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Standard SDS system interface units link Sigma computer systems, such as 
the Sigma 7 configuration shown here, to external analog and digital devices. 
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PREFACE 

iv 

Scientific Data Systems bases its total systems capability on a building-block 
philosophy that the company applies to the design of all its products. This 
philosophy enables SDS to use standard off-the-shelf products for a wide 
variety of complex system applications. 

Ease of system integration was a primary goal in the design of SDS Sigma com
puters and their related hardware and software. As a result, an estimated 
95 percent of all Sigma 7 systems, for example, can be bui I t up from standard 
SDS hardware and require no special systems engineering. Standardized sys
tem interface units (SIUs), described in this brochure, are a major factor in 
faci Ii tating Sigma system implementation. 

To meet user needs across the entire spectrum of computing, processing, data 
acquisition, and control appl ications, SDS provides a comprehensive range 
of products within the following categories: 

• Computers and related mai n-frame options (memories, interrupts, etc.); 

• Peripheral equipment (such as card readers and punches, magnetic-tape 
units, disc files, line printers, and keyboard displays); 

• System interface uni tSi 

• Digital field recording systems for seismic appl icationsi 

• Logic modules; and 

• Analog instruments. 

SDS also offers extensive capability in the custom-designing of equipment to 
meet individual customer requirements, including special programming support 
as requ ired. 

The SDS Computer Systems Division effectively complements SDS computer 
capabilities by providing, within the over-all SDS organization, an integrated 
engineering and manufacturing operation that is totally devoted to systems 
work. By applying the SDS building-block philosophy, this group has pro
duced over 600 special-purpose, custom-designed digital systems to perform 
a variety of tasks related to telemetry, data acquisition and processing, test 
facility instrumentation, and seismic exploration. 

For information and literature on all SDS products, see your nearest SDS 
representative. SDS office addresses are listed on the back cover of this 
brochure. 



INTRODUCTION 

The design of special systems usually requires that a wide 
variety of analog and digital devices be connected to the 
computer itself. To meet this need, SDS manufactures 
an extensive array of standard system interface units (SUIs). 
These units permit the computer to serve as the central 
processing element in special systems such as those used 
in process control, data acquisition, and data reduction 
appl ications. 

SDS system interface units exploit the many advanced 
input/output features of all Sigma computers. The user 
benefits several important ways· including: 

• Ease and Speed of System Design. In the past, con
necting to a computer1s input! output (I/O) i nter
face has presented a considerable problem for the 
user designing a computer-control I ed system. SDS 
system interface units ease the system designer's 
task by permitting him to deal with standardized 
interfaces closely related to his end task. The 
availability of these units as standard, off-the
shelf products means that system implementation 
time is sharpl y reduced; and productive resu Its 
are achieved sooner. 

• User-Oriented Software. Because the SDS system 
interface units are standard, they are supplied with 
standard programs, which control and monitor these 
units in the same manner as they control and monitor 
standard computer peripheral devices. These pro
grams can operate under the control of standard SDS 
operating systems (Monitors) for ease of use, espe
cially in real-time applications where foreground/ 
background processing capabi I ities are required. 
Time and costs involved in actual use of the equip
ment are minimized; programming training require
ments are reduced. 

• Comprehensive Documentation. Thorough andaccu
rate documentation is avai lable for customer inspec
tion and use, even before the hardware is actuall y 
del ivered. Documentation provided with each of the 
units described in this brochure includes: 

1. Assembly drawings and module location charts. 

2. Logic equations. 

3. Theoryof operation manuals, which help the 
system logic designer to implement his functional 
requirements quickly and economically. These 
manuals include such information as connector lo
cations (and pin numbers) at which various signals 
are found, the definition of those signals, available 
unit loads from each signal (or unit loads required), 
detailed timi ng diagrams, and logic equations for 
each unit. 

Alsoavailable is the Sigma Computer Systems/Interface 
Design Manual (SDS Publ ication No. 900973), which 
describes logical and electrical characteristics, char
acteristicsof circuits used, various connector pin 
assignments, and system considerations and includes 
helpful comments on logic design of units to connect 
directly to Sigma computers. 

• Concurrent Foreground/Background Processing. SDS 
system interface units are specifically designed to 
release the computer from the many routine details 
involved in real -time I/O coupling through direct 
input/output. Thus, almost all of the system's 
capacity is available for usefu I processing. Con
current processing of a real-time task in the fore
ground and a general-purpose task in the background 
is economically sound. 

• Present and Future Flexibility. The design of SDS 
system interface units reflects the thorough research 
that preceded them, especial I y in their interaction 
with other elements in large systems. The resulting 
flexibi I ity of use assures that cu rrent system needs 
can be met easily and that future system changes 
and expansions can be made at minimum cost to the 
user and with minimum disturbance to the existing 
system. 

• Maintenance Programs. A full range of diagnostic 
and check-out programs is available to facilitate 
mai ntenance, thus permitting a high level of off
line check-out or maintenance without hampering 
normal real-time system operation. 

• Lower Costs. Because SDS standard interface units 
are in full production now, user costs to perform 
total system functions are appreciabl y lower. 

SIGMA INPUT/OUTPUT STRUCTURE 

The architecture of Sigma computers provides three inter
faces of different complexity for connection of external 
equipment. These interfaces offer a range of speed capa
bilities for input/output data transfers. Manual 900973 
provides a more complete discussion of these interfaces. 

Di rect Input/Output Interface 

This interface provides a maximum data transfer rate 
(including required program control loops) of about 
100,000 32-bit words per second. It requires the pro
grammer to exercise more direct control than for al ter
nate interfaces: each input or output data transfer re
quires the execution of one instruction. However, the 
cost of the interface and of external units connected to 
it is minimal. 



8- Bit Input/Output Interface 

The unique architecture of SDS Sigma computers offers 
several important advantages including the availability 
of low-cost data channels. Thus, simultaneous opera
tion of many different equipments is now economically 
feasible in terms of price/performance tradeoffs. It also 
means that I/o proceeds independentl y, and almost all 
of the central processor1s capability is devoted to com
putation rather than being taken up with servicing input/ 
output on a real-time demand basis. 

The 8-bit input/output interface is much higher in per
formance than the di rect I/o interface descri bed pre
vi ousl y. It has a maximum data transfer rate to a si ngle 
device of over 1, 125,000 8-bit bytes per second using 
the selector input/output processor (lOP) of a Sigma 5 or 7 
computer. This increases to over 3,000,000 bytes/ 
second when using the 32-bit interface on a selector 
lOP. A multiplexor lOP permits up to 32 device con
trollers to be operating simultaneously, with combined 

maximum data transfer rate exceeding 400,000 bytes per 
second. 

Programming requirements are minimal. After setup, an 
lOP effectively links each device controller (in turn, as 
required) directly to memory, thus freeing the Sigma 7 
CPU to continue executing a program. Each lOP stores 
and executes its own program. The computer1s program 
may be stored in some other memory bank to permit maxi
mum throughput rates. 

Because of the additional circuitry required to logically 
time-share a high-bandwidth data and control bus, the 
cost of connecting external units to this interface is gen
erally higher than the cost of connecting to the direct 
I/O interface. But the low cost of a data channel now 
makes simultaneous operation of many different equip
ments quite feasible in terms of price/performance 
tradeoffs. 

Memory Bus 

Direct communication with a Sigma 5 or 7 module through 
one of the extra ports is made possible by adding one of 
the multiaccess features (two-way, three-way, or six
way access). I/O rates can thus be as high as the cycle 
rate of the memory module itself. Because control regis
ters must be built into the external unit, this means of 
connection to a Sigma system is generally reserved for 
internal system units (e. g., Multiplexor lOP) but is 
available to meet special system requirements. This bus 
is 32 bits wide (plus parity) for Sigma 5 or 7 memories 
and 16 bits wide (plus parity) for Sigma 2 memories. 
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SOFTWARE SUPPORT 

SDS provides two levels of software support for Sigma 
series system interface units: (1) Operating System Hand
lers for both analog and digital input/output and (2) 
mai ntenance software including Analog Cal ibration and 
Check-Out programs and Digital Check-Out programs. 
These programs are compatible wi th software for all stand
ard SDS products. 

The major features of the various parts of these program
ming systems are listed below. See page 27 of this bro
chure for a more detai led description of standard software. 

Operating System Handlers 

Operating System Handlers {also called Device Control 
Routines or Input/Output Handlers} provide the means by 
which user programs can control the operation of a variety 
of input/output devices and subsystems. 

As part of the general software support for any SDS Sigma 
system, provision is made for generati ng a System Monitor 
at installation time. The System Moni tor provides for 
configuration identification and I/o data handling in a 
standard modular form. System interface unitsare identi
fied in the same easy-to-use-and-understand manner as 
is all other SDS standard peripheral equipment. 

Because SDS system interface units are standard, SDS pro
gramming systems permit the user to dealwiththemsimply. 
Even when a real-time program is written in a higher
level language (such as FORTRAN IV), the user can con
trol these units in a variety of convenient ways including 
the use of subroutines called by the compiler. 

Maj or features of the Operati ng System Handlers are as 
follows: 

• 

• 

• 

Standard operating systems (monitors) control hand
Ier operation. Critical real-time tasks are pro
cessed in the foreground; real-time program check
out and noncritical jobs are processed in the back
ground. Core residency requirements are decreased 
and ease of use is facilitated because these hand
lers provide for common services and parameter 
pools under moni tor control. 

Simpie CALLs facii itate communication and make 
the handlers easy to use. 

SIUs are easily controlled by a programmer writing 
in a higher-level language (such as FORiRAN IV). 



• Simple, easy-to-use commands control complex 
I/O buffering, allowing the user to choose from 
among a wide variety of operating modes to suit a 
specific application. 

Maintenance and Calibration Software 

Analog and digital maintenance and calibration pro
grams are operated under control of the SDS Diagnostic 
Control Program (DCP). The DCP is designed to permit 
flexible, dynamic alteration of test parameters in a man
ner that allows maintenance personnel to diagnose, iso
late, repair, and calibrate with minimum down-time. 

Here are the major features of the Analog Calibration 
and Check-Out programs: 

• Time-consuming operator input from the computer 
console is avoided (for closed-loop testing) since 
the program automaticall y searches for channels 
under test. 

• Adjustments on analog multiplexing and conversion 
equ ipment aresimpl ified through use of a trace
proportional to full-range inaccuracies of equipment
that a digital-to-analog converter can supply to any 
lab oscilloscope. 

• Operator intervention is minimized since the program 
automatically compensates for varying equipment 
scale factors, resolution, and special options. 

