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NEWS

CAMAC SYMPOSIUM IN BRUSSELS

The Second International Symposium on
CAMAC in Computer Applications was held in the
Manhattan Center in Brussels from October 14-16th,
1975. The Symposium was jointly organized by the
ESONE-Committee and the European CAMAC
Association, and sponsored by the Commission of
the European Communities.

536 participants from 25 countries registered and
77 papers were presented.

The main topics of the Symposium were concern-
ed with the Application of CAMAC in Industrial
Process Control, Laboratory Automation, Medicine
and Health Services, Data and Computer Com-
munications, Public Utilities, and Environmental
Control.

The mornings were devoted to survey talks in
plenary sessions, while parallel sessions were run in
the afternoons. The afternoon sessions were aimed
primarily at exchange of experience between users
of CAMAC in the fields surveyed in the mornings.

The welcome address was given by Director
General R.K. Appleyard of CEC, who expressed his
belief that CAMAC will now be much more able to
become independent than in 1973 at the time of the
first Symposium. Among the opening speakers,
Director Chr. Layton of CEC outlined the ideas for
promotion of automation and data processing in
Europe by CEC. In spite of some disappointments,
the Commission still finds it extremely important to
catalyze such activities on a European level (e.g.
support to the development of a long term pro-
cedural language) and welcomed a collaboration
with people engaged in CAMAC activities.

Three status talks by H. Bisby from Harwell,
R. Trechcinski from Warsaw, and D. Horelick
from Stanford Linear Accelerator described the
worldwide status of CAMAC. These talks revealed
a widespread use of CAMAC in many fields,
although the nuclear field is still dominating. The
pragmatic way of handling complex technical
problems in the USA (e.g., the use of the serial
highway in large industrial systems) once again was
shown to be very successful.

From the CAMAC developments session, special
attention was drawn to descriptions of systems with

distributed intelligence and to extensions of BASIC
for CAMAC. The proper use of microcomputers
was widely discussed.

Survey speeches of CAMAC applications in
Industrial Process Control, Laboratory Auto-
mation, and Medicine and Health Services were
given by E.G. Kingham, CERL; R. Patzelt,
Technical University Vienna, and H. Pangritz,
HMI Berlin. 58 industrial applications of CAMAC
are known in 12 different areas. In the industrial use
of CAMAUC, future interest is in the development of
functional modules, and in defining practises for
making connections to the processes. Similarly,
CAMAC’s entry into the area of medicine will occur
via companies able to deliver complete systems.

The applications of CAMAC in Data and Com-
puter Communications, Public Ultilities, and in
Environmental Control were reviewed by D. Reimer
from Dornier; H. Lukacs from KFKI, Budapest
and J. Landbrecht from the Landesamt fir Um-
weltschutz, Miinchen, respectively.

Data Communications is a field in rapid growth,
and the CAMAC serial highway offers a good
answer to this challenge. Much work is being done
for instance in Daresbury Laboratory for such type
of applications. Environmental Control implies a
good deal of data communications also, and the
Bavarian system is a convincing example of the use
of CAMAC in this field. The problem in using
CAMAC in Public Utilities seem to be similar to
those met in industrial environments.

There was a great interest in all sessions, and
valuable discussions took place.

The Symposium was supported by a sizable
exhibition. 31 Companies showed a vast display of
CAMAC components, modules and complete
systems. New trends were clearly indicated, such as
the use of microcomputers, the CAMAC serial
highway and also colour display systems. The
directly controlled machine tools shown by RWTH
Aachen and KFA Jiilich were very impressive.

The Proceedings of the Symposium will be
published by the Commission of the European
Communities and are expected to be available in
early 1976.

PROCEEDINGS OF THE SECOND CAMAC SYMPOSIUM

The Proceedings of the 2nd CAMAC Symposium
are in preparation and will be published in early
1976 by the Commission of the European Com-
munities. Registered participants of the Symposium
will receive their copy of the proceedings free of
charge.

Further copies can be purchased by everybody.
Requests should be sent to the following address:

Commission of the European Communities
29 rue Aldringen
Luxembourg




MICROPROCESSORS FOR CAMAC

EDITORIAL: MICROPROCESSORS AND CAMAC

by

RCM Barnes
AERE, Harwell, England

A microprocessor performs the control and data-
processing operations needed to execute a user’s
program, and is equivalent to the central processing
unit (cpu) of a minicomputer. As a result of using
large-scale integration (LSI) technology this com-
plex device equivalent to many thousands of
transistors occupies only one or two integrated-
circuit packages. It is used in conjunction with LSI
memory components, typically read-only memories
for fixed programs and microprograms, and random-
access memories for the user’s programs and data.
A paper by Stuckenberg in this issue of CAMAC
Bulletin gives background information on micro-
processors.

The typical CAMAC system is often described in
terms of slave crate controllers, which transfer
data between the Dataway and an external computer
in response to commands generated by the compu-
ter. However, there are many systems where the
CAMAC equipment is able to generate commands
and process data. Some of these systems rely entirely
on internal command-generation and data process-
ing, and are used, without an associated external
computer, as ‘stand-alone® CAMAC systems.
Others are used in conjunction with a computer,
but have additional distributed processing capabili-
ty at various points in the system.
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Fig. 1 Possible locations for microprocessors in
CAMAC
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Processing and control capability within CAMAC
has been provided in the past by plug-in units
based on SSI/MSI components, for example those
described by Ward! and Starzynski?. The micro-
processors and memories that are now available as
LSI components have opened the way to much
cheaper and more powerful processing within
CAMAC. Equipment incorporating microproces-
sors has been announced by several firms, and there
is widespread interest in the possibilities (and
problems) of CAMAC systems with distributed
processing.

The first applications of microprocessors in
CAMAC have been mainly in crate controllers,
which occupy the control station and one or more
normal stations. Such crate controllers may be
intended for use in stand-alone CAMAC systems,
without a separate computer, or may have ports for
the Branch Highway or Serial Highway. For exam-
ple, the papers in this issue by Gallice and Mathis
and by Schoéberl describe crate controllers for
stand-alone systems, based on the Intel 8080
microprocessor. A Serial Crate Controller incor-
porating an Intel 8080 microprocessor is mentioned
in a news item from Miiller and Halling in this issue
and has been described elsewhere by Halling®. The
paper by Lecoq, Tedjini, Wendel and Metzger in
CAMAC Bulletin No. 13 described a system using
a crate controller based on the Intel 8080 micro-
processor.

An alternative method of providing processing
power within a CAMAC crate is to have a micro-
processor in an auxiliary controller which occupies
one or more normal stations. This has the advantage
that additional processing power can be added to a
system as a plug-in option, but there are difficulties
because the auxiliary controller does not have
direct access to the Dataway N and L lines, and
competes with the crate controller for the use of the
Dataway. The papers in this issue by Abbot and
Barsotti describe CAMAC units, based on the
Intel 8080 and Motorola 6800 microprocessors,
that can be used either as crate controllers (in stand-
alone systems) or as auxiliary controllers (for
example, in Serial Highway or Branch Highway
systems). The ESONE and NIM Committees are
studying the possibility of a standardised connec-
tion between auxiliary controllers and the crate
controller.

Yet another possibility for microprocessors in
CAMAC is as part of the system controller, either
to provide autonomous processing and control,
or to carry out routine tasks such as the detailed
message protocol for the Serial Highway. Finally,
there are applications for microprocessors in
CAMAC modules that control complex peripherals
or pre-process data before it reaches the Dataway.




Such modules do not need to generate commands on
the Dataway. A paper by Kollbach and Schmidt in
this issue describes a CAMAC unit, including a
Motorola 6800 microprocessor, which can be used
as a data processing module or as an auxiliary
controller.

A microprocessor-based CAMAC controller has
advantages, compared with a separate computer,
because it is housed in the CAMAC crate and is
directly interfaced to the Dataway. The advantages
of a 24-bit processor interfaced to the Dataway have
been stressed by Cohn*. The microprocessor has
fewer components and interconnections than the
equivalent within-CAMAC processor based on
‘random logic’ SSI and therefore has potentially
better reliability and lower assembly costs.

Because the high development costs of the LSI
components are spread over a relatively large
production, the microprocessor offers an advanced
design of cpu at a reasonable cost.

One of the attractions of distributed processing
(in either crate controllers or auxiliary controllers)
is that it can significantly reduce the data traffic
between the central computer and outlying parts
of the system. This is particularly relevant to systems
using the Serial Highway. For example, a micro-
processor can substantially improve the data
handling capability by performing data reduction,
data filtering, and error control within the CAMAC
crate, thus avoiding the overheads of transfers to
and from the central computer. Another feature of
such systems is that the distributed processing
power can give greater security against total failure
of the system.

At present, it is not possible to realise the full
potential of microprocessors in CAMAC because
the most readily available microprocessors are
relatively slow, have short word-lengths that lead
to clumsy handling of CAMAC 24-bit words, and

have less generous software support than mini-
computers. However, it would be unwise to ignore
microprocessors on account of their present status.
They are a young and vigorous section of the
semiconductor and data processing scene, and it is
reasonable to expect improvements in performance,
falling costs, and more comprehensive software
support. The paper by Bals, Caprini and Goran in
this issue describes a crate controller in which there
is a 24-bit processor, constructed from SSI and
MSI components, because this is faster than current-
ly available microprocessors.

Undoubtedly, many CAMAC controllers incorpo-
rating microprocessors will be used in individual sys-
tems, where the system-user tends to do the initial
programming and the system is in a process of gra-
dual development throughout its life. But micro-
processors appear particularly attractive for small
dedicated CAMAC systems, where the user is not
expected to change the program, and also for sub-
systems within a larger systemwhich provides ade-
quate facilities for program development in its cen-
tral computer.
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NEWS

“CAMAC BIBLIOGRAPHY” AND “"CAMAC FOR NEWCOMERS”

These two supplements to CAMAC Bulletin
no 13 were sent to all subscribers. Both papers
were prepared by H.J. Stuckenberg of DESY,
Hamburg, and additional copies are available from:

Sales Office for Official Publications of the
Commission of the European Communities
Case Postale 1003
Luxembourg |

The price including postage is:
BF 100 for Supplement A — “For Newcomers
Only”

BF 50 for Supplement B — “Bibliography”
or an equivalent amount in any other currency.

A version in German of CAMAC for Newcomers
is also available, and can be obtained from:

Zentralstelle fiir Atomkernenergie — Doku-
mentation ZAED

D-7514 Eggenstein-Leopoldshafen
Kernforschungszentrum

SERIAL CRATE CONTROLLERS

Christian Rovsing A/S, Copenhagen and Kinetic
Systems International SA, Geneva have both a
purchase order from CERN for the delivery of 52
serial crate controllers conforming to the latest

ESONE/NIM recommendations (ESONE/SH/01,
ESONE/SH/04).
Prototypes are to be delivered by October 1975.
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MICROPROCESSORS
by
H.J. Stuckenberg

Deutsches Elektronen-Synchrotron DESY, Hamburg, F.R. Germany

Received 4th August 1975

SUMMARY Microprocessors are interesting alter-
natives to hard-wired logic for many control-oriented
functions. This paper describes microprocessors and their
related hardware and software problems.

INTRODUCTION

Microcomputers are general-purpose digital com-
puters on a silicon chip. They have evolved from
calculator chips because the semiconductor industry
is able to put more and more logic on a chip. Today
microcomputers are convenient 4 to 16-bit com-
puters with a powerful instruction set, wide-range
memory addressing, and interfacing facilities.

They are engaging the attention of equipment
designers and manufacturers from a wide variety of
industries. Before the invention of microcomputers
designers had only the choice between ‘random
logic’ (hardwired logic elements) and minicomputers,
but now they have the ability to change the design
or add new features to it merely by changing the
program in an erasable and reprogrammable ROM.
And by replacing many SSI and MSI logic packages
with a few LSI chips they are saving money.

The main applications of microcomputers are:
— replacing random logic by freely programmable

logic;
— autonomous ‘intelligent’ terminals.

Microcomputers consist of micro processors,
ROM s and RAM s, and I/O-ports. We will discuss
here only some properties of the micro processors.

Microprocessors are LSI circuits containing the
arithmetic logic unit (ALU), accumulators, general-
purpose registers, instruction decoder, program
counter, timing, and connections to the I/O-bus.

THE HARDWARE

A basic processor, shown in Fig. 1, has three
functional sections. The first one is the register-
arithmetic-logic unit, or RALU, executing logic and
arithmetic functions on data.

The control section contains a memory which
provides the RALU with instructions for executing
the different operations. The RALU sends back
signals indicating the result of the previous or cur-
rent operation so that the memory can modify its
instruction sequence when appropriate.

The memory also opens or closes the gates of the
interface logic, which is the third section of the
processor connecting the system inputs and outputs.

The RALU replaces counters, shift registers and
latches used in random logic, the control memory
replaces gates, flip-flops, decoders and multiplexers.

The architecture of the various microprocessors is
quite different, so that the user must notice the
most significant characteristics.

Some very important characteristics are the
addressing modes, the word-length of the internal

bus and the interrupt structure. The actual number
of instructions is not so important because of their
different value. It is more realistic to compare the
excecution time of a typical program together with
the number of used external memory bits for
different processors.

The more addressing modes and the more internal
registers that are present in the processor, the less
external memory capacity is likely to be required.
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Fig. 1 The Basic Processor Blocks replace many
Elements of Hardwired Logic.

Typical addressing modes used in microprocessors
are:

— direct addressing, either via a memory location
or internal register;
immediate addressing, in which the processor
executes the instruction on the operand code
itself;
indirect or pointer addressing which are similar,
except that in the latter the address pointer is in
an internal register instead of in a memory
location;
indexed addressing, in which the address con-
tained in the instruction is added to the content
of an index register; this result is then used to
address the memory.

The word-length is normally fixed with the
processor, but it may be variable if the design allows
multiple processor chips in parallel. A variable data
word is to be preferred when the needs of a variety
of applications must be satisfied. For instance, a
16-bit processor chip can be programmed into 4-bit
words for BCD display control, 8-bit words for
CRT terminals, 12-bit words for handling the output
of a-d converters, 16-bit words for general purpose
computing and 24 to 32-bit words for high-accuracy
applications.




If the microprocessor can handle interrupts, it
can perform more than one task at a time. Today’s
possibilities range from simple reset of all registers
to maskable multilevel interrupts with priority
selection.

The first generation of microprocessors, made by
a p-MOS process, is characterized by a small word-
length (4-8 bit), slower speed (instruction execution
time 5-40ps) and a set of 40-50 instructions. Addi-
tion time per digit is of the order of 100 s, programs
computing exponential or angular functions may
take 500ms. Typical processors of this generation
are the Intel 4004, Rockwell PPS, Intel 8008,
National IMP-8/16.

INTEL 8080, a Typical Microprocessor in 1975

The second generation, made by the n-MOS
process, has higher speed (instruction execution
time 2-5ps), a word-length of 8 bits and a set of
about 80 instructions which are very powerful,
together with an improved architecture. They are
processors like the Motorola 6800 and the Intel 8080,
which we will discuss in some detail because it is a
frequently-used microprocessor. Fig. 2 shows the
block diagram of the 8080.

The 8080 contains six 8-bit general purpose
registers and an accumulator. The general purpose
registers may be addressed individually or in pairs,
for 1 or 2-Byte operations. The arithmetic and logic
instructions set or clear four status flip-flops, a
fifth flip-flop indicates a decimal arithmetic opera-
tion.

This processor has no build-in LIFO stack to save
and restore the contents of the accumulator, pro-
gram counter, status flip-flops and of the six general
purpose registers, when interrupts occur. But the

8080 PROCESSOR

8 BIT DATA BUS

BI-DIRECTIONAL

8080 has a 16-bit stack pointer to address any
portion of the memory. This external stack feature
is useful for handling multilevel interrupts and
for very large scale subroutine nesting.

The architecture of the 8080 is clear and transparent.
There are 16 lines to address directly up to 64k
Bytes of memory, or 256 input and 256 output
ports. A sep rate 8-line bus is used for the bidirec-
tional data transfer.

The general purpose register pairs B-C, D-E and
H-L can be addressed by the register-select feature;
they can be incremented and decremented with 16
bits in parallel, allowing easy manipulation of
addresses and of the memory stack. The temporary
register pair W-Z can be used as a program counter
to hold a direct address to load or store the register
pair H-L of the accumulator very rapidly. There is
also the ability to do double precision additions
between any register pair and the pair H-L, and
fast parallel transfers from the pair H-L to the
program counter or stack pointer.

The ALU section can execute decimal, binary
and double precision arithmetic at about equal
speed.

The 8080 has 78 instructions, which are very
useful and extend the range of applicability of the
processor. The instruction functions are as follows:
— data register and memory transfers;

— conditional or unconditional branches and
subroutine calls;

— direct load or store accumulator;

— save and restore machine status;

— double length operations in data registers;

stack pointer modification;

logic operations;

binary or decimal arithmetic;

set and reset the interrupt-enable flip-flop;
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Fig. 2 The Internal Structure of the Intel 8080.




— increment or decrement the memory or data
registers.
The instruction execution times range from 2 s,
depending on the number of Bytes
Signals to control the interface to the memory and

I/O-ports are provided directly by the 8080. All
busses, including control, are TTL compatible.

BIPOLAR PROCESSORS

The processors we have mentioned so far are
MOS types with clock frequencies up to 2MHz.
For higher speeds two manufacturers are offering
bipolar micro-processors, the Texas Instruments
SBP 0400 and the Intel 3002/3001. Because of the
relatively high power dissipation they are only 4
or 2-bit slices, but they can be connected in parallel.
The clock can be as high as 10MHz. Motorola has
announced the introduction in 1976 of a 4-bit slice
processor with instruction execution in 55ns. All
the bipolar processors mentioned are micro-
programmable.

THE SOFTWARE

A program for use on microprocessors can be
developed in different ways. Various time-sharing
services are offering proprietary programs supplied
by the micro-processor vendors, programs that
allow the assembly of source programs into object
code suitable for execution in a microprocessor.
In developing a micro-processor program the first
step is usually to establish the logical sequence of
events in the form of a flow chart, and to convert
each operation into one or more microprocessor
instructions written in an assembly language. The
sequence of instructions is then compiled in the time
sharing computer into an object file in a suitable
format for storage. The object file can be sent to a
vendor to produce a usable ROM, but this pro-

cedure is very time-consuming and expensive,
and nothing can be done to correct errors.

Time-sharing services also offer a simulation
program that can execute the object program on a
host computer in a manner similar to the actual
micro-processor. The simulation program can stop
operation at various places in the program. These
features, combined with on-line editing programs,
allow rapid modification or correction of the source
program. This procedure seems to be ideal but
expensive, because renting a time-sharing service can
easily cost $1000-3000 per month.

But microprocessor manufacturers are also
delivering prototype-development systems, assem-
bled from their own microprocessors, ROM s,
RAM s and I/O-ports. These systems have the
capability of entering and editing source programs
in assembly language and executing the object
program with the actual microprocessor hardware.

One drawback compared with the time-sharing
service is that these systems are much slower,
because the editing capability is normally only a
conventional teletype. Loading the assembler,
assembly, loading the object tape and execution of
the object is program can easily take form one to
eight hours for a large program. It is faster if the
assembler is stored in a PROM within a system and
if one uses high speed I/O peripherals such as
cassette tape systems CRT terminals or line prin-
ters. These devices can reduce the operating times
by a factor of 100, but they are costly.

There is still another alternative, the use of an in-
house computer system for program development.
Microprocessor manufacturers offer assembly
programs written in a language like FORTRAN,
which can be used on a variety of computer systems.
There is also a software group writing a high level
programming language PL/M, problem-oriented
and similar in complexity to BASIC and FOR-
TRAN. To use this language one has to consider
the amount of storage needed by the compiler.

Once the program is completely debugged, a
PROM or EPROM can be used to store the object
program and the operation of the system can start.
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SUMMARY The autonomous crate controller JCAM-10
is designed around an Intel 8080 microprocessor, and is
used with a 5k RAM and 4k REPROM memory. Data
transfers between CAMAC modules and the memory are
optimised with respect to software and execution time.
The JCAM 10 is a microcomputer whose peripherals
are all the commercially-available CAMAC modules.

INTRODUCTION

By combining the flexibility of the CAMAC
international modular system and the power of
integrated microprocessing circuits, the JCAM-10,
‘Autonomous Crate Controller’ with built-in micro-
processor, allows small automatic data acquisition

and processing systems, or industrial control sys-
tems, to be implemented with plug-in units chosen
from among the 1 000 CAMAC modules available
on the world market.

Designed around an INTEL 8080 microproces-
sor combined with RAM and REPROM memories,
this module is in fact the central unit of a micro-
computer of which the input/output/memory bus is
the Dataway of the CAMAC Crate. Its technical
specifications and price make it an attractive unit
which compares favourably with the commercially
available CAMAC interface and mini-computer
assemblies.




UTILISATION

The autonomous crate controller can carry out the
following functions:

e control of the installation by a program in
REPROM or RAM memory;

e simple calculations on acquired data;

e print-out of results on a directly connected TTY
printer or any other peripheral connected to a
CAMAC module;

e data transfer from one CAMAC module to an-
other thereby enabling the possibilities of the
system to be increased;

It is above all employed as the central unit of
small CAMAC single crate systems to which it gives
complete autonomy. It can also be used in larger
distributed systems, for which the CAMAC crate
is an intelligent’ terminal connected to the central
computer by an asynchronous or fast link. It can
be used too by the electronics engineer as a control
unit for debugging modules and programs or for
servicing CAMAC systems.

Naturally, in order to take advantage of all its
flexibility in use, a simple software tool, such as a
high level langage, will be needed to make pro-
gramming easier for the user.

COMPOSITION OF THE JCAM-10 MODULE

The JCAM-10 is a 3/25 CAMAC module plugged
in the Control Station of the crate. It essentially
includes:

e an INTEL 8080 integrated microprocessor circuit
with its associated logic system;
a 9k 8-bit memory;
an interface circuit to the CAMAC Dataway;
a priority circuit for interrupt handling;
an asynchronous coupler operating from 110 to
19,200 bauts.

The front panel comprises, in addition to the two
console initialise and interrupt keys, a 16 position
switch for selecting the various stored programs.
The module includes three CAMAC printed boards.

The usual indicator lights and control keys of the
operator console are transferred to a 2/25 ancillary
module for use when debugging programs.

THE INTEL 8080 MIICROPROCESSOR

Briefly, the INTEL 8080 microprocessor is an
integrated MOS n-channel circuit in a DIL 40
pin case, comprising a central unit having the
following main characteristics:

*“memory addressing format: 16 bits;

e data format: 8 bits;

e basic cycle: 0.5us — Duration of instructions: 2
to 8.5us;

e 10 registers including:
— 1 accumulator of 8 bits and 4 flags (Z, S, C, P),
— temporary or address registers (BC, DE, HL),
— 2 memory control registers (Program counter

and stack pointer);

8 interrupt levels with automatic jump;
256 possible inputs/outputs;
direct memory access capability;
74 instructions.

ORGANISATION OF THE JCAM-10 MODULE

A block diagram of the module is shown in Fig. 1.

Organisation criteria

The objectives set for the module were essentially :

e giving autonomy to the CAMAC crate;

e optimisation of data exchanges and simplicity
of use.

The resulting organisational criteria are as
follows:

e utilisation of the CAMAC Dataway as I/O
busline;

e programming ease and flexibility of CAMAC
commands;

e speed of execution of CAMAC commands,
particularly of exchanges between the memory
and CAMAC modules;
optimising LAM search and handling;
inclusion of an asynchronous coupler for the
printer;

easy use, and protection of programs by repro-
grammable memory.
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Transmission of NAF

The programming ease and flexibility criteria of
CAMAC commands, as well as the over-capability
of the memory adress format of the microprocessor
led us to make direct use of 14 of the 16 memory
address bits for transmitting the CAMAC NAF
instruction by neutralising 16K memory addresses
among the possible 64K (21°).




Hence any instruction of type| 11 [ F[ N [ A']

having the 2 higher order bits in its address part,

i.e. addressing the non-existent memory area from

hexadecimal address CO00 to FFFF, will have the

effect of:

e Joading the CAMAC instruction NAF register
with the 14 low-order bits of the memory address
generated by the 8080;

e carrying out the CAMAC cycle if this NAF
represents a CAMAC control command (bit
F8=1).

Data transmission

The second criterion, fast data exchanges between
the CAMAC module and the memory, led us to
organise a part of it as a double format main
memory. To this effect, the area acts either as 1k
24-bit memory (CAMAC format) connected di-
rectly and in parallel to the R/W data bus lines of
the Dataway, or as a 3k 8-bit memory connected to
the 8 bit data bus-line of the microprocessor. The
change of format is simply done by changing the
memory reference address.

Thus 24 bits of information will be exchanged
between a CAMAC module, designated by the
content of the NAF register, and a memory position,
by a simple memory reference instruction addressed
to the ‘page’ the word length of which is 24 bits
(for instance in 1400 ).

The direction of transfer is determined by the
bit F16, indicating a CAMAC Read or Write
command.

At data processing time, this 24-bit word will be
exchanged between the memory and the 8080 central
unit by 3 memory reference instructions addressed
in turn to the ‘hig-order’ (1400—1k=1000)
‘medium-order’ (1400 — 2k =0C00) and ‘low-order’
(1400 — 3k =0800) pages.

This enables the JCAM-10 to be considered as a
CAMAC central unit with double addressing
allowing transfers to be made between the memory
and CAMAC modules in two 8080 instructions
only, of type:

¢ REFMEM {(NAF) (Load NAF register);

e REFMEM <24-bit memory address) (execution
of CAMAC cycle and memory transfer).
Further, according to the nature of the instruction

used, i.e. M—A (or A—»M), the two Q and X status

bits received in answer to the CAMAC operation
will (or will not) be entered in accumulator A and
therefore can be tested immediately.

Organisation of the memory

In addition to this memory area, the JCAM-10
module includes a second area called program
memory, itself composed of two parts:

— 2k 8-bit words of RAM memory at the beginning
of which 64 locations are reserved for the
immediate processing of the 8 automatic
interrupt levels. The machine-context-saving
push-down stack will generally be placed
behind this area. Should it overflow an alarm
interrupt is generated;
4k 8-bit words of reprogrammable memory
(REPROM). This area is used for non-erasable
programs.

On initialisation, the P-counter points auto-
matically to the first address of this area.

The data memory can obviously be used also
either totally or partially as an 8-bit program

Thus physically, the JCAM-10 module includes
9k 8-bit words of memory. It uses 9+1+16 =26k
addresses. This therefore leaves 38k available for

memory extensions which can be connected to
the JCAM-10 by a dedicated 52-line bus.

