADC-510lH-QL 360.00 ADS-lllMC 229.00 APP-48J4 1295.00 DAC-HP16BGC 78.00 

BCM-151100 63.00 
ADC-511MC 199.00 ADS-111MM 252.00 DAC-HP16BGC-1 78.00 
ADC-511MM 219.00 '" ADS-115MC 249.00 BCM·15/200 79.00 DAC-HP16BMC 93.00 

~ ADC-515BMC 220.00 '" ADS-115MM 274.00 BCM-15/300 95.00 DAC-HP 16BMC-1 93.00 
~ ADC-515BMM 242.00 '" ADS-115MM-QL 324.00 BCM-15/60 57.00 DAC-HP16BMM 163.00 

'" ADC-515BMM-QL 264.00 '" ADS-116MC 249.00 BPM-12/100 61.00 DAC-HP16BMM-1 163.00 
BPM-12/200 79.00 -" 

'" ADC-520MC 220.00 '" ADS-116MM 274.00 DAC-HZB/883B 185.00 i 

'" ADC-520MM 242.00 '" ADS-116MM-QL 324.00 BPM-12/25-D12 49.00 DAC-HZ12BGC 48.00 "'--/ 
'" ADC-520MM-QL 264.00 ADS-125MC 250.00 BPM-12/25-D28 49.00 DAC-HZ12BMC 58.00 
~ ADC-521MC 220.00 ADS-125MM 274.00 BPM -12/25-D5 49.00 DAC-HZ12BMM 108.00 
'" ADC-521MM 242.00 ADS-126MC 250.00 BPM-12/300 101. 00 DAC-HZ12DGC 87.00 

BPM-12/420-D12 128.00 



EFFECTIVE November " '988 CUSTOMER PRICE LIST 

MODEL PRICE MODEL PRICE MODEL PRICE MODEL PRICE 

DAC-HZ12DMC 106.00 DPP-Q7A6H 720.00 FLJ-D2 226.00 PM-5060-1010A 460.00 
DAC-HZ12DMM 139.00 DPP-Q7B1 636.00 FLJ-D6LA1 220.00 PM-5060-10lOE 460.00 
DAC-HZ12DMM-QL 189.00 DPP-Q7B1H 660.00 FLJ-D5LA2 220.00 PM-5060-1010J 460.00 
DAC-IC10B 14.95 DPP-Q7B2 635.00 FLJ-D6LA1 222.00 PM-6070-1000A 426.00 
DAC-IC10BC 9.95 DPP-Q7B2H 650.00 FLJ-D6LA2 222.00 PM-5070-1000E 425.00 

DAC-IC10BM 23.15 DPP-Q7B3 636.00 FLJ-R3BAl 126.00 PM-5070-1000J 425.00 
DAC-IC8BC 2.65 DPP-Q7B3H 650.00 FLJ-R3BA2 126.00 PM-5070-1010A 490.00 
DAC-ICSBM 11.45 DPP-Q7B4 636.00 FLJ-RSLAI 16S.00 PM-5070-1010E 490.00 
DAC-UP10BC 12.00 DPP-Q7B4H 650.00 FLJ-RSLA2 16S.00 PM-5070-1010J 490.00 
DAC-UPSBC 6.50 DPP-Q7B5 720.00 FLJ-RSLBI 16S.00 PM-5080-1000A 395.00 

DAC-UP8BM 16.00 DPP-Q7B5H 720.00 FLJ-RSLB2 16S.00 PM - 50S0-1000E 395.00 
DAC-08BC 2.25 DPP-Q7B6 720.00 FLJ-UR1BA1 40.00 PM - 5080-1000J 395.00 
DAC-08BM 4.50 DPP-Q7E1 635.00 FLJ-UR1BA2 40.00 PM-50S0-1010A 460.00 
DAC-OS05MR 105.00 DPP-Q7E1H 650.00 FLJ-UR2BA1 61.00 PM-50S0-1010E 460.00 
DAC-OS05MR-QL 124.00 DPP-Q7E2 635.00 FLJ-UR2BA2 61.00 PM-50S0-1010J 460.00 