• Demonstration programs and large-sample programs 
operate at maximum equipment speeds in a manner 
designed for worst-case exercising of analog equip
ment. This feature permits simu lating an operating 
environment for calibration and operation verification 

• Hard-copy print-out of accuracy and noise charac
teristics of the analog devices is provided. Related 

programs can operate in either an open-loop mode 
(fixed input and output vol tages) or a closed-loop 
mode (voltages varying across an entire range). 

Some of the maj or features of the Digitai Check-Out 
programs are as follows: 

• When equipment configuration permits-that is, 
when there are at least 8 bits of both input and 
output-special test cables are provided for use in 
closed-loop testing of digital input/output. This 
testing checks all I/O data paths. Test procedures 
use worst-case patterns that may cause signal inter
ference or may detect marginal circuits. 

• Open.;..loop testing is also provided through use of 
scope displays. 

• Faults are diagnosed down to the lowest possible 
level for most circuit malfunctions. Print-out in
dicates probable fault source and other diagnostic 
information useful in fault location. Thus, system 
down time caused by equipment malfunction is 
minimized. 

• For demonstration and acceptance purposes, extended
duration tests are available. In such testing, the 
operator controls test parameter such as data patterns, 
test durati on, and types of tests to be performed. 

INTERFACE UNITS AVAILABLE 

The available standard SDS interface units for use in 
Sigma systems are described briefly in Table 1. Installa
tion data is shown in Table 4 on page 31. The configu
rator on page 4 shows the possible methods of combining 
these interface control units into a Sigma system. Block 
diagrams of typical systems that can be constructed 
through use of these standard units appear on pages 10, 
14, and 20. 
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Name of Unit 

Analog Input 
Controller 

Analog Output 
Controller 

Analog and Digital 
Adapter 

10P-to-DI0 
Adapter 

Digital I/o Subsystem 

Frequency Control 
Subsystem 

Device Subcontroller 

Table 1. Sigma System Interface Units 

Model Numbers of 
Major Elements 

7914 

7910 

7922 

7929 

7930 
7931 
7950 
7951 
7952 
7953 
7954 

7969 
7970 
7971 
7972 

7900 

Description 

Provides the interface and control necessary to operate one 
A-to-D converter and one high-speed analog multiplexer 
through a Sigma 8-bit I/o channel. Permits random or 
sequential sampl ing of analog inputs at prespecified intervals. 
Any number of controllers can be added to a Sigma system. 

Provides the interface and control necessary to operate one to 
16 D-to-A channel controllers through a Sigma 8-bit I/o chan
nel. (Each D-to-A channel controller can operate one to 16 
D-to-A converters.) Allows analog outputs to be varied ran
domly, sequentially, or simultaneously, all at prespecified 
rates. Any number of controllers can be added to a Sigma 
system. 

Provides the low-cost interface and control circuitry necessary 
to operate one A-to-D converter, one analog multiplexer, 
and one to 16 D-to-A channel controllers. Generates 
pulsed digital outputs, transfers data in memory to output 
registers, and stores the states of input lines in memory. One 
unit can be attached to a Sigma system via the direct I/O 
interface. 

Transforms any Sigma 8-:bi t I/O channel into an interface func
tionally identical to a Sigma Direct I/O interface. Enables 
user to perform a program-specified number of 32-bit direct 
input or output operations, in any combination, via the 8-bit 
I/O channel. Any number of controllers can be added to a 
Sigma system. 

Generates pulsed digital outputs, transfers data in memory to 
output registers, stores the states of input signals in memory, 
and provides latched relay drive signals. Each fully expanded 
unit accommodates any combination of 8-bit stored output groups, 
8-bitrelaydrive groups, 8-bitpulsedoutputgroups, or 16-:bit 
input groups up to a total of 60 groups. One to eight units can 
be added to a Sigma system via the direct I/o interface. 

Provides means of frequency control for SDS analog input, 
analog output, and digital transfer control units, thus enabl ing 
external devices to perform operations at regular prespecified 
intervals. Each fully expanded unitfurnishesfourindependent 
frequency sources. Frequency of each source can be specified 
either manually or by program. One or two units can be used 
ina Si gma system. 

Provides means for standardizing certain common parts of de
vice controllers that, in turn, connect a customer's device or 
signals to the 8-bit I/o channel interface on a Sigma computer. 
The Model 7900 Subcontroller permits quicker design and check
out of custom-designed equipment and improves maintainability. 
It can duplicate certain common functions that must be prese"nt 
in all equipment attached to the 8-bit Sigma interface. This 
subcontroller is an integral part of all SDS standard peripheral 
controll ers that connect to the 8-bit Sigma interface. 
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SDS MODEL 7914 ANALOG INPUT CONTROLLER 

The SDS Model 7914 Ana log Input Controller offers a 
flexible, economical means of connecting analog-to
digital conversion equipment to SDS Sigma computers. 
Under control of this unit, analog inputs can be sampled 
randomly or sequentially at prespecified intervals. Once 
initiated, analog-to-digital (A-to-D) conversions proceed 
i ndependent ~y of the Sigma centra I processor. An i nter
connecti on diagram of the Mode I 7914 appears in 
Figure 1. 

Input/Output 
Processor 

8-Bit Interface To Other Controllers 

7914 

Ana log Input 
Controller 

ET20 ET21/ET23 

Cable Cable 

EZ28 I 
Analog Cable Ana log-to-Digital 

Mu Itiplexer A Converter 

Analog t------t ....c: Signals 

Figure 1. Interconnection Diagram, SDS Model 7914 

Analog Input Controller 

DESCRIPTION 

The Model 7914 controller operates through an 8-bit 
I/O channel of a Sigma computer. It connects directly 
to the 8-bit I/O int~rface where it uses one channel 
position. Each Model 7914 provides the interface and 
control necessary to operate one high-speed analog mu 1-
tiplexer and one ana log-to-digital converter. 

The Model 7914 was designed primari Iy for use with SDS 
A-to-D conversion equipment and SDS analog multiplex
ers. However, its interface also allows other manufac
turers' analog conversion equipment to be connected to 
a Sigma computer. 
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SDS A-to-D conversion equipment and SDS analog mu Iti
plexers are described in brochure 64-55-07R (Rev. 2) 
and 64-55-09R (Rev. 2), respectively. 

OPERATION 

Two program-selectable modes of operation are possible 
with the Model 7914: (1) the random mode, in which the 
computersupplies a new multiplexer address before each 
conversion, and (2) the sequential mode, in which the 
computer supplies a multiplexer channel address for the 
first conversion only. (The mu I tiplexer then generates sub
quent addresses.) 

When operoting in Mode 2, channel addresses for subse
quent conversions are generated in one of the following 
two ways: 

1. By incrementing the present address by one 
before each conversion. * 

2. By maintaining the same address for all conver
sion in a group. In this case, the 7914 need not wait for 
the multiplexer to settle before initiating each conversion 
since the channel address has not changed. 

After activation ,by an SIO instruction, the 7914 requests 
the first order. In response, the I/O channe I accesses 
the first order from main memory, transmits that order to 
the 7914, and stores internally all remaining command 
information. The order transmitted to the 7914 is "Read" 
(binary configuration 00000010). 

Command information stored internally by the I/O chan
nel includes (1) the memory address of the first byte to 
be output, (2) a count of the number of bytes to be trans
ferred, (3) a set of flags that control the I/O channe~'s 
response upon detection of certain conditions, and (4) 
such other contro I information as the I/O system requires. 

After the 7914 receives the Read order, it accesses the 
first two bytes of a program-spec ified I ist in memory. 
These bytes specify a multiplexer channel address and 
certain contro I information describing the mode of oper
ation. When the subsequent mu Itiplex -conversion cyc Ie 
has been completed, the digital resu It from the A-to-D 
conversion is stored in memory in the two byte locations 
fo \lowing those just accessed for contro I and mu Itip lexer 
address. 

*If the A-to-D converter has a sample-and-hold 
feature, the mul tiplexer channel address can be incremented 
as soon as the previous conversion has been initiated, there
by increasing sampling rate. This is known as an "overlap" 
mode of operation. 



In the random mode of operation, the 7914 accesses the 

next two bytes in sequence containing the new multi
p�exer address and control information, thereby initiating 
a new multiplex-conversion cycle. This process (i .e., 
7914 access of address and contro I information and stor
age of digital result of A-to-D conversion) repeats unti I 
the program-specified number of analog samples has been 
obtained. 

In the sequential mode of operation, the fi rst two bytes 
obtained by the 7914 have the same format as those in the 
random mode (i. e., mul tiplexeraddress and control infor
mation). Thereafter, converted digital data is packed 
into successive Iy higher byte pairs unti I the program
specified number of ana log samples has been obtained. 
The control information contained in the first byte acces
sed by the 7914 determined whether the mu Itiplexer ad
dress for each successive conversion is either incremen
ted by one or remains the same. 

Each multiplex-conversion cycle is initiated either imme
diately upon completion of the previous cycle (maximum 
rate permitted by equipment) or onlyafteran external sig
nal occurs. This signal can be suppl ied by the SDS Model 
7969 Frequency Control Unit. When operated in this man
ner, the 7914allows the user to sample analog inputs at 
regular prespecified intervals. 

The multiplexer and A-to-D conversion equipment and 
interaction with the 7914 determine the maximum sam
pling rate of the analog signals. 

Sampling times for four typical configurations using SDS 
A-to-D conversion equipment with SDS MU55 multi

plexers are listed in the followi ng tabulation (these opera
ting rates assume no conflict with other devices on the 
8-bi t I/O bus): 

SDS 
A-to-D Operation Mode 

Converter of 7914 

AD30-12* Random 

AD30-12t Sequential (step) 

AD35* Random 

AD35-SH t Sequential (step) 

*Without sample-and-hold 
tWith sample-and-hold 

Time 
per 

Sample Sampling 
(!JSec) Rate 

70.0 14.1 kc 

35.0 28.5 kc 

41.5 24. 1 kc 

23.2 43.9 kc 

The 7914 indicates an "unusual end" condition to the 
I/o channel and terminates operation if it detects 
either of the following conditions: 

o 

• I/O channel halt (lOP halt); or 

• Incorrect byte string length. 

PROGRAMMING 

The Model 7914 Analog Input Controller is programmed 
using standard Sigma input/output instructions (SIO, 
no, HIO, TDV, and AIO). Eight toggle switches on 
the 7914 determine the device address to be used in VO 
instructions when communicating with this unit. 

Status response returned during execution of SIO, no, 
and H 10 is as follows: 

• Interrupt pending from 7914 

• 
• 

• 

• 

• 

• 

7914 is either ready or busy 

The last operation (multiplexer-conversion cycle) 
was terminated because of unusua I conditions 

The 7914 recognized the program-specified device 
address 

The 7914 can accept an SIO (returned during TIO 
only) 

SIO instruction was executed successfu Ily (returned 
during SIO only) 

The 7914 was busy when the HIO instructi on was 
executed (returned during HIO only) 

By means of the TDV instruction, the program can deter
mine (1) whether a mul tiplexer is connected, (2) whether a 
sample-and-hold is connected, and (3) whether a fre
quency control unit is connected. Thus, programmi ng 
need not be system-dependent. 