Interrupt circuit

The criteria of optimisation for LAM search and
handling led us to build into the JCAM-10 a
priority handling and individual masking circuit for
the 8 interrupt levels accepted by the 8080, i.e.:

e 2 alarm levels: stack overflow and no CAMAC X
response;
e 4 CAMAC levels, namely:

— 2 high priority levels each of which can receive
only one CAMAC LAM,

— 1 graded LAM level with 8-bit read operation
capability,

— 1 common level receiving all the other CAMAC
LAM’s to be recognised by F(8) test opera-
tions;

e 1 console interrupt level;
e | Teletype level.

Thus 5 to 10ps after a high priority CAMAC
LAM has been issued, the P-counter will point to
the memory area reserved for the immediate
processing of this level.

Ancillary circuits:
The JCAM-10 module also comprises:

an asynchronous transmitter-receiver operating
from 110 to 19,200 bauds, allowing direct con-
nection with a teletype, a display or a computer
asynchronous input;

circuits for generating CAMAC signals (Initialise
(Z), Clear (C), Inhibit (I)) and for reading the
position of the program number switch located
on the front panel;

circuits enabling the module context to be read in
case of interrupt.

PROGRAMMING PRINCIPLES

Microprocessor instructions

The 74 instructions of the INTEL 8080 micro-
processor can be used in the JCAM-10:

immediate loading or transfer between Lr,r,
registers (with r=4, B, C, D, E, H, L or M);
single length arithmetical or logical instructions:
(r£l, A+r, A.+ Sr, A) or double length;

o (riryxtl, HL*r r1,);
save (and restore) double length registers in
the push down stack, located in the main memo-
ry;

e jump or call sub-routines and return, uncondi-
tionally or conditionally on the four flags Z, C,
S, P;
transfer of 8 bits between accumulator A and
the memory by immediate addressing, indirect
on HL addressing or extended addressing as from
the 3 double-length BC, DE and HL registers;
inputs/outputs and general interrupt masking.




CAMAC programming:

As a CAMAC command is represented by a
memory address, and as the data memory is in
direct communication with the R/W lines, it is
possible to:

e execute commands defined by immediate values
or by their storage address;
exchange information between a CAMAC module
and a memory position defined by an absolute
address or an indirect address which might be
indexed.

Thus, CAMAC command instructions are of the
type:

e MAI (11FNA), or (AMI<11FNA}), which has
the format of an instruction to transfer from A to
the (non-existant) memory address 11 FNA;
or HLM (LOC): loading HL registers with the
content of memory LOC;

LMr: theoretical transfer of register r to the

memory addressed by HL;

LOC DC2 {11FNA).

These instructions will not affect the processor
in any way but will load the NAF register. The same
instructions accompanied by an address correspond-
ing to the 24 bit page will exchange data between
memory and CAMAC module.

Hence:

Fields as a CAMAC command
F N A

11 111000 0]0001 0000
) I N
F 0] 1 0]

Fields as a hexadecimal address

MAI/FQ10 or

AMI/F010

will carry out the CAMAC command N, A,
F 24y

and MAI/C010

MAI/SCAL
will carry out the command N, A, F(, and
will store the 24R data in the SCAL memory loca-
tion.

The characteristics of the various CAMAC
operations are shown in figure 2.

CAMAC NAF Data Mem. Duration
command addressing addressing (8 bits) (us)

Value

Indirect
Control

Preloaded
(programming
block)

Value (or 14
indirect)

Value immediate 6 14

Read/Write Indirect immediate 9 18

Indirect indirect 12 24

Fig. 2 Programming of CAMAC operations
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Service instructions

These are conventional microprocessor input/out-
put instructions and concern:

e transfers with the teletype: control, status and
data words;

the status of the CAMAC crate and control
signals Z, C, I, (Q, X), loading and reading of
interrupt mask register;

reading the graded LAM configuration of the
third CAMAC interrupt level;

reading the position of the program number
switch;

reading the NAF register (for saving the contents).

Software

The currently available software comprises:

e A FORTRAN cross assembler operating on
IBM 360;

e a TTY operating system (I KREPROM) for
loading binary tapes from the TTY reader or a
fast reader (CAMAC module), debugging and
running programs, as well as programming
REPROM memories.

We shall shortly have a local assembler and we
are starting on the study of a BASIC compiler for
very simple user programming, with execution
times consistent with real-time operation.

ADDITIONAL DEVELOPMENTS

Apart from implementing the software system
to which we are devoting our main effort, we are
currently designing general purpose CAMAC
modules to increase the capacity and performance of
the system: RAM (12k) or REPROM memory
extensions, interleaving direct memory access
control module, floppy disk interface module,
floating-point operation module, REPROM pro-
gramming module, as well as a module enabling the
JCAM-10 to control up to 8 CAMAC crates.

CONCLUSION

The autonomous CAMAC crate controller
JCAM-10 with built-in microprocessor isa CAMAC
system controller which is easy to use, both from the
engineering point of view and from the end user
point of view. Attractive automatic systems can be
built very quickly for use in scientific, industrial or
medical laboratories by bringing together two
powerful ‘tools’:

e the INTEL 8080 micropressor, the performance
of which is very much akin to that of available
minicomputer central units;

e the CAMAC system which gives to users a very
large range of compatible and commercially
available peripherals.
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SUMMARY A microprocessor-controlled set of CAMAC
modules, linked by a private bus, has been developed for
use as 'intelligent’ hardware.

GENERAL DESCRIPTION
AND APPLICATIONS

A CAMAC processor module which can be
inserted into any station of a CAMAC crate is able
to replace in many cases special and complicated
hardware. This module will be used for the following
applications in the medical field:

— Processing data from measuring devices in a
laboratory for clinical chemistry and hematolo-
gy, e.g. calculation of the hematocrit from
pulse heights and number of pulses generated
by a Coulter Counter D.

— Recognition and encoding of output signals from
a bar-code reading pen which will be used for
sample-identification in the clinical lab.

— Processing of biosignals with the aid of special
ADC-modules, e.g. for electrocardiography.
— Interactive control of a video display for
brightness-modulated presentation of pictures
using a CAMAC refreshing memory, e.g. for

presentation of scintigraphic data.

Besides, a CAMAC single-crate or even multi-
crate system can be driven by such a processor
module if an appropriate crate controller is em-
ployed. It seems that the “Type U’ crate controller,
designed by J. Bobbitt (1), will meet the require-
ments.

A CAMAC Modular Microprocessor System
(CAMOPS) for use in the cases mentioned above is
under development by the CAMED (CAMAC in
Medicine) group of the Hahn-Meitner Institute
Berlin.

COMPONENTS OF THE CAMOPS

The processor module consists of sub-units com-
municating with an internal CAMOPS-bus. This
bus is accessible on the rear panel and can be

CAMAC
Dataway

3
CAMOPS Module r
r

Dataway
Inter face
Interface

ADC

Extension
ith with FIFO

1 s $

A h 4
y y Y

[
Special Function
I Unit

TTY or V.24 Parallel 1/0

Port

Serial 1/0 Parallel 1/0 Analog Input

Fig.1 CAMOPS Block Diagram

connected by a flat cable to additional modules
which make use of this bus port (see figure 1).

— Microprocessing unit (MPU) The Motorola
MC6800 one-chip micro-processor is used.
It is an n-Mos 8-bit device with a separate
16-bit address bus.

Glock A two-phase clock generates non-over-
lapping pulses for the MPU and other devices.
The clock frequency is about 0.6 MHz. However,
the clock phases may be stretched temporarily
by other devices pulling down the Memory
Not Rady’ line of the bus. This feature was
mainly provided to meet the requirements of
memories with different access times.

Memory PROMs and RAMs with access times
up to 3pus may be used. The word length is
8 bits. Since there is a 16-bit address bus, up
to 2!® bytes (less any assigned for hardware
addresses) may be directly addressed.

Dataway Interface. This interface permits bidi-
rectional transfer of 8-bit data or status infor-
mation between the Dataway and the CAMOPS-
bus. Its heart is a Motorola MC6820 Peripheral
Interface Adapter (‘PIA’). For synchronization,
it uses the well-known LAM-features of the
Dataway and the interrupt facilities of the
processor. DMA may be provided.

Serial 1/O-Port. This TTY or RS 232 interface
consists mainly of the Motorola MC 6850
Asynchronous Communications Interface Ad-
apter (‘ACIA’). It can also be equipped with
DMA features.

Parallel I]O-Port. This dual 8-bit TTL-level port
(16-bit In or 16-bit Out, or 8-bit In plus 8-bit
Out, with external handshake) consists of a
Motorola PIA plus some additional hardware.
DMA can be provided.

DMA Control. If provided, this unit controls
DMA transfers between specially equipped
I/O-ports and the memory. It consists of
presettable counters for word count and current
address. The DMA cycles are interleaved with
the program controlled transfers, so that the
MPU remains totally unaffected by DMA
transfers. At any one time, only one device may
be enabled for DMA. During DMA cycles, the
DMA control generates the appropriate me-
mory addresses and the read/write control
signal on the bus. At the end of the transfer
(word count =0), an Interrupt Request is sent
to the MPU.

Memory Extension. For storage of large amounts
of data a separate memory extension module
with an associated Dataway interface can be
used.

— ADC with Fifo-memory. This extra CAMAC
module digitizes and buffers biosignals with
presettable time periods between samples.




Designation Quantity Function

generated by received by

. Ag TTL 16 bit address

D@ 3 state TTL 8 bit data
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Reset
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DMA Control

MPU or DMA-Control all addressable components
slow memories clock generator

Fig. 2 CAMOPS Bus Signals

Special Function Unit. Within the processor
system, special additional hardware units for
fast preprocessing of data can be provided,
e.g. a fast arithmetic logic unit or a function
generator. These units are not yet under
development.

CAMOPS-BUS
The bus is derived from the Motorola M6800

Microprocessor System Bus. 32 signal lines, 1 return
line and 1 reserved line are provided. All levels are
TTL compatible. (See figure 2).
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SUMMARY In this ‘intelligent' CAMAC crate con-
troller there is a microprocessor (INTEL 8080 CPU) as
well as a Random Access Memory (RAM) and a program-
mable and UV-erasable Read Only Memory (PROM).
It has a serial interface by which it can be linked to a
Teletype or minicomputer.

INTRODUCTION

The use of microprocessors in systems for digital
control and processing offers a number of ad-
vantages such as efficiency, reliability, incremental
expansion, and adaptability to other requirements.
With second generation microprocessors many
applications are now possible where the use of
computers was previously too expensive or too
complicated.

Therefore a microprocessor has been built into
in the crate controller of a standardized data
aquisition system (CAMAC).

The CAMAC crate controller microcomputer
(CMC8080), including an INTEL 8080 CPU, can
operate as a ‘stand alone microcomputer system’
or as a peripheral computer in conjunction with a
main computer. The interconnection between the
two computers can be realized serially (like a
Teletype link) or in parallel (DMA channel).
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In distributed systems the CMC 8080 can reduce
the data stream to be handled by the main computer,
make a selection of data, etc. In cases of emergency
(such as interruption of the link, or first priority
demand handling in process control) the CMC8080
can execute programs independently of the main
computer.

The CMC8080 is built around the INTEL
8080 8-bit parallel central processing unit. Program
and data storage is possible in 2k-bytes of PROM
and 2k-bytes of static RAM. The memory capacity
may be expanded over a ‘private bus’ with additional
CAMAC memory modules.

The serial interface is built with a universal
asynchronous receiver transmitter (UART) MOS
integrated circuit.

The CMC8080 is built on two CAMAC printed-
circuit boards and includes CPU, 2k-bytes of RAM,
2k-bytes of PROM, serial interface (UART),
crystal controlled clock generator for CPU, Baud
rate generator for UART, programmable real time
clock and CAMAC logic with LAM priority
encoder and interrupt vector generator. For start up
procedures and test purposes a manual control
console may be connected to the CMC8080.
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Fig. 1 CMC8080 Block Diagram

FUNCTIONAL DIAGRAM

The block diagram is shown in Fig. 1. There are
four major parts, the central processing unit (CPU),
the system memory, the serial interface (UART)
and the CAMAC logic.

Microprocessor

The INTEL 8080 8-bit parallel central processing
unit contains six 8-bit data registers, an 8-bit
accumulator, four flags that can be tested, an
8-bit parallel binary arithmetic unit, a 16-bit pro-
gram counter and a 16-bit stack pointer to control
the addressing of the external stack.

System Memory

The system memory contains 2k-bytes of static
RAM (Type 2102) and 2k-bytes of electrically
programmable and UV-erasable ROM (Type
1702A). The memory is expandable to 60k bytes
with additional memory modules. The upper 4k
bytes are reserved for the CAMAC address.

Serial interface

One pair of ports is used for a serial communica-
tion link. Data to the UART transmitter is trans-
fered via output port O with an output instruction.
Serially received data are transfered from the UART
receiver via input port O with an input instruction.
The UART flags (transmitter ready, receiver ready,
error) can be read with an input instruction via
input port 4. An interrupt generated by the UART
is fed to a priority encoder, and an automatic
interrupt vector transfer to the CPU occurs,
permitting a teletype service routine call. Standard
transmission rates may be selected in the range 110
to 9600 baud.

CAMAC-logic

The CAMAC address and function latches are
loaded if the four CPU address bits A12, A13, Al4,
A15 are logical 1. The CAMAC address and func-
tion transfer is realized with a memory reference
instruction (called the CAMAC function opera-
tion). The low order byte of the address bus,
containing the coded station number N, and the
high order byte, containing the coded Subaddress A
are loaded into the address latch. The remaining
3 bits of the address bus may be used in future
developments for CAMAC crate addresses or
special functions etc.

The data byte is latched in the function latch
which then contains the CAMAC function code F,
Inhibit I, Clear C, and Initialize Z. After latching
FICZ the CAMAC cycle generator is started and
Busy B and Strobe pulses S1, S2 are generated.

CAMAC Write and Read operations are per-
formed with three pairs of ports.

24-bit CAMAC write data are transfered via
output port 1, output port 2 and output port 3 with
three corresponding output instructions. When
the 24-bit write data are transfered to three output
ports a following CAMAC function operation
starts the CAMALC cycle and the 24 bits are moved
to the addressed CAMAC module. A 24-bit read
data operation may be performed with a preceding
CAMAC function operation. The read data are
now present at input port 1, input port 2 and input
port 3. With three corresponding input instructions
the read data can be transfered to the CPU accumu-
lator. Input or output instructions do not start a
CAMAC cycle.

The control status latch determines the state of
the controller and it can be read via input port 4 and
can be overwritten via output port 4. It contains
bits for CAMAC interrupt enable- disable, X-
interrupt on-off, real time clock on-off, Teletype
enable-disable, reader on-off, response Q, command
accepted X, ORed LAM, transmitter ready,
receiver ready, and error.




The LAM pattern is available at input port 5,
input port 6 and input port 7. Six specified LAMs
are connected to a priority encoder and the interrupt
vector generator allows six LAM-service routines
to be called. The other LAMs are ORed and
connected to another input of the priority encoder.

The X interrupt and the UART interrupt are
ORed and connected to the highest priority input
of the priority encoder.

APPLICATIONS

A typical single crate system contains the CMC
8080 crate controller, additional memory modules,
a DMA interface module and conventional
CAMAC modules.

The stand alone system in Fig. 2 represents a
complete microcomputer system with the flexibility
of the CAMAC system. A system monitor contained
in PROMs functions as follows; load RAM
memory from keyboard, paper tape or magnetic
tape cassette; write the content of the memory on a
printer, on paper tape or magnetic tape cassette;
modify bytes of RAM memory; execute the program
stored in the memory; and program PROMs
(Type 1702A) with the CAMAC PROM program-
mer module.

CAMAC DATAWAY

KEYBOARD
PRINTER
MAGNETIC
TAPE
CASSETTE

SERIAL
LINK

ADC - MODULE

MEMORY MODULE

DIG. OUTPUT MODULE
DIG. INPUT MODULE
PROM PROGR. MODULE

PRIVATE BUS

Fig. 2 Stand-Alone System

With the INTEL 8080 assembler it is possible to
edit and assemble programs on the CMC8080.

The system in Fig. 2 can be used in laboratory
automation, process control, etc. with the ability
to develop and test software and hardware.

In distributed computer systems the interconnec-
tion can be either serially (Fig. 3) like a Teletype
link or in parallel (Fig. 4) via a DMA channel.

To simplify the serial link between the two
computers and to make the link computer-indepen-
dent only ASCII characters are transferred, because
most minicomputers use the ASCII code in serial
links.
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CAMAC DATAWAY

SERIAL MAIN
LINK COMPUTER

CMC 8080

MEMORY MODULE

ANALOG MULTIPLEXER
STEPPERMOTORDRIVER
DIG- OUTPUT MODULE

PRIVATE BUS

Fig. 3 Distributed Computer System (Serial)

CAMAC DATAWAY

I
|

MAIN
COMPUTER

DMA MODULE
CMC 8080

DIG- MULTIPLEXER
MEMORY MODULE

COUNTER MODULE
DIG. OUTPUT MODULE

PRIVATE BUS PARALLEL LINK

Fig. 4 Distributed Computer System (Parallel)

Where high data transfer rates are necessary via
the DMA interface module, data transfers to and
from the CMC8080 RAM are possible.
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SUMMARY The outstanding features of Standard
Engineering Corporation's MIK-X Autonomous Crate
Controller are described. This is the first commercially-
available microprocessor-based CAMAC crate controller.

INTRODUCTION

A number of microprocessor-based CAMAC
Crate Controllers utilizing the Intel 8080 chip have
been described. The MIK-X is another 8080-based
Crate Controller, but has the distinction of being
first to be offered commercially. Although it shares
many characteristics in common with other imple-
mentations, the MIK-X has several features worthy
of note and these are the subject of this paper.

ORGANIZATION

The basis MIK-X controller consists of three
printed circuit boards as shown in Figure 1. These
are from right to left: The Dataway Interface board
including N, A, F, and L registers plus Dataway
timing and control; the Processor board including
the 8080 Processor and its support logic plus a
24 bit Read/Write Data register; and either a
Memory Card with up to 16K bytes of semiconduc-
tor RAM or a Block Transfer DMA Controller.
All three cards are interconnected by a high speed
asynchronous Memory Bus which is also brought
to the outside for connection to extended memory.
In addition, the Processor and Dataway Interface
boards are interconnected by a separate I/O Bus
for the execution of normal input/output instruc-
tions.

SGL
CONNECTOR

DATAWAY

DATA REGISTER

DATAWAY
PROCESSOR INTERFACE
DM A BLOCK

TRANSFER

X FER
[COMPLETE

1/0 BUS

N, L ETC.

MEMORY BUS

EXTERNAL
MEMORY
BUS

1 Basic Organization of MIK-X Crate

Controller

The Memory Bus is designed to maximize DMA
data transfer rates by interleaving the Processor and
a DMA Controller on a cycle by cycle basis. The
Processor typically requires about 2 microseconds
to execute a memory cycle. However, only about
500nsec. of this time is used to access the memory.
With a properly designed Memory Bus, the remain-
der of this time is free to be utilized by a DMA
device without interfering with the Processor. In this
way, DMA operation may be made almost totally
‘transparent’ to the Processor. See Figure 2.

8080
MEMORY 1 |
CYCLES

8080
MEMORY
ACCES

- L L]

D M AWAITS 2 8080 WAITS

DMA
MEMORY
ACCES

LJ L A O [P IR |

Fig. 2 Interleaving of Processor and DMA on
Memory Bus

MEMORY

The Memory Bus is brought outside the Crate
Controller module via arear panel edge card connec-
tor. This permits the expansion of memory by
plugging in additional single-width CAMAC
Memory Modules with identical edge card connec-
tors. Several Memory Modules are available to suit
different applications. These include:

e 16k bytes dynamic semiconductor RAM;

e 8k bytes static semiconductor RAM;

e 4k bytes static RAM plus 4k bytes reprogram-
mable PROM

e 8k bytes reprogrammable PROM.

The memory can be expanded to 64k bytes utiliz-
ing any combination of the above modules. Any
of these boards may also be used as the third card
of the basic Crate Controller.

It should also be noted that the programming
procedure for the recently introduced Intel 2704
and 2708 UV-erasable PROMs is sufficiently simple
that programming circuitry may be included on the
memory board itself. Thus the PROM may be
programmed by writing to memory exactly as if it
were RAM. The cycle time is of course much longer,
about 500 microseconds, but the Memory Bus is
asynchronous and can handle devices of any speed.

DMA BLOCK TRANSFER CONTROLLER
OPTION

The memory board in slot 23 may be replaced
by an optional DMA Block Transfer Controller,
in which case all memory is then external to the
basic Crate Controller Module. This device is in
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itself a microprogrammed controller implemented
with a bipolar microprocessor chip set. It imple-
ments all of the block transfer modes defined in
EUR 4100-Q-Stop, Q-Repeat, and Address Scan
as well as LAM triggered block transfer.

In Stop mode, it may be programmed to interpret
Q =0 as either the last valid transfer or as invalid
data. In addition, it may be programmed to transfer
8, 16, or 24 bits per Dataway cycle.

DATAWAY ADDRESSING

The MIK-X Controller treats the Dataway as a
block of memory locations occupying the upper
512 memory addresses. This approach derives
primarily from the architecture of the PDP-11.
Several other implementations similarly treat the
Dataway as some subset of memory address space.
Its principal feature is efficient execution of Data-
way cycles, especially non-data transfer functions
which may be efficiently coded in-line and execute in
approximately 21 microseconds.

The data returned by a Read access to the Dataway
address space is actually the Dataway Status
Register including Q and X from the just completed
Dataway cycle. Data transfer is accomplished
through a 24-bit Read/Write register referenced by
three In/Out codes. Likewise, the F code register is
loaded via an output command. The Dataway
Status Register is also accessible through a pair of
I/O instructions.

INVISIBLE BOOTSTRAP

Another novel feature of the MIK-X is an ‘invisi-
ble’ bootstrap. This is implemented in a PROM
chip on the Processor board. When the bootstrap
mode is enabled, by depressing the front panel
Bootstrap Switch, all Read accesses to memory
are to the bootstrap PROM while Write accesses
continue to be to the main memory. The principal
function of the bootstrap is to transfer a loader
program from itself to main memory and then exit
from bootstrap mode by executing a Halt instruc-
tion. The loader program is then started by activat-
ing the front panel Reset Switch. In this way, a
workable system may be configured in which main
memory is entirely RAM.

AUXILIARY OPERATION

The most important feature of the MIK-X is its
ability to operate either as a stand-alone auto-
nomous controller or as an auxiliary to a Type L
or Type A controller (Figure 3). With this capability,
the MIK-X becomes the basis for modular distri-
buted intelligence systems.

When operating as an auxiliary controller, the
MIK-X is plugged into three normal module posi-
tions and connected to the master crate controller
through a 52-pin connector identical to the SGL
connector defined for the Type L-1 Serial Controller.

21,22, 23,

TO OTHER
CRATE CONTROLLERS
AND SYSTEM DRIVER

SGL
CONNECTION

Fig. 3 The MIK-X as an Auxiliary Controller.
The Crate Controller (CC) can be SCC-LI or
a variant of CC-Al

This connection provides access to the N and L
lines plus priority arbitration for access to the
Dataway. In addition to the Auxiliary Lock-Out
signal defined for the type L-1 controller, a pair of
request and grant signals is defined whereby the
auxiliary controller requests Dataway access and
receives acknowledgment from the master before
executing its cycle. This mode is useful for Type-A
and Type-U controllers which receive no warning
of an impending Dataway cycle as does the Type-L.

Standard Engineering is currently developing a
modified Type-A Crate Controller which includes
this function. All of SEC’s Type-U controllers also
implement the auxiliary arbitration feature.

In this configuration, LAMs are primarily the
responsibility of the Auxiliary Controller. The
MIK-X detects a LAM on the SGL connector and
determines through its program whether it is to be
serviced locally, by the MIK-X itself, or sent on to
the system driver for servicing. In the latter case, the
MIK-X loads a 5-bit register with an encoded LAM
number and asserts the Demand Message Initiate
signal on the SGL encoder connector. This further

implies that the MIK-X is capable on its own of

generating demands to the system driver.

The objective of this approach is to reduce the
burden on the system driver by handling locally
as many service requests as possible. Demands
passed on to the system driver will usually be higher
level functional service requests rather than LAMs
from individual modules.

CONCLUSION

By providing a conveniently packaged increment
of programmable intelligence smaller than a mini-
computer, the microprocessor has great potential
for expanding the applications of CAMAC to real-
time instrumentation systems with low performance
requirements. With the features outlined above, the
MIK-X is intended to satisfy a wide range of
applications ranging from small stand-alone systems
to large distributed intelligence networks. The data
rate limitations normally associated with micro-
processors are minimized through the block transfer
DMA option. The MIK-X is the first in what will
undoubtedly be a long line of microprocessor-based
CAMAC products.
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SUMMARY This microprocessor-based CAMAC unit
can be used as a crate controller or auxiliary controller. It
has been developed for the serial CAMAC control system
of the Fermilab experimental beam line, for applications
that require local intelligence in CAMAC crates.

INTRODUCTION

In early 1972 Fermilab commissioned its serial
CAMAC control system for use in the three
experimental areas'. The first approach to a serial
system was to use a serial driver connected through
repeaters to several branch drivers, each controlling
up to seven Type A crate controllers. Data handling
requirements lead to the replacement of serial branch
drivers by an in-house designed CAMAC Serial
Crate Controller with block transfer capabilities®.
As the system developed, experimenters and
operators requested more and more complex data
gathering and handling operations from the system?.
Input and output block transfer operations were
increased in an effort to reduce the burden on the
CPU of the system computer. Crate-to-crate block
transfers were provided for graphics and sophisti-
cated console requirements. It soon became evident
that ‘local intelligence’ in a CAMAC crate was
necessary. Applications such as closed loop control
and status and alarm checking of a few devices
could more easily be handled by an intelligent
auxiliary crate controller (ACC). As the ACC was
being developed new applications emerged, some
requiring an auxiliary controller and some requiring
a stand-alone or master crate controller (MCC).
Controlling the focusing horn in the Neutrino
Experimental Area and controlling an entire
experiment in the Internal Target Area of the Main
Accelerator were two additional applications for the
newly named Auxiliary/Master Crate Controller
(A/MCC)*.

MICROPROCESSOR HARDWARE

The auxiliary/master crate controller contains a
Motorola 6800 microprocessor, 14k bytes of
Motorola 6810 RAM and up to 8k bytes of Intel
2708 PROM memory. The microprocessor cycle
time is presently 1.25 microseconds for internal
memory and can be phase-modulated to 1.75
microseconds for slower external memory or
peripheral addressing.