DAC-330 112.00 DPP-Q7E2H 650.00 FLJ-UR2EA1 59.00 ROJ-1K 97.00 
DAC-562C 18.35 DPP-Q7E3 635.00 FLJ-UR2EA2 59.00 ROJ-20 97.00 
DAC-60SC 3.75 DPP-Q7E3H 650.00 FLJ-UR2LH1 40.00 SCM-100A 253.00 
DAC-610C 10.45 DPP-Q7E4 635.00 FLJ-UR2LH2 40.00 SCM-I00B 300.00 
DAC-612C 17.15 DPP-Q7E5 720.00 FLJ-UR4HA1 47.00 SCM-101 244.00 

DAC-7134BJ 21.40 DPP-Q7E6 720.00 FLJ-UR4HA2 47.00 SCM-103 165.00 
DAC-7134BK 32.95 DPP-Q7J1 635.00 FLJ-UR4HB1 47.00 SDAS-SA1 479.00 
DAC-7134BL 49.45 DPP-Q7J2 635.00 FLJ-UR4HB2 47.00 SDAS-SA2 479.00 
DAC-7134UJ 21.40 DPP-Q7J2H 650.00 FLJ-UR4LA1 47.00 SDAS-SA3 479.00 
DAC-7134UK 32.95 DPP-Q7J3 635.00 FLJ-UR4LA2 47.00 SDAS-SA4 479.00 

DAC-7134UL 49.45 DPP-Q7J4 635.00 FLJ-UR4LB1 47.00 SDAS-8E1 479.00 
DAC-7523 3.75 DVC-350A 3S7.00 FLJ-UR4LB2 47.00 SDAS-SE2 479.00 
DAC-7533 6.00 DVC-S500A 959.00 FLJ-VB 176.00 SDAS-SE3 479.00 
DAC-7541 13.90 DVC-S500E 959.00 FLJ-VH 176.00 SDAS-8E4 479.00 
DAC-8308 162.00 DVC-8500J 959.00 FLJ-VL 176.00 SHM-HUMC 150.00 

DAS-952R 14.90 DVME-C-01 40.00 FLT-C1 35.75 SHM-HUMM 178.00 
DBM-20 59.00 DVME-C-02 50.00 FLT-U2 26.50 SHM-HUMM-QL 197.00 
DILS-1 3.80 DVME-IOTEST/P 50.00 FLT-U2-M 42.75 SHM-IC-1 10.05 
DlLS-2 3.80 DVME-IOTEST/V 50.00 HDAS-16/883B 675.00 SHM-IC-1M 45.85 
DlLS-S 3.S0 DVME-UTIL/P 385.00 HDAS-16MC 350.00 SHM-LM-2 4.05 

DM-LXS-1 65.00 DVME-UTIL/V 3S5.00 HDAS-16MM 418.00 SHM-UH3 268.00 
DM-31-1 49.00 DVME-601A 1995.00 HDAS-8/883B 675.00 SHM-2 136.00 
DM-3100B-1 99.00 DVME-601B 2095.00 HDAS-8MC 350.00 SHM-2E 150.00 
DM-3100L-1 65.00 DVME-601B- U 2095.00 HDAS-8MM 41S.00 SHM-20C 13.40 
DM-3100MIL-1 195.00 DVME-601C 2695.00 MDAS-16 339.00 SHM-30C 29.45 

DM-3100N-1 59.00 DVME-601C-U 2695.00 MDAS-SD 339.00 SHM-360 lS.00 
DM-3100U1-1 76.00 DVME-601D 2195.00 MDAS-940D 3S6.00 SHM-361 27.00 
DM-3100U2-1 S5.00 DVME-601E 2195.00 MDAS-940S 3S6.00 -A- SHM-40MC 143.00 
DM-3100U3-1 S9.00 DVME-602H 1419.00 MPP-20A 440.00 -A- SHM-40MM 157.00 
DM-3100X-1 79.00 DVME-602R 1419.00 MPP-20D 440.00 -A- SHM-45MC 154.00 

DM-3101-1 99.00 DVME-602T 1375.00 MPP-20E 440.00 -A- SHM-45MM 169.00 
DM-3102A 170.00 DVME-611A 1495.00 MPP-20J 440.00 -A- SHM-45MM-QL lS5.00 
DM-3102B 145.00 DVME-611B 1617.00 MS-1 33.25 -A- SHM-4S60MC 149.00 
DM-3103-1 99.00 DVME-611B-U 1617.00 MS-ll 5.40 -A- SHM-4S60MM 164.00 
DM-3104-1 99.00 DVME-611C 163S.00 MS-13 5.40 -A- SHM-4S60MM-QL 179.00 