Status returned during the execution of the AIO instruc
tion determines the reason for interrupt. 

The word format for all words of the program-specified 
list in the random mode and for the first word in the 
sequential mode is as follows: 

3456 15 16 31 

Control 
Multiplexer Converted 

Channel Input Data 

7 



Bit Positions 0 through 3, Control 

Bit 0 

A "zero" causes unit to operate in random mode 
A "one" causes unit to operate insequential mode 

Bit 1 

A II zero " causes unit to operate at -0 maximum rate 
permitted by the equipment (multiplexer/A-to-D 
converter interaction) 

A lIone ll causes unit to operate under control of 
an external signal to initiate conversion 

Bit 2 (used onl y in sequential mode) 

A ··zero ll causes the mu Itiplexer address to be incre
mented by one for each conversi on 

A lIone ll causes the mu Itiplexer address to remai n 
unchanged for each conversion 

Bit 3 (must be zero unless bit 1 is set) 

A II zero" causes no acti on 

A lIone li causes the unit to operate in a burst mode 
in which all samples in a program-specified block 
are taken as quickly as possible. However, opera
tion does not begin unti I an external signal occurs. 

Bits 4, 5 

Unused 

Bits 6-15, Multiplexer Channel Address 

These bits specify multiplexer channel address to be 
used for the next conversion; alternatively, users· 
equipment can elect to treat three or four of these 
bits as gain control information. 

Bi ts 16-31, Converted Input Data 

These bits contain left-adjusted converted digital 
data from the A-to-D converter. 

INTERFACE 

Two connectors are provided for the operation of analog 
conversion and multiplexing equipment. One of these 
is used for connecting an analog multiplexer. The other 
is used to operate an A-to-D converter. 

8 

The multiplexer connector carries the following signals: 

Multiplexer Load - a pulse of 1. O-flSec duration. 
This pulse indicates that a multiplexer channel address 
is presently available on the multiplexer data lines. 

Multiplexer Data Lines 0-7 - eight lines that carry 
the multiplexer channel address for a period beginning 
with the leading edge of the load pulse and ending 0.5 
IJsec after the trailing edge of that pulse. 

Multiplexer Step- a pulse of 1. O-lJSec nominal dura
tion, which causes the multiplexer channel address to 
be incremented by one. 

Multiplexer Ready - a pulse of 1. O-lJsec minimum dur
ation that must be supplied by the multiplexer to indi
cate the end of its settling interval. 

The A-to-D converter connector provides the following 
signals: 

Convert - a pulse of 1. O-f-lsec nominal duration that 
causes the A-to-D converter to initiate a conversion 
cycle. 

End of Convert - a pulse of 0.3- to 1.0-f-lsec dura
tion that must be suppl ied by the A-to-D converter to 
indicate its completion of a conversion cycle. 

Strobe-a pulse of 1.0 f-lsec duration that indicates to 
the A-to-D converter that its digital output is being 
read by the 7914. 

Data Lines - 16 data lines that carry the digital out
put from the A-to-D converter to the 7914. These lines 
must be stable during the interval ranging from 0.5 lJSec 
before the trailing edge of the strobe pulse to 0.3 lJSec 
after the trai I ing edge of the strobe pu Ise. 

External equ ipment mates to the connectors on the 7914 
bymeans of an SDS ZTl5Cabie Plug Module. Standard 
connection to SDS analog instruments is made via ET20, 
ET21, or ET23 cables. 

All signals are quiescent at +8 volts (high impedance) 
and active at 0 volts, thereby permitting transformer 
coupling of all signals in the analog instruments. 

For a more complete discussion of Sigma I/O program
ming, see applicable Sigma Reference Manuals. 



50S MODEL 7910 ANALOG OUTPUT CONTROLLER 

The SDS Model 791 0 Analog Output Controller provi des 
a flexible and economical method for connecting digi tal
to-analog conversion equipment to an SDS Sigma computer. 
Analog outputs can be made tovary randomly, sequentially, 
or simultaneously within a program-specified group at a 
predetermined rate, under control of the Model 7910. 
Once initiated, conversions proceed independently of 
the CPU. 

DESCRIPTION 

The Model 7910 Analog Output Controller operates 
through an 8-bit I/O channel of a Sigma system. It 
connects directly to the 8-bit interface and util izes 
one 8-bit channel. 

The 7910 can connect to and control up to 16 digital
to-analog channel controllers. 5DS offers three models 
of channel controllers, with a variety of D-to-A con
verters available for each of them. These three models, 
all of wh ich can be controlled by a 7910, are: 

• 

• 

• 

DA35-9,- Controls one to sixteen 9-bit D-to-A 
converters (Model DX15). 

DA35-15.,...-- Controls one to five 12-bit or 15-bit 
D-to-A converters in any combination (Models 
DX16, DX17, DX26, or DX27). 

DA36-15 - Controls one to twelve 12-bit or 15-
bit D-to-A converters in any combination (Models 
DX16, DX17, DX26, or DX27). 

OPERATION 

5DS D-to-A converters are implemented with dual-rank 
holding registers in which contents of the second-rank 
register are continuously converted to an analog signaL 
AI tering contents of the first-rank register does not affect 
contents of the second-rank regi~ter and, consequently, 
does not affect the analog output. 

A specific signal must be issued to the D-to-A converter 
to cause the contents of its first-rank register to transfer 
to the second-rank register, thereby producing a new 
analog output after a short settl i ng interva I. Th is trans
fer signal, generally referred to as a IIconvert li command, 

is suppl ied simu I taneousl y to all D-to-A converters con
nected to a particular 7910 Analog Output Subsystem. 
Only the analog output of the D-to-A converters whose 
first-rank register has been altered since the previous 
transfer signal occurred will change. 

An interconnection diagram for the Model 7910 Analog 
Output Controller is shown in Figure 2. 

To fully use the dual-rank feature, the analog output 
controller operates in either of two program-selectable 
modes: 

Mode 1 - Contents of the first-rank register trans
fer to the second-rank register as soon as the first-

Input/Output 
Processor 

8-Bit Interface 
.. ---------..... ~ To Other Controllers 

7910 

Analog Output 
Controller 

D/A Channel 
Controller 

" 
D/ A Converters 

ET10 
- Cables (2) , 

I-- --
Up 
to 
16 

D/A Channel 
Controller 

, , 
D/ A Converters 

Figure 2. Interconnection Diagram, 5DS Model 7910 
Analog Output Controller 

rank register of the currentl y selected D-to-A con
verter has been loaded. This transfer causes a new 
analog output to appear on a channel shortl y after 
digital data is received from the 8-bit interface. 

Mode 2 - Transfer to the second-rank regi ster occurs 
only after an entire group of first-rank registers has 
been loaded. This transfer causes new analog out
puts to appear simultane()usly from all second-rank 
registers in the group. 
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The actual transfer pulse can be generated either by the 
7910 or by an external source, which supplies it to the 
7910. In the latter case, the SDS frequency control 
subsystem, described on page 24, can be used to provide 
the external transfer pulse. Operating in this way, 
specifi c groups of analog outputs can be caused to change 
randomly, sequentially, or simultaneously at regular pre
specified intervals. An SIO instruction initiates opera
tion of the 7910, which then requests the first order from 
the I/o system. In response, the I/o system transmits 
the IIWrite ll order (binary configuration 00000001) to 

Command information stored internally by the I/o system 
includes (1) the memory address of the first byte to be 
output; (2) a count of the number of bytes to be trans
ferred; (3) a set of flags, which control the I/o system 
response upon detection of certain conditions; and (4) 
such other control information as the I/o system requires. 

the 7910 and stores all remaining command information 
internally. 

After the 7910 receives the Write order, it begins acces
sing information four bytes at a time from a program
specified list in computer memory. Four bytes of infor
mation are required for each conversion - one control 
byte, one D-to-A converter address byte, and two 
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digital data bytes. Transfer/conversion cycles continue 
independently of the CPU until the program-specified 
number of conversions has been made. 

The 7910 indicates lIunusual end ll to the I/O system and 
stops operating if it detects either of the following 
condi tions: 

• I/O channel halt (lOP halt) or 

• Frequency control unit causes a rate error. 

The 7910 indicates IIchannel end ll to the I/o system 
when it has initiated conversion of the last digital out
put in the list. 

D-to-A converter updating rate is approximately 80 kc if 
no other devices are operating on the 8-bit I/O bus. 

PROGRAMMING 

Standard Sigma I/O instructions (SIO, TIO, HIO, TDY, 
AIO) are used in programming the 7910 Analog Output 
Controller. Eight toggle switches on the 7910 determine 
the device address that must be used by the I/O instruc
tions when communicating with that unit. 

Status response returned during execution of 510, TIO, 
and H 10 is as follows: 

• Interrupt pending from 7910; 

• 7910 is either ready or busy; 

• The last output operation was terminated because 
of unusual conditions; 

• The program-specified device address was recog
nized by the 7910; 

• 510 can be accepted (TIO only); 

• 
• 

510 was successful (510 only); and 

The 7910 was busy when HIO was executed 
(HIO only). 

Status response returned during execution of TDY is as 
follows: 

• Rate error occurred on last operation, and 

• Whether frequency control uni t is connected. 

Status, returned during the execution of the AIO instruc
tion, provides the reason for interrupt. 

The four bytes received by the 7910 during each conver
si on cycle have the followi ng format: 

o 7 8 15 16 31 

Number of 

Control 
D-to-A 

Data for Conversi on 
Converter 

Unit 

Bits 0 through 7 control the action taken by the addressed 
D-to-A converter upon receipt of the data for conversion 
as follows: 

Bits Positions 0 and 1 

00 

01 

11 

Load first-rank register of addressed D-to-A 
converter but perform no other acti on. 

Load first-rank register of addressed D-to-A 
converter, and then transfer first-rank register 
to second-rank register in a II D-to-A conver
ters connected to the 7910, thus altering their 
analog output. 

NOTE: If the first-rank register of a particu
lar D-to-A converter has not been changed 
since the last transfer, there wi II be no changE 
in its ana log output. 

Load first-rank holding register of the 
addressed D-to-A converter, but inhibit all 
further operations of the 7910 until the occur
rence of an external transfer signal. The 
occurrence of this signal causes transfer from 
the first-rank register to the second-rank 
reg i ster ina II D -to-A converters connected 
to the 7910 and resumption of 7910 communi
cations with the I/o system. 

Bit Positions 2 through 7 

Unused 

Bit Positions 8 through 11 

Specify one of 16 possible D-to-A channel 
controllers. 

Bit Positions 12 through 15 

Specify one D-to-A converter connected to the 
addressed D-to-A channel controller. 