When used as an auxiliary crate controller, the
A/MCC time shares the Dataway with Serial Crate
Controller (SCC) block-transfer and normal-
transfer Dataway cycles. At all times other than
during Dataway cycles, the A/MCC can be using the
Dataway for memory expansion and peripheral
addressing.

Memory Expansion

Since the microprocessor is a byte (8-bit) oriented
machine with capability of addressing 64k bytes of
(65,536 bytes), twenty-four lines in addition to a
few control lines are required to extend memory.
By lowering the Dataway Busy signal while address-
ing memory, the A/MCC is able to use the 25 Data-
way read lines for address and data along with four
other bussed Dataway lines to extend memory. The
only requirement is that the microprocessor be held
in an inactive state during SCC or A/MCC genera-
ted Dataway cycles. This feature allows peripheral
addressing and extension of memory through the
Dataway to CAMAC modules without the need for
external cabling.

Time sharing the Dataway between SCC pro-
grammed-transfer and block-transfer Dataway
cycles and A/MCC operations still allows 99 %
microprocessor-CPU busy time.

Peripheral Addressing

The 6800 microprocessor allows for 256 bytes of
directly addressable memory, of which 96 bytes are
used for addressing peripherals and 32 are used for
registers internal to the A/MCC. Using directly-
addressable locations for the most frequently used
memory locations allows for more efficient opera-
tion of the A/MCC by saving both program bytes
and MPU cycle times.

Interrupt Handling

The microprocessor has one non-maskable and
one maskable vectored interrupt. The non-maskable
interrupt has three sub-levels of vectored interrupts,
one each for communications from an SCC to the
A/MCC, block transfer operations and, if used,
a 60Hz real time clock. The maskable interrupt has
8 sublevels of vectored interrupts. Any combination
of four front panel or eight LAM signal interrupts,
or a hardware timeout can be wired to the eight
maskable interrupts. Sublevels of vectored inter-
rupts are derived by latching and priority encoding
the interrupts. An add instruction to the prioritized
interrupt is then used to obtain a vector for servicing
the interrupt. This hardware/software trade off
provides relatively fast servicing of interrupts
without a large amount of hardware.

Memory Allocation

The basic A/MCC contains 14k bytes of RAM
and up to 8k bytes of PROM memory in addition
to 32 bytes of internally addressed registers. The
table below specifies the memory allocations for
these locations in addition to that for the remaining
54k (64—|8+2|) bytes of memory.
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Hexadecimal
Addresses
0000-007F

Description

Directly Addressable
A/MCC Internal RAM
Memory
Directly Addressable
A/MCC Internal Register
Peripheral Addresses
A/MCC Internal RAM
Memory
0800-DFFF  External PROM, ROM,
or RAM Memory
E000-FFFF A/MCC Internal PROM
Memory

0080-009F

00A0-00FF
0100-07FF

A/MCC CONSTRUCTION

The A/MCC consists of two modules, one single-
width and one double-width. The double-width
module contains the crate controller hardware,
i.e., read/write registers, station number registers,
Dataway cycle timing generator, etc., in addition
to hardware providing input and output block
transfer capabilities through the SCC. When the
A/MCC is functioning as an auxiliary controller,
the single-width module contains the micro-
processor, RAM, PROM, MPU clock and the
timing and logic circuitry required for interleaving
A/MCC and SCC Dataway cycles and extending
memory via Dataway lines. A second single-width
module may be used in place of the module descri-
bed above when the A/MCC is used as a master
controller. This module omits the timing and logic
circuitry used to interleave Dataway cycles but
contains circuitry for performing cycle-stealing
DMA transfers. Both single-width modules may
contain drivers and receivers for extending micro-
processor control to additional local crates.

The A/MCC resides in any group of three slots
while functioning as a master crate controller and
in any three slots excluding those occupied by SCC
while functioning as an auxiliary controller.

Changing from an auxiliary to a master crate
controller or vice-versa is easily accomplished by
the insertion or extraction of six actual dual-in-line
packages. The six packages, when inserted, connect
the Dataway LAM and station number lines to the
A/MCC.

Access to Station Number (N)
and LAM (L) Lines

A rear I/O connector and harness from the
A/MCC double-width module to the control
station of the crate allows the A/MCC to access
station number and LAM lines when not occupying
the three rightmost slots.

SCC Auxiliary Controller Lockout Signals

Five signals are required from the SCC to allow
the A/MCC, to time-share the Dataway, when
functioning as an auxiliary controller. These five
signals tell the A/MCC when a Dataway cycle
generated by the SCC is imminent. Since the SCC is
the master controller, the A/MCC must relinguish
the use of the Dataway until that Dataway cycle is
complete. The lockout signals are transmitted to the
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A/MCC via the five patch pins of the Dataway.
The A/MCC is held in an inhibited state by phase
modulating and staticizing the microprocessor clock
for a period not exceeding 2.75 microseconds.

Communications Between Auxiliary
A/MCC Controller and SCC

Whenever the A/MCC is addressed by the SCC,
the function code and sub-address code are stored
in internal A/MCC registers along with the write
data for a write function code. The latching of this
data triggers the microprocessor’s non-maskable
interrupt, thereby initiating an application or
‘type code’ program predefined via A/MCC soft-
ware. Thus, the F, A, and W lines define an extre-
mely large set of ‘type code’ operations for various
A/MCC applications. )

The A/MCC communicates with the SCC via
four 24-bit SCC readable registers. Four flip-flops,
one for each register, are used to indicate to the
A/MCC that the registers have been read by the
SCC. For example, a flip-flop is set when its
corresponding register is loaded and cleared when
that register is read by the SCC.

Remote Device Control and Monitoring

The serial system at Fermilab allows easy com-
munication between the experimenter computers
and the main system computer by the use of two

‘bi-directional buffered memory modules®. By using

the same system software and making the A/MCC
respond identically to one of these modules the
A/MCC can control and/or monitor any device in
any crate in the serial system.

ADDITIONAL FEATURES

Software/hardware trade-offs in any system are
always difficult to evaluate. To ease the software
burden, a 60Hz real time clock and a hardware
timeout, each driving interrupts, have been incor-

porated into the A/MCC. Some additional features

are described below.

I/0 Block-Transfer Capabilities

Input block-transfers from an ACC are accommo-
dated via circuitry and software which sequentially
load one of the 24-bit registers, halt the micro-
processor, and wait for a SCC-generated block-
transfer read operation. This operation then
takes the MPU out of the halt state and the process
is repeated until the transfer is completed.

Block-transfer data operations to the ACC are
accomplished in much the same manner, except
that data enters the controller via a special front
panel input port.

Local Multi-Crate Expansion

For systems requiring locally more than one
crate of hardware, the single-width module of
A/MCC can interface to a group of ‘daisy-chained’
crate controller interface modules. These modules
are used to control an A/MCC double-width
module residing in each of these ‘daisy-chained’
crates.




Maintenance and Testing

The front panel indicators, test points, and
switches allow for simple program testing and
maintenance. A program may be single-stepped or
restarted periodically via front panel controls.

A/MCC APPLICATIONS

Figures 1 and 2 show typical applications* for
the A/MCC. Figure | depicts the hardware neces-
sary for operating an experiment without the aid of
a large or mini-computer. Figure 2 shows a more
complex system which is interconnected via an
ACC to a large seriall CAMAC system. This
application also uses the ACC to drive two addi-
tional CAMAC crates via interface modules and
double-width modules of an A/MCC.

ANALOG POWER SUPPLY CONTROLLERS
SCALERS

COINCIDENCE REGISTERS

TIME TO DIGITAL CONVERTER

STORAGE SCOPE CONTROLLER
MULTIPLEXED A/D INTERFACE MODULE
TTY/CRT INTERFACE MODULE

% MASTER CRATE CONTROLLER

CAMAC
CRATE

a

al
TELETYPE
TERMINAL

32 DIFFERENTIAL CHANNEL
STORAGE MULTIPLEXED ANALOG TO
OSCILLOSCOPE DIGITAL CONVERTER

Fig. 1 Master Crate Controller Application—Stand-
Alone Experiment

FUTURE DEVELOPMENTS

One of the main concerns with a device such as the
A/MCC is how to test the system software initially
and, if changes are required, how to make those
changes easily. A CAMAC module and accompany-
ing software will be developed to program PROM’s
for the A/MCC. Teletype, digital cassette, and
paper tape reader interfaces will need developing

TTY/CRT INTERFACE MODULE
AUXILIARY CRATE CONTROLLER
DATA & CLOCK REPEATERS
SERIAL CRATE CONTROLLER

CRATE CONTROLLER
LOGIC MODULE

MPU, MEMORY & TIME
SHARING LOGIC
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i

*s [ NORMAL LINK
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CRATE CONTROLLER

LOGIC MODULES T

\ -

CRATE CONTROLLER \ -
INTERFACE MODULES —— ——""

Fig. 2 Auxiliary Crate Controller Application-
System with Local and Remote Microprocessor-
Control

to make initial software checking simpler. For large
temporary bulk storage, a module containing 4-8k
of RAM memory will be developed.

CONCLUSIONS

Microprocessors and intelligent crate controllers
have indeed opened another phase of developments
in the expanding world of CAMAC.
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NEWS

CAMAC — IEEE FULLY APPROVED

CAMAC is now a fully approved IEEE standard,
contained in publication IEEE Std 583. This, to
a large extent, replaces USAEC Reports TID-25875
(derived from EUR 4100¢) and TID-25877 (referen-
ced in Supplement to CAMAC Bulletin No. 6)
which are to be phased out.

Louis Costrell (Chairman, US NIM Committee),
in announcing this, expresses the hope that the

wider availability of this publication should result in
expanded use of CAMAC in disciplines outside the
nuclear area.
1EEE publications are available from:
IEEE Service Center
445 Hoes Lane
Piscataway, N.J. 08854, USA.
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SUMMARY This CAMAC crate controller includes a
processor constructed from SSI and MSI/ components.
It is intended for small single-crate systems where a
computer would be too expensive and an LSI micro-
processor too slow.

SYSTEM DESCRIPTION

For many applications where a single CAMAC
crate is used the cost of a computer and specialized
sofware will be more than the cost of a specialized
non-CAMAC instrument doing the same work. To
keep down the price of the system while maintaining
CAMAC versatility, various systems without
computers were designed'~*, where the function of
the computer is taken over by a special controller.

Our controller is a four-width CAMAC module
and occupies the control station and three adjacent
normal stations. The module contains the following
sections:

e CAMAC section, which fulfils the functions of a
Crate Controller, including the Hold facility”.

e CPU, which provides arithmetic and logic
operations, conditional and unconditional jumps,
besides the generation of a sequence of CAMAC
commands; the unit is organized like a mini-
computer CPU but has the CAMAC Dataway as
1/O bus.

To keep the size of the module small and to allow
more flexibility to the system, the controller has no
other internal memory, except 8 internal registers.
For data handling, the controller works with data
memory modules (24-bit words), connected through
the Dataway as any other CAMAC module,
practically without any capacity restrictions. Pro-
grams are stored in memory modules (16-bit
words), connected via a special bus with a 31-pin
connector on the rear panel. Speed is improved by
means of this connection, because no CAMAC cycle
is needed to fetch the next instruction, and over-
lapping is allowed. The maximum number of words
for the program memory is 1024. For testing purpo-
ses, and in small systems, a diode ROM module
with 256 words has been developed. A configuration
with ROM (for bootstrap loading) and Read-Write
program memory modules may be used, special
facilities being implemented for loading the control
store from the front panel switch register or from
other modules such as controllers for magnetic
tape units or paper tape readers.

CPU STRUCTURE

The CPU is designed around an Arithmetic and
Logic Unit (ALU} with two data buses (Source and
Destination) and a set of registers. The ALU
performs parallel operations between 24-bit words,
thus providing high speed manipulation of full
CAMAC words.
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Fig. 1 Processor Structure

The general structure of the controller is presented
in Fig. 1. It contains the following registers:

e RI (16-bit) — Instruction Register — contains the
current instruction;

e PC (10-bit) — Program Counter;

e SPC (10-bit) — Save Program Counter Register
— contains the old contents of the PC for jumps at
subroutines and interrupts;

AC (24-bit) — Accumulator (used also in shifts);
GR (24-bit) — 8 General Registers;

SWR (16-bit) — Front Panel Switch Register;
RD (24-bit) — Data Register — connected with
Dataway Read and Write lines;

NAF (14-bit) - CAMAC Command Register.

The control unit generates all the micro-orders for
instruction execution by decoding through random
logic the various fields of the instruction; the code
for the ALU is generated by means of a table written
in a 32-word 8-bit PROM, to save space in the
instruction.

The timing of the unit is achieved using a 10 MHz
clock and a synchronous decade, providing a fixed
cycle of 1 psec for normal instruction and a variable
cycle of at least 1.2pusec for CAMAC instructions
(a handshake principle is used to allow the Hold
mode).

The control unit stores the status of the ALU
after each instruction (overflow, carry, sign, zero)
as well as Q status, seven L signals (selected by
patching) and their sum D from the CAMAC
unit; there are also two flags F1 and F2 available
to the programmer and another one controlled by
a front panel switch. The D signal (masked by F1)
interrupts the program, saves the contents of PC and
starts the execution of the instruction stored in the
first address of the program memory.

INSTRUCTION SET

The set contains 4 classes of instructions:

e CAMAUC instructions, which providle CAMAC
commands NAF (16-bit);

e FUNCTION instructions — a total of 18 types of




arithmetic and logic operations are performed
(Addition, Difference, Increment and Decrement
Source Register, Increment Accumulator, Clear,
Transfer, Complement, Two’s complement, AND
OR, Exclusive OR, arithmetic shift left or right,
logical shifts left or right, rotate shift left or
right);

e JUMP instructions;
e CONTROL instructions.

—

[ F [ a ] N

(%pe| FUNCTION [ SOURCE DESTINATION|
OP.CODE | CONDITION ~JUMP ADDRESS
OP.CODE | CONDITION| SOURCE |
OPERATION CODE fUMP_ADDRESS
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OPERATION CODE
OP.CODE [ CONDITION [ EXT. | TYPE [DESTINATION
OP.CODE
OP. CODE
OP.CODE_| | CRATE NUMBER
OP.CODE | DATA

Fig. 2 Instruction Fields

Field Structure

The field structure of the instructions is shown in
fig. 2 and has the following meaning:

¢ CAMAC - command (NAF);

e FCT — the DESTINATION register will contain
the results of the operation (specified in the
FUNCTION field) on the contents of SOURCE
and AC registers;

JPD - Direct conditional jump; the tested con-
ditions are zero in accumulator, carry or overflow
after an arithmetic or shift operation, sign of the
results, Q after a CAMAC instruction, D signal
(logical sum of L lines) and the flags F1 and F2;

JID - Indirect jump; the jump address is con-
tained in the SOURCE register;

JNC - Unconditional jump;
JSR - Jump to subroutine;
RSR - Return from subroutine;
RTI - Return from interrupt;

SSR - Conditional skip, set or reset of a flag
specified by DESTINATION field; the cordition
can be extended over 8 externaly accessible flags
(seven from the L lines and one from the front
panel);

HLT - stops the program;

e NOP - No operation instruction;

e LDC - Load crate register; this instruction was
introduced to allow future development of a
multicrate system by changing the number of the
addressed crate;

e DAT - Data transfer from program to RD
register.

IMPLEMENTATION AND EXTENSION

The controller is implemented on four boards
using SSI and MSI bipolar integrated circuitry
achieving a higher speed than the presently com-
mercially available LSI CPUs.

The front panel is provided with a Switch
Register for loading the start address of programs,
for loading constants in General Registers and for
examining the contents of General Registers or
memory addresses, depending on the push button
pressed (START, LOAD ADDRESS, LOAD
CONTENT or EXAMINE). 26 LED s are used to
display the PC register and the 16 less-significant
bits of the SOURCE bus. For debugging a single-
instruction mode is provided.

For early applications of the PCC, where a more
sophisticated interrupt system was not necessary,
programmed demand servicing was used. In later
versions we will use a specialised LAM Grader for
vectorized interrupt servicing.
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NEWS

USE OF CAMAC IN EUROPEAN SPACE AGENCY DATA HANDLING SYSTEMS

Mr. D. Deaney of ESRO has revealed a fairly
extensive use of CAMAC in Satellite check-out
as follows:

For the spacecraft integration, testing and launch
phases, ESA is using a computer-based check-out
system to control and monitor the spacecraft.
Currently eleven such systems are in use and they
have been standardized to simplify all the logistics
concerned with their deployment and utilisation.
CAMAC is used extensively in these systems where
special peripheral assemblies such as telemetry,
telecommand, timing etc. (see figure 1) have to be
interfaced to the controlling computer.

In most applications a CAMAC branch highway
controller is interfaced to a Modular One dual
processor computer system. The CAMAC modules
are connected to the various special peripherals
which communicate with the spacecraft under test
(see figure 2).

The specially designed controller is interesting
because it incorporates a maximum of four autono-
mous transfer units with automatic register swit-

ching and these units may be software assigned to
any CAMAC normal station. They were incor-
porated in the design both to cope with the data
transfer rates and to permit the maximum use to be
made of the flexible direct memory access features
of the Modular One store units.

The systems have been developed to European
Space Technology Centre (ESTEC) specification,
by Logica under sub-contract to Computer Techno-
logy Limited.

Given the requirement for flexibility and the
involvement of different manufacturers’ subsystems,
CAMAC is a great help to achieve as closely as
possible the desired standardization of the systems.

For the future there are proposals to interface
experiment payloads to the manned SPACELAB
LABORATORY data handling facility via a
CAMAC system. In this case a true CAMAC is
foreseen for the ground preparation phases which
would be replaced for flight by a system completely
CAMAC signal compatible but packaged to flight
standards.
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Fig. 1 Spacecraft check-out configuration
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Fig. 2 CAMAC Interface configuration




ESONE-NIM COMMITTEES
ACTIVITIES OF THE CAMAC WORKING GROUPS

The ESONE Committee in Europe and the U.S.AEC
NIM Committee in America have both authorised
different working groups to investigate specific
aspects of CAMAC. The European and American
working parties are performing their activities in
close collaboration.

NIM-CAMAC WORKING GROUPS
Data Working Group

Chairman: F. Kirsten, Lawrence Berkeley Laboratory,

USA.

The NIM Dataway Working Group held its
summer meeting on July 22 and 23 at the facilities
of the National Bureau of Standards, Boulder,
Colorado. We were pleased to have Rupert Patzelt,
chairman of the ESONE Dataway Working Group,
at the meeting.

It is clear that the end of the first phase of the
Serial Highway System work is in sight. At Boulder,
only two or three points were discussed which
involved possible amendments to the Serial High-
way Description. The Description therefore seems
to have reached maturity.

Attention is now turning to the work of trans-
ferring the technical definitions of the Description
into the more formally written Specification. The
progress of the draft of the Specification, which is
being prepared by R.C.M. Barnes, is being followed
very carefully. At Boulder, the Working Group
reviewed the present draft and will continue this
work in future meetings.

The Working Group has recently begun discus-
sions on the topic of Distributed Intelligence in
CAMAC. The group feels that the continued vitality
of CAMAC depends on developing procedures and
techniques for accomodating intelligent modules
and controllers (e.g., microprocessors) in the
CAMAC system. Some of these techniques will
develop naturally; others may require definition.

One of the first tasks undertaken is the extension
of the multiple crate controller concept, which is
now supported by the Serial Highway System, into
other areas of CAMAC. Other tasks are being
formulated and examined. Paul Kunz of SLAC is
organizing this work.

Software Working Group

Chairman: R.F. Thomas, Jr., Scientific Laboratory,

Los Alamos.

The NIM Software Working Group met in
Boulder, Colorado, on July 23rd to 25th. The
latest draft of a document describing recommended
block-transfer modes was discussed in a joint meeting

with the Dataway Working Group. Other items
discussed included new drafts of a proposed CAMAC
Software Handbook, recommendations for FOR-
TRAN subroutines, and recommendations for
extensions to BASIC.

ESONE-CAMAC WORKING GROUPS

Analogue Signal Working Group

Chairman: T. Friese, Hahn-Meitner-Institute, Berlin.

During the AWG-meeting on 28/29th of Nov.
1974 at MPI (Munich-Garching) the specifications,
presented to the ESONE-meeting at Warsaw, have
been revised once more because, until now, only a
small number of applications in CAMAC systems
exist. For some of the larger instrumentation sys-
tems, special standards have been used and this
shows that specific technical circumstances or
demands of peripherals may hinder the introduction
of common obligatory specifications. The AWG
therefore decided to make only recommendations
and to separate the current- and voltage-signal
specifications. These however do refer to signal
transmission between CAMAC units and between
CAMAC units and external devices and should be
used on all CAMAC analogue modules in common
usage. They also should be applied to the instrumen-
tation of larger measuring systems, if no other
conditions are prescribed by the peripherical equip-
ment. The separation of the recommendations into
current- and voltage-signals will make the work on
changes and supplements easy for one or both signal
systems in the future.

A special problem was encountered in the over-
voltage protection of the CAMAC inputs and
outputs connected to external equipment and
measuring systems. The short recommendations on
this point surely may be improved in the future. The
minimum demand should be kept in mind that the
crate detaway is not allowed to be damaged or
disturbed under any circumstances. In addition to
the recommendations some comments and remarks
have been worked out, which may be helpful for the
design engineer as well as for the user.

With the presentation of these recommendations,
the work of the AWG has now come to a conclusion.
Further questions referring to CAMAC analogue
signals for measurementand controlshould be discus-
sed between representatives of CAMAC producers
and large user companies taking advantage of the
interaction between practical usage and the defini-
tion of extended or new recommendations.
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APPLICATION NOTES

A FAST DATA ACQUISITION PATH BASED ON A
CAMAC MEMORY SYSTEM

by

R. Klesse and A. Axmann
Institut Lave-Langevin, Grenoble, France
Received 16th June 1975

SUMMARY High data rates, up to 500 kHz, are
handled by this CAMAC-based data acquisition system,
which also meets a need for on-line data reduction.
By using new MOS technology, a memory with 4 k x 16-bit
words is contained in a reasonably priced single-width
module. On-line data reduction minimises the memory
needed for multi-channel analysis.

INTRODUCTION

A neutron small-angle scattering instrument
using a plane multidetector and facilities for time-of-
flight analysis of scattered neutrons is operational
at the High Flux Reactor in Grenoble!. The consid-
erable amount of data to be collected on line
required the development of a special data acquisi-
tion system which will be described below.

Fig. 1 shows the general experimental layout.
The instrument of a total length of 80m is located
at the end of a curved neutron guide tube trans-
mitting neutrons moderated in a cold source at
25°K. The neutron flux at the sample can vary
between 10° and 10®%n/cm?/sec in a wavelength
range from 2 to 20A. Sample-detector distances
between 0.7 and 40m are possible.

The multiple information at the multidetector
emanating from a single neutron capture event is
amplified and discriminated by amplifiers associated
with each line and column. These pulses are
treated by a coding unit which gives a binary word
corresponding to the address of the event (4096
cells, requiring 12 bits for address).

——— NEUTRON GUIDE —\

/ \

/

G = N\SEF-

O =5 ;

TRIGGER Q\ /

PICK UP R NEUTRON FROM
VELOGITY COLD SOURCE

SELECTOR

CHOPPER 1

M
& 47

TO CODING UNIT

Fig. 1 Basic layout of the neutron small angle
scattering, instrument D 11 at the high flux reactor
(ILL, Grenoble)

FAST DATA ACQUISITION PATH

Because of the high incident neutron flux we
obtain data rates up to 300KHz (events/second)
and large spectrum widths (up to 512k channels).
This requires considerable activity in on-line data

reduction (to reduce the spectrum width) and on-
line data acquisition. An event is determined by the
multi-detector address of 12 bits, plus time-of-flight
information of up to 7 bits. This gives a total word
length of 19 bits which would give a spectrum width
of 512k if no data reduction were performed.
However, the multidetector word of 12 bits can
often be reduced by taking advantage of the sym-
metry of the spectrum.

Fig. 2 shows an original spectrum of the multi-
detector with 4096 points. As the spectrum has
rotational symmetry, the multidetector address of
12 bits can be reduced to a word of 5 bits represent-
ing only the distance between the symmetry center
and the multidetector cell. In general, for a specific
experiment, the parameters concerning the sym-
metry properties of the expected spectrum are fed
into the computer. The computer itself calculates
the list of channels to be regrouped and loads the
CAMAC Memory Module (MM) (initialization of
electronics).

Fig. 2 Three-dimensional display of data collected
with the multidetector. The intensity for each cell is
given in the vertical direction. The unscattered neu-
tron beam has been suppressed by a beam trap.

Instead of performing repetitive calculations for
on-line data reduction (e.g .r = l\/x2+y2'|) we now
use the CAMAC Memory Module (MM), which
contains only the corresponding radius for all cells
of the multidetector. Thus, data reduction is simply
done by a read cycle of the MM. Furthermore, the
replacing data word can also determine that all
events corresponding to a certain multidetector
address are ignored.

Fig. 3 shows the whole data path. The next step
after data reduction by the MM is the Bit Handling
Module (BHM) where the final data wordt is built.
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Fig. 3 Fast data path for the small angle scattering
instrument

Data from three possible data sources are collected :
Multidetector (reduced addresses), time-of-flight
and optional parameters (sample). A control word
given by the computer indicates the valid bits for
each data source, and the final condensed data
word is built by a simple shift operation.

The BHM sends the condensed data word to a
multichannel analyser.

Fig. 4 shows this part of the data acquisition in
more detail. The multichannel analyser consists of
one or more (up to 16) Memory Modules, and
Access Modules such as Increment Module. Read
Module and Display Module. The whole system
consists of fully programmable CAMAC modules
which are connected by a Front Panel Bus (FPB).
This FPB contains 16 lines for address, 16 lines for
data, 1 ‘access demand’ line, 1 ‘receipt’ line, 1
‘demand accepted’ line, 1 ‘read/write’ line and 1
‘busy’ line. Priority for access to the MM is given

to the unit which is physically nearest to the MM.
Three types of MM access can be performed:
Read cycle (450nsec), write cycle (450nsec) and
read/modify/write cycle (900nsec).

The MM is a single-width CAMAC module and
has a capacity of 4096 words of 16 bits and is built
from dynamic MOS memory chips.

The Increment Module performs the +1 opera-
tion to update the spectrum.

The Read Module offers a block transfer facility
for memory data, which are read out during data
acquisition via the FPB.