DM-4100D-1 155.00 DVME-611C-U 163S.00 MS-2 33.25 SHM-5 204.00 
DM-4101D-1 145.00 DVME-611D 164S.00 MS-3 33.25 SHM-6MC 153.00 
DM-4101L-1 S9.00 DVME-611E 1717.00 MS-4 33.25 SHM-6MM 219.00 
DM-4101N-l 95.00 DVME-612A 1595.00 MS-5 33.25 SHM-6MM-QL 243.00 
DM-4102 65.00 DVME-612B 1712.00 MS-6 5.40 SHM-7MC 136.00 

DM-4103 65.00 DVME-612B- U 1712.00 MS-7 5.40 SHM-9MC 65.00 
DM-4104 75.00 DVME-612C 1732.00 MS-9 5.40 SHM-9MM 117.00 
DM-4105-1 105.00 DVME-612C- U 1732.00 MV-1606 11.S0 SHM-9MM-QL 129.00 
DM-4106 69.00 DVME-612D 1742.00 MV-1606M 25.70 SHM-91MC 144.00 
DM-4200-1 S5.00 DVME-612E lS12.00 MV-SOS 12.65 SHM-91MM 214.00 

DM-500-1 29.00 DVME-624C1 1363.00 MVD-409 12.65 SHM-91MM-QL 250.00 
DM-9100-1 89.00 DVME-624C2 1577.00 MVD-S07 11.S0 ST-519 465.00 
DM-9115-1 99.00 DVME-624V1 1146.00 MX-1606 20.95 ST-701A2 174S.00 
DM-9150-1 99.00 DVME-624V2 1360.00 MX-1616C 27.90 ST-701A2/24 174S.00 
DM-9165-1 99.00 DVME-626V1 176S.00 MX-80S 11. 75 ST-701B2 IS23.00 

DM-9200-1 95.00 DVME-626V2 1768.00 MX-81SC 14.50 ST-701B2-U 1823.00 
DM-9215-1 109.00 DVME-628C 1708.00 MXD-409 11.70 ST-701B2/24 1823.00 
DM-9250-1 115.00 DVME-628V 1345.00 MXD-807 20.95 ST-701C2 2140.00 
DM-9265-1 109.00 DVME-641 695.00 PC-6 169.00 ST-701C2/24 2140.00 
DPP-Q7A1 635.00 DVME-643H 1523.00 PM -5050-1000A 395.00 ST-701D2 1674.00 

DPP-Q7A1H 650.00 DVME-643T 1435.00 PM -5050-1000D 430.00 ST-701D2/24 1674.00 
DPP-Q7A2 635.00 DVME-645 1385.00 PM-5050-1000E 395.00 ST-701E2/24 1923.00 
DPP-Q7A2H 650.00 DVME-660 795.00 PM-5050-1000J 395.00 ST-702A 1478.00 
DPP-Q7A3 635.00 DVME-691A 295.00 PM-5050-1010A 460.00 ST-702B 1478.00 
DPP-Q7A3H 650.00 DVME-691D 295.00 PM-5050-1010D 495.00 ST-702R 1478.00 

( DPP-Q7A4 635.00 FLJ-ACR1 80.00 PM-5050-1010E 460.00 ST-703A 1033.00 ,1' 
" DPP-Q7A4H 650.00 FLJ-ACR2 80.00 PM -5050-1010J 460.00 ST-703B 1208.00 

DPP-Q7A5 720.00 FLJ-ACOI 40.00 PM-5060-1000A 395.00 ST-706A1 785.00 
DPP-Q7A5H 720.00 FLJ-DC 190.00 PM-5060-1000E 395.00 ST-705A2 785.00 
DPP-Q7A6 720.00 FLJ-D1 225.00 PM -5060-1000J 395.00 ST-705A3 785.00 