11 



Bi t Posi tions 16 through 31 

Contain the digital data word to be converted, 
which must be left-justified with the most signi
ficant bit being the sign bit (two's complement). 

INTERFACE 

The 7910 provides for connecting 16 D-to-A channel 
controllers. Two 14-conductor cables consti tute a datal 
control bus from which each channel controller receives 
necessary information. 

Signals appearing on each connector are: 

Data Line 0 through Data Line 15 

16 lines, containing data for conversion, that 
remain stable during the time the Channel Select 
strobe occu rs. 

Channel Select Lines 0 through 7 

12 

Eight I ines that indicate the D-to-A converters on 
the selected D-to-A channel controller to be 

activated. Decoding is performed by the D-to-A 
channel controllers. These I ines are stable duri ng 
the time the Channel Select strobe occurs. 

Channel Select Strobe 

A strobe signal indicating when the channel 
select lines are valid. Pulse duration is 1.0 
!-,sec nominal. 

Convert Line 

Common for all D-to-A channel controllers 
(nominal duration of 1.0 lJSec). This line, 
when true, enables transfer from the fi rst
rank to the second-rank register in all 
attached D-to-A converters. Using the 
control byte previousl y described, the pro
gram determines the activation time. 

AT12 cable driver modules are used for all signals. All 
cabling to the SDS D-to-A converters is by means of two 
ETl 0 cables. Transformer coupl ing is not available when 
usi ng the 7910. 



SDS MODEL 7922 ANALOG AND DIGITAL ADAPTER 

The SDS Model 7922 Analog and Digital Adapter is a 
control device for use with a wide range of instruments 
that interface Sigma computers to analog devices. Use 
of the versati Ie Model 7922 in any Sigma system is indi
cated when the need for economy overrides the need for 
high performance. It consists of one SDS T-Series card 
cage with the basi c modu les inserted and wired. The 
same cage contains modules for the control options. 

DESCRIPTION 

The basic Model 7922 can control one SDS Model AD30-12, 
AD30-15, AD-35, or AD35-SH Analog-to-Digital 
(A-to-D) converter. Available for use wi th these con
verters, as needed for high-level requirements, is the 
SDS MU Series of solid-state analog multiplexers, which 
can also be controlled by the 7922. 

The 7922 can control one to 16 D-to-A channel con
trollers. SDS manufactures three D-to-A channel 
controllers: 

• DA35-9 Accommodates up to 16 D-to-A convert
ers with 9-bit resolution (Model DX15) 

• DA35-15 Accommodates UP to five D-to-A convert-
ers with 12-bit resolution (Model DX160r 
DX26) or 15-bit resolution (Model DX17 or 
DX27) 

• DA36-15 Accommodates up to 12 D-to-A convert-
ers with 12-bit resolution (Model DX160r 
DX26) or 15-bit resolution (Model DX17 or 
DX27) 

The Model 7922 can perform various types and quantities 
of digital input/output when it is used with the following 
units: 

• Model 7950 Stored Digital Output (8 bits); 

• Model 7952 (quiescent +4 volts) or Model 7953 
(quiescent 0 vol ts) Pulsed Digital Output (8 bits); and 

• Model 7954 Relay Driver (8 bits). 

The only I imitation here is that the total number of 7950s 
plus 7952s pi us 7953s plus 7954s cannot exceed four. 

As part of its basic capability, the 7922 can sense the 
state of 48 input signal lines. Figure 3 is an intercon
nection diagram of the Model 7922 unit, only one of 
which may be used in each Sigma system. 

OPERATION AND CONTROL 

All control and data transfer operations that the 7922 
can perform are executed by Read Direct (RD) and Write 

Direct (WD) instructions in any Sigma computer. Hence, 
an external interface feature is a prerequisite. 

Analog Input Control 

A single RD instruction controls the A-to-D converter 
and the analog mu Itiplexer. Word format of the effec
tive address of the RD instruction is interpreted as 
follows: 

o 2345678 15 

Executing this instruction initiates the following action: 

1. If the previous A-to-D conversion is complete 
(or if this is the first such instruction executed since 
power-on), the digital results of that conversion are 
returned to the low-order 16-bit positions of the desig
nated register* (left-adjusted within that area unused bits 
are returned true), and status line 1 is returned IIfalse. 1I 

This resets condition code 3 in Sigma 7t. 

If R (bit 7) is a II zero, II the multiplexer channel add
ress specified in bits 8 through 15 is loaded in the multi
plexer1s channel address register. At the conclusion of 
the mul tiplexer1s settl ing interval, a new conversion is 
automatically initiated on the A-to-D converter if F (bit 
6) isa II zero 0 II If F isa 1I 0ne, II the ADC conversion is 
delayed until an external signal (e.g., the output of a 
7969 frequency control subsystem) is received. 

If R is a 1I 0ne, II the multiplexer address (bits 8 
through 15) is ignored, and a conversion is automaticall y 
initiated upon the previousl yselected channel (thus el im
inating the multiplexer1s settl ing interval) if F is a II zero • II 
If F is a 1I 0ne, II conversion is delayed until an external 
signal is received. The SDS Model 7969 Frequency Con
trol Unit can supply this signal. 

2. If the previousA-to-D conversion is not complete 
at the time this instruction is executed, or if the controller 

is waiting for an external signal, c.ondition code 3 is sett; 
and no other operations are allowed to take place. 

*The accumu lator inS igma 2. 
tOverflow indicator in Sigma 2. 
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3. The 7922 generates a signal upon completion of 
the A-to-D conversion, and this signal can be coupled 
to any external priority interrupt installed in the system. 

Analog Output Control 

A single WD instruction controls the D-to-A converters 
attached to the 7922. Word format for the effective 
address of the WD instruction is interpreted as follows: 

o 2 345 6 7 8 

D-to-A Converter 
Channel Select 

Execution of this instruction initiates the following 
action: 

16-Bitor 7922 ... .... 
32-Bit DIO 

~ .. Analog-and-
""" .. 

Digital Adapter 
One/Sigma Computer 

Analog-to-
Digital 

Converter 

A~ 

Analog 
Signals 

- Analog 
Mu Itiplexer 

A~ A~ 

------ Analog 
Signals 

15 

1. The first-rank register of the D-to-A converter, 
specified by bits 8 through 15 of the effective address, 
is loaded wi th the 9, 12, or 15 most signifi cant bi ts 
of the low-order 16 bits of the designated register 
(or the accumulator in Sigma 2). 

2. If C (bit 7) is a II zero, II no further action is 
taken. 

3. If C is a "one ll andF(bit 6} isa II zero, II the first
rank registers of all D-to-A converters in the system are 
loaded into their respective second-rank registers, thus 
causing a IInew conversion ll on all converters whose 
first-rank registers were altered since the previous 
II convert ll command. 

4. If C is a lIone ll and F is a lI one, II the loadi ng of 
the second-rank DAC registers is delayed unti I an exter
nal signal is received. The SDS Model 7969 Frequency 
Control Unit can supply this signal. 
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Figure 3. Interconnection Diagram, SDS Mode I 7922 
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5. The 7922 generates a signal upon initiation of 
conversion, and this signal can be coupled to anyexter
nal priority interrupt installed in the system. 

6. If the D-to-A conversi on has been requested pre
viously but has not been completed at the time this 
instruction is executed, condition code 3 is reseti and 
no other operations are allowed to take place. 

The D-to-A converter channel selection codings in bits 
8 through 15 of the effective address are as follows: 

• Bits 8 to 11 select one of the 16 possible channel 
controllers. 

• Bits 12 through 15 select one of the 16 possible con
verters in the designated channel controller. 

Control of Digital I/O Transfers 

The RD and WD instructions, respectively, control all 
digita I input and output transfers possible with the 7922. 

RD instructions permit storage of a specified set of 16 in
put lines (out of 48) in the designated register (Sigma 5 
and Sigma 7) or the accumulator (Sigma 2). The follow
ing address configuration must be used: 

o 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Rl' R2, and R3 select one of the three 16-bit words to be 
read into the computer. 

WD instructions permit control of output groups, either 
8 bits or 16 bits at a time. The following address con
figuration must be used: 

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

\ 1 \ 0 \ 1 \ 0 \ 1 \1 \ 0 \ 0 \ 0 \ 0 \ D1\ D2\ BO I B1\ B21 B31 

Dl and D2 specify the duration ofthe output pulse gener

ated when 7952/53 modules are installed. The bit con
figuration and output pulse duration are as follows: 

16 

" Output Pu Ise 
D 1 D 2 Duration 

o 
o 

o 

o 

1 f1sec 

2 fJsec 

3 fJsec 

4 fJsec 

BO' B1 , B
2

, and B3 select bytes (I/O modules) to be out

put. Since the 7922 only utilizes 16 bits of the data bus 
regardless of Sigma computer type (2, 5, or7), 1100 or 
0011 must be used for maximum control. 

When a digital output transfer (WD) is being executed, 
condition code 4 will be returned Ilfalse" if the external 
device is ready; however, the data transfer can sti II be 
completed. When a digital input transfer (RD) is being 
executed, condition code 4 is returned "true" if the ex
ternal device is ready. 

INTERFACE 

Two connectors are provided for the operation of analog
to-digital conversion and multiplexing equipment. One 
of these is used for connecting an analog multiplexer u 

The other is used to operate an A-to-D converter. 

The multiplexer connector carries the following signals: 

Multiplexer Load-a pulse of 1.0-fJsec durationo This 
pulse indicates that a multiplexer channel address is 
presentl y avai lable on the mu Itiplexer data Ii nes o 

Multiplexer Data Lines 0-7-eight lines that carry the 
multiplexer channel address for a period beginning with 
the leading edge of the load pulse and ending 0.5 fJsec 
after the trailing edge of that pulse. 

Multiplexer Ready-a pulse of 1.0-fJsec minimum dura
tion that must be supplied by the multiplexer to indicate 
the end of its settling interval 0 

The A-to-D converter connector provides the following 
signals: 

Convert-a pulse of 1 oO-fJsec nominal duration that 
causes the A-to-D converter to initiate a conversion 
cycleo 

End of Convert-a pu Ise of 0.3- to 1 .0-fJsec du ration 
that must be suppl ied by the A-to-D converter to i ndi
cate its completion of a conversion cycle. 

Strobe-a pulse of approximately 4.0-fJsec duration that 
indicates to the A-to-D converter that its digital output 
is being read by the 7922. 

Data Li nes-16 data I ines that carry the dig ita I output 
from the A-to-D converter to the 7922. These I ines must 
be stable during the interval ranging from 005 fJsec before 
the trailing edge of the strobe pulse to 0.3 fJsec afterthe 
trailing edge of the strobe pulse. 