The Display Module monitors the live data
acquisition into the memory.

Fig. 4 Memory Bus System — detail of fast
path
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NEWS

CAMAC Survey 1974

One of the first tasks of the EUROPEAN
CAMAC ASSOCIATION, after its formation in
May 1974, was to establish a datum of existing uses
of the CAMAC Standard Interface.

From the responses received on the CAMAC
SURVEY 1974 proforma, which has been distribut-
ed to CAMAC users and manufactures in the be-
ginning of 1975, an analysis of usage has been
done and the results, given in the final report,
should guide the future programme of the Asso-
ciation and other interested orginazations.
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All those who have returned the questionaires of
the proforma will receive their copy of the final
report free of charge, Others may order the report
from the address given below:

European CAMAC Association

c/o Dr. H. Meyer

Commission des Communautés Européennes
CRC-BCMN

B 2440 Geel (Belgium)

The price per copy is: 150 Belgian Francs




APPLICATION NOTES

CAMAC LINK BETWEEN TWO PDP-8 COMPUTERS

by

P. Daujat
Département de Physique Nucléaire — Service de la Métrologie
et de la Physique Neutroniques Fondamentales, CEN Saclay, France
Received 5th May 1975

SUMMARY A CAMAC intercommunication link be-
tween a PDP-8E and PDP-8/ is described. The link
consists mainly of standard CAMAC modules, and is
adaptable to the particular needs of on-line measurements
and control of photonuclear experiments.

INTRODUCTION

Recently initiated photonuclear experiments of
the (y, xn) type, performed at the 600MeV Linac
at Saclay, use a continuously variable energy mono-
chromatic photon beam (20MeV < E, < 120MeV)
obtained by the annihilation-in-flight technique of
a monochromatic position beam. These experiments
led to the simultaneous use of two computers:

e A PDPS(E) which controls the position and

photon beam behaviour and associated equip-
ment.
A PDP8(I) which is used for the acquisition,
preliminary mathematical evaluation and storage
on DECTAPE units of the pertinent photo-
nuclear experimental results such as photon
spectra, neutron counts, several background
measurements and associated cross-section com-
putations.

The ultimate aim of automatic control of such
experiments, and in particular the change in energy
of the photon beam, would then require inter-
communication between these two computers.
Since the computers were already equipped with
CAMAC interfaces an adaptation of listed and
available CAMAC units proved to be an inexpensive
and rapid means of attaining this objective.

LINK DESIGN

Single-width, ‘9013 Driver/Input 24 bit> modules
from Nuclear Enterprises are used for each com-
puter (Fig. 1). Since transfer synchronization re-
quires a SYN signal which, on the above modules
is not available with 24 bits, a dual monostable
multivibrator SN 74-123 is inserted into each module

9013 DRIVER UNIT (1)

SYN
e

OUTPUT REGISTER

INPUT GATES

v

LAM

mMr-ro1—Z00

9013 DRIVER UNIT (E)
SYN

OUTPUT REGISTER

INPUT GATES

oMrrO1-Z00

LAM

so as to produce the missing signal. A pin on the
connector gives access to this signal.

The CAMAC function F(16) triggers the first
monostable and loads the output register in such a
way that the scond monostable, which produces
SYN, can only be triggered after an appropriate time
delay thus assuring a proper loading of the output
register.

The connection between the 9013 modules
consists of 48 data, 2 sync and 2 earth lines. Each
9013 module consists of; a 24-bit output register,
24 input gates, a LAM flip-flop and a SYN pulse
generator. Input lines to the 9013 (E) are connected
to outputs of 9013(I), and the LAM of 9013(E)
is connected to SYN of 9013(I). Similarly for the
(I) to (E) connection. The 24-bit transfer is per-
formed in parallel. F(16) is used either for emitting
or for acknowledging the reception of a 24-bit
word. F(1), as usual, performs the reading of any
word and F (8, 10, 24 and 26) are involved with the
LAM only.

LINK PERFORMANCE

Both computers operate on 12-bit words whereas
the corresponding 9013 modules have 24-bit words.
Hence one could transmit two PDP8 words simul-
taneously. However the transmission reliability is
greatly improved if one uses the 12 low-order bits for
data transmission and the 12 high-order bits for
identification purposes only.

Word Transfer

The sequence of operation is shown in Fig. 2.
Function F(16) loads the output register of the
9013(I) with a word to be transferred. Once loaded,
the module emits SYN towards 9013(E), and

PDP8 (I) PDP8 (E)
or (E) or ()

CONTROLLER CONTROLLER

WORD TO BE

TIME IFLOW
—_—

)

WAIT !
INTERRUPT '
REQUEST I
I

I

|

INTERRUPT _
LAM=1
REQUEST
1 »
CLEAR !
LAM  pqof I

Fig. 1 Layout of the Link.

Fig. 2 Sequence of Operations in the Link.




causes a LAM in the latter. The PDP&(E) now
reads the transmitted word with F (1) and memorizes
it, clears the LAM, and emits SYN to the PDP8(I)
by means of F(16). The receipt of this signal by the
PDP8(I) is in turn acknowledged as a DATA
RECEIPT. The process can then be repeated.

Block Transfer

The same procedure is used to transfer a block of
words, but the sequence is labelled with the follow-
ing identification codes;

1 = start of block; 0 =data; 2 =end of block.

With identification 1 and 2 one sends the number
of words in the block and parity control respectively,
so as to make control of the block transmission by
the receiving computer possible.

Transfer Performance

The bidirectional connection transmits 24 bits in
a parallel asynchronous mode. The distance between

the modules can exceed 100 meters and the transfer
speed, which in our experimental set-up is approxi-
mately 100 microseconds per word, depends
essentially on the associated software.

If one were prepared to use the 12 bits assigned to
identification words for the transfer of additional
data one could then nearly double the transmission
speed at the price of a loss in reliability of the
transfer as a whole.

CONCLUSION

The particular example of a link described here
seems to indicate that the complexities and continual
evolution of nuclear experimental techniques can be
met successfully by the application of properly
adapted modular CAMAC systems, which are
neither subject to excessive cost nor to overlong
development and testing time. The standardization
of both the computer and associated CAMAC
modules have made the application of such inter-
communication techniques possible.

NEWS

REMOTE AUTONOMY WITH INTELLIGENT SUBSYSTEMS
ON THE CAMAC SERIAL HIGHWAY

The following information has been received
from K.-D. Miillerhof Kernforschungsanlage Jiilich.

The CAMAC Serial Highway has already proved
to be a low cost solution for connecting CAMAC
systems over long distances to a computer, for data
acquisition and process control.

The general disadvantages of serial transmission
systems in comparison with parallel transmission
are, for instance, lower data rates and longer
reaction times. On the other hand, the possibilities
of applying modern microprocessors and small
semiconductor storage elements —the microcom-
puter in a CAMAC module - has encouraged
development work on remote autonomy with
intelligent subsystems.

An autonomous crate controller for connecting
a CAMAC crate to a computer via the Serial
Highway has been developed at the KFA Jiilich.

The equipment allows peripheral units connected
to CAMAC modules in a crate to be controlled
via the Dataway.

The conversation with the central computer via
the Serial Highway can to a great extent be restricted
to block transfers of data and program statements.

At the Interkama (Diisseldorf, F.R. Germany in
October 1974) an intelligent subsystem was demon-
strated which showed its potentialities by controll-
ing the movements of model railway waggons in a
station.




DEVELOPMENT ACTIVITIES

A DIFFERENTIAL DISCRIMINATOR IN CAMAC

by

D. Kollbach and H.-U. Nachbar

Hahn-Meitner-Institut fiir Kernforschung Berlin GmbH, Germany

Received 26th February 1975

SUMMARY This CAMAC module discriminates the
ampli udes of analogue inpu signals, up o —1vor +5v
in ei_her differen.ial or dual integral mode, and generates
standard NIM output pulses of —16 mA. The modes of
operation, the thresholds, and other features are selected
by CAMAC commands.

INTRODUCTION

In nuclear physics and nuclear-medical diagnosis
applications it is often necessary to measure the
activity of a radiation source within a certain
energy range.

The discriminator which is described here accepts
fast pulses with a minimum pulse width of 30ns in
the —1V/500hm range. Slower input signals may
be connected to the +5V/5kOhm input. [See
CAMAC specification EUR 5100 (1974)].

In a well known manner the circuit compares the
amplitude of input pulses with two inherent thresh-
olds in differential or dual-integral discriminator
mode. All outputs are standard NIM —16mA
signals of 50ns width. The pulse pair resolution is
about 150ns. The mode of operation and threshold
levels are controlled via the Dataway.

MODES

Dual Integral Discriminator Mode

In this mode the unit works like two independent
integral discriminators with the thresholds U@ and
Ul. An additional output (Out 3) delivers pulses if
the pulse amplitudes are within the window U1 — U,
(Ul>U0) (Fig. 1). The output signals are generated
when the trailing edges of the pulses have crossed the
thresholds.

ug

ouT1 Jrﬂ

ouT2 iU
b 4

ours_§Y

Fig. 1 Dual Integral Discriminator

Symmetrical Window Dicriminator Mode

In the other mode of operation the center of the
window is controlled by UQ while the width of the
symmetrical window equals 1/8 Ul (Fig. 2). By this

il
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Fig. 2 Symmetrical Window Discriminator

the setting of window width and window center are
independent of each other. The reduced window
range results in higher resolution and lower tem-
perature drift.

DESCRIPTION OF
THE BLOCK DIAGRAM

Generation of the Threshold Voltages

Two registers of 10 bits each are loaded, with the
commands F(16)-A(0) and F(16)-A(1). Their
outputs are converted into the analogue voltages
— U@ and — Ul by two integrated-circuit DACs.

These voltages are converted into the actual
thresholds for the discriminator circuit depending
on the different modes of operation: In the mode:
‘DID’ (dual integral discriminator) the output
voltages of the DACs are inverted by two summing
amplifiers with unity gain. In ‘SYD’ (symmetrical
window discriminator) the thresholds U0+ U1/16
and UQ—UI1/16 respectively are generated by
driving the operational amplifiers in two different
configurations: the first amplifier works as a
summing amplifier and the second as a differential
one.

Operation Mode Register

The relay REL 1 is set to the appropriate position
by loading two bits of the operation mode register.
Two of the possible four combinations of these bits
result in an inhibit, i.e., no output pulses are genera-
ted.

A third bit in this register drives another relay
for selecting one of the two imputs provided for
analogue input voltages, of max. amplitude —1V
or +5V.




ANALOGUE INPUTS
+5V,5ks

-1V,505
FO7)A(g)

INHIBIT

INHIBIT INHIBIT
NM 508 NIM, 5ks2

DID /SYD

INPUT
SELECT

REL2m———‘

Upip= U1

1AMB)I+Z
6) AN

FU71AI]

F116)

71
R

Lps NIM 50 2 PULSE QUTPUTS

Un DID SYD
INPUT

INHIBIT

A

DISCRIMINATOR

12

PULSE SHAPING

THRESHOLDS

#W‘\O W1

FO7VA()

LOWER
THRESH
NEGATIVE

OUTPUT SELECT

wa2wi [oT
REG_

2

Fi) AN)+Z Al01,2,15) — oA

COMMAND Flai02.2627) —] L2
DECODER ZN.S — LAM - LOGIC

0UT4

@ @ INIM)

0UT §
Tm)

lllll’l [

NAF Z S X L Q

DID © DUAL INTEGRAL DISCRIMINATOR

SYD: SYMMETRICAL WINDOW DISCRIMINATOR

Fig. 3 Block Diagram of the CAMAC Differential Discriminator

Output Select Register

Although up to three scalers or other units may be
connected simultaneously to the outputs Outl to
Out3 it is generally sufficient to have one scaler
connected to output4, the desired output signal
being selected by an internal multiplexer. The
position of this MUX is controlled by the 2-bit
Output Select Register. In the condition (O, O)
no output signals are generated at Out4. This
feature may be used for software ‘gating’.

LAM — Logic
Three LAM Sources are provided:

After selecting the mode of operation and the
appropriate input a ‘Ready’ LAM indicates that
the contact bounce time is over and the dis-
criminator is ready for use.

A ‘Lower Threshold Negative’ LAM is generated
if in the symmetrical window discriminator mode
U1/16 is greater than U i.e. the lower threshold
has become negative.

In the dual integral discriminator mode, the
condition ‘Ul<U@’ leads to an Error LAM.

This LAM may be disabled if the window output
is not in use, so that Ul <UQ is permitted.

APPLICATIONS

At present, some of these discriminators are used
in the nuclear medicine department of the Rudolf-
Virchow-Hospital in Berlin in a project ‘CAMAC’
in Medicine’. Measuring apparatus for well-known
nuclear-medical diagnosis methods (renal and
thyroid function diagnosis) is coupled to a Siemens
S301 computer via the CAMAC system.

The discriminators are used in conjunction with
Nal scintillation crystals, pre-amplifiers and DDL-
amplifiers, together with a CAMAC scaler-timer
system, and are adjusted to the appropriate energy-
ranges, depending on the nuclides that are employed.

Of course, the discriminators are applicable in
many other cases of nuclear electronic measure-
ments where amplitude discrimination is needed.
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DEVELOPMENT ACTIVITIES

A BRANCH HIGHWAY DRIVER FOR THE PDP-11 COMPUTER

B. Bricaud, J. Durruty, J.C. Faivre, J. Pain

Département de Physique Nucléaire, CEN Saclay, France

Received 8th July 1975

SUMMARY The CAMAC Branch Highway driver
described in this paper controls up to seven crates, and
transfers data via the UNIBUS of a PDP-11 computer.
A 16-bit CAMAC operation needs only one computer
instruction.

This paper describes a branch highway driver for
the PDP 11/40-45 computers used in the 1 GeV
spectrometer QD2 experiment at Saclay. The
branch highway driver conforms to the EUR 4600
CAMAC Specification.

SOFTWARE

CNA definition.

The branch driver can control up to seven crates
and needs 4k peripheral device addresses. Each
crate uses 512 addresses (9 bits). The crate address
C(0) is used for the specialised functions of the
branch driver. The bits A;;-A,; define the first
address of the 4k CAMAC area. The bit Ay, is
used to select some special functions (Fig. 1).

Ay A

ENEEEEES

- . T
1 ! 1
| H }

_——

c A

Fig. 1 Control Word for Branch Driver

CAMAC functions.

Each CAMALC function needs only one computer
instruction for 16-bit data; it is defined by the type
of data transfer and by the state of the A, address
bit.

A Data Buffer Register (DBR) allows the eight
most-significant bits of the CAMAC data to be
loaded or read, either by the computer or by the
Read/Write CAMAC functions:

Read function F(0)
MOV @ # CNA, X.
MVB @ # DBR, Y (if 24-bit transfer).
Write function F(16)
MOVB Y, @ # DBR (if 24-bit transfer).
MOV X, @ # CNA.

CAMAC-to-CAMAC module transfer
MOV @ # CNA,, @ CNA, (24-bit transfer).
Command Functions
MOVB # F, @ # CNA.
Fast Q Test ?
TSTB @ # CNA+1: the state of the Q line is
loaded into the N control bit of the PSW register.
This instruction will be followed by a conditional
branch instruction.

The F(1)-F(7) Read and F(17)-F(23) write
functions are selected by three bits of the Data
Buffer Register (Dgg-Dgo-D1o)-

In the normal use, the DATIP phase of the
instruction does not generate a CAMAC cycle;
however, this phase can be enabled. With this
possibility, all the PDP-11 instructions apply to the
CAMAC modules.

Example: INC @ # CNA.

This instruction:

e reads the sixteen less-significant bits of the data;
e increments the data by one in the CPU;
e writes the result back into the module.

Interrupt System

The BD line is directly connected to the interrupt
system of the PDP-11 computer; it can be enabled
or disabled. A priority encoder CAMAC module
allows coding of the L-lines (L;-L,5).

BX Line

The BX line can generate an interrupt in the
computer, independently of the BD interrupt.

MECHANICS

We use a CAMAC crate with a special Dataway
construction: one Dataway for the unibus of the
PDP-11 computer, and one Dataway for the
Branch Highway signals.

It is possible to have two Branch Highway drivers
in the same CAMAC crate.




NEWS

1st GENERAL ASSEMBLY OF THE ECA

The first general assembly of the European
CAMAC Association (ECA) took place in Brussels,
Sheraton Hotel on October 17th., following im-
mediately after the 2nd International Symposium
on CAMAC in Computer Applications. Around
100 persons were present.

The audience was welcomed by Chr. Layton,
Director of the Directorate General Industry and
Technology, Commission of the European Com-
munities. Chr. Layton said that it was the right
time to start ECA, and stated that the European
Commission appreciated contacts with practical
data processing people, because this fitted well into
the Commissions work with a policy of data pro-
cessing in Europe. Mr. Layton praised the inde-
pendence of ECA, and promised all possibly support
from CEC.

The opening speech was given by K. Zander,
Chairman of the management board of the Interim
Council of ECA, who expressed his faith in the
future of CAMAC within medicine and industrial
process control.

P. Gallice resumed the history of the Interim
Council and its work with setting up statutes and
standing orders. The ECA secretariat and working
groups were also mentioned.

E. Rehse, Chairman of the ECA Medical Appli-
cations Working Group reported on the work of
the group; this is especially related to intensive care
in hospitals and automated clinical laboratories.
Safety specifications are an important task of the
future for this group.

E.G. Kingham outlined the work of the ECA
Industrial Applications Working Group; this group
is investigating the possibilities of CAMAC in
industrial process control. Problems were defined
and stated as a number of separate items; e.g.,
signal conditioning and cabling.

H. Meyer resumed the activities of the Information
Working Group, which happens to be identical with
the ESONE-IWG. Its main concern has been in the
past the CAMAC-Bulletin for which it was planned
to place greater weight in future on application
reports and multilingual tutorial papers.

A.C. Peatfield, Chairman of the United Kingdom
CAMAC Association reported on the work in this
sizable regional group, while K. D. Miiller explained
that the “Deutsche Studiengruppe fiir Nuklear-
elektronik” is acting temporarily as a regional
group in Germany and Austria.

D. Horelick, US-NIM Committee, described the
work of the CAMAC Industrial Applications
Group (CIAG) in USA.

The more formal part of the Assembly comprised
an unanimous accept of the proposed statutes and
standing orders and the election of members of the
Council.
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The first ordinary ECA council has 25 members
as follows:

Council Members elected
at the General Assembly
(17th October 1975)

Austria
ATTWENGER, W., SGAE, 1082 Wien, Lenaugasse 10
CLAASSEN, D.P., AVL, 8020 Graz, Kleiststrasse 48

Belgium
STEYAERT, J., U.C.L.-SC 1-CH-Cyclotron 2, 1348 Louvain-La-Neuve

Denmark
CHRISTENSEN, P., Danish AEC, 4000 Roskilde, Res. Est. Ris6

France

BouET, L., Saphymo-Stel, 75013 Paris, 51 rue de I’amiral Mouchez
GALLICE, P., CEN de Saclay, 91190 Gif sur Yvette

OLIVIER, M., O.S.L., 06340 La Trinité, Avenue du Général de Gaulle
SERVENT, J. M., Compteurs Schlumberger 92222 Bagneux, B.P. n° 47

F.R. Germany

CREUTZBURG, U., Dornier System GmbH, 7990 Friedrichshafen, Postfach
648

HepEPRIEM, J., Gesamthochschule Wuppertal, 56 Wuppertal 1, Fuhlrott-
strasse 1

OFFER, M., Siemens AG, 852 Erlangen 2, Postfach 325

ZANDER, K., H.M.1., 1 Berlin 39, Glienickerstrasse 100

Great Britain

Bisey, H., AERE Harwell 347.2, Harwell, Oxfordshire OX11 ORA

HiLToN, K., GEC-Elliott Proc. Aut., Leicester New Parks LE 3 1UF

KingHAM, E.G., CERL Control Comm. Div., Leatherhead, Surrey,
Kelvin Avenue

PEATFIELD, A.C., Daresbury Lab., Daresbury, Warrington WA4 4AD

Italy
FORNACIARI, P., ENEL, 00198 Roma, V. Regina Margherita 137
RispoLl, B., CNEN, 00198 Roma, V. Regina Margherita 125

Netherlands
OVERTOOM, A., Reactor Centrum Nederland, Westerduinweg 3, Petten

Switzerland
BEssE, L., SIN, Inst. f. Nuklearforschung, 5234 Villingen
LIEBENDORFER, H., Borer Electronics AG, 4500 Solothurn 2

Other Countries

HerMAN, M., Nucl. Equipm. Est. Polon, 00-901 Warszawa, Palace of
Cult. & Science, Poland

HULTBERG, S., Res. Inst. f. Physics, 10405 Stockholm 50, Roslagsvidgen 100
Sweden

Lma, 1., Valmet oy Rautpohja Works, 40101 Jyviskyld 10, P.O. 158
Finland

LukaAcs, J., Zentralforschungsinstitut f. Physik, 1525 Budapest PF 49,
Hungary
The General Assembly was rounded off with a

general discussion about the future aims of ECA

which has shown a great interest in the continuation

of a periodical on CAMAC in some form.

Work with safety regulations, both in hospitals
and in industrial plants, was recommended.

The Council was asked to publish a reference list
of all existing CAMA C-applications.

In Hungary a 400 page handbook will appear
shortly from H. Lukacs, while H.J. Stuckenberg
of DESY, Hamburg, has recently generated his
“CAMAC for Newcomers” in English and German.
This kind of work was felt to be very important.

Pilot projects were considered valuable even when
the applications were discontinued; in the latter
case, a good deal of information was still dissem-
inated.

ECA has many ties with other organizations and
confirmed the interest in organizing presentations
at topics oriented conferences, on applications
where CAMAC could be of use.




SOFTWARE

COMAC — AN EDUCATIONAL PROGRAM
FOR MANUAL CRATE CONTROL

by

B. Bjarland

Institute of Radiation Safety, Helsinki, Finland
Received 12th May 1975

SUMMARY A program in Nova assembler language
allows CAMAC commands to be input from a Teletype.
The L-pattern can be printed out on request. Fast and slow
repetitive modes are provided. The program has been
used for teaching and demonstrating CAMAC to students,
and for module development and testing.

INTRODUCTION

When presenting CAMAC to students or people
not previously familiar with the standard, a means of
manually generating specific commands has proved
most instructive. In an earlier issue of the Bulletin a
hardware implemented Teletype-controlled crate
controller has been described (1). Because of the
inherent disadvantages of a hardware solution and
because in most CAMAC environments there is a
computer somewhere anyway, the software
approach has been chosen. The features of the
program developed are:

e all addressed and unaddressed commands can be
generated;

normal, repetitive, variable-incrementing and

data-repetitive input modes;

error messages on non-acceptable input;

printout to a large extent self-explanatory;

fast and slow cyclic repetitive modes;

flexibility : absolute, relocatable binary or source

versions are available, and can be used as sub-

routines called from Basic, etc.

The program has proved very useful also as a tool
for module development and testing purposes.

DESCRIPTION

COMAC is implemented in extended assembler
for the Nova computer, and occupies less than 3k
words of core memory. The program can be run on
any Nova type minicomputer connected to a
CAMAC crate via the SEN 2023 CC crate con-
troller. The standard teletypewriter (ASR 33) is used
as-input and output device. The program is self-
starting and can be restarted at location 3 after
power switch-offs for inserting or removing modules
from crate.

OPERATION

Upon loading, COMAC first outputs a brief
instruction for use, see fig. 1. Addressed CAMAC
commands are input as six decimal integers, varia-
bles being separated by program-supplied dots for
easier read-out. A non-integer input results in an
error message. Input variables are checked against
limits (O<N<23, O<A<I15 O<F<3l) and
an excess results in an error message. When the
command has been verified as correct, different
actions are taken depending on the type of command.

If the input command is found to be a write
command, COMAC immediately requires that data
for the W lines be input. For read commands, data
is output after the CR key has been struck. The
data representation format is octal.

Command input modes

In the normal input mode, addressed commands
are input as previously described and executed by
carriage return. Subsequent carriage returns will
re-execute the last typed correct command. Write
commands will be re-executed with the same data.

A partly repetitive mode can be used for write
commands. Striking the line-feed key will cause the
last executed write command to wait for data input.
New data can then be supplied.

Striking the CR key on a write command data
request will cause the command to be executed with
the data last read or written, thus enabling data
transfers between modules.

To facilitate module and crate testing routines,
an incremental command input mode is provided.
Typing N, A or F causes the corresponding com-
mand variable to be incremented and the updated
command will be executed by cariage return. Write
commands incremented in this way will request that
new data be input.

Unaddressed commands

All the single-crate unaddressed commands can be
generated. Typing Z generates the initialising
command and C generates a clear operation. The
inhibit signal can be set, reset and tested by typing
IS, IR and IT, respectively. By default (after start
and restart) the inhibit signal is reset.

Responses

By typing either X or Q the appropriate response
can be selected for monitoring. When a command
receives a logic ‘1’ response it will be announced
by a ring on the teletype bell and by a star appearing
in the command line. By default the X response will
be monitored.

Repetitive modes

Two cyclic repetitive modes are provided. The
faster, which will repeat at 10kHz the last correct
addressed command that has been input is entered
by typing RF and the slower, with a repetition rate
of 10Hz by typing RS. From both modes return to
normal mode will occur on striking any key.




TYPE ADDRESSED COMMAND TO FORMAT
BELOW AND EXECUTE BY CARRIAGE RETURN.
COMMAND CAN BE REPEATED BY SUBSEQUENT
CR: S. USE LF IF DATA WILL BE CHANGED.
TO USE LAST DATA READ OR WRITTEN TYPE
OR ON W-REQUEST.

N, A OR F INCREMENTS THE CORRESPONDING
VARIABLE.

X OR Q SELECTS RESPONSE MONITORED BY*
Z AND C GENERATE CORRESPONDING UN-
ADDRESSED COMMANDS.

IS SETS, TR RESETS AND IT TESTS INHIBIT SIGNAL.
RS OR FR SETS AND ANY KEY RESETS REPEAT
MODE.

L WILL OUTPUT L PATTERN.

FF.NN.AA DATA

Q RESPONSE MONITORED
00.21.22 ARGUMENT OUT OF RANGE
00.21.02* R: 00000123
16.03.00 W: 00000123*
26.03.03*
L PATTERN: 00000010
X RESPONSE MONITORED
16.03.00 W: 00000123*
A16.03.01 W: 00000123*
A16.03.02 W: 00000123

Fig. 1 Example of communication with COMAC.
User inputs underlined.

L Pattern

The L pattern of the crate will be output on typing
L provided that LAM’s are enabled.