EFFECTIVE November 1,1988 

MODEL PRICE MODEL PRICE MODEL 

ST-705A4 785.00 TPM-15/200-5/600 108.00 UPM-24/40-DI2 
ST-705El 785.00 TPS-12/310-5/1600-D12107.00 UPM -24/40-D6 
ST-705E2 785.00 TPS-12/310-6/1500-D24 107.00 UPM -28/100-DI2 
ST·706E3 786.00 TPS-5/1500-12/310-D12107.00 
ST-705E4 786.00 TPS-6/1600-12/310-D24 107.00 UPM -28/100-D5 

UPM-28/25-DI2 
ST-705Jl 786.00 TPS-6/1600-16/260-D12 107.00 UPM-28/26-D5 
ST-705J2 786.00 TPS-6/1600-16/260-D24 107.00 UPM-6/1000 
ST-705J3 786.00 UCM-5/1000 83.00 UPM -6/1000B 
ST-706J4 786.00 UCM-5/1000-B 71.00 
ST-711 884.00 UCM-6/2000 93.00 UPM -6/200-DI2 

UPM -6/200-D28 
ST-716B1 1406.00 UCM-6/260 64.00 UPM-6/2000 
ST-716B2 1405.00 UCM-6/600 56.00 UPM-5/250 
ST-716C1 1006.00 UM - APP - 20AEJlI AEJ2 30.00 UPM-5/500 
ST·716C2 1006.00 UM-APP-20AEJ3 30.00 
ST-716D1 1613.00 UM -APP - 48AEJ2 30.00 UPS-12/1260-D12 

UPS-12/1260-D24 
ST-716D2 1613.00 UM-APP-48AEJ3 30.00 UPS-12/260-D28 
ST-724 849.00 UM-DPP-Q7 30.00 UPS-12/260-D5 
ST-728A2/24 773.00 UM-DVC-350A 30.00 UPS-12/2500-D12 
ST-728B2/24 1085.00 UM-DVME-601 30.00 
ST-728C2/24 915.00 UM-DVME-602 30.00 UPS-12/2600.-D24 

UPS-12/470-D24 
ST-728D2/24 1219.00 UM-DVME-611/612 30.00 UPS-12/470-D5 
ST-732 1117.00 UM-DVME-624 30.00 UPS-12/80-D6 
ST-742 595.-00 UM-DVME-626 30.00 UPS-15/1000-D12 
TP-IK 4.00 UM-DVME-628 30.00 
TP-IM 4.00 UM-DVME-641 30.00 UPS-16/1000-D24 

UPS-16/2000- D12 
TP-I0 4.00 UM-DVME-643 30.00 UPS-15/2000-D24 
TP-I0K 4.00 UM-DVME-645 30.00 UPS-15/65-D5 
TP-I00 4.00 UM-DVME-660 30.00 UPS-6/1000-DI2 
TP-I00K 4.00 UM-DVME-691 10.00 
TP-2K 4.00 UM-PM-5050 30.00 UPS-5/1000-D24 

UM-PM-5060 30.00 UPS-6/1000-D28 
TP-20 4.00 UM-PM-5080 30.00 UPS-5/2000-D24 
TP-20K 4.00 UM-ST-519 10.00 UPS-5/2000-D28 
TP-200 4.00 UM-ST-701 30.00 UPS-5/2000-D48 
TP-200K 4.00 UM-ST-702 30.00 
TP-25K 4.00 UPS-5/3000-D12 

UM-ST-703 30.00 UPS-5/3000-D24 
TP-250 4.00 UM-ST-705 10.00 UPS-5/5000-D12 
TP-5K 4.00 UM-ST-711/732 30.00 UPS-6/6000-D24 
TP-50 4.00 UM-ST-716 30.00 UPS-5/600-DI2 
TP-50K 4.00 UM-ST-724 30.00 
TP-500 4.00 UPS-5/600-D28 

UM-ST-728 30.00 UPS-6/600-D5 
TPM-121100-5/600 90.00 UPA-12/200 18.00 USC-5/3 
TPM-12/150-5/1000 108.00 UPA-5/500 16.50 USC-5/5 
TPM-12/200-5/500 108.00 UPM-12/80-D5 44.00 USM-5/3 
TPM-15/100-5/500 90.00 UPM-24/125-D12 79.00 
TPM-16/160-5/1000 108.00 USM-5/5 