Externa I equ i pment mates to the connectors on the 7922 
be means of an SDS ZTl5 Cable Plug Module. Standard 
connection to SDS analog instruments is made via ET20, 
~T21, or ET23 cables. 

All signals are quiescent at +8 volts (high impedance) 
and active at 0 volts, thereby permitting transformer 
coupling of all signals in the analog instruments. 

The 7922 provides for connecting 16 D-to-A channel 
controllerso Two 14-conductor cables constitute a datal 
control bus from whi ch each channel controller receives 
necessary information. 

Signals appearing on each connector are: 

Data Line 0 through Data Line 15 

16 lines, containing data for conversion, that 
remain stable during the time the Channel Select 
strobe occurs. 

Channel Select Lines 0 through 7 

Eight I ines that indicate the D-to-A converters on 
the selected D-to-A channel controller to be 
activated. Decoding is performed by the D-to-A 
channel controllers. These lines are stable during 
the time the Channel Sel ect strobe occurs. 

Channel Sel ect Strobe 

A strobe signal indicating when the channel select 
lines are valido Pulse duration is 1.0-fJsec nominal. 

Convert Li ne 

Common for all D-to-A channel controll ers {nomi
nal duration of 1.0 fJsec}. This line, when true, 
enables transfer from the first-rank to the second
rank register in all attached D-to-A converters. 
Usi ng the control byte previousl y described, the 
program determines the activation timeo 

ATl2 cable driver modules are used for all signals. All 
cabling to the SDS D-to-A converters is by means of 
two ETl 0 cables. Transformer coupl ing is not available 
when using a 7922. 
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SDS MODEL 7929 IOP-TO-DIO ADAPTER 

The SDS Model 792910P-to-DIOAdapterpermitsastand
ardized interface for external devices to be used in a 
Sigma computer system. The uni t makes the standard Sigma 
system 8-bit interface (lOP) identical to the Sigma direct 
input/output interface (DIO). Thus any unit designed for 
use on the Sigma DIO interface (e.g., 7922, 7930) can 
be operated instead in a cycle-stealing mode byconnect
ing it to the 79291s DIO Alternate (DIOA) interface. 

With the Model 7929, the user can perform a program
specified number of Read Direct (RD) or Write Direct 
(WD) operations in any combination without CPU inter
vention after the·operation is initiated. 

The TDV instruction enables the program to determine 
(1) whether a rate error has occurred, (2) the status res
ponse currently stored within the 7929, (e.g., CC3 and 
CC4), and (3) certain other diagnostic information. 

DESCRIPTION 

The Model 7929 operates through an 8-bit I/o channel 
of a Sigma system. It connects directly to the 8-bit 
interface where it uses one 8-bit channel. Each 7929 
added to an I/O channel provides a completely indepen
dent direct input/output interface. 

Figure 4 isan interconnection diagram of the Model 7929. 

OPERATION 

Upon activation by an SIO instruction, the 7929 requests 
the first order from the I/O channel. In response, the 
Sigma I/O system transmits the order (8 bits) to the 7929 
and internally stores all remaining command and control 
information. The order transmitted to the 7929 is ignored 
by the 7929 nor will it generate an interrupt. 

Command information stored internally by the I/O 
channel includes: (1) the memory location of the first 
byte to be transferred, (2) a count of the number of 
bytes to be transferred, (3) a set of flags that control the 
I/O channel1s response upon detection of certain con
ditions, and (4) such other control information as the 
I/O system requires. 

After receiving the Write order, the Model 7929 stores 
the condition code settings returned during its previous 
operation in the first byte location of a program-specified 
list in memory. Then the unit sequentially accesses the 
next three bytes from the list. These bytes include one 
control byte and a 16-bi t address. 

If the control byte specifies a Write Direct operation, 
the 7929 sequentially accesses the next four bytes from 
the list. These bytes form a 32-bit data word. The 
address and data are then transferred simu Itaneously to 
the connected external devices. The device specified 
by the 16-bit address must respond by accepting the 
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32-bit data word and returning status conditions to the 
7929 together with an acknowledge signa I. 
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Figure 4. Interconnection Diagram, SDS Model 7929 

10P-to-DI0 Adapter 

Upon receiving the acknowledge signal, the 7929 stores 
the status conditions in bits 2 and 3 of the next sequen
tial byte location in the list. 

If the control byte specifies a Read Direct operation, the 
7929 transmits the 16-bit address to connected external 
devices. The addressed device must respond by supply
ing a 32-bit data word and status conditions to the 7929 
together with an acknowledge signa I. 

Upon r.eceiving the acknowledge signal, the 7929 stores 
the 32-bit data word in the next four byte locations and 
the status conditions in bits 2 and 3 of the following byte 
location. 

NOTE: If either the present Write Direct or 
Read Direct operation is the last operation in 
the list, the 7929 stores the status conditions 
internally and, later, stores them in memory 
in the first byte location of the subsequent 
operation list. 

Two modes of operation are possible, as determined by 
the fi rst control byte accessed: 

Mode l-A new control byte and 16-bit address 
are supplied with each data word transfer. 



Mode 2- The first control byte and 16-bit 
address accessed apply to all remaining data 
in a list whose length is program-specified. 
In this mode, only the status conditions 
returned during the last operation are stored. 
These conditions are stored in the first byte 
locati on of the subsequent operati on list. 

The Model 7929 executes Rea-d Direct or Write Direct 
operations at a rate determined by one of two program
selected criteria: 

1. The maximum rate permitted by the interaction 
of the I/o system, the 7929, and external equipment. 

2. Each RD or WD operation is delayed unti I an 
external signal occurs. Frequency of occurrence of this 
signal may vary from a to 62.5 kc and may be part of 
an interactive feedback loop. 

The SDS Frequency Control Subsystem, described on page 
24, can suppl y the external signal. When operated in 
this manner, the 7929 can execute Read Direct or Write 
Direct operations in any combination at a prespecified 
ra te • Max i mum rates at which the 7929 can execu te 
Read Direct or Write Direct operations are: 

60, 000 operations/second in mode 1 or 
110, 000 operations/second in mode 2 

PROGRAMMING 

Standard Sigma input/output instructions (510, HIO, 
no, TDV and AIO) are used in programming the Model 
7929. Eight toggle switches on the 7929 determine its 
device address, which the I/o instructions must use when 
communicating with that unit. 

Status response returned during execution of SIO, no, 
and HIO is as follows: 

• Interrupt is pending from 7929. 

• 7929 is either ready or busy. 

• The last input or output operation was terminated 
because of unusual conditions. 

• The 7929 recognized the program-specified device 
address. 

• The 7929 can accept an SIO instruction 
(TIO only). 

• The SIO instruction was executed successfully 
(S10 only). 

• The 7929 was busy when HIO was executed 
(HIO only). 

The TDV instruction enables the program to determine (1) 
whether a rate error has occurred, (2) the status response 
currently stored within the 7929, and (3) certain other 
di agnosti c i nformati on. 

Status returned during execution of the AIO instructi on 
allows the reason for interrupt (rate overrun or other 
unusual conditions) to be determined. 

In mode 1, the first byte the 7929 transfers to memory 
after receiving the Write Order is the status setting from 
the previous operation list. The next three bytes in 
sequence consist of one control byte and two address 
bytes, followed by four data bytes that form the 32-bit 
data word to be transferred. Bits 2 and 3 of the next 
sequential location contain the status conditions returned 
during the previous operation. This sequence of 8 bytes 
(one control, two address, four data, and one status) is 
repeated a program-specified number of times, depending 
on the number of RD or WD operations to be performed. 

Each list in memory will appear as follows when opera
ting in mode 1: 

a 2 3 4 7 8 15 16 31 

C C 
L 00 C C 0000 Control Address 

3 4 

Data 
Word 1 

L+1 

C C 
L+2 00 C C 0000 Control Address 

3 4 

Data 
Word 2 

L+3 

I 

! 
Data 

L+2n,-1 ______ ----1 _ Word n 

CC3, CC4 are status conditions returned by 
external device, corresponding to information 
that would normally be returned to condition 
code bits 3 and 4 in Sigma 7 when RD or WD 
was executed. 

NOTE! Bits 2 and 3 of iocation L contain 
status conditions returned during the last 
operation of the previous list. Settings 
received for Data Word n are stored in the 
first byte location of the subsequent list. 
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In mode 2, the first four bytes transferred are identi ca I 
to those in mode 1. The next 4n byte locations contain 
data words to be transferred; n depends on the number of 
RD or WD operations to be executed. Only the condi
tion code setting received for Data Word n is stored. It 
is stored in bits 2 and 3 of the first byte location of a list 
associated with the next operation. 

Each list in memory must appear as follows when opera
ting in mode 2: 

o 1 2 3 4 7 8 15 16 31 

C C 
L 00 C C 0000 Control Address 

3 4 

L+l Data Word 1 

L+2 Data Word 2 

I 

L+n ~1 ________________ D __ at_a_w __ o_r_d_n ____________ ~ 
NOTE: Bits 2 and 3 of location L contain 
condi t i on code sett i ngs retu rned dud ng the 
last operation of the previous list. Settings 
received for Data Word n are stored in the 
fi rst byte locati on of the su bsequent list. 

The format of the control and condition code bytes 
follow: 

Bi ts 8-15 Control 

Bit 8 

A II zero li causes Read Direct operation to be executed. 

A lIone li causes Write Direct operation to be executed. 

Bit 9 

A II zero ll causes the unit to operate in mode 1. (Each 
word pair contained in a list in main memory corre
sponds to a Read Direct or a Write Direct instruction.) 

A lionel! causes the unit to operate in mode 2. (The 
control byte and effective address of the first word in 
the I ist specify the operati on and address to be used 
for all remaining data in the list.) 

Bit 10 

A l1zero ll causes the unit to operate at maximum rate 
permitted by interaction of I/o systems, the 7929, and 
externa I equipment. 

A 110ne tl causes the unit to operate under rate control 
of an external signal. 
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Bit 11 

If set, enables an interrupt to be generated if the DIOA 
CC3 line is true during data transfer. 

Bit 12 

Same as 11 but for the CC4 DIOA line 

Bits 13-15 

Unused 

Bits 0-7 

Bit 2 

Returns status line 1 (CC3)from the previous operation. 

Bit 3 

Returns status line 2 (CC4) from the previous operation. 

NOTE: Bits 2 and 3 contain condition code settings 
for previous Write Direct or Read Direct operation. 

Bits 0, 1, 4, 5, 6, 7 

Unused 

INTERFACE 

Interface to the 7929 is identical to that of the direct 
input/output system, described in detail in SDS Publi
cation No. 900973. 

The 7929 provides four connectors for the DIOA interface, 
plus a fifth for external frequency control if needed. 
External devices attach to these connectors in a trunk
tail fashion, using shortest path length routing. These 
connectors provide the following signal lines: 

• Address line 0 - Address line 15. 16 lines that 
carry the effective address during an RD or a 
WD operation. 