AN EXAMPLE

A sample printout from a session with COMAC
is shown in Fig. 1. Inputs from the student are
underlined.

With Q response monitored, data is read from a
word generator at N =21. The command, first
erroneously input, is corrected after an error
message. The data that has been read is then
transferred to a step moter driver at N = 3. After
enabling LAM from this module the L-pattern of the
crate is requested and output.

The X-response is then selected for monitoring and
the step motor driver is investigated using the incre-
mental input mode. As A =2 produces no response
the module apparently has two registers that can be
written into, at subadresses A=0and A =1.

REFERENCE

1. D. Kollbach, A teletype-controlled CAMAC
Branch Driver. CAMAC Bulletin 9/74.

NEWS

CAMAC APPLICATIONS WORKING GROUPS

ECA INDUSTRIAL WORKING GROUP

Chairman: K. Hilton, CEC-Elliott Process Automa-
tion Ltd., England.

The Industrial Working Group met in Brussels in
June 1975 to examine the response to the Bulletin
requests for views and comments, replies to the
letter which had been separately circulated and to
consider a number of detail topics.

These were:

recommendations for plant termination and
connections to CAMAC modules

recommendations made by the ESONE Analog
working group

consideration of the possibilities of holding
meetings and Seminars.

The response to the letter and the Bulletin requests
was less than had been hoped. There were some
useful points made by the people and organisations
who did reply, but the extent of the response was

not sufficiently broad to permit any significant
conclusion to be drawn.

Methods of connection of CAMAC modules to
plant were discussed at some length and two lines of
thought emerged. Broader consideration is neces-
sary before these lines of thought can be turned into
recommendations. The Working Group would be
grateful for views and opinions from users in par-
ticular on this point.

The Group’s view on the Analogue Working
Group’s recommendation was that a basis had been
laid in that document but that for industrial appli-
cations, some specific areas needed to be considered
and clarified. This will be the subject of further
discussion.

The Group thought that there would be value in
organising meetings or seminars, probably on a one
or two country basis, rather than on a true European
basis at which common problems and experiences
could be exchanged.




IDEAS AND TECHNIQUES

SYSTEM APPROACHES TO ANALOGUE MEASUREMENTS

by

H. Liebendorfer and C. Manning

Borer Electronics AG, Solothurn, Switzerland

Received 8th July 1975

SUMMARY CAMAC is essentially a digital system
concept, and therefore digital-analogue converters (DACs)
are needed to handle analogue outputs, and analogue-
digital converters (ADCs) for analogue inputs. Because
ADCs are rather complex instruments this paper is intended
to clarify some questions that may arise.

PRACTICAL APPROACHES

ADC’s have to be complex principally because
noise and other interference signals are always
present at their inputs. Special procedures have to be
used to ensure that only the wanted signal is
treated.

A particularly effective technique is to arrange the
input circuitry in a differential manner ie. sym-
metrically about earth and, so far as possible, free of
it. Measurements down to a few micro-volts can
be realised if the whole of the analogue circuitry
is floating free from earth. Connection to the
CAMAC digital output part of the instrument can
be made, for example, optically using opto-isolators.
In addition, the ADC should operate on a dual-
slope principle and integrate incoming signals over
a period of 20ms (16,66ms for America) which
eliminates mains pick-up. The addition of one or
more relay multiplexers which operate in auto-
matic synchronism with the ADC permits up to
about 30 measurements per second to be made,
provided that no change of range has to be made
between one measurement and another.

Quite different conditions-apply, however, if a
large number of measurements have to be made in
a very short period of time. Switch-over times of
relays in multiplexers and integration time in the
ADC cannot be tolerated. High sensitivity ADC
inputs are also not possible, so that the analogue
signal to be measured should be of the order of
volts, even if this means prior amplification (pre-
ferably at the signal source).

A number of high speed ADC’s offering a choice
of resolution are currently available.

They are ideally suited for jobs where, for example,
either a large number of values must be measured
quickly or a large number of spot-checks on a single

Start ADC
Multiplexer F28.Ax —————— —_W_D

Hold ——

\

\

Read

Fig. 1 Single Conversion Sequence.

constantly varying value must be made for computer
analysis (especially of transient events).

Of special interest is the combination of one of the
fast ADC’s with one or more fast multiplexers.
These instruments are normally so closely matched
to one another that only the very minimum of time
is lost between individual measurements. A sample
and hold circuit in the input of an ADC permits a
number of modes of operation which are described
briefly below.

PROGRAM-CONTROLLED
SINGLE MEASUREMENT

Fig. 1 shows the basic operation from which it
can be seen that the various actions follow each
other logically and consecutively. The cycle can be
started by a front panel signal or by the command
F(25)-A(0) and ends with the read-out command
F(0)- A (0). This mode of operation can also be used
when one or more multiplexers are in use and indivi-
dual channels must be selected under program
control.

SEQUENTIAL MEASUREMENT

An arbitrary number of analogue values can be
examined sequentially by putting an ADC-multi-
plexer combination into a Scan-mode. This mode is
typically effected by enabling a Scan flip-flop in the
ADC after which the operation can follow the
sequence shown in the time diagram, Fig. 2.

Start ADC
Ext.Start ———

Conversion —

A
I
ﬁ%ﬁz} I
(

Cemac Cyclo

]

Scan +1 Qut ——

Fig. 2 Conversion Sequence with an External
Multiplexer.

Once the cycle is begun (either by a CAMAC
command or by an external signal) the operation is
continuous and automatic without any further
intervention by the computer. One analogue channel
after another is selected, the value digitized and the
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completion of the conversion notified by means of
a LAM. ‘Scan+1’ signals produced by the ADC
cause a multiplexer to step from one channel to
next until it reaches the multiplexer’s last channel.
If a further Multiplexer follows, the ‘Scan+1’
signal passes to channel 1 of Multiplexer 2 and so
on until no more channels are left, when a LAM
is given. The first and last channels in a sequence
can be chosen by software.

The computer can use the read command
F(0)- A(3) for this mode of operation, for example.
Each word read out needs about 25us plus the time
taken by the computer for the LAM-handling and
the read-out cycle. Together, this means normally
about 70ps (depends on software conditions) or
about 14,000 words or measurements per second.

F0.A2 (with FET Multiplexer 1704) Scan-FF is set

Start ADC
or Ext. start

Hold

Conversion

LAM

Read

Scan +1

Fig. 3 High Speed Conversion showing how
Conversion and Channel Switching can be overlapped
by using Sample and Hold.

HIGHEST DATA RATE

The highest data rate is obtained when the sample-
and-hold feature is brought even more into play.
Using this feature it is possible for the multiplexer
to progress to its next channel while the ADC is still
busy converting a previously obtained value. The
useful overlapping so obtained can be seen in the
time diagram, Fig. 3. Full use of the time gained can
only be effectively realized, however, when the
ADC has an even shorter conversion time. Such
super-fast ADC’s are available having conversion
times of as little as 5Sps (10-bit) or 7ps (12-bit).

The advantages possible will be fully exploited,
for example, by CERN when the new accelerator
currently under construction goes into operation.
Here, the data collected from the many installations
will be handled in a DMA mode so that every 20us
a value will be selected, digitized (12-bit) and stored
in the computer, ie. 50,000 measurements per
second. The quantity of data that will come from
the new system will be so great that no other mode
of operation would be possible.

When measurements on a varying analogue value
or signal are being made it is important that,
besides obtaining sufficiently accurate absolute
values, sufficient points should be obtained from
fast or steep parts to be meaningful. With the
operation mode described abouve (but without a
multiplexer) it is possible to obtain up to 20
measurement points on each cycle of a signal having
a frequency of 3kHz. The actual number of points
obtained will, however, be greatly influenced by the
type and organisation of the computer.

NEWS

VilIl INTERNATIONAL SYMPOSIUM
ON NUCLEAR ELECTRONICS

Dubna — USSR, 24-29 June 1975

150 participants attended this Symposium, or-
ganized by the Joint Institute for Nuclear Research
— Dubna — USSR, where 85 papers were presented,
the majority of which dealing with CAMAC. The
Vector System, used in Serpukhov, which is a
metricated adaptation of the CAMAC Standard, due
to the absence of inch machine tools in USSR,
was also presented.

The recent development of CAMAC modules and
equipments in the Eastern Countries, in the field of
nuclear research was reviewed and the importance of
this was demonstrated by the papers presented as
well as by the small exhibition.
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Five sessions were held:

Modules for analogue and multi-channel
measurements;

Controllers and microprocessors;

Visual data presentation and software;
Electronic systems and installations for nuclear
physics research.

The IML language was presented by M. KUBITZ
of HMI, Berlin. A noteworthy point of interest is
that a CAMAC crate is now on display at the
permanent ‘economical’ Exhibition Park in Moscow.




NEW PRODUCTS

DATA MODULES
(/0 Transfers and Processing)

Digital Serial Input Modules

Ref. No. 14.0101
Display Scaler

The single-width CAMAC Scaler, Model C-SD-24
is a presettable binary scaler with decimal readout.
The scaler operates from D.C. up to 50MHz with
a fixed dead-time of 20nsec.

Internally it contains two scalers (24-bit binary
and 7 1/2 digits BCD) with parallel operation of
both scalers for all statistical conditions even during
an overflow of the binary scaler. Readout of the
binary scaler is via the dataway, with the BCD scaler
on the front-panel LED display.

For preset operation, the binary scaler starts
counting from the preset number whilst the BCD
scaler starts always from Zero displaying real-time
counts. The module may also be used in the preset
mode as a timer driving other slave scalers (using
the rear panel inhibit signals). The front panel input
‘GATE’ may be used in the preset mode as a timer
driving other slave scalers (using the rear panel
inhibit signals). The front-panel input ‘GATE’ may
be used in the inhibit or gate mode, controlled
internally by the control status register via the
dataway. Both front-panel inputs (SIGNAL and
GATE) may be operated in the terminated or
unterminated mode.

Ref. Wenzel Elektronik

Ref. No. 14.0102
Incremental Encoder Input

The encoder, Model IE, accepts two quadrature
signals from a position encoder. It determines
whether the signals are clockwise or counter-clock=-
wise and counts them in a 24-bit up-down counter.
The counter may also be preset to a predetermined
number and when that number is reached an
interrupt will be generated. This feature could be
used both for position selection or as a limit condi-
tion. A gate input is also provided to disable the
counter input.

Ref. Joerger Enterprises, Inc.

Digital Parallel Input Modules

Ref. No. 14.0103
Dual Input Register

The single-width module, type C-IC-48 is for
processing a maximum of 48 inputs from one or
more external instruments. The module contains

two separate 24-bit input registers. The logic level
for each of the 24 bits can be preselected via internal
links.

The data flow timing routine between the CAMAC
dataway, the module and external instruments is
controlled by signals ‘T;, and T,  together with
‘STATUS and COMMAND’.

The layout is to the EUR 4100e standard, unter-
minated signals are negative.

Ref. Wenzel Elektronik

Ref. No. 14.0104
Quad 24-Bit Input Register

This input register, Model QIR, is a four-channel
input register packaged in a single-width CAMAC
module. Each channel contains 24 bits. Data may
be loaded continuously, strobed or single shot.
This last method ensures that data cannot be lost
by inhibiting a data update until the previous data
has been read by the system. Data may also be
loaded efficiently using a Handshake Mode Made
up of the strobe input and the acknowledge
output. Data is clocked into the registers approxi-
mately 2 psec after the leading edge of the strobe so
that data and the strobe may be transmitted at the
same time and loaded correctly. When a register is
clocked it’s LAM flip-flop is set and an acknowledge
signal is generated to indicate that the data has been
loaded. When that channel’s data has been read, the
LAM-flip-flop is reset and the acknowledge signal
returns to zero indicating that new data can be
accepted. To ensure error-free readout of data, the
clocks are inhibited when the module is being read
so that the data cannot change.

Ref. Joerger Enterprises, Inc.

Ref. No. 14.0105

Interrupt Request Register

This module Type 9608, embodies 8 interrupt-
request channels. Each channel comprises a Status
Buffer register, Status register, Mask register, and
Request. Status and Mask information can be
selectively set or cleared and Status, Mask and
Request can be read via the dataway at the ESONE
recommended sub-addresses.

LAM can be enabled or disabled by command.
The Status Buffer ensures that no input event is lost
while the module is being addressed. Pulse or level
inputs are accepted and provision is made for input
integration if required.

A front-panel output conveys the L signal for
connection to further interrupt-request modules.

The state of the Mask register, L requests and
Dataway L are displayed by front-panel indicators
together with a module-addressed indicator.

Input levels are never lost even during initializa-
tion and, in the event of unsuccessful service routine,
are re-entered, a major requirement for SAFETY
INTERLOCKS.

Level or pulse inputs are not lost during Read and
Clear operations.




‘Time Out’ option to re-enter current data. This
can save software generation of Read-Clear delay
and prevent Status lockout due to software error.

Full sub-address structure.

Visual indication of Mask, L requests, and LAM.

Output LAM to enable cascading of units.

Economy to allow grouping of interrupts at
different priority levels.

Ref. Nuclear Enterprises, Inc.

Digital Output Modules

Ref. No. 14.0106
Watchdog Timer

This Timer, Model WT, is a single-width CAMAC
module. It monitors system activity and generates
an alarm if there is a system failure. The unit must
be strobed periodically by a dataway command,
N.F25.A0. Timing periods can be set to be 100msec,
I1sec, 10sec or 1 minute. If a strobe does not come
within the specified period the module will ‘time-
out’. At this time it will generate a dataway inhibit
signal, generate an audio alarm and provide a
contact closure for use externally. Redundancy is
used extensively to improve the module’s reliability.

Ref. Joerger Enterprises, Inc.

Ref. No. 14.0107
Quad 24-Bit Output Register

This output register, Model QOR, is a four-channel
output register packaged in a single-width CAMAC
module. Each channel contains 24 bits. Error-free
data transfer at maximum speed is provided by the
use of a handshake mode in conjunction with the
interrupt line L. Handshake is accomplished by
generating a ‘data ready’ signal when that channel’s
register is loaded. In response to this, the output
device would return a ‘busy’ signal indicating that it
acknowledges ‘data ready’ and is processing the
information. Upon receipt of the ‘busy’ signal,
‘data ready’ is reset. While the busy line is down,
that channel will not be able to update and so output
data stability is insured. If an update command is
received at this time, it will return a Q = 0 response.
When the busy line comes up, indicating the device
is finished with the data, the LAM flip-flop is set.
If the unit is enabled, it will generate an L signal
which indicates to the controller that new data can
be accepted. If the handshake logic is not required,
then data may be outputed at the maximum CAMAC
data-rate. An update pulse is also generated to
indicate when a channel has been overwritten.

Output polarity selection is available as an
option. This allows the polarity of the data to be
inverted by the use of solder links or under program
control. This is accomplished by allowing bit 24
(or 16) to select the polarity of the output data.

Ref. Joerger Enterprises, Inc.

Digital 1/0, Peripheral and
Instrumentation Interfacing Modules

Ref. No. 14.0108

X-Y Recorder driver

This single-width module Type XY2074 is designed
to drive any graphic recorder from the CAMAC
dataway; however, in its basic form it is immediately
compatible with the Hewlett Packard 7004 B.
Several working modes are available, depending
on the contents of a two-bit control register.
Mode 0: X-Y point-by-point plot.
Data is loaded into the X-Y registers
alternatively.
Mode 1: Y versus X diagrams, coarse X.
The load command always puts data into
the Y-register, increments X by 16
elementary steps and unblanks the spot.
Y versus X, fine X.
Same as mode 1, but the X scale has the
full 1024 point resolution. Any single-
valued X(Y) functional relationship can
be represented with full resolution.

Another control register contains ‘pen-down’
information, and three delay values are provided.

Ref. SEN Electronique

Ref. No. 14.0109
On/Off-Controller

The Model C-PC-16 On/Off-Controller is a single-
width module capable of controlling 16 externa]
devices in an ON-OFF manner. Each channel is
independent and may be selectively set (ON) or
reset (OFF) by using two separate commands. For
each channel there is a ‘STATUS’ signal. The output
signal is maintained until the ‘STATUS’ signal
confirms that the command has been executed.
Should a channel fail to respond within one second
a ‘LAM’ flag will be set.

Each channel has five lines allocated to it at the
front panel connector. These are as follows: ON
and OFF commands, common return, STATUS
positive and negative.

To avoid ground loop problems the STATUS
input signals are optically isolated.

Ref. Wenzel Elektronik

Digital Handling and Processing
Modules

Ref. No. 14.0110

Dual TTL Fanout

This fan-out unit, Model FT, has two channels
packaged in a single-width CAMAC module.
Each channel has two ‘OR’ ed’ inputs, four normal




outputs and one complement output. Output
polarity may be inverted manually or optionally
under program control. Outputs may also be individ-
ually enabled under program control. Program-
ming is accomplished by a control register that may
be selectively set, reset or overwritten, thus offering
a great degree of flexibility. Each output can sink
S0mA. 100mA sink capability is available as an
option.

Ref. Joerger Enterprises, Inc.

Ref. No. 14.0111

Hex Converters

These Models CT/N and CN/T are six-channel
converters in a single-width CAMAC module.
Two channels have both normal and complement
outputs, the remaining four having normal outputs
only. Polarity of all the outputs may be inverted
either manually, by a toggle switch, or optionally
under program control. Each channel may also be
enabled and disabled under program control. This
is accomplished with a control register that may be
selectively set, reset, overwritten, and read out.
These modules therefore not only convert signals
but select polarity and gate the signals on or off.

Model CT/N Hex TTL to NIM Converter
Model CN/T Hex NIM to TTL Converter

Ref. Joerger Enterprises, Inc.

Analogue Modules

Ref. No.14.0112

Isolated A/D Converter

This differential input 12 bit A/D converter, Model
IADC 2069, is fitted in a double-width standard
CAMAC module, and is intended for operation with
high common-mode voltages. For this reason, both
the converter, which is of the successive approxima-
tions type, and the power supply are completely
isolated from the rest of the module and CAMAC
system. The convert instruction can be given by a
CAMAC dataway command or by an internal
TTL signal, and a register permits a digital offset
to be added to the onversion value.

A connector is fitted on the rear panel which
provides for a hook-up between the 2069 and the
SEN Digital Window Discriminator (DWD 2046):
when operated in this way, unwanted values are
rejected before they can take up valuable core
memory, and computer time is saved by the use of
the DWD’s block transfer capability.

The input amplifiers and the ADC chip are fully
insulated up to +400V with respect to chassis and
logic ground. However, the input signal common
mode should not exceed +300V.

Ref. SEN Electronique

SYSTEM CONTROL

(Computer Couplers,
Controllers and Related
Equipment)

Interfaces/Drivers and Controllers

Ref. No. 14.0201
Branch Highway Controller

The 20368 Autonomous Branch Highway Controller
provides an interface between a CTL Modular One
System and the CAMAC Branch Highway and
allows up to four simultaneous, high speed block
transfers between CAMAC modules and computer
store.

It is a 19-inch rack-mounting unit with interface
links to the processor and one or two store modules.
One group of processor commands enables Branch
Highway transfers to be set up and initiated singly.
A second group of commands enables an autono-
mous transfer unit (ATU) to be set up to in-
dependently transfer data between a specified data
buffer in store and the Branch Highway. The ATU
uses automatic double buffering in store to allow
large blocks of data to be transferred at high speed
with minimal system loading. A processor interrupt
is generated when buffer switching occurs. Transfers
may be triggered from an external source or allowed
to free run. Up to four ATU’s may be fitted to the
controller and function independently of each other
and of the processor interface which may still be
used to initiate single transfers.

Ref. CTL (Computer Technology Limited)

Ref. No. 14.0202
Single-Crate 1/O Controller

The Model CA-11-FP provides connects a CAMAC
crate to a PDP-11 family computer for programme
controlled I/O transfers. It consists of a double-
width CAMAC unit and connects directly to the
PDP-11 UNIBUS via its front panel connector.
Power for the Controller may be supplied by an
external power supply, thereby providing for power-
fail detection. On the Controllers’ rear panel, a
DMA connector is mounted to allow connection of
an optional CA-11-FN Controller for DMA trans-
fers.

Only six UNIBUS addresses are used by the
Controller including a NAF register, a LAM register
and a 24-bit Buffer register. LAM interrupts may be
controlled using a single or variable vector mode.
The latter assigns its own interrupt vector address
for each LAM including priority generation, at
which the vector addresses are programmable,
using a vector offset register. During a 24-bit Data
Transfer, interrupts are automatically inhibited.

Any number of CA-11-FP Controllers may be
connected to the UNIBUS. The device address is
easily selectable by the user through a switch in the
Controller.

Ref. Digital Equipment G.M.B.H.
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PAPER ABSTRACTS TRANSLATIONS

Microprocessors
Hans-Joachim Stuckenberg

Zusammenfassung

Mikroprozessoren bilden bei zahlreichen Steuerfunktionen
interessante Alternativiésungen zur Festverdrahtetenlogik.
In diesem Beitrag werden Mikroprozessoren und ihre
Hardware- und Solftwareprobleme behandelt.

Résumé

Les microprocesseurs constituent une alternative intéres-
sante des logiques cadblées pour un grand nombre de
fonctions de contréle-commande. Cet article décrit des
microprocesseurs et expose les problémes de matériel et de
logiciel qui leur sont liés.

Riassunto

| microcalcolatori rappresentano un'interessante alternativa
alle logica hardware per molte funzioni di controllo.
Il presente studio descrive i microcalcolatori ed i relativi
problemi di hardware e software.

Samenvatting

Microprocessors vormen een interessant alternatief voor
veel hard-wired logische stuurschakelingen. In dit artikel
wordt een beschrijving gegeven van deze microprocessors
en de hard- en software problemen die hiermee verband
houden.

Peszrome

Muxponpoyeccopsl A6A5A10MCA UHMEPECHOI a.1bMePHAMUBOIL
JHCeCmKoil L02UKU 80 MHO2UX DO3AUYHbIX DPYHKYUAX Yynpas-
aenus. B cmamuu onucaisl MUKDONDPOYECCOPbl U CEA3AHHBIC
¢ HUMU npob.aembl 06OPYOOBAHUS U NPO2PAMUDOBAHU.

Autonomous crate controller (JCAM 10) with Intel
8080 microprocessor
P. Gallice and M. Mathis

Zusammenfassung

Die autonome Rahmensteuerung JCAM-10 ist fir einen
Mikroprozessor Intel 8080 entwickelt worden und wird
mit einem 5k-RAM- und 4k-REPROM-Speicher betrieben.
Die Datenibertragung zwischen den CAMAC-Modulen
und dem Speicher ist hinsichtlich software und Durch-
flihrungszeit optimiert. Die JCAM 10 ist ein Mikrocomputer,
dessen periphere Einheiten alle im Handel erhaltliche
CAMAC-Module sind.

Résumé
Le controleur de chéssis autonome JCAM est congu

& partir d'un microprocesseur Intel 8080 associé a une
mémoire vive (RAM) de 5k octets et une mémoire REPROM
de 4k octets. Le transfert des données entre les tiroirs
CAMAC et la mémoire est optimalisé tant du point de vue
du logiciel que du temps d’exécution. Le JCAM 70 est un
micro-ordinateur dont les périphériques sont tous les
tiroirs CAMAC commercialisés.

Riassunto

Il modulo di controllo autonomo JCAM-10 é progettato
per un microcalcolatore Intel 8080 ed e impiegato con una
memoria RAM a 5k e REPROM a 4k. | trasferimenti di
dati fra i moduli CAMAC e la memoria sono ottimizzati per
quanto riguarda il software ed il tempo d’esecuzione.
L'JCAM-10 é un microcalcolatore che utilizza como peri-
feriche tutti i moduli CAMAC esistenti in commercio.

Samenvatting

De zelfstandige crate controller JCAM-10 bestaat uit een
INTEL 8080 microprocessor en wordt gebrujkt in combi-
natie met een 5k RAM en 4k REPROM geheugen. De
gegevensoverdracht tussen CAMAC-modules en geheugen
is zowel uit het oogpunt van de software als van de
uitvoeringstijd aanzienlijk verbeterd. De JCAM-10 is een
microcomputer waarop alle op de markt zijnde CAMAC-
r70dules als periferie-apparaten kunnen worden aange-
sloten.

Pesrome

Aemornommupiii konmpoaaep kpeiima JCAM-10 pazpaboman ¢
murxponpoyeccopom Intel 8080 u npumenen emecime ¢ namamro
5K PAM u 4 k IIPOM. Iepedaua dannvix mexncoy 6ioxkamu
U NAMAMBIO ONMUMUSUPOBAHA C MOUKU 3PEHUS NpPo2pam-
mupoeanus u epems ucnoanenus. JCAM-10 smo mukpo-3BM
Komopoil nepugepuamu AGALIOMCA 6ce OOCMYNHbIE MOOYAU
CAMAC.
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The MIK-X Autonomous crate controller
Douglas L. Abbott

Zusammenfassung

Die besonderen Eigenschaften der autonomen Rahmen-
steuerung der Standard Engineering Corporation werden
beschrieben. Es handelt sich um die erste im Handel
erhg'/t//_che CAMAC-Rahmensteuerung auf Mikroprozes-
sorbasis.

Résumé

Description des principales caractéristiques du contréleur
de chéssis autonome MIK-X de Standard Engineering
Corporation. Ce contréleur de chéassis CAMAC est /e
premier contréleur & microprocesseur existant sur le
marché.

Riassunto

Si descrivono le caratteristiche essenziali del modulo di
controllo autonomo MIK-X prodotto dalla Standard
Engineering Corporation. Si tratat del primo modulo di
controllo CAMAC, a microcalcolatore, messo in commercio.

Samenvatting

In dit artikel worden de uitstekende eigenschappen van de
zelfstandige crate controller MIK-X van Standard Engi-
neering Corporation beschreven. Dit is de eerste CAMAC-
crate-controller met microprocessor die op commerciéle
schaal verkrijgbaar is.

Pe3rome

Onucanvle omauyumesnvivle OOCMOUHCIMEA ABMOHOMHO20
konmpoaaepa kpeiima MIK-X ¢gupmor Standard Engineering
Corporation. On aeéag9emcsa nepesim mop2o60 O0CMYNHbIM
KOHMPOAAepOM Oa3upoGaHHbIM HA MUKPORpoyeccope.

Auxiliary/Master microprocessor CAMAC crate
controller
E. J. Barsotti

Zusammenfassung

Diese CAMAC-Einheit auf Mikroprozessorbasis kann als
Rahmensteuerung oder Hilfssteuerung eingesetzt werden.
Sie ist fir das serielle CAMAC-Steuerungssystem des
Strahlungsweges fir Experimente im Fermilaboratorium
fir Anwendungen mit ortlichem Computerbedarf im
CAMAC-Rahmen entwickelt worden.