UPM-24/210-D12 84.00 VFQ-IC 
UPM-24/210-D5 84.00 VFQ-IR 

DESCRIPTION OF ACCESSORIES 
32-2242568 
32-2242570 
32-2242572 
33-8193200 
33-8193205 

38-8193022 
38-8193900 
38-8193901 
38-8193902 
39-2106705 

39-7267690 
39-7341560 
39-8194910 
58-1214050 
58-2073078 

58-2073082 
58-2073083 
58-2075010 
60-2105600 

48 Column Printer Paper; 10 Rolls 
DPP-Q7 Printer Paper; 10 Rolls 
20 Column Printer Paper; 10 Rolls 
DPP-Q7 / APP-20 Stand Kit 
APP-48 Stand Kit 

DVC-8500 Panel Mount Kit 
DVC-8500 10:1 Attenuator 
DVC-8500 100:1 Attenuator 
DVC-8500 Test Lead Set 
DM-LX3/DM-3114 Pin DIP Connector 

DVC-350A Accessory Kit (AC Recharger and NiCad Battery) 
DM-9000 Screw Tenninal Connector 
DM-31 Accessory Kit (Bezel, Connector, and Mounting Hardware) 
Data Acquisition Handbook 
DM-9000 Solder Tab Connector 

DPM Connector; 10 Pin 
DPM Connector; 15 Pin 
DPM Connector; 18 Pin 
ST-702 and ST-705 Detachable Screw Tenninal Connector (Fonnerly 6012474-1) 

CUSTOMER PRICE LIST 

PRICE MODEL PRICE 

43.00 VFQ-2C 11.65 
43.00 VFQ-3C 2.65 
73.00 

VI-7660-1 2.10 
73.00 VI-7660-2 3.00 
43.00 VR-182A 1.10. 
43.00 VR-182B 1.36 
79.00 VR-182C 1.55 
67.00 

44.00 ACCESSORIES 
44.00 
89.00 ADC-12/2 VME 560.00 

60.00 ADC-12/20 VME 296.00 
64.00 ADC-12/4 VME 450.00 

ADC-12/4-UVME 450.00 

119.00 ADC-16/35 VME 695.00 

119.00 
ADC-16/35- U VME 695.00 81.00 

81.00 ADC-16/400K VME 395.00 

169.00 APP-TRIA 130.00 
APP-TRID 130.00 

159.00 APP-TRIE 130.00 

107.00 
APP-TR2A 130.00 107.00 

42.00 APP-TR2D 130.00 

119.00 APP-TR2E 130.00 
APP-TR5A 130.00 

119.00 APP-TR5D 130.00 

159.00 APP-TR5E 130.00 

169.00 
BPM-15/220-D5 115.00 42.00 

107.00 32-2242568 55.00 
32-2242570 35.00 

107.00 32-2242572 35.00 

107.00 33-8193200 10.00 

134.00 
33-8193205 134.00 10.00 

134.00 38-8193022 36.00 
38-8193900 54.00 

119.00 38-8193901 59.00 

119.00 38-8193902 17.00 

159.00 
39-2106706 5.00 159.00 

81.00 39-7267690 27.00 
39-7341560 20.00 

81.00 39-8194910 11.00 

81.00 68-12140- 50 6.95 

135.00 
58-2073078 144.00 6.00 

135.00 58-2073082 4.00 
58-2073083 5.00 

144.00 58-2076010 6.00 

4.60 60-2105600 62.00 

12.00 

DATEL makes no representation that the use of these products in the circuits described herein, or use of other technical information contained herein, will not Infringe upon existing JJCClEG 
or future patent rights nor do the descriptions contained herein imply the granting of licenses to make, use, or sell equipment constructed in accordance therewnh. 

DATEL, Inc. 11 CABOT BOULEVARD, MANSFIELD, MA 02048-1194 
TEL. (508) 339-3000 I TELEX 1743881 FAX (508) 339-6356 
• Santa Ana, CA (714) 835-2751 or (213)933-7256 • San Jose, CA (408) 297-7944 
• OVERSEAS: DATEL (UNITED KINGDOM) Tel. Basingstoke (256) 469-085 • DATEL (FRANCE) Tel. (1) 3460.0101 
DATEL (GERMANY) Tel. (89) 53-0741 • DATEL (JAPAN) Tokyo Tel. (3) 779-1031 • Osaka Tel. (6) 354-2025 
PRICES SUBJECT TO CHANGE WITHOUT NOTICE. 
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