• Data line 0 - Data line 31. 32 bidirectional lines 
used to transfer data during a RD or WD operati on. 

• Function Strobe. Generated by the 7929 duri ng 
execution of an RD or WD instruction. 

• Function Strobe Acknowledge. Returned to 7929 
indicating address and function strobe recognition 
by a connected device. 

• I/O Reset. Signa I activated when I/o reset 
button on CPU console is depressed. 

• WD/RD. Line that, when true, indicates current 
operation is Write Direct and, when false, Read 
direct. 

• CC3, CC4. Status response lines supplied by 
external device. 

• Clock. 1-Mc clock supplied to external device 
(50 percent duty cyc Ie) • 
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SDS DIGITAL INPUT/OUTPUT SUBSYSTEM 

Units that form the SDS Sigma digital input;butput subsys
tem are manufactured by SDS as standard equipment to 
faci litate transfer of digital information between a 
Sigma computer and externa I devices. Under control 
of this subsystem, pulsed digita I outputs l stored digital 
outputs, and digital inputs can be transferred economic
ally and flexibly, and relays and lamps can be driven. 
These transfers allow the user to perform system control 
functions as well as data and status transfers. 

DESCRIPTION 

Here are the units that make up the subsystem: 

Model No. Item 

7930 

7931 

Digital Input/Output Adapter} Control 

Digital Input/Output Expander Units 

7950 

7951 

7952 

7953 

7954 

Stored Digital Output 
{8 bits} 

Digital Input Sensing 
(16 bits) 

Pulsed Digital Output (8 
bits; quiescent +8 volts) 

Pulsed Digital Output (8 
bits; quiescent 0 vol ts) 

Latched Relay/Lamp Drivers 
{8 bits} 

Vo 
Function 
Modules* 

Because these units may be combined iOn a completely 
modular fashion, the user need purchase {or lease} only 
those items necessary to implement his particular require
ments. A significant cost savings can thus be real ized both 
at the time of initial installation and during later expansion. 

The Model 7930 Digital Input/Output Adapter connects 
directl y to and is controlled by the direct input/output 
(DIO) interface of a Sigma computer. Up to eight 7930s 
can be attached to a single computer. 

The Model 7930 is a basic control unit to which the hard
ware necessary to provide various types of stored digital 
outputs, pulsed outputs, and digital inputs can be added. 
Vo modules with model numbers of the form 795X can 
be installed in the 7930, in any sequence or mix desired, 
up to a total of 12 modules. Thus, one 7930 can proviae 
for up to 96 output lines (stored type) or 192 input lines-
or any mixture of functions in between. 

*These modules plug into the control units. 
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The basic 7930 control unit can be expanded by adding 
one to three Model 7931 Digital I/o Expanders, each of 
which can accommodate an additional 16 I/o modules 
(from the 795X set). Hence, a fully expanded 7930/ 
7931 subsystem can accommodate 60 I/O modules-the 
equivalent of 480 to 960 input/output lines (depending 
on types of I/O modules installed). A detailed descrip
tion of the 795X I/o modules is presented at the end of 
this section. 

A maximum allowable configuration for the digital I/O 
subsystem is shown in Figure 5. 

OPERATION 

Read Direct (RD) and Write Direct (WD) instructions 
control operation of the 7930/7931. During an RD in
struction execution, the CPU presents a 16-bit address, 
accepts 32 bits * of data into a program-specified register, 

and indicates to the external device that an RD instruc-
tion is currently being executed. Information is trans
ferred via the direct I/O bus. 0 

During a WD instruction execution, the CPU presents a 
16-bit address, transmits a 32-bit* data word from a 
program-specified register, and indicates to the externa I 
device that a WD instruction is currently being executed. 
Information transfer is via the direct I/O bus. 

During the execution of an RD or WD instruction, the 
Model 7930 performs one of the following functions, as 
determined by the instruction being executed and its 
effective address: 

1. If WD is being executed, one to four bytes 
(8 to 32 bits) in the unit can be loaded with the data 
word transferred from the CPU. The effective address of 
WD selects the I/O modules to be loaded. The output 
of each register is made available to connected external 
devices. In addition, a strobe is provided upon comple
tion of data transfer to indicate to the external device 
that data is available in a particular holding register. 

20 Alternatively, depending on the I/O module in
stalled to correspond toa given WD address, output pulses 
(or relay/driving signals) can be generated. The effective 
address ofWD determines the group. The state of corre
sponding bi t positions in the data presented determines the 
pulses to be generated wi thi n the group. A lIone ll causes 
pulse generation. A ll zero ll causesnopulse generation. 

*16 bits to accumu lator in Sigma 2 
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3. If RD is being executed, 16 or 32 inputlinesare 
selected for transfer to the program-specified register in 
the computer. The effective address of the RD selects 
the group and the bytes within the group. 

PROGRAMMING 

RD and WD instructions control the 7930 and 7931. The 
effective addresses of these instructions are interpreted 
as follows: 

o 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

The three bit positions designated IIU II are for unitselection. 
They specify one of eight possi ble 7930/7931 subsyste~. 

S subselects lIupper,1I or II1 0wer il half of 16-bi t I/O modules 
7951). 

Go' G" G2, and G
3 

select one group of four I/o mod

ules (out of a possible 15 groups) for control. 

BO' B1, B21 and B3 select bytes (I/O modules) with the des

ignated group. OnSigma 5and Sigma 7, BO - B3= 1111 

controls the entire group (32 bits). On Sigma 2, 0011 or 
1100 must be used for maximum control (because of 16-
bi t data words). 

WD instructions must be used to load the 7950 or 7954 or 
to control the 7952 or 7953 • RD instructions must be used 
to read through the 7951. 

Two addi tional features are: 

• Feedback Control. Associated with I/O modules 
7950, 7951, and 7954 is a feedback control line. If 
this line is grounded byan external unit, alteration of 
the associated I/o module is inhibited (when a WD 
is executed), and the status response bi ts CC3-4 
(overflow/carry in Sigma 2) are set to 1111.11 

• Pulse Duration. Switcheswithin the 7930 can be set 
up so that output and strobe pulses have nominal 
durations of 1.0, 2.01 3.0, or 4.0 jJSec. Pulsescan 
also be terminated any time within the preset period 
by means of a feedback signal from an external unit 
when using 7952s or 7953s. 

Status response to RD/WD instructions (stored in CC3-4 on 
Sigma 5 or Sigma 7 or in overflow/carry indicators on 
Sigma 2) is as follows: 
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10 Input function I/O module 

01 Output function I/O module 

11 Operation rejected due to feedback control 

00 Operation specifies I/O module address in which 
no I/O module has been installed. 

INTERFACE 

For transmission of signals between a 7930/7931 and exter
nal devices, 52-pin connectors are provided within the 
mounting case. Each connector accommodates the 
following signals: 

• Four groups of eight data I ines (can be input or 
output, depending on corresponding I/O module 
installed). 

• Four strobe signals, one associated with each 
data byte of eight lines 

• Four feedback control signals, one associated 
with each data byte of eight lines. 

The interfaces of the various I/O modules (Models795X) 
are described in the text that follows. 

The Model 7950 Stored Digital Output contains eight dc 
latch circuits, each with tra'nsition-time limiters on the 
outputs (to reduce ri ngi ng and inductive coupl ing to other 
signal conductors) 0 Switching time is 0.2 to 0.5 f.lsec. 
Output levels are ground (saturated transistor can si nk 
20 rna) and +8v through a 300-ohm resistor. The positive 
output level can be clamped by an externally suppl ied 
voltage to levels less than +8v if required. 

Model 7951 Digital Inputs can receive digital input sig
nals with one level at ground (must sink 4 rna) and the 
other level either floating (such as open contact) or +3 
to +10v dc (negl igible current). 

Model 7952 and 7953 Pulsed Outputs have the same out
put circuit as the 7950. 

The Model 7954Relay/Lamp Driver contains eight dc 
latch circuits with high-current drivers on the output, 
which can switch 200 rna to ground from a load returned 
to up to +28v dc. The ground to which load current is 
switched must be wired to power ground externally as no 
connectiontoground is made onthe output circuit of the 
I/o module. For inductive loadsl a clamp diode is avail
able on the modu Ie to connect to a customer-suppl i ed 
clamp voltage. For driving incandescent lamps, a 
··warm-upll resistor is available on the module. 



SOS FREQUENCY CONTROL SUBSYSTEM 

The SDS Sigma Frequency Control Subsystem provides 
frequency control for SDS analog input, analog output, 
and digital transfer control units as well as for other 
de vi ces not manufactured by SDS. The subsystem en
ables such units to perform operations at regular pre
specified intervals selected manually or under program 
control. 

DESCRIPTION 

The subsystem consists of these units: 

Model Item 

Basic Frequency Uni t 
Frequency Source Uni t {Manual} 
Basic Program Control 

7969 
7970 
7971 
7972 Frequency Source Unit {Programmable} 

The Model 7969 Basic Frequency Unit is a control chassis 
that can house one 7971 and up to four 7970s or 7972s 
in any mixture. Two 7969s can be added to a single 
Sigma computer, allowing up to eight program-controlled 
external frequency sources in a fully expanded system. 

The Frequency Source Uni ts {7970 or 7972} generate 2-~sec 
pulses at intervals ranging from 5 ~sec to 1.9 sec. For 
each 7970, eight toggle switches control this time inter
val in 1-J-Isec increments. A clock input of 640 kc (maxi
mum) is provided automatically as part of the 7969. 

The Model 7972 Frequency Source Unit (programmable) 
allows program selection of time interval. A Model 7971 
is required before any 7972s can be added. 

Figure 6 shows a frequency control subsystem in which 
output frequency is manually selected. Figure 7 shows 
a subsystem in which output frequency is programmable 
for frequency source units] and 3. 

External 
Reference Clock 

+ 
7969 

Basic Frequency 
Unit 

Eight 
Toggle Switches 

7970 

Frequency Source 
Uni t Four/7969 

Selected 

Frequency 

Figure 6. Frequency Control Subsystem with Manual 
Selection of Output Frequency 

OPERATION 

The required basic clock frequency is provided within the 
7969 by a crystal-controlled oscillator at a selectable 
rate from 10kcto640 kc. Optionally, the 7969 can be 
driven by a user-suppl ied clock wi th a frequency of 1 Mc 
or less and minimum 110nll or 110ff" times of 500 nsec. 
Resulting time intervals- on the various 7970s or 7972s 
will then be increased by a factor proportional to the 
ratio of the external clock's period to 1 ~sec. 