Résumé

Cette unité CAMAC comprenant un microprocesseur peut
étre utilisée comme contréleur de chéssis ou contréleur
auxiliaire. Elle a été mise au point pour le systéme de con-
trole CAMAC série du faisceau expérimental du laboratoire
Fermi, pour les applications qui requiérent I'autonomie
locale dans les chassis CAMAC.

Riassunto

Questa unita CAMAC, basata su un microcalcolatore, puo
essere impiegata quale modulo di controllo del con-
tenitore o modulo di controllo. ausiliario. E stato sviluppato
per il sistema di controllo seriale CAMAC della traiettoria
del fascio sperimentale del Fermilab, per applicazioni che
richiedono una intelligenza locale nei contenitori CAMAC.

Samenvatting

Deze CAMAC crate controller met microprocessor werd

ontwikkeld voor het bij het Fermilab gebruikte CAMAC-

seriesysteem voor de besturing van experimenten waarbij

“lokale intelligentie” in de CAMAC-rekken vereist is.
Pe3rome

Dmom 610k CAMAC codepaicaujuii MUKPORPOYeccop Modxcem
Oblmb UCNOAL306AH KAK KOHMPpoadep Kpeiima uau 6cromaza-
meabnbiit  kKowmpoaiep. O paspaboman 044 noccaedoea-
meavroli cucmemvl CAMAC ynpasasioweii auneli sKcnepumen-
MaibHO20 NYYKA 6 NPUMEHEHUAX mMpedyIouux oKaibHOU
unmeaaueenmuocmu ¢ kpeiimax CAMAC.

CAMOPS — CAMAC modular processor system
D. Kollbach and V. Schmidt

Zusammenfassung
Eine mit Mikroprozessor gesteuerte und durch eine private
Sammelleitung verbundene Serie von CAMAC-Module ist
fir den Einsatz als "intelligente” Hardware entwickelt
worden.
Résumé

Un ensemble de tiroirs CAMAC, commandé par un micro-
processeur, relié a un bus spécialisé a été développé pour
étre utilisé comme matériel “intelligent”.




Riassunto

Una serie di moduli CAMAC, controllati da un microcal-
colatore e collegati da una linea omnibus privata é stata
sviluppato per ['impiego quale hardware “intelligente".

Samenvatting

Een door een microprocessor gestuurde serie CAMAC-
modules, verbonden door een afzonderljjke /10-Bus, werd
ontwikkeld voor toepassing als “intelligente” hardware.

Pe3tome

Paspaboman nabop 6aoxo6 CAMAC ynpagasemvlx Muxpo-
npoyeccopamu U coedennvix 0omoeabHbIMU WuHamu. OHu
UCROAB3YIOMCA KAK UHmMeAauzenmuoe 060pydosanite.

CMC 8080: A CAMAC crate controller with
INTEL 8080 microprocessor
E. Schoberl

Zusammenfassung

Diese “intelligente” CAMAC-Rahmensteuerung umfalt
einen Mikroprozessor (INTEL 8080 CPU) sowie einen
Speicher mit wahlfreiem Zugriff (RAM) und einen pro
grammierbaren  und  UV-l6schbaren  Lese-Spreicher
(PROM). Sie ist mit einer seriellen Schnittstelle ausge-
stattet, mit der sie an einen Fernschreiber oder Minicom-
puter angeschlossen werden kann.

Résumé
Ce contréleur de chéssis CAMAC "autonome” est équipé
d'un microprocesseur (INTEL 8080 CPU) d'une mémoire
vive (RAM) et d'une mémoire morte reprogrammable
effacable par UV (REPROM). Il est équipé d'une interface
série grace a laquelle il peut étre relié a une télétype ou & un
mini-ordinateur.

Riassunto
Questo modulo di controllo “intelligente” CAMAC
comprende un microcalcolatore (Unita Centrale INTEL
8080), una RAM (memoria ad accesso casuale) ed una
PROM programmabile e cancellabile a UV. Esso dispone di
un'interfaccia seriale mediante la quale puo essere collegato
con una telescrivente o con un minicalcolatore.

Samenvatting

Deze “intelligente” CAMAC crate controller bestaat uit een
microprocessor (INTEL 8080 CPU), een Random Access
Memory (RAM) en een programmeerbaar en uitwisbaar
Read Only-Memory (PROM). Door middel van een serial
interface kan de controller rechtstreeks aan een teletype
of minicomputer worden gekoppeld.

Pe3rome

B smom unmenaueenmnom Konmpoauepe Kpeuma Haxo0umcs
muxponpoyeccop Intel 8080, onepamusuvie namamu PAM u
npoepammupoganmnvie namamu ITPOM copacvisaemvie yib-
mpagpuosemom. OH CHaDICEH NOCC €006aMeNbHOM UHMEp-
deiicom 04a meaemaiina uiu munu-2BM.

Fast autonomous crate controller
I. Bals, M. Caprini, B. Goran

Zusammenfassung

Diese CAMAC-Rahmensteuerung umfal8t einen aus SSI-
und MSI-Komponenten gebauten Prozessor. Sie ist fiir
kleine Einrahmensysteme bestimmt, fir die ein Rechner zu
teuer und ein LS/-Mikroprozessor zu langsam ware.

Résumé

Ce contréleur de chassis CAMAC est équipé d’un processeur
construit a partir de composants SS/ et MS/. I/ est destiné &
de petits systémes monochéssis dans lesquels un ordina-
teur serait trop onéreux et un microprocesseur LS/ trop lent.

Riassunto

Questo modulo di controllo CAMAC contiene un calco-
latore costituito da componenti SSI ed MSI. E previsto per
piccoli sistemi monocontenitore, per i quali un calcolatore
/sarebbe troppo caro ed un microcalcolatore LSI troppo
ento.

Samenvatting

Deze CAMAC crate controller bevat een processor be-
staande uit SSI en MSI componenten en is bestemd voor
kleine single-crate systemen waarbij het gebruik van een
computer te duur is en een LS/-microprocessor een te
geringe snelheid heeft.

Pesrome

Omom koumpoanep kpeiima CAMAC codepacum npoyeccop
nOCMpOen U3 UHMe2patbHblX cXem Madoil U cpeoHell cmenenu
unmeepayuu. On npeonaznauen 041 HeOO3bULUX OOHO-Kpeil-
MHBIX cucmem, 20e DBM  sasasemcsa caumkom 0opozum
YCIMPOICIBOM, A MUKPONpoyeccop GoAbWOol cmeneHi unme-
2payun MeoaeHHbIM.

A fast data acquisition path based on a CAMAC
memory system
R. Klesse and A. Axmann

Zusammenfassung

Mit diesem Datenerfassungssystem auf CAMAC-Basis
kénnen hohe Ubertragungsgeschwindigkeiten bis zu
500kHz verarbeitet werden; es entspricht auch der
anforderung einer "on-line"-Datenverdichtung. Die An-
wendung einer neuen MQOS-Technologie ermoglicht den
einsatz eines Speichers fir 4k x 16-bit-Worter in einem
Modul (Brete: eine Einheit) in einer verndnftigen Preislage.
Die "on-line”-Datenverdichtung beschrankt die fir die
Mehrkanalanalyse erforderliche Speicherkapazitat auf ein
Minimum.

Résumé

Les taux élevés de données — jusqu'a 500 kHz — sont
traités par ce systéeme d'acquisition CAMAC, qui répond en
outre a un besoin de réduction des données en ligne.
Une mémoire de 4k x 16 bit, utilisant la nouvelle technologie
MOS, a été réalisée dans un tiroir une unité pour un prix
raisonnable. La réduction des données en ligne permet de
diminuer le volume de mémoire nécessaire a l'analyse
multi-canal.

Riassunto

Questo sistema per I'acquisizione di dati basato sul CAMAC
tratta dati a frequenze elevate (fino a 500 kHz) e soddisfa
inoltre alle esigenze della riduzione dei dati in linea.
Impiegando la nuova tecnologia MOS si e riusciti ad in-
trodurre una memoria da 4k parole da 16 bit in un modulo
di larghezza unitaria e di prezzo ragionevole. La riduzione
dei dati in linea riduce al minimo lo spazio di memoria
necessario per un'analisi multicanale.

Samenvatting

Met dit uit CAMAC-modules bestaande data-acquisitie-
systeem zijn hoge transfersnelheden tot 500 kHz mogelijjk.
Het systeem zorgt bovendien voor on-line gegevens-
reductie. Door toepassing van nieuwe MOS-technieken is
in een 1/25 CAMAC-module een redelijk goedkoop
geheugen van 4k x 16-bit woorden opgebouwd.

Pe3rome

Boavwue crxopocmu nepedauyu Oannvix nopsoka 500 kHz
docmuzaromesa 6 ONUCLIBAeMOU cucmeme cOopa OaHHLIX U
pedykyuu on-aaitit. Mcnoavzya mexnoaozuio MOC noayuaiom
6 Oj0Kke 00uHOYHOU wiupusl 16-paspaduyo namames 4 K no
paszymuoit yene. Ilpedsapumenvnas obpabomka ymenviuiaem
006M namamu 6 MHO20-KAHAAbHOM GHAAU3E.

CAMAC link between two PDP-8 computers
Pierre Daujat

Zusammenfassung

Eine CAMAC-Verbindung zwischen einem PDP-8E und
PDP-8! Rechner wird beschrieben. Die Verbindung
besteht hauptsachlich aus Standard-CAMAC-Modulen;
sie kann an die besonderen Anforderungen von “on-line"-
Messungen und von photonuklearen Experimenten ange-
paldt werden.
Résumé

Description d'un systéme d'intercommunication entre un
PDP-8E et un PDP-8I. Ce systéme est constitué essen-
tiellement de tiroirs CAMAC normalisés; il peut étre
adapté aux besoins particuliers des mesures en ligne et
au contréle des expériences photonucléaires.

Riassunto
E descritto un canale di collegamento CAMAC fra un
PDP-8E ed un PCP-8I. Il collegamento consiste princi-
palmente di moduli stantard CAMAC et é adattabile alle
esigenze particolari delle misure in linea e del controllo
degli esperimenti fotonucleari.

Samenvatting

Beschreven wordt een CAMAC-datatransmissieverbinding
tussen een PDP-8E en een PDP-8/. Deze verbinding be-
staat hoofdzakelijk uit standaard CAMAC-modules en kan
worden aangepast aan de specifieke eisen die worden
gesteld in verband met de on-line besturing van photo-
nucleaire experimenten.
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Pesrome

Onucana c6a3b mexncoy komnymepamu IIJII-8E u ITJIT-8U.
B 6oavwioit wacmu ona cocmaeiena us 640xk06 CAMAC u
npucnocobiena K NPAMBIM U3MEDEHUAM U YNPAGACHUAM
homo-20epHbIM IKCHePUMEHMOM.

A differential discriminator in CAMAC
D. Kollbach and H.-U. Nachbar

Zusammenfassung

Diesen CAMAC-Modul selektiert die Amplituden analoger
Eingabesignale von 0 bis — Tv oder von 0 bis + 5 vwahlweise
differentiele oder integral (2 fach) und erzeugt Standard-
NIM-Ausgabeimpulse von —16mA. Die Betriebsarten,
Schwellenwerte und andere Einzelheiten werden mittels
CAMAC-Befehlen gewahit.

Résumé

Ce tiroir CAMAC effectue la discrimination en amplitude
des signaux d’entrée analogiques jusqu'a —1v ou +bv,
en mode différentiel ou en mode double intégration; il émet
des impulsions de sortie NIM de —16mA. Les modes
opératoires, les seuils et les autres caractéristiques sont
choisis par des commandes CAMAC.

Riassunto

Il presente modulo CAMAC discrimina le ampiezze dei
segnali analogici d’'ingresso, fino a —1v e +5v in modo
differenziale o integrale doppio, e genera impulsi d’uscita
standard NIM da —16mA. | mod: di funzionamento, le
soglie e le altre caratteristiche sono selezionati da comandi
CAMAC.

Samenvatting

Dijt CAMAC-module discrimineert de amplituden van
analoge ingangssignalen (—1v of +5v) en genereert
standaard NIM uitgangspulsen van —16mA. Met behulp
van CAMAC-opdrachten worden werkwijze, drempels en
andere functies gekozen.

Pesrome

Dmom 610k CAMAC Ouckpumunupyem amniumyosl aHa.o-
206b1X 6X00HbIX CU2HAA06 00 —I1 V uau +5 V aubo ¢ dugghe-
PeHYUAAbHOM —AUOO  OBOUHOM UHME2PAALHOM pedcume U
2enepupyem cmanoapmusie, 16 mA umnyascor NIM. Pexcumbt
pabompl, nopoz2u u Opyaue cgoilcmea evlbepaemcsa KOMMAaH-
damu CAMAC.

A Branch Highway driver for the PDP-11computer

B. Bricaud, J. Durruty, J. C. Faivre, J. Pain

Zusammenfassung

Der in diesem Beitrag beschriebene CAMAC-Branch-
Highway-Treiber steuert bis zu sieben Rahmen und
ibertrdgt die Daten iber den UNIBUS auf einen PDP11
Rechner. Fir einen 16-bit-CAMAC-Operation ist nur ein
Computerbefehl notwendig.

Résumé

La commande d'interconnexion de branche CAMAC
décrite dans cet article permet de contréler jusqu’a sept
chéssis; elle transfere les données par l'intermédiaire de
I'"'UNIBUS d'un ordinateur PDP-11. Une opération CAMAC
16 bits ne nécessite qu'une seule instruction machine.

Riassunto

L'elemento di comando del ramo principale CAMAC,
descritto nel presente studio, controlla fino a sette conteni-
tori e trasferisce dati attraverso I'UNIBUS di un calcolatore
PDP-11. Per un'operazione CAMAC da 16 bit basta
una sola istruzione del calcolatore.

Samenvatting

De beschreven CAMAC branch highway driver is ontwor-
pen voor het besturen van ten hoogste 7 rekken en voor het
overbrengen van gegevens via de UNIBUS van een
PDP-11 computer. Met één enkele computeropdracht kan
een CAMAC-bewerking van 16 bit worden uitgevoerd.

Pesrome

Koumpoanep eemeu CAMAC ynpasasem 0o 7 Kpeiimos u
nepedaem oOannvie no mazucmpasu UNIBUS komnymepa
IIQI-11. [Jasa oowoit 16 paspaouoi onepayuu CAMAC
HyJHCHA MOAbKO 00Ha Kommanoa DBM.
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CAMAC - An educationai program for manual crate
control
B. Bjarland

Zusammenfassung

Ein Nova-Assembler-Programm ermdéglicht die Eingabe von
CAMAC-Befehlen durch einen Fernschreiber. Das Look
at me Munster kann auf Verlangen ausgedruckt werden.
Schnelle und langsame wiederholbare Betriebsarten sind
moglich. Das Programm ist fir den Unterricht und fiir die
Demonstration des CAMAC Standards, sowie fiir die
Entvcl;/ck/ung und das Testen von Modulen angewandt
worden.

Résumé

U'r) programme en langage assembleur NOVA permet
d'introduire les commandes CAMAC & partir d’'une télétype.
La configuration des L peut étre imprimées sur demande.
Des modes répétitifs rapides et lents sont prévus. Le pro-
gramme est utilisé pour I'enseignement et la démonstration
de CAMAC aux étudiants, ainsi que pour le développement
et le contréle des tiroirs.

Riassunto

Un programma redatto nel linguaggio assemblatore NOVA
permette I'ingressodei comandi CAMAC da una telescri-
vente. La configurazione dei LAM puo essere stampata su
richiesta. Sono disponibili modi ripetitivi veloci e lenti.
Il programma é stato impiegato per insegnare e dimostrare il
CAQJ,;I‘C a studenti, nonché per applicazioni e prove dei
moduli.

Samenvatting

Dit programma, dat in Nova assemblertaal is geschreven,
maakt het mogeljjk CAMAC-opdrachten via een teletype
in te voeren. Het L-patroon kan desgewenst worden afge-
drukt en zowe/ snelle als trage herhaling van de opdrachten
is mogelijk. Doel van het programma is het demonstreren
van CAMAC aan studenten, alsmede het ontwikkelen en
testen van modulen.

Pe3rome

Ilpoepamma 6 accembaepe Nova nozearsem npuHUMAMb
kommanost CAMAC u3z menemaiina. Caoéo L-cuenanos
Mmodicem Ovimb omneuamano no mpeboeanuio. ITpedycmom-
peHvl Obicmpblil U Med.aenHblll pexcumol pabomol. Ilpo2pamma
6viaa npumenena 041 o0Oyuenus u nokaza CAMAC — a
cmyoenmam u 044 pazpabomiku u nposepku mooyaei.

System approaches to analogue measurements
H. Liebendorfer and C. Manning

Zusammenfassung

CAMAC beruht im wesentlichen auf einer digitalen System-
konzeption, weshalb Digital-Analog-Umsetzer (DACs)
zur Behandlung von Analog-Ausgabedaten und Analog-
Digital-Umsetzer (ADCs) fir die Analog-Eingabedaten
notwendig sind. ADCs sind ziemlich komplexe Anlagen,
und dieser Beijtrag soll zur Klarung einiger anstehender
Fragen dienen.

Résumé

CAMAC est un systéme de conception essentiellement
numérique, c’'est pourquoi, il nécessite des convertisseurs
numérique-analogique (DAC) pour le traitement des
sorties analogiques, et des convertisseurs analogique-
numérique (ADC) pour les entrées analogiques. Les con-
vertisseurs ADC étant des instruments d’'une relative
complexité, cet article tente d’'éclaircir les problemes
susceptibles de se poser.

Riassunto

1l CAMAC é sostanzialmente un sistema digitale, per il
quale occorrono convertitori digitali-analogici (DAC)
per trattare uscite analogiche, e convertitori analogico-
digitali (ADC) per trattare ingressi analogici. Data la
complessita degli ADC, il presente studio si propone di
spiegare alcuni problemi che potrebbero presentarsi.

Samenvatting

CAMAC is in wezen een digitaal systeem. Voor de behan-
deling van analoge uitvoergegevens zijn bijgevolg digitaal-
analoog-omzetters en voor analoge nvoergegevens
analoog-digitaal-omzetters vereist. Daar deze /laatste
nogal ingewikkelde instrumenten zijn, wordt in dit artikel
getracht een aantal problemen op te lossen die in dit
verband kunnen rijzen.

Pesrome
Tak kax CAMAC agasemca yughpoesoii cucmemoii mpebyiomca
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HARDWARE

This guide consists of a list of CAMAC equipment
which is believed to be offered for sale by manu-
facturers in Europe and the USA. The information
has been compiled by CERN-NP-Electronics and
is mainly based on information communicated by
manufacturers and available up to the 20th Septem-
ber. 1975.

Every effort has been made to ensure the com-
pleteness and accuracy of the list, and it is hoped
that most products and manufacturers have been
included. Inclusion in this list does not necessarily
indicate that products are fully compatible with the
CAMAC specifications nor that they are recom-
mended or approved by the ESONE Committee.
* Similarly, omission from this list does not indicate
disapproval by the ESONE Committee.

Reader service

Readers are advised to use the Reader service
enquiry card, inserted in this Bulletin, if you
wish to obtain more information on CAMAC
Products, and to be on the manufacturers
mailing list.

Remarks on some columns in the Index of Products

Column

NC — N is new, C is corrected entry.

WIDTH -1 to 25, indicates module width or—for
crates—the number of stations available.

— 0 indicates unknown width or format.
— Blank, the width has no meaning.

— NA indicates other format, normally a
19 inch rack mounted chassis.

NPR  — Number in brackets is issue number of
the Bulletin in which the item was or is
described in the New Products section.

DELIV —Date on which item became or will
become available.

REF No — Reader service reference number.

CLASSIFICATION GROUPS

page
DATA MODULES (I/0O Transfers and
Processing)

Digital Serial Input Modules (Scalers,
Time Interval and Bi-directional Counters,
Serial Coded etc.) .

Digital Parallel Input Modules (Stormg and
Non-Storing Registers, Coinc. Latch, LAM,
Status etc.) Rt ot
Digital Output Modules (Serlal Clocks,
Timers, Pulse Generators, Parallel : TTL Output,
Drivers) .

Digital 1/0, Penpheral and Instrumen-
tation Interfacing Modules (Serial and
Parallel 1/O Regs, Printer-, Tape-, DVM-,
Plotter- and Analyser Interfaces, Step-Motor
Drivers, Supply CTR, Displays).

Digital Handling and Processing Modules
(and/or/not Gates, Fan-Outs, Digital Level and
Code Converters, Buffers, Delays, Arithm.
Processors etc.) . :

Analogue Modules (ADC DAC Multl-
plexers, Amplifiers, Linear Gates, Discrimi-
nators etc.) .

Other Digital and/or Analogue Modules
(Mixed Analogue and Digital, Not Dataway
Connected etc.) .

SYSTEM CONTROL (Computer Couplers,
Controllers and Related Equipment)

Interfaces/Drivers and Controllers (Par-
allel Mode for 4600 Branch and Other Multi-

code
Crate Bus, Single-Crate Systems, Autonomous
Systems) e
lnterfaces/Controllers/Dnvers for Senal
Highway .
Units Related to 4600 Branch or Other
Parallel Mode Control/Data Highway
(Crate Controllers, Terminations, LAM Graders,
Branch/Bus extenders) .

TEST EQUIPMENT

System Related Test Gear .

Branch Related Testers/ControlIers and
Displays :

Dataway Related Testers and Dlsplays
Module Related Test Gear (Module Ex-
tenders) . X

Other Test Gear for CAMAC Eqmpment

CRATES, SUPPLIES, COMPONENTS,
ACCESSORIES

Crates and Related Components/Acces-
sories (Crates with/without Dataway and
Supply, Blank Crates, Crate Ventilation Gear)
Supplies and Related Components/Ac-
cessories (Single- and Multi-Crate Supplies,
Blank Supply Chassis, Control Panels, Supply
Ventilation) . . . XXX
Recommended or Standard Components/
Accessories (Branch Cables, Connectors etc.,
Dataway Connectors, Boards etc.,, Blank
Modules, Other Stnd Components)




INDEX OF PRODUCTS

DESIGNATION & SHORT DATA TYPE MANUFACTURER WIDTH DELIV. NPR REF. No.

DATA MODULES — 1/0 TRANSFERS AND PROCESSING

11 Digital Serial Input Modules — Scalers, Time Interval
and Bi-directional Counters, Serial Coded etc.

111 Simple Serial Binary Registers

N 24 BIT SCALER (15MKZ) Cam 2,01 METRIMPEX 14,1001

1X24 BIT BINARY BLIND SCALER  (20MMZ NIM J EB 10 SCHLUMBERGEK 14,1002
OR 1OMMZ TTL I/P,eXT INMIBIT IN,uvt 0O/P)

MINISCALER (2X16B17,30MHZ,SEPARATE GATES 1002 BUKER 14,1003
AND EXTERNAL RESET,NIM LEVELS)

MINISCALER (2X16BIT,30MHZ,SEPARATE GATES 002 NUCL, ENTERPKISES 14,1004
AND EXTERNAL RESET,NIM LEVELS)

MINISCALER(2X16B1T,30MHZ,SEPARATE GATES C 104 ROT 7 14,1005
AND EXT RESET,NIM LEVELS)

DUAL SCALER (2Xx16BIT, 50MHZ) DS 0%0 STND ENGINEERING 14,1006

DUAL 150 MHZ 16 BIT SCALER (UNE 50 UHMS, 28 2024/16 SEN 14,1007
ONE UNTERMINATED NIM INPUT PER SCALER)

DUAL SCALER (2X16BIT, 100MHZ) 08 100 STND ENGINEERING 14,1008
OUAL SCALER (2X16BIT, 150MMZ) DS 150 STND ENGINEERING 14,1009
DUAL SCALER (2Xx16BIT, 200MHZ) 08 200 STND ENGINEERING 14,1010

DUAL 24 BIT BINARY SCALER FHC 1313 FRIESEXE 14,1014
(15MHZ, NIM UR TTL INPUTS)

QUAD SCALER (4x12 OR 2x24 BIT, (YMHZ) CaM 2,02 METRIMPEX 14,1012
DOUBLE SCALER (24/168IT,50MHZ,2 1/P & CeDSe24 WENZEL ELEKTKUNIK 14,1013
3 GATE MODES,INHIBIT, PleQVERFLUW)

SELECTABLE,50MHZ,CUMMON GATE,NIM LEVELS)

FOUReFOLD CAMAC SCALER (4X16BIT,40MHZ, 4 5 2004 SEN 14,1022
ONE 30 UHMS,ONE HIeZ NIM I/P PER SCALER)

TIME DIGITIZER(4X16BIT,CLOCK RATE T0 2031 SEN 14,1023
70/85MHZ, WITH CENTER FINDING LOGIC)

TIME DIGITIZER (4x16BIT,CLUCK KATE TD 2044 Stw 14,1024
70/85MHZ,NIM LEVELS)

QUAD SCALER (4X16BIT, 50MHZ) as 050 STND ENGINEERING 14,1025

SERIAL REGISTER (4X16BIT,2x32BIT SELECTe SR 1608 GECeELLIOTT 14,1026
ABLE,100MHZ ,COMMON GATE,NIM LEVELS)

FOURSFOLD SCALER(4x16BIT,2x3281T SELECTe 4 5 20037100 SeN 14,1027
ABLE,100MHZ,COMMUN GATE,NIM LEVELS)

QUAD SCALER (4x16BIT, 180MHZ) Q@s 150 STND ENGINEERING 14,1028
QUAD SCALER (4x16BIT, 200MHZ) Qs 200 STND ENGINEERING 14,1029

QUAD SCALER (4X24BIT, 50MHZ, DATAwAY s4248 EGKG/URTEC 14,1030
AND/UR EXT FAST INWIBIT, NIM LEVELS)

SCALEReTIMER (4X24BIT, INT, 1MHMZ CRYSTAL CAM 5,02 METRIMPEX 14,1031
OSCILLATOR, RESOLUTION 1QMHZ)

WUAD COUNTING REGISTER(4X24BIT,NIM INPUT 709=2 NUCL, ENTERPRISES 14,1082
TTL INHIBIT IN,TTL CARRY AND OVF QUuT)




DESIGNATION & SHORT DATA

SCALER (4Xx24B1T, 50MHZ)

QUAD SCALER (4X24BIT,150/125MH.,UATAKAY
AND/UR EXT FAST INHIBIT,NIM LEVELS)

GUAD SCALER (4X24RIT, 200MHZ, DATAWAY
AND/UR EXT FAST INHIBIT, NIM LEVELS)

QUAD SCALER (4X24BIT, 125MHZ,INTERRUPT
STRUCTURE, INDIVIDUAL INKIBIT INPUTS)

QUAD SCALER (4X24BIT, 200MHZ,INTERRUPT
STRUCTURE, INDIVIDUAL INHIBIT INPUTS)

WUAD 100MHZ SCALER (4X24BIT,DISCK LEVEL
0,5V, TIME«INTERVAL APPL,NIM INHIB 1/P)

QUAD 100 MHZ SCALER(4X16/24BIT,=0,5v I/P
THRESHOLD,COMMON ExT FAST INHIBIT,NIM)

QUAD SCALER (4X2d4BIT, 300MHZ, 7=SEGMENT
DISPLAY/SCALER, (OVF GIVES LAM)

QUAD SCALER (4Xx24BIT UR 2x48BIT,100MHZ,
OVF GIVES LAM, CUMMUN INHIBIT GATE)

TIME DIGITIZER
(6 CHANNELS,16 BITS, 100 MHZ CLOCK RATE)

12=CHANNEL 100MHZ SCALER (16BIT,=0,5V
1/P THR, FAST CLEAR, CASCADABLE, LAM)

12=CHANNEL 16 BIT SCALER (CERN §F82135)
HEX TTL/NIM 50 MHZ SCALER

HEX COUNTING REGISTEK (6Xx24BIT, 100MKZ
NIM & TTL LEVELS, TTL CARRY UVF, BIN)

HEX NIM 100 MHZ SCALER

12eCHANNEL 100 MHZ SCALER(12X24BIT,=0,5V
I/P THR, COMMON FAST CLEAR & INHIB, NIM)

112 Simple Serial Decade Registers

§1X6 BCD DECADE SCALER J EA 20
(30 MHZ, BUILTwIN DISPLAY)

DUAL 24 8BIT BCD SCALER FHC 1311
(15MHZ, NIM OR TTL INPUTS)

2x6 BCD DECADE SCALER » 100 MHZ J EA 10
WITH REMUTE DISPLAY

QUAD BCD SCALER (d4x6 DECADES,30MHZ) 9021
HEX COUNTING REGISTER (6X24BIT, 100MKZ 321
NIM & TTL LEVELS, TTL CARRY UVF, BCD)

113 Preset Serial Binary Registers
PRESET CUUNTING REGISTER (16BIT,10MHZ, 7039w}
NIM/TTL I/P,TTL INHIB + U/P,DATAWAY SET)
PRESET SCALER (24BIT) CAM 2,04

SCALER 50 MHZ (12/16/18/24B1T,PRESET
WITH OVF LINE,CONSTANT DEADTIME)

PRESET SCALER(24/)16BIT,50MHZ,DATAN, SET, CeP8w24
BUFFER,2 I/P & 3 GATE MODES,INHIB,0VFLO)

BIN,PRESET SCALER/BCD=DISPLAY(24BIT/80LC CwSD=24
SO0MMZ,DATAWAY SET,2I1/PRGATE MUDES,INHIB)

DUAL PRESET COUNTING REGISTER(16BIT BIN) 2204

DUAL PRESET COUNTER/TIMER (2X16/24BIT, 1006
40MHZ MIN, SELF RELUADABLE)

2x24 BIT PRESET SCALER (100MHZ CUUNTING) J EP 30
PRESET QUAD BINARY CUUNTER (4X24BIT, 310

75 MHZ, NIM & TTL LEVELS, TTL CARRY UVF)
(SAME BUT 50 MKZ) 350

114 Preset Serial Decade Registers
REAL TIME CLOCK (3,8 USEC TO 18,2 HRS, RTC 2014

PRESET=TIME AND PRESET=COUNT MUDES)

24817 BCD PRESET=SCALER (12MHZ, NIM FHC 1301
OR TTL INPUTS,MANUAL UR DATAWAY PRESET)

24BIT BLD PRESETwSCALER (12MhZ, NIM FHC 1302
OR TTL INPUTS,DATAWAY PRESET)

C 72451eAdenl

MANUFACTURER

NUCL, ENTERPKISES

EGEG/URTEL

EG&L/URTEL

JULKGER

JUEKRGER

JUrKAY

LrSelLECRUY

SLHLUMBERGENR

STNU ENGINEERING

JUERGER

LRS=LECROY

NUCL, ENTERPRISES
KINETIC SYSTEMS

HYTEC

KINETIC 8YSTEMS

LRS®LECRUY

SCHLUMBERGER

FRIESEXE

SCHLUMBERGER

NUCL, ENTERPRISES

HYTEC

NUCL, ENTERPRISES

METRIMPEX

SIEMENS

WENLEL ELEKTRUNIK

WENZEL ELEXKTRUNIK

BI KA SYSTEMS

BORER

SCHLUMBERGER

HYTEC

SEn

FRIESEKE

FRIESEKE

DELIV.

/73

/714

NPR REF. No.

14,1033

14,1034

14,1035

14,1036

14,1087

14,1048

14,1039

14,1040

14,1041

14,1042

14,1043

14,1044
14,1045

14,1046

14,1047

14,1048

14,1049

14,1050

14,1081

14,1052

14,1053

14,1054

14,1055

14,1056

14,1057

14,1008

14,1099

14,1060

14,1001

14,1062

14,1063

14,1004

14,1065




NC DESIGNATION & SHORT DATA TYPE MANUFACTURER WIDTH DELIV. NPR REF. No.

6 BCD DECADE SCALER (MANUAL AND DATAwAY J EP 20 SUNLUMBERULEX £ /71 14,1006
PRESET,1 MHZ, START/STOP OQUTPUT)

PRESET SCALER (20MHZ,8DECADE 8CD,” SEGM PSR 0601 GECeELLIUTT 1 /72 C7) 14,1007
LED INDICATES CUNTENTS AND PRESET NOU)

PRESET SCALER(10MHZ,8 DECADE BCD,DISPLAY C 103 ROT 3 /71 14,1068
OF 2 SIGNIF NUMBERS+EXP,MAN PRESET,NIM)

DUAL PRESET CUUNTING REGISTER(4 DECADES) 2204 HI KA SYSTEMS 1 /73 14,1069
PRESET QUAD DECADE CUUNTER (4Xb DECADES, 311 HYTEC g 173 14,1070
75 MHZ, NIM & TTL LEVELS, TTL CARRY UVF)

(SAME BUT 50 MHZ) 351 1 /74

117 Other Digital Serial Input Modules (Bi-Directional Sequential, Shift Types)

N INCREMENTAL ENCODER INPUT (ACCEPTS 1e JUEKGEHR 1 09//5 (14) 14,1071
QUADRATURE INPUTS, 24 BITS)
UP/DUwN PRESETTABLE COUNTER(24BI1T,10MHZ, S2 JUEKRGER 1 /72 £ b) 14,1072
GATE AND PULSE BURST OUTPUTS)
UP/DUWN PRESETTABLE COUNTER(6 BCD DIGITS $2=1 JUEKRGEK 1 /3 14,1073
10MHZ, MANUAL AND DATAWAY PRESET)
QUAD PRESETTABLE UPsDOWN COUNTER 3640 KINETIC SYSTEMS 1 /73 14,1074
DUAL INCREMENTAL POSITION ENCUDER (2x20 2IPE 2019 SN ! Z48 14,1075
BIT XeY DIGITIZATIUN BY UP=DUWN COUNTER)
N TOGGLING SCALER/TIMER (CUNTINUOUS 0311 SENSTUN 1 03775 14,1076
COUNTING WITH NO CHANGEUVER LUSS)
12 Digital Parallel Input Modules — Storing
and Non-storing Registers, Coinc. Latch, Lam, Status etc.
121 Non-Storing Registers (Gates)
PARALLEL INPUT GATE (CERN SPS2133,16BIT) 90494 NUCL, ENTERFRISES 1 (10) 14,1077
ISULATED INPUT GATE(16BIT,VERSIUN AG302D AG 302+ STND ENGINEERING 1 /74 14,1078
FOR 12,24 OR 48V, AG302A FUR {15VAC)
INPUT GATE (16BIT, CUNTACT CLUSURE) AG J02C STND ENGINEERING 1 /74 14,1079
INPUT GATE (16BIT) PG 301 STND ENGINEERING 1 /73 14,1080
C INPUT GATE (24BIT, SUURCE SELECTION BY 207 JUKWAY 1 /74 (8) 14,1081
6B1T QUTPUT, DATAWAY GEN STRURE UUT)
INPUT GATE 24eBIT 3420 KINETLIC SYSTEMS 1 171 ( a) 14,1082
N PARALLEL INPUT GATE (24BIT) Cam 2,07 METRIMPEX 1 /74 14,1088
PARALLEL INPUT GATE (22817 STATIC DATA, 7060%1 NUCL, ENTEWRFR]SES 1 /70 14,1084
500 NSEC INTEGRATION,STROBE SETS L,TTL)
PARALLEL INPUT GATE (24 BIT) 90498 NUCL, ENTERPRISES 1 (10) 14,1085
INPUT GATE (24BIT) PG 304 STNU ENGINEERING 1 /73 14,1086
24=B1T ISOLATED INPUT GATE 3471 KINETIC SYSTEMS 1 /73 14,1087
STATIC DIGITAL INPUT (2X16B1T, TIL) C 76451eABead SIEMENS 1 /73 ( 6) 14,1088
DUAL INPUT GATE (16B1T) PG 601 STND ENGINEERING 1 /73 14,1089
DUAL PARALLEL STROBED INPUT GATE(2X24BIT 61 JURWAY 1 /70 14,1090
HANDSHAKE MODE TRANSFER TO DATAWAY,TTL)
DUAL PARALLEL INPUT GATE (2X24B11,NUNe 61e1 JUKmaY ! /70 14,1091
INTERLOCK CONTRUL TRANSF TO DATAWAY,TTL)
INPUT GATE DUAL 24 BIT sa72 KINETIC SYSTEMS 1 14,1092
INPUT GATE (2X24BIT STATIC DATA,INTEGR 321 PULUN 1 /74 14,1083
FOR JUSEC,TTL LEVELS, 2X37w=WAY I/P (LUNN)
INPUT GATE (2X24BIT STATIC DATA,INTEGR 3214 1 /74
FOR 1QUSEC,TTL LEVELS,2X37wwAY I/P CUNN)
(SAME, INTEGRATION FUR SMSEC ) 3218 1 /74
DUAL 24 BIT PARALLEL INPUT GATE PG=004 STALD ENGINEERING 1 /72 ( 0) 14,1094
(WITH LED DISPLAY OPTION)
PARALLEL INPUT GATE (3X16BIT INPUT FROM 1061 BURER 1 £12 ( a) 14,1095
ISULATING CONTACTS)
3X16°BIT INPUT GATE 1063 BURER 1 ) (8) 14,1096
(INPUTS ISULATED BY UPTUwCOUPLERS)
DIGITAL INPUT REGISTER wITH UPTU COUPLER DO 200w2003 DUNNIER 1 172 14,1097
(4XBBIT PARALLEL INPUT GATES,wITH L)
(WITH FRONT PANEL CUNNECTUR) 00 200e2204 1 /72




DESIGNATION & SHORT DATA

DIGITAL INPUT REGISTER (5x8811 PaRaLL
INPUT GATES,5Th BYTE SETS L,TTL,13H)
(WITHM FRONT PaNEL CUNNECTUR)
(MUDULE wITr ONLY LUGIC BUAND)

DIGITAL INPUT REGISTER (5X8B11 PAKALL

INPUT GATES,5TH BYTE SETS L,HLLs1=nH)
(wITH FRONT PaNEL CUNNECTUK)

PARALLEL INPUT GATE(16X16BIT,TTL, 13LOw)

128 BIT RECEIVER (ADDRESSABLE AS 8 16B1T
WORDS (OR 128 1=BIT wURDS)

122 Storing Registers

OPTICAL ISULATED INPUT REGISTER

PARALLEL INPUT REGISTER (16BIT,CUNTINU=
QUS UR STROBED MUDES CONTROLLED ®BY REG)

DYN, DIG, INPUT (36817, TTL,
LAM 1F INPUT 0=1 OR 1e0 OR BUTH)

INPUT REGISTER (16BIT)
DYNAMIC DIGITAL INPUT 16BIT FLUATING I/P

ISOLATED INPUT REGISTER(16BIT,AR3020 FUR
12,24 DR 48VDC, AR302a FOR 115VAC)

INPUT REGISTER (16BIT,CONTACT CLUSURE)

PARALLEL=INPUT=REGISTER (SINGLE 16724817
OPT,READY SIGNALS,I/U TTL,CONTRUL BUS)

INPUT REGISTER (24BIT, SPEC CONN, 8 BIT
ALSO VIA LEMO,LAM ON NONeZERO OR STROBE)

CONTACT SENSE (24BIT ISOLATED INPUT REG,
SENSES 12,24,48VDC OK 120VAC INPUTS)
CONTACT SENSE (24BIT ISULATED INPUT REG,
SENSES STATE OF SERIES SWITCHES)

INPUT REGISTER 24eBIT
INPUT REGISTER (24BIT)

INPUT REGISTER (24 INPUTS, ¢ STRUBE,
OPTICALLY ISOLATED)

BALANCED INPUT REGISTER WITH ADDRESSING
PARALLEL INPUT REGISTER (2x16B1T, TTL)

DUAL INPUT REGISTER(2x16BIT,LAM & STROBE
I1/P & DATA-READ=STROBE O/P PER CHANNEL)
CAMAC UNTERM, I/PtS VIA SCHMITT TRIGGERS
I1/P FILTER RESPONSE IUSEC TO 10MS

DUAL 16 BIT INPUT REGISTER
(TTL LEVELS, CERN SPECS 072)

DUAL 16 BIT INPUT REGISTER(EXT STRUBE UR
DATAWAY COMMAND STORES DATA,TTL LEVELS)

DUAL INPUT REGISTER (16BIT)
DIGITAL INPUT (2x16BIT FLOATING INPUT)
DUAL 24 BIT PARALLEL INPUT REGISTER(TTL)

DUAL 24 BIT INPUT REGISTER
(TTL, HANDSHAKE)

DUAL INPUT REGISTER(2x24BIT,LAM & STROBE
1/P & DATAREAD=STROBE O/P PER CHANNEL)
CAMAC UNTERM, I/P1S VIA SCHMITT TRIGGERS
I/P FILTER RESPUNSE 1USEC TO 10MS

(SAME BUT WITH TwISTED PAIR INPUTS)
(SAME BUT WITH UPTICAL ISOLATIUN INPUT,
LOGIC 1| = 5V OR 12MA)

DUAL INPUT REGISTER (2X24BIT,I1/P INTEGR
TTLe PULL LAM, UUTPUT STRUBES)

INPUT REGISTER (2X24BIT, 3 MUDES UF DATA
ENTRY, LED DISPLAY)

DUAL PARALLEL INPUT REGISTER(2X24BIT,EXT
LOAD REQUEST,4 UPER MODES,TTL LEVELS)

24eB1T DUAL PARALLEL INPUT REGISTER
(A HAS LDeZ, B HAS UNTERMINATED INPUT)

PARALLEL INPUT REGISTER (2x24 BITS)

DUAL 24 BIT PARALLEL INPUT REGISTER
(WITH LED DISPLAY UPTION)

TYPE

200=2001

20u=22v1
200=2000

2002002
200w2202
25601

C 3ai

2601

7014=)

C 76451 wA]/mha

PR 301
C 76451=Al7eAd

AR 302+

AR J02C

M8 PI 2 1230/1

FHC 1308

cs

CSe}

3470
PR 304

1Re2

3430
2312
PR 1610 SERJES

PR 1611

2IR 2002

2IR 2010

PR 601
C 7645 =ABeAl
2322

R1=224

PR 2400 SERIES

PR 2401

PR 2402

PR 2403

220

IR

604

9041A/90418

J RE 10

PR=604

MANUFACTURER

DunNIER

DOURNIER

GEC=ELLIUIT

INFURMATEK

Bl KA SYSTEMS

NUCL, ENTERPRISES

SIEMENS

STND ENGINEERING
SIEMENS

STND ENGINEERING

STNU ENGINEERING

AEGSTELEFUNKEN

FRIESEKE

JUERGER

KINETIC SYSTEMS
STND ENGINEEKING

JUERGER

KINETIC SYSTEMS
Bl RA SYSTEMS

GEC=ELLIOTT

SEN

SEN

STND ENGINEEKRING
SIEMENS
BI RA SYSTEMS

EGEG/URTEC

GEC=ELLIOTT

HYTEC

JOERGER

JUKRWAY

NUCL, ENTERPRISES

SCHLUMBERGEK

STND ENGINEERING

DELIV.

/71

NPR REF, No.

14,1098

14,1099

14,1100

14,1101

14,1102

14,1103

14,1104

14,1105
14,1106

14,1107

14,1108

14,1109

14,1110

14,1111

14,1112
14,1113

14,1114

14,1115
14,1116

14,1117

14,1118

14,1119

14,1120
14,1121
14,1122

14,1123

14,1124

14,1125

14,1126

14,1127

14,1128

14,1129

14,1150




NC DESIGNATION & SHORT DATA TYPE MANUFACTURER WIDTH DELIV. NPR REF. No.
C DUAL INPUT REG,(2X24BIT,SEP,TIMING,LUGIC C=I1L=48 WENZEL ELEKTRUNIK (14) 14,1131
BITWISE PUS/NEG,dTIMINGR 3DATA IN MUDES) :

QUAD 24 BIT INPUT REGISTER (d4x24, MAND= UK JULKGEK (14) 14,1192
SHAKE DATA TRANSFER, 3 DATA ENTRY MUDES)

DORNIER MUDULES ALSU MARKETED BY SIEMENS SIEMENS 14,1134
DIGITAL INPUT REGISTER, EXTERNAL STRUBE DO 20092004 DUKNIER 14,1134

(4x8BIT INPUT LATCHES, IX8BIT SET LAM) .
(SAME WITH FRONT PANEL CUNNECTUR) DO 200w2204

123 Terminated Signal Input Registers (Coinc. Latch, Pattern etc.)

12 BIT PARALLEL INPUT REGISTER (NIM) 2351 BI KA SYSTEMS 14,1135

STRUBED INPUT REGISTER (128IT COINC AND SIR 2026 SEN 14,1136
LATCH,NIM LEVELS,PATTERN AND LwREQ APPL)

16817 DISCRIMINATOR=COINCIDENCE REGISTER 2352 Bl RA SYSTEMS t 14,1137

FAST COINCIDENCE LATCH(16BIT,DISCR I/P, 64 JUKWAY 14,1138
MIN 2 NSEC STRUBE=SIGNAL UVERLAP)

16 FULD DCR (16 DISCR, CUMMUN STRUBE, 23408 LRSeLECROY ¥ 14,1139
®70MV THRESHULD, FAST SUMMING UUTPUTS)

t6eCH COINCIDENCE REGISTER (STROBE I/P, 23418 LRS=LECRUY 14,1140
2NS UVERLAP,FAST SUM O/P AND CLEAR,NIM) ’

16 CHANNEL STROBED CUINCIDENCE (16 CUINC CAM 8,05 METKIMPEX 14,1141
INPUTS, CUINC & LAM UUTPUT, 1ONS RESOL,)

PATTERN UNIT 021 NUCL, ENTERPRISES F: 14,1142
(16 INDIV NIM INPUTS,CUMMON NIM GATE) )

FAST INPUT REGISTER 9083 NUCL, ENTERPRISES 14,1143
(ASSEMBLES 16BIT wORDS FROM IL2 INPUTS)

PATTERN UNIT(16BIT,I1/P STRUBED WITH c 101 RDT e 14,1144
COMMUN GATE,10 NSEC UVERLAP,NIM LEVELS)

16 BIT PATTERN UNIT (NIM I/P AND GATE) J PU 10 SCHLUMBERGLER 14,1145

PATTERN UNIT 16 BIT (16 INDIVIDUAL NIM 16P 2007 SEN F 14,1146
INPUTS,COMMON NIM GATE, CERN SPECS 021)

16 B1T PATTERN UNIT (CERN 071, 16 INDIV 16P 2047 SEN 14,1147
NIM INPUTS,CUMMUN NIM GATE,LED DISPLAY)

COINCIDENCE REGISTER/LATCH (16 CHANNEL) CR 116 STND ENGINEERING 14,1148
COINCIDENCE REGISTER/LATCH (16 CHANNEL) Cr 216 STND ENGINEERING 14,1149

COINCIDENCE REGISTER (16 CH,COMMUN GATE, CRw6001 STND ENGINEERING 14,1180
MIN OVERLAP 2NS,DOUBLE PULSE RESUL 10NS) )

COINCIDENCE LATCH (24 NIM [NPUTS WITH C124 EGEG/URTEC E 14,1101
CUMMUN STROBE, EXT RESET, 2NSEC UVERLAP)

PARALLEL INPUT REGISTER (24BIT) CaAM 2,05 METRIMPEX 14,1152
COINCIDENCE REGISTER/LATCH (24 CHANNEL) CR 224 STND ENGINEERING 14,1103

COINCIDENCE BUFFER (2X12BIT,ONt STRUBE ca12 EG&G /URTEC t 14,1154
PER 12BITS,MIN 2NS OVERLAP,NIM INPUTS)

124 Manual Input Modules (Word Generators, Parameter Units)

PARAMETER UNJT 12 BIT (PRUVIDES 12 81T P 2005 8EN 14,1105
COMMUNICATION,PUSH BUTTON L=REWUEST)

MANUAL INPUT REGISTER (INPUTS A HANDWSET 1041 BURER 14,1156
16=B1T WORD, MANUAL AND ELECTR LAM I/P)

24 BIT PARAMETER UNIT 2501 BI RA SYSTEMS 14,1197

WORD GENERATOR (24BIT WOURD WG 2401 GEC=ELLIOTT 14,1158
MANUALLY SET BY SWwITCHES)

DATA SWITCHES € 322 INFURMATEN 7¢ 14,1159
(16/24 BITS,READABLE + CONTENT ADDR)

MANUAL INPUT/0UTPUT (TEST UNIT PRUVIDES MI/U JUERGER 14,1160
MANUAL DATA INPUT & VISUAL DATA WUTPUT)

MANUAL INPUT/QUTPUT KEGISTER (24 BITS, 201 JURwAY 14,1161
SwITCH I/P # LAM, 24 LED O/P REGISTEK)

. 24<BLT MANUAL INPUT 3460 KINETIC SYSTEMS F 14,1102
24=BLT MANUAL INPUT 3461

WORD GENERATOR (24 BRITS OF BINARY DATA, 9020 NULL, ENTERPRISES 7 e 14,1163
SWITCH SELECTED)

24 BIT WURD GENERATOR wITH LAM wGR=241 STND ENGINEERING 14,1164




NC

MANUAL REGISTER (FOUK 16 RIT WURULS)

PARAMETER UNIT (GUAD 4«DECADL BCUL
PARAMETERS MANUALLY SET)

PARAMETER UNIT (QUAD 4 DFCADE BCUL
PARAMETERS MANUALLY SET)

127

24«BIT INTERRUPT REGISTENR
(STATUS COMPARED,CHANGE GIVES LAM)

PRIOUKITY INPUT REGISTER(12BITS UKED TU
LAM,FAST COINC LATCH APPL,MASK REGISTER)

INPUT REGISTER (12 BIT, URED TU LAM,
COINCIDENCE LATCH APPL, NIM INPUTS)

INTERRUPT REQUEST REGISTER
(16 INPUTS, ANY INPUT GIVES LAM)

INTERRUPT REQUEST REGISTER (8 CHANNELS)
INTERRUPT REQUEST REGISTER
LAM REGUEST REGISTER (16 BIT)

INTERRUPT ALARM REGISTER
(16 BITS, INDIVIDUALLY MASKABLE)

64 LINE SURVEYOR (SINGLE DR CUNTINUUUS
SURVEY CYCLES, 3 SURVEY MODES)

ISOLATED INTERRUPT GATE(16BIT,*aD FUR
12,24 UR 48y, #zA FUR 115VAC VEKSIOUN)

INTERRUPT GATE (16BIT,CUNTACT CLUSURE)

ISOLATED INTERRUPT REGISTER(16BIT,#=D
FOR 12,24 OR 4BVDC,®*=A FUR 115VAC )

INTERRUPT REGISTER(16BIT,CUTACT CLUSURE)
JNTERRUPT GATE (24BIT)

DUAL INTERRUPT GATE (24BIT)

INTEKRUPT REGISTER (12BIT)

INTERRUPT REGISTER (16BIT)

INTERRUPT REGISTER (24BIT)

INTERRUPT REGISTER (24BIT)

STATUS INTERRUPT (24BIT,]/PRLATCHRLAME
MASK GRUUPRSEL®LAM®TEST ,VAR ,LOGICRLEVEL)

DESIGNATION & SHORT DATA

1051

63

65

300

J Ir 10

64LS 2052

AIG 302+

AIG J02C

AIR J02»

AIR 302¢C
16 304
IG 604
IR

1R

IR

IR 304

CeS5]=24

MANUFACTURER

PULUN

NUCL, ENTERPRISES

ROT

BURER

JURMAY

JURWAY

METRIMPEX

NUCL, ENTERPRISES
NUCL, ENTERPKISES
PULUN

SCHLUMBERGER

SEN

ENGINEERING

ENGINEERING

ENGINEERING

ENGINEERING
ENGINEERING
ENGINEERING

ENGINEERING

STND ENGINEERING

WENZEL ELEKTKUNIK

13 Digital Output Modules — Serial: Clocks, Timers,
Pulse Generators, Parallel: TTL Output, Drivers

131 Serial Output Modules (Clocks, Timers, Pulse GEN)

PRESET SCALER (LEVEL OR PULSE TRAIN O/P,
DURATION SET BY COMMAND,SINGLE & REPEAT)

CLOCK PULSE GENERATOK (10 FIX & 1 PRO=
GRAMMABLE 0O/P, INT, IMHZ, EXT, MAX 5MHZ)

SCALEReTIMER (4X24BIT, INT, {MHZ CRYSTAL
OSCILLATOR, RESOLUTIUN 10MHZ)

CRYSTAL CLUCK GENERATOR (7 TTL UQUTPUTS
FOR {HZ TU I1MWZ FREQUENCY DECADES)

CRYSTAL CUNTROLLED PULSE GENERATUR(7 Dbw
CADES=IHZ TO I|MMHZe500NS PULSES OQUT,TTL)

REAL TIME CLOCK
(4SEC CLOCK/B5MSEC STUP WATCH)

CLUCK GENERATOR (INT 10MMZ, EXT 50MHZ,
8 DECADE STEPS,PLUS PROGRAMMABLE OUTPUT)

GATED CLOCK (10MHZ TU yHZ, INT=EXT
CLOCK, SYNCHRONOUS GATING)

CLUCK PULSE GENERATOR (7 OQUTPUTS=IKZ TU
IMHZ=IN DECADE STEPS,10MHZ EXT IN,TTL)

CLUCK GENERATOR(INTERN {MHZ, EXT 10MRZ,
7 DECADES 1MZeiMKZ TTL O/P,5USEC wIDTH)

CLOLK PULSE GENERATUK(7 DECADES=1MZ TO
{MHZeb00 NSEC PULSES OUT,TTL AND NIM)

1 HL = 1' MHZ QUAKTZ CLOCK (7 O/P = 1hZ
TU 1MHZ=200 TO 800 NSEC wIDTH,TTL LEVEL)

PSR 0801

CAM 5,01

CAM 5,02

FHC 1303

PG 0001

C 320

cG

217

7019e]

7304

C 109

GECeELLIOTT

METRIMPEX

METRIMPEX

FRIESEKE

GECeELLIOTNT

INFURMATER

JOERGER

JURWAY

NUCL, ENTERPRISES

PULUN

KDT

SCHLUMBERLER

WIDTH

DELIV.