For each 7970, the setting of eight toggle switches 
determines the frequency of occurrence of output pulses, 
represented mathematically by: 

basic clock frequency 
f - (N + 1) 

where 
N is the decimal equivalent of the binary config
uration represented by the eight toggle-switch 
settings 

and 
(4 2... N s.. 255) 

When used with standard SDS units providing a 640 kc 
basic clock: 

fmax = 128 kc 

fmin = 2500+ cps 

PROGRAMMING 

For each 7972, a Write Direct (WD) instruction from the 
Sigma computer controls the output pulse frequency. 
During its execution, the central processor presents a 
l6-bit address and transmits a 32-bit data word from a 
program-specified register. 

The l6-bit effective address of the WD instruction deter
mines the 7972 selected for control according to the 
following table: 

Unit No. First Second 
7972 7969 7969 

" X'AOOO ' X'AOO41 V 

I 
1 X 'A001 ' X'AOO51 

2 X'A002 1 X'AOO61 

3 I X'A003 1 X'A0071 
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The low-order 12 bits of the data word transmitted during 
the execution of the WD instruction specify the fre
quency selected for the addressed 7972, represented 
mathematically as follows: 

basic clock frequency 
f= 

(N + 1) 
where 

and 

N is the decimal equivalent of the low-order 
12 bits of the data word 

4 < N < 4095 

16-bit or 
32-bit 010 

, , 
7971 

~ , 
Program Control 

Basic 

External 
Reference Clock 

7969 

Frequency Control Basic 
Two/Sigma Computer 

with a 640 kc basic clock: 

f = 128 kc max 

fmin = 156+ cps 

Further, the frequency control subsystem has two addi tional 
characteristics: (1) each clock output can be individu
ally turned on or off under program control (when 7972 
is installed) and (2) the programmer can di rect that an out
put pulse be generated coincident with the execution of 
the Write Direct instruction, which transmits the frequency 
data word to the 7972. 

Freq uency Source 
Unit No. 

7970 
--.. Manual .. 0 ... po 

Frequency Source 

7972 .. Programmable ... 
p p .. Frequency Source 

7970 .. Manual .. 2 p p 

Frequency Source 

7972 .. 
Programmable 

.. 3 ... .. Frequency Source -

Figure 7. Typical Frequency Control Subsystem with Mixed 
Manual and Program Selection of Output Frequency 
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SDS MODEL 7900 DEVICE SUBCONTROLLER 

The SDS Model 7900 Device Subcontroller provides a 
means for standardizing certain common parts of device 
controllers* that, in turn, connect a customer's device 
or signals to the 8-bit input/output interface channel on 
a Sigma computer. It permits quicker design and check
out of custom-designed equipment and improves maintain
ability (thus reducing equipment "down-time"). The 
Model 7900 provides, in a standard fashion, certain 
common functions that must be present in all equipment 
attached to the 8-bit Sigma interface. This subcontrol
Jer is an integral part of almost all SDS standard Sigma 
peripheral controllers. 

DESCRIPTION 

As shipped to a customer, the Model 7900 comprises a 
standard Sigma T Series card cage that -

1. Mounts in 19-inch rack. 

2. Occupies approximately 5-1/4 inches of verti
cal rack space with a depth of approximately 6 inches. 

3. Includes a ground plane, which provides for 
attaching power wiring. 

4. Includes 32 SDS standard 52-pin bifurcated, 
gold-plated wire-wrap connectors, designed to accept 
standard T Series modules (described in SDS brochure 
64-51 -03R) • 

Ten of these connectors are wired to implement the logic 
of the device subcontroller, and nine modules {one is 
double-size} are tested and insta lied in those slots before 
sh ipment. The remaining 22 connector positions are avai 1-
able to facilitate design of the customer's special logic: 
wiring connections can be made on the back panel to the 
subcontroller as requ ired. If a customer's device control
ler requires more space than the available 22 slots pro
vide, additional T Series card cages can be purchased 
and mounted vertically adjacent to the 7900. Cross
chassis back -pane I wiring can be added as requ ired. 

At the time of purchase of the Model 7900, fixed mount
ing, left hinge, or right hinge can be spec ified. Over
a II I isted mounting dimensions remain appl icable. 

DETAILED FUNCTIONS 

The Model 7900 unit is the standard means of connecting 
to the Sigma 8-bit I/O system. When various IIrules" 
governing interfacing to this unit are observed, the device 

*IlDevice controiierii is the name SDS gives to the 
control unit that interfaces between the Sigma 8-bit 
I/o interface and any external device or set of exter
na I signa Is. 

subcontroller ensures maximum input/output data transfer 
rates for a Sigma system, subj ect to delays introduced by 
long cables. 

Functions performed by the 7900 include the following: 

1. Provision is made for cable * connections. Cables 
that connect to four of the modu les in the 7900 assure 
that electrical and logical connections to the 8-bit I/O 
interface are properl y made. No additiona I space is 
required for connecting to the I/O system. 

2. Each device contro lIer in a system must respond 
to on Iy one particu lar I/O address generated by the Sigma 
CPU. Eight switches on the 7900 permit selecting this 
address for each controller based on the particular instal
lation requirements. The switch outputs are available,as 
is a signal that indicates a "match ll between the switch 
states and the CPU's address lines. Th is same address is 
transmitted to the CPU to acknowledge peripheral inter
rupts and to permit the I/O system to service this controller. 

3. A switch in the 7900 contro Is a pair of relays that 
allow the entire controller to be logically and electrically 
disconnected from the I/O system. Thus, the un it can be 
switched off-I ine for test or maintenance purposes without 
removing cables or disrupting operation of the remainder 
of the system. If power to this controller fails, the unit 
is also switched off-I ine, which prevents a power failure 
in one unit from interfering with proper system operation. 

4. Each Sigma system device controller is assigned 
a hard-wired priority for acknowledging interrupts by peri
phera I devices and for servic ing by the I/O system. The 
7900 automatically determines the priority, in response 
to various CPU stimu Ii, and provides a signal to be used 
in controller design that denotes when this unit is to be
come active for data transfers or interrupt acknowledgement. 

5. Device controllers usually must provide various 
types of status response information when "queried" by the 
CPU or I/O system. The subcontroller automatical Iy gates 
the proper status bits onto the proper data lines at the right 
time for the correct duration as requ ired by the I/O system. 

6. The Model 7900 contains five control flip-flops 
that e lim inate certain improper conditions wh ich might 
otherwise occur at the interface to impair or prevent its 
proper operation. These conditions cou Id possibly en
danger the integrity of the entire I/O system. A signa I 
provided to the controller by one flip-flop exactly defines 
that period of time during v,h ich data transfers can take 
place between each device controller and the I/O system. 

.. Must be purchased separately in the required lengths. 
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StU SOFTWARE 

SDS standard software for system interface units is organized 
into three distinct groups: (1) maintenance and cal ibra
tion routines, (2) device control routines (handlers), and 
(3) service (data manipulation) routines. In each case, 
the programs are compatibl e with software for all stan
dard SDS products. 

MAINTENANCE/CALIBRA no N ROUTINES 

All SIU maintenance software is controlled by the SDS 
Sigma Diagnostic Control Program (DCP). The DCP 
enabl es the user to control cal ibration or maintenance 
C"nctions with a Syntactical Test Language. The user 
can combine primitive diagnostic functions to form a 
complex maintenance test that will operate without 
further operator intervention for an extended period of 
time. 

Test parameters are defined as static directives. Each para
meter can be modified individually, thus el im inating the 
need for extensive type-in to change one parameter during 
a maintenance test. Complete maintenance tests are 
provided with predefined static parameters. Therefore 
the user can perform a series of routine maintenance 
tests with a minimum of typewriter communication. If 
problems develop, the user can dynamical I y change the 
static parameters to facilitate system maintenance. 

7910/7914 Maintenance Program Package 

This program package contains a group of static direc
tives (parameters) and active directives {maintenance tests} 
that provide a convenient method of testing, adjusting, 
and demonstrating the operation of the standard analog 
input and output units. Table 2 lists the directives for 
th i s package. 

The passive directives have the default values shown in 
parentheses in Table 2. These values can be changed 
by the operator prior to or during the test. 

The active directives are discussed individually below. 

Single-Value Output (7910). This test allows the user 
to set the scope D-to-A converter to a desired vol tage. 

Sweep Test (7910). A sawtoothed waveform is continuously 
generated for display on the specified D-to-A converter. 
The user then observes the converter l s operation and I in
earity on an oscilloscope. 

Single-Channel Input (7914). When a fixed voltage is 
applied to a multiplexer input, the program samples 
the voltage on one input channel, computes the mean 
and standard deviation over n samples, and pri nts a 
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histogram of the samples. The statistical description of 
the variance provides the user with a measure of the 
noise on the channel. 

Table 2. Directives for 7910/7914 Maintenance 
Program Package 

Passive Di rectives· 

ADL A-to-D converter length in bits (12) 

DAL D-to-A converter length in bits (9) 

ADV A-to-D converter full-scale voltage 

DAV 

NS 

AID 

AOD 

ADD 

ADF 

DAF 

(1Ov) 

D-to-A converter full-scale voltage 
(1Ov) 

Number of samples for SCI, SIT, CLC, 
CLH (l000) 

Input device controller address (0) 

Output device controller address 
and channel address (011) 

Display device controller address 
and channel address (011) 

A-to-D converter frequency (external 
control, no frequency control: 

D-to-A converter frequency (external 
control, no frequency control) 

Active Di rectives t 

SVO 

ST 

Single-value output to D-to-A 
converter (7910) 

Sweep test (7910) 

SCI Single-channel input (7914) 

SIT Summary input test (7914) 

CLC Closed-loop calibration (7910/7914) 

CLH Closed-loop histogram (7910/7914) 

*Default values are in parentheses 
tMaintenance tests 



Summary Input Test (7914). This test allows the user to 
verify the accuracy of a number of multiplexer channels 
in a short period of time while operating the equipment 
in a. user-specified mode. The selectable modes include 
random, sequential, or same-channel sel ection, with or 
without external frequency control. 

Closed-Loop Calibration (7910/7914). This programallows 
the user to calibrate the analog inputs by the use of ana
log outputs connected to the analog inputs and an oscil
loscope display. 

Closed-Loop Histogram (7910/7914). This program allows 
the user to test both analog outputs and inputs concurrent
ly over their common range with a large number of ran
dom values. Results are given in the form of mean error, 
standard deviation, and an optional histogram. The 
statistical variance provides a test of noise and linearity 
over the total range. 

7930 Maintenance Program Package 

This program package provides a convenient method of 
testing and demonstrating the standard digital input and 
output units. Table 3 lists the available directives for 
this package. 

Table 3. Directives for 7930 Moi ntenance 
Program Package 

Passive Directives· 

CONT 7929 control I er presence/absence 

DO Digital outputs 7930 number (0) 

DI Digital input 7930 number (0) 

POL Pulsed output location (101) 

SOL Stored output location (101) 

DIL Digital input location (101) 

Active Di rectives t 

POT Pu Ised output test (7952/7953) 

SOT Stored output test (7950) 

DIT Digital input test (7951) 

CL T Closed loop test (7950/7951) 

*Defaui t values are in parentheses 
tMaintenance tests 

The active directives for the 7930 Maintenance Program 
Package are discussed individually below. 

Pulsed-Output Test (7952/7953). This testallows the user 
to verify, wi th the aid of an osci Iloscope, the proper func
tioning of the 7952/7953 system interface units. 

Stored-Output Test (7950). This program allows theuser 
to change the state of the stored outputs according to 
a specified pattern and to verify the specified pattern 
on an osc ill oscope. 

Digital-Input Test (7951). This program allows the user 

to check out the digital input modules since the pro
gram I ists the status of the 7951 • 

Closed-Loop Test (7950/7951). With this program, the 
user can automatically test the stored output and input 
capabi I i ties of the system. The test assumes that one of 
the output (7950) groups has been connected to one of the 
input (7951) groups by the closed-loop cable, which is 
provided with the hardware. Optionally, the user can 
elect to IIclose the loopll between digital inputs and 
outputs at a remote system patch panel, checking the 
entire data transmission path. 

7922Mai nteriarice Program Package 

This program package provides a convenient method of 
testing, adjusting, and demonstrating both standard ana
log input/output and digital input/output under control 
of the Model 7922 Analog and Digital Adapter. This 
package contains all of the directives described in the 
7910/7914 and 7930 packages, except for the 7929 
passive directive IICONT. II However, the directives in 
the 7922 package are disti nguished by the character X 
following the active di rectives and all 7930-type passive 
directives. For example: 

DOX 
DILX 
CLTX 

POTX 
ADL 
DAF 

The parameters of the 7922 di rectives are identi cal to 
thoseofthe7910/7914and7930 directives. Thefunc
tions performed by these directives are identical. 

DEVICE CONTROL ROUTINES (HANDLERS) 

These I/o handiers provide a compiete and easy-fo-use 
means for user programs to control the operation of the 
7914 Analog Input Controller, 7910 Analog Output Con
troller, 7922 Analog and Digital Adapter, 7969 Frequency 
Control Subsystem, and 7930 Digital I/o Subsystem. 
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System Generation 

SIU handlers receive certain parametric information from 
the SYSGEN program, including -equipment configura
tion, controller addresses, presence of various options, 
interrupt level assignments, etc. For stand-alone use, 
these parameters are assembled with the stand-alone 
handlers. 

Control Information 

The SIU I/o handler is designed to operate the analog 
front-end portion of the system at the maximum equip
ment rates. Toward this end, maximum control is affor
ded the user who wants it. Input/output is controlled by 
three types of information: (1) Data Control Block (DCB), 
(2) Buffer Command Data (BCD), and (3) Command List 
(CL). These three sources of control information must be 
generated at assembly or compiler time to obtain maxi
mum throughput rates. Run-time generation of DCB, 
BCD, or CL tables is permitted; but this procedure 
usually resul ts in throughput degradation. Each source 
of information is discussed in applicable reference 
manuals for the SDS stand-alone or moni tor systems 
used on the various Sigma computers. 

Appl ications 

The user can use the I/o handlers at various speeds to 
solve a complete range of problems. Some typical ap
plications are discussed below. In these examples, it 
is assumed that the DCB, BCD, and CL tables are 
constructed. 

Simple Analog Input. The handler used for simple analog 
input is: 

CALL ANALOG (DCB) 

This call scans n channels of analog input information 
according to the buffer command data. There are three 
primary modes of use: 

• Random scan: Random mode wi th a mu I ti plexer 
channel address for each data point. 

• 

• 
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Complete scan: Automatic mode with every 
channel scanned sequentiallyuntil the byte count 
is zero. If the byte count is greater than the 
count required to scan all the channels, the 
scan continues recycling. 

Partial scan: Automatic mode with a continuous 
subset of the channels scanned. Same as complete 
scan butwith an analog multiplexer address and a sub
set of the total number of channels defined. 

Buffered Analog Input. This mode is a continual scan of 
the channels until a termination order is given by a CALL 
TERM statement. The first statement issued is a CALL 
ANALOG (DCB) with the indefinite flag set in the DCB. 
This call starts an indefinite scanning sequence controlled 
by command chaining in Sigma 5 and Sigma 7 and by 
data chaining in Sigma 2. I/o interrupts are gener-
ated at the end of each record. A typical program is: 

[LOOP] CALL ANALOG (DCB) '-A buffer full 
return. 

Process A buffer (may be I/o to disc or tape) 

CALL ANALOG (DCB)+- B buffer full return 

Process B buffer 

go to [ LOOP] until done 

CALL TERM (DCB) 

Return to the program is made after each buffer is filled. 
This process is continued until the I/O is terminated. 

Analog Output. The output handler is the same as the 
input handler except that DCB control information spec
ifies I1write l1 instead of 11 read. 11 The control informa
tion is contained in the DCB, BCD, and CL tables. 
The BCD information is equivalent to the random-mode 
operation for the input handler. 

The call ing sequence for simple output is: 

CALL ANALOG (DCB) 

The sequence for buffered output is: 

[ LOOP] CALL ANALOG (DCB) ..-A buffer 
empty return 

Process A buffer (read new data from disc or 
tape possibly) 

CALL ANALOG (DCB)~B buffer empty return 

Process B buffer 

go to [LOOP] until done 

CALL TERM (DCB) 

Return to the program is made after each buffer is output. 
This process is continued until the I/O is terminated. 



Digital Input/Output (DIO). The DIO handler provides 
the capability to transfer pulsed digital outputs, stored 
digital outputs, and digital inputs easily and flexibly. 
The Data Control Block contains the following informa
tion relative to the DIO: 

Data buffer address 
Error return address 
Device address 
Number of bytes to transfer 

Digital input/output will be in one of the following two 
modes: 

• Mode 1, in which a new control byte and 16-bit 
address are suppl ied for each data word transfer. 

• Mode 2, in which the first control byte and 16-bit 
address apply to all remaining data (i .e., multiple 
words are being delivered to or received from a 
single external device). 

I/o operation is called as follows: 

CAll DIO (DCB) 

The Mode 1 data is input/output with a different WD 
statement for every 32 bits (for Sigma 5 and 7) or 16 bits 
(for Sigma 2) until all data words have been input/out
put. The Mode 2 data is input/output to the same group 
of I ines with only one RD/WD instruction. In both cases 
the handl er performs the end action and error checking 
before returning to the user program. 

7922 I/o Handler. The 7922 handler provides control 
for both analog and digital I/O. Data rates with this 
device are slower than for the 7910, 7914, 7930, etc.; 
and the handlers reflect this in their design. 

When the 7922 handler is performing digital I/o, its 
format and operation are the same as for digital I/o 
through the 7930 except for the effective address. 

When the 7922 handler is performing analog I/o, its 
format and operation are the same as for analog I/o 
through the 7910 and 7914 except that (1) effective ad
dresses are different and (2) a call ing-routine option is 
available in the 7922 handler to allow analog input in 
either an interrupt-control mode or a Ilocked" mode 
{i. e., "stall" on conversions}. 

7929 I/o Handler. The 7929 handler allows a 7922 or 
a 7930 to operate ona Sigma Multiplexor 10P(MIOP) 
channel. The data format is the same as for the 7922 

or 7930 and the operation is the same fro~ a user1s 
program. However, the handler creates a command 
word to perform I/O through the MIO P. 

7971 I/o Handler. The frequency control function (FREQ) 
permits the user to set the 7972 Frequency Source Units to 
any allowable value. A typical FORTRAN call might 
appear as follows: 

CAll WRITE (DCB) 

where the DCB arguments are as follows: 

Dev ice address 
Frequency value 
Error return 

.SERVICE (DATA MANIPULATION) ROUTINES 

Service routines fall into three major categories--DCB, 
Cl, and BCD--based on the type of structured tabl e they 
generate. 

They are further subdivided into (1) assemble/compi Ie-time 
service routines and (2) execution-time service routines. 
Either the assemble/compi Ie-time or the execution- time 
routines can be used for creation of DCB, Cl, and BCD 
tables. In addition, the execution-time service routines 
can be used to convert partial fixed-poi nt words to fu \I 
fixed-point words (or vice versa). 
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Table 4. Installation Data 

Internal Cabl ing 
Name of Unit Physical Description Where Installed to Sigma* SIU to Device Cabl ingt 

Analog Input One chassisf Sigma I/o cabinet, Four cables to 8-bit One ET20from 7914 to A-to-D 
Controll er any chassis position I/o system bus converter; one ET21 from 7914 
(7914) (Model ETl 0) to multiplexer 

Analog Output One chassis Sigma I/o cabinet, Four cables to 8-bit Two ETl Os from 791 0 to first DA35 
Controller any chassis position I/o system bus or DA36; two ETl Os from each 
(7910) (Model ET10) DA35 or 36 to next DA35 or 36 

Analog and One chassis Sigma I/o cabinet, Three cables to Sigma Same as 7910 and 7914 for analog 
Digital Adapter any chassis position direct I/o bus instruments; similar to 7930/31 for 
(7922) (Model ET10) digital signals 

10P-to-DI0 One chassis Sigma I/o cabinet, Four cables to 8-bit Four ETl Os to external devices(s}, 
Adapter any chassis position I/o system bus plus one ETlO to 7970/7972 or 
(7929) (Model ETl 0) other frequency source. 

Digital I/o 7930, 7931: one chassis 7930s and 7931s each 7930: four cables to Customer-fabricated cables using 
Subsystem each. 7950, 7951, 7952, occupy a single chassis Sigma direct I/o ZTl5 cable plug modules or 
(7930,7931,7950, 7953, 7954: one modu Ie position in a Sigma I/o bus or to 7929 bus ET10 cables to each I/o Module 
7951,7952,7953, each cabinet. 7950,7951, (Model ETl O)tt 
7954) 7952, 7953, and 7954 7931: two cables to 

plug into 7930 or 7931 7930 
as required 7950, 7951, 7952, 

7953,7954: none 

Frequency Control 7969: one control chassis; 7969 occupies one 7969/7970/7972: One ETl 0 from each destina-
Subsystem (7969, accommodates one 7971 chassis position in a none tion to next destination 
7970,7971,7972) and four 7970s or 7972s Sigma I/O cabinet. 7971: three cables 

7970, 7971, and 7972 to Sigma direct 
pI ug into 7969 as I/o bus 
required (Model ETl O)tt 

*Cables listed in this column are provided free as part of normal unit installation, 

tCables between these system interface units and terminal devices must be purchased separately. 

fChassis are standard SDS 32-module card cages. 

ttThree cables only for Sigma 2. 
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