(

(

NPR REF. No.

2)

3)

14,1165

14,1166

14,1167

Other Parallel Input Modules (Incl. Lam and Status Registers, see 232 for Lam Grader)

14,1108

14,1169

14,1170

14,1171

14,1172
14,1173
14,1174

14,1175

14,1176

14,1177

14,1178

14,1179

14,1180
14,1181
14,1182

14,1188

14,1184

14,1185

14,1186

14,1187

14,1188

14,1189

14,1190

14,1191

14,1192

14,1193

14,1194

14,1195

14,1196

14,1197




NC DESIGNATION & SHORT DATA

QUARZ=CLOCK w1TH 2 TIMER FUNCTIONS
CAMAC«CLOCKeGENERATOR(? DECADES=10MHZ TO
1HZ950/500 NSEC O/P PULSES,2,8V/50 UHMS)

CLOCK/TIMER (0,001S TO 10 HRS TIME
INTERVAL, TIMEwOF »DAY UUTPUT)

REAL TIME CLOCK, LIVE TIME INTEGRATUR,
PRESET TIMER ’

REAL TIME CLOCK (COUNTS ,1 SEC TU 999
DAYS, DISPLAYS HRS/MIN/SEC, 50/60HZ GEN)

WATCHDOG TIMER (MONITORS SYSTEM ACTIVITY
GENERATES AUDIO ALARM & CONTACT (LOSURE)

REAL TIME CLOCK

REAL TIME CLOCK (3,8 USEC TO 18,2 HPS,
PRESETeTIME AND PRESET=COUNT MUDES)

INTERVAL TIMER/WATCHVLOG (100USEC=300SEC
INTERVAL, 1| SEC==100 SEC TIMEOUT)

REAL TIME CLOCK (PRESET COUNTER, PRESET
TIMER 3,8USEC TO 18,2 HKRS, ELAPSE TIME)

DEAD TIME COUNTER
TIMER MUDULE

TIME BASE (10 TO 100MHZ IN INCREMENTS OF
10MMZ, USED WITH TD 2031/TD 2041)

TIMER (MIN {USEC,OVF FROM COUNTEK=PP1)

TEST PULSE GENERATOR (5 TU 50 NSEC NIM
0/P PULSE DERIVED FRUM S1,F(25) UR EXT)

TEST PULSE GENERATOR (NIM PULSE FAIR)

8 CHANNEL DELAY GENERATOR (DELAY 0 TO 99
TIMES CLOCK, DELAYS CASCADABLE)

SERIAL UUTPUT REGISTER (12/16/24 BIT,
SCALER OR SHIFT REG, INT, 100HZ & IMHWZ)

OUAL PRUGRAMMED PULSE GENERATOR(bQHZ/
2KHZ/5MHZ PULSE TRAIN,LENGTH BY COMMAND)

TYPE

C 76dbf=aldeA2

CeClel0

1411

RCO14

RTC

9064

RIC 2014

EC 384

RTC 018

2203
3655

T8 2032

C 76451eAl2e4A}

TPG 0202

215
220

CAM 2,11

2PPL 2016

MANUFACTURER

SIEMENS

wevZEL ELEXTRUNIK

BUKER

EGEL/URTEL

JUEKGER

JUERGER

NUCL, ENTERPKISES

SEN

SENSIUN

STNU ENGINEERING

Bl RA SYSTEMS
KINETIC SYSTEMS

SEN

SIEMENS

GECeELLIOTT

JURWAY

JORWAY

METRIMPEX

SEN

132 Parallel Output Registers (TTL, HTL, NIM etc.)

OPTICAL ISOLATED QUTPUT REGISTER
12 BIT PARALLEL OUTPUT REGISTER (NIM)

15 BIT PARALLEL OUTPUT REGISTER (BIT
ADDRESSABLE, NIM LEVELS OR PULSES)

12 BIT OUTPUT REGISTER(DC OR PULSE 0O/P,
UPDATING STROBE OUTPUT,NIM LEVELS)

QUTPUT REGISTER (12BIT, NIM PULSES UR
LEVELS OUT)

QUTPUT REGISTER (12BIT)
DIFFERENTIAL OQUTPUT REGISTER
UUTPUT REGISTER (12 CHANNEL)

OUTPUT REGISTER (24BI1T TTL VIA SPEC CONN
8817 ALSU VIA FRONT PaNEL LEMO)

PARALLEL OUTPUT REGISTER
(24BIT, QUTPUT WITH CAMAC STANDAKD)

OUTPUT REGISTER (24 BIT, 16 MA 5V UUT)
QUTPUT REGISTER (24BIT,UPTO=COUPLER,7MA)

QUTPUT REGISTER
(24BIT WORD, TTL 0O/P VIA 37ewAY LONN)

QUTPUT REGISTER (24BI1T)

PARALLEL OUTPUT REG, (24BIT,NEG/UPT POS
TTL,ADJ, DURATIONRLEVEL,4 TIMING MUDES)

DUAL 168IT PARALLEL UUTPUT REGISTER(TTL)

DUAL 16 BIT OUTPUT REGISTER (SELECTABLE
0/P STAGES ON PLUGABLE PC, FP CONNECTUR)

DUAL 24 BIT PARALLEL OUTPUT REGISTER

QUTPUT KEGISTER (2X24BIT DATA UUT,DATA=
READY + BUSY FORM HANDSHAKE, TTL)

3601
Jes1

C 343

41

OrR 2027

Pk 312
3030
OR 612

FHC 1309

CAM 2,12%3

96004
9603

351

PR 314

Ce(1C=24

3212

2UR 2051

3222

RUm224

Bl RA SYSTEMS
BI KA SYSTEMS

INFURMATEK

JURWAY

SEN

STND ENGINEERING
KINETIC SYSTEMS
STND ENGINEERING

FRIESEKE

METRIMPEX

NUCL, ENTERPRISES
NUCL, ENTERPRISES

PULUN

STND ENGINEERKING

WENZEL ELEKTRUNIK

Bl KA SYSTEMS

SEN

Bl KA SYSIEMS

EGab/URTEL

WIDTH

DELIV.

112

/11

/172

NPR REF. No.

14,1198
14,1199
14,1200
14,1201
14,1202
14,1203

14,1204

14,1205
14,1206
14,1207

14,1208
14,1209

14,1210

14,1211

14,1212

14,1213

14,1214
14,1215

14,1216

14,1217
14,1218

14,1219
14,1220
14,1221

14,1222
14,1223
14,1224

14,1225
14,1226

14,1227
14,1228

14,1229

14,1230

14,1231

14,1232

14,1233
14,1234

14,1235




NC DESIGNATION & SHORT DATA MANUFACTURER WIDTH DELIV. NPR REF. No.

OUTPUT REGISTER (2X24B8I1T 0OR 6XBBIT, JUEKRGER /72 7) 14,1236
LED DISPLAY)

24=81T OUAL QUTPUT REGISTER 9042 NUCL, ENTEKPRISES 7) 14,1237

DUAL OUTPUT REGISTER (2X24BIT, DATAwAY 90454 NUCL, ENTERPRISES 7) 14,1238
READ AND WRITE, HANDSHAKE CONTROL, LUwZ)
(SAME BUT HIwZ) 90438 7)

PARALLEL OUTPUT REGISTER (2X24 BITS) J RS 10 SCHLUMBERGER 72) 14,1239

DUAL 24 BIT PARALLEL QUTPUT REGISTER PR=612 STND ENGINEERLING 6) 14,1240
(wWITH LED DISPLAY UPTION)

DIGITAL UUTPUT REGISTER (4X8BIT PARALL DU 200w2501 DURNTIER 14,124}
UUTPUT REGISTER,ND LyTTL,15H)

(WITH FRONT PANEL CONNECTUR) DU 200w2701

(MODULE wITH ONLY LUGIL BUAKD) DU 200w2500

DIGITAL DUTPUT REGISTER (4XBBIT PARALLEL DU 200»250% DURNIER 14,1242
OUPTPUT REGISTER, HLL 12V)

(SAME WITH FRONT PANEL CONNECTUR) DO 200=270%

(SAME, NO F P, CUNNECTOR, INVERTING) DU 200=25086

(SAME WITH FRONT PANEL CONNECTUR) DU 200=2706

DIGITAL OUTPUT REGISTER (4XBHIT PARALLEL DU 200=2507 DOKNIER 14,1243
QUPTPUT REGISTER, HLL 24v)

(SAME WITH FRONT PANEL CONNECTUR) DO 200e2707

(SAME, NO F,P, CONNECTOR, INVERTING) DU 200w=2508

(SAME WITH FRONT PANEL CONNECTUR) VU 200w%2708

DORNIER MUDULES ALSO MARKETED BY SIEMENS SIEMENS 14,1244

QUAD 24 BIT QUTPUT REGISTER (4X24, HANDe JOERGER 09/75 14,1245
SHAKE DATA TRANSFER, PROG, U/P PULARITY)

128 BIT OUTPUT REGISTER (ADDRESSABLE a8 INFURMATEK "3 14,1246

8 16BIT OR 128 {wBIT WORDS) ’
133 Parallel Output Drivers (Open Coll., Relay etc.)

TRIAC OUTPUT REGISTER LT JUELRGER 14,1247

(8 BITS, 2 AMPS, ZERU VULTAGE SwITCHING)

12 BIT QUTPUT REGISTER (RELAY CUNTACTS, 240 JORWAY . 14,1248
SELECTIVE SET/CLEAR LAM GENERATIUN)

8 CHANNEL TIMED TRIAC OUTPUT KINETIC SYSTEMS < 14,1249
8 BIT TRIAC OUTPUT REGISTER KINETIC SYSTEMS 14,1250

120BIT QUTPUT REGISTER (WITH OPTICAL KINETIC SYSTEMS 14,1251
ISOLATIUN,OPEN COLL O/P, MAX 30V/100MA)

12«BIT UUTPUT REGISTER WITH ISULATED KINETIC SYSTEMS 14,1252
RELAY

DRIVER (16BIT,0PEN CULLECTOR QUTPUT VIA NUCL, ENTERPRISES 14,1253
MULTIWAY CONNECTOR,MAX 150MA/LINE)

OUTPUT REGISTER 360 POLUN 7 14,1254
(16BIT, 48Vv/,054 MAX, 2X37=WAY U/P CONN)

OUTPUT REGISTER 3604

(168BIT,250V/,1A MAX, 2X37ewAY O/P CONN)

(SAME, 25V/1A MAX) 3608

16817 QUTPUT REGISTER (ISOLATED RELAY 3094 KINETIC SYSTEMS 14,1255
CONTACTS & LATCHBACK INPUT)

RELAY DRIVER (16 wAY RELAY QUTPUT) J RD 10 SCHLUMBERGER 14,12%¢6

PARALLEL OUTPUT REGISTER (16BIT REED REw Ce=0Re16 WENZEL ELEKTRUNIK 14,1257
LAY, ,MAX SWITCHED PWR {owW,4 TIMING MODES)

PARALLEL.UUTPUT REGISTER (24BIT, OUTPUT CAM 2,12=] METRIMPEX 14,1258
WITH UPEN COLLECTOR, EXT, 30V/100MA)

PARALLEL OUTPUT REGISTER (24BIT, QUTPUT CAM 2,12e2 METKIMPEX 14,12%9
WITH OPEN COLLECTOR, TTL)

DRIVER (24BIT UUTPUT REGISTEK,SET AND 9017 NUCL, ENTERFRISES 14,1260
READ BY COMMAND,24BIT I/P DATA ACCEPTED)

OUTPUT REGISTER (24 BIT, 40 MA 30V UUT) 96008 NULL, ENTERPRISES 14,1261
(SAME INVERTED UUTPUTS) 9600C

OUTPUT REGISTER (24 BIT, 1 AMP 60UV UUT) 9601 NUCL, ENTERPK]ISES 14,1202
(SAME wWITH RELAY CONTACTS, MUX CUNCEFPT) 96024
(SAME WITH RELAY CONTACTS,FREE CUNTACTS) 96028

OUTPUT REGISTER (2X16BIT,0PEN COLLECTOR) 1084 HUKRER 14,1203

OUTPUT DRIVER(2X16BIT,40MA SINKING,1=LU, up 1613 GEC=eLLIUTT e 14,1204
DATAWAY READ & wWRITE,LAM [/P,STRUBE (1/P)
(8aME, 1=HI) UD 1o14

OUTPUT DRIVER(2X16BIT,125MA SINKING,1=L0 0p 1617 GEC=ELLIUTT 14,1265
DATAWAY READ & WRITE,LAM I/P,STRUBEL 0/P)
(SAME, 12HI) op 1618




DESIGNATION & SHORT DATA

OUTPUT DRIVER(2X16BIT,TOTEMPULE,30 LUADS
DATAWAY READ % WRITE,LAM I/P,STRUBE U/P)

2X16 OR 4X8 BIT OUTPUT REGISTEK

DUAL 16 BIT UUTPUT REGISTER (TTL LEVELS,
OPEN COLL OUTPUTS VIA CABLE)

DUAL OUTPUT DRIVER (200MA SINKING,24V)
DUAL OUTPUT DRIVER (HI VOLTAGE DRIVER)
DIGITAL UUTPUT (2Xx168BIT, MAX 30V)

QUTPUT KREGISTER (2X16BIT VIA ISOLATING
CONTACTS)

DIGITAL OUTPUT (2x16BIT RELAYS)

PARALLEL®OUTPUT*REGISTER (DUAL 24BIT, UR
GUAD 12BIT,0PEN COLLECTOR DUTPUT)

PARALLEL®OUTPUT REGISTER (24BIT, OPEN
COLLECTOR OUTPUT, HANDSHAKE FACILITY)

OQUTPUT DRIVER(2X24BIT,40MA SINKING,13LU),
DATAWAY READ & WRITE,LAM I/P,STRUBE C/P)
(SAME, 13HI)

QUTPUT DRIVER(2X24BIT,125MA SINKING,1=L0
DATAWAY READ & WRITE,LAM 1/P,STRUBE U/P)
(8AME, 1=HI)

QUTPUT DRIVER(2X24BIT,TUTEMPULE,$0 LUADS
DATAWAY READ 8 WRITE,LAM I/P,8TRUBE O/P)

DUAL OUTPUT REGISTER (2x24BIT, OPEN COLL
0/P, FULL LAM, OUTPUT STROBES)

OUTPUT REGISTER (2X24BIT UR 6XBBIT,
250MA SINKING, DIODE CLAMPED)

OUAL 24 BIT OQUTPUT REGISTER(DC UK PULSE
0/P,UPDATING O/P STRUBE,TTL UPEN COLL)

DUAL 24 BIT QUTPUT REGISYER (DC UR PULSE
0/P UPDATING, 300MA SINK, DIODE CLAMPED)

DUAL 24«BIT OUTPUT REGISTER (OPEN COLL
DRIVERS, MAX 24V DR 250MA, REAR UUTPUTS)

DIGITAL OUTPUT REGISTER (4X8BIT PARALLEL
QUTPUT REGISTER,NO L,OPEN COLL O/P,1mH])
(SAME WITH FRONT PANEL CONNECTUR, 1=H])
(8AME, NO F,P, CONNECTOR, j=L0)

(SAME WITH F,P, CONNECTOR, 1=LU)

DIGITAL OUUTPUT REGISTER WITH REED RELAYS
(4X8BIT OUTPUT REG,OPEN CONTACT=0)
(wITH FRONT PANEL CONNECTOR)

DURNIER MODULES ALSO MARKETED BY SIEMENS

TYPE

ap 1620

J RS 3§50

20K 2008

2UR 2051HC
2UR 2051HV.
C 76451ea9wpd

1082

C 76451=a9m=a3

M8 PU | 123071

M8 PU 2 123071

0b 2403
0D 2404
UL 2407
QD 2408

0D 2410

200=2

URw]

40

40m2

3072

D0 200e2502

DO 200w2702

D0 200%2504
DO 200w2703

DU 200=2504

D0 200w=2704

MANUFACTURER

GEC=ELLIOTY

SCHLUMBERUEK

SEnN

SEN
SEN
SIEMENS

BOURER

SIEMENS

ALL=TELEFUNKEN

AEGWTELEFUNKEN

GEC=ELLIOTT

GEC=ELLIOTT

GEC=ELLIUIT

HYTEC

JUERGER

JORwAY

JURWAY

KINETIC 8YSTEMS

DOKNIER

DURNIER

SIEMENS

WIDTH

DELIV.

/72

/74

170

NPR REF. No.

14,1266

14,1207

14,1208

14,1269
14,1270
1a,1271

14,1272

14,1273

14,1274

14,1275

14,1270

14,1277

14,1278

14,1279

14,1280

14,1281

14,1282

14,1283

14,1264

14,1285

14,1286

14 Digital I/0, Peripheral and Instrumentation Interfacing modules — Serial

and Parallel I/0 Regs, Printer-, Tape-, DVM-, Plotter-

and Analyser Interfaces, Step-Motor Drivers, Supply CTR, Displays

141 Serial Input/Output Modules (General Purpose)

SERIAL INPUT/QUTPUT REGISTER 16BIT CODED

142 Parallel I/O Registers (General Purpose)

UNIVERSAL INPUT/0UTPUT REGISTER (2Xx16BIT
INPUT, 1X16BIT OUTPUT, RELAYS UPTIUNAL)

INPUT RELAY ADAPTER (24BIT 1/P RELAY
COILS, O/P TO CAM 2,05/CAM 2,09)

OUTPUT RELAY ADAPTER (24BIT, ]/P RELAY
COILS TU CAM 2,12e1, RELAY CUNTACTS 0/P)

OPTULISOLATOR (24 INPUTS, OUTPUTS MAY HE
CONNECTED TO CAM 2,05/CAM 2,09

. UNIVERSAL INPUT/OUTPUT REGISTER

16 BIT INPUT/OUTPUT REGISTER (U/FP STAGES
ON PLUGABLE PC, FP CUNNECTUR)

INPUT/Q0UTPUT REGISTER (24 BITS IN, 12
BITS QUT, UPTICALLY COUPLED)

INPUT/UUTPUT REGISTER (24KIT)

INPUT/0UTPUT REGISTER (24817, INTEGKRATED
INPUT, UUTPUT STRUBES, FULL LAM)

9063

10314

CaM 8,02»1

CAM 8,02%2

CAM 8,09-1

9066

IUR 2053

I0Re1

Iu 302

210

NUCL, ENTERPRISES

BURER

METRIMPEX

METKRIMPEX

METRIMPEX

NULL, ENTERPKISES

SEN

JUEKGER

STNU ENGINEERING

HYTEC

14,1287

14,1288

14,1289

14,1290

14,1291

14,1292

14,1293

14,1294

14,1295

14,1296




NC DESIGNATION & SHORT DATA MANUFACTURER WIDTH DELIV. NPR REF. No.
INPUT/OUTPUT REGISTER (24 BIT, PUS & NEG NUCL, ENTERPKISES 14,129/
LOGIC O/P SINKING 450 MA)

DUAL INPUT DUAL OQUTPUT REGISTER (1681T, ROT : 14,1298
TTL IN, OPEN COLL TTL OUT, MAX 4UMA,J30V)

INPUT/QUTPUT REGISTER(2X24BIT IN,2X12BIT JUEKGER 14,1299
OUT, 3 ENTRY MODES, LED DISPLAY)

BUFFER STURE/REGISTER (32X24BIT,wITH RYTEC 14,1300
EXTERNAL ADDRESSING FACILITY)

(SAME, 32x24BIT, wlTHOUT EXT ADDKR)

(SAME, 32X16BIT, WITHQUT EXT ADOK)

BUFFER STURE/REGISTER (32X{6BIT, WITH 105 14,1301
EXTERNAL ADDRESSING FACILITY)

(SAME, 16X24B]T, wITHOUT EXT ADOK) 102
(SAME, 16X16BIT, WITHOUT EXT ADDK) 103

143 Peripheral Interfacing Modules (For TTY, Tape etc.)
DESK CALCULATOR CTRL (DIEWL INTERFACE TO FHC 1312 FRIESEKE ¢ 14,1302
FHC 1301/02/11 AND FHC 1309)
INTERFACE FOR ASR33 TTY,SERIAL DATA LINK 6711 BI RA SYSTEMS 14,1303

TELETYPE O/P CTRL (10 FHC 1301/02/11 AND FHC 1307 FRIESEKE 14,1304
FHC 1309 VIA SPEC CONN,TTY MOTUR ON/OFF)

TELETYPE INTERFACE 90 JURwAY F 14,1305

SERIAL DRIVER/RECEIVER (TTY, TTX & MUDEM CAM 3,04 METRIMPEX 14,1306
INTERFACE, V24 CCITT STANDARD)

TELETYPEWRITER INTERFACE(I/O DATA TRANSE 7061w} NUCL, ENTERPRISES 14,1307
AND CONTROL,LAM USED AS TwOwwAY FLAG) ik

TELETYPE INTERFACE (FOR ASR 33, SER 1/0) 500 POLUN 14,1308

TERMINAL DRIVER J Ty 20 SCHLUMBERGER 14,1309

TELETYPE OR CRT INTERFACE TCU 100 STND ENGINEERING ' 14,1310

VERSATEC LINE PRINTER INTERFACE 3320 KINETIC SYSTEMS 14,1311

INTERFACING OUTPUT UNIT(8BIT DATA, CUNTR SP1/ACCEPTUR ARSYCUM 14,1312
& STATUS REGS, FUR FACIT SP1 INTERFACE)

PAPER TAPE PUNCH INTERFACE, COUPLES TOU TP 0801 GECmELLIOTT 14,1313
FACIT 4070,DATA DYNAMICS,RACAL DIGISTURE

INTERFACING INPUT UNIT (BBIT DATA/STATUS SP1/SOURCE ARSYCUM 14,1314
& CONTR REGS, FOR FACIT SP] INTERFACE)

PAPER TAPE READER INTERFACE (CUUPLES TU TR 0801 GECeELLIOTT 14,1315
LINWOOD, TREND, & RACAL DIGISTURE)

MAGNETIC TAPE INTERFACE Cs 0042 NUCL, ENTERPR]ISES 14,1316
(TAPE DECKS OR CASSETTES)

CASSETTE INTERFACE (READS & WRITES BY 8 J CK 10 SCHLUMBERGER 14,1317
OR 16BIT WORDS, BBIT LAM REG) CUNTROLSew

CASSETTE DRIVER FOR 1 CASSETTE C CK 10

CASSETTE DRIVER FOR 2 CASSETTES CCcr 1y

PORTABLE CASSETTE DRIVER(FOR | CASSETTEL) P CK 10 SCHLUMBERGEK 14,1318

DISK DRIVE FOR CDSe110 9370 NUCL, ENTERPRISES 14,1319
INTERFACE FOR DISK DRIVE 9370

UNIVERSAL ASYNCHRONOUS C 317 INFURMATEK 14,1320
TRANSMITTER/RECEIVER (129 CHAR,BUFFER)

PERIPHERAL READER(BBIT PARALLEL LATA IN, 7064wy NUCL, ENTERPRISES 14,1321
NEG OR POS TT| ,HANDSHAKE CUNTROLS)

PERJPHERAL DRIVER (BBIT DATA OyT,NEG OR 7065w NUCL, ENTERPRISES 14,1322
POS TTL,HANDSHAKE CONTROLS)

144 Display Modules, Display and Plotter Interfacing
24 BIT LED BCD DISPLAY FHC 1305 FRIESEKE 14,1323
(ONE FHC 31301/02/1)1 VIA SPEC CUNNECTUR) :

24 BIT NIXIE BCD DISPLAY (SELECTS ONb OF FHC 1306 FRIESEKE e 14,1324
10 FHC 1301/02/11 VIA SPEC CUNNECTIUN)

24 BIT LED BINARY DISPLAY (ONE FPHC 1313 FHC 1315 FRIESEKE 14,1325
OR FHC 1309 VIA SPECIAL CONNECTIUN)

DISPLAY UNIT (BCMX10CM CRT, INPUTS= X,Y= CAM ME TRIMPE X e 14,1326
sLebY, Ze HV)

DISPLAY DRIVER (FOR CAM 3,01) CaM ¢ METKIMPE X 14,132/

24 BIT OECIMAL DISPLAY CAM METRIMPEX 14,1328
(6 SYMBULS 041y 4e9er9,44By 4oqif)




DESIGNATION & SHORT DATA

DECIMAL DISPLAY UNIT (ADDRESS AND 5 DATA
DECADES + MULTIPLIER DISPLAYED)

DISPLAY CONTROLLER (FUR 9007,INCLUDES
BIN TO DECIMAL CUNVERTER)

COLUUR DISPLAY INTERFACE
EXTERNAL DISPLAY FOR J EA 10 SCALER

SCALER DISPLAY THRUUGH CUOMPUTER
(DISPLAY OF 24BIT wURD, SO0MHMZ)

MANUAL BINARY DISPLAY (CONTENT OUr A
REGISTER DISPLAYED,EXT MULTIWAY CUNN)

GRAPHIC DISPLAY DRIVER F(IR HP1311/TEK604

GRAPHIC DISPLAY DRIVER FUR STURAGE
DISPLAY TEK 602

INTERACTIVE GRAPHICS DISPLAY PRUCESSUR
128 CHARACTERS, 9X7 DOT MATRIX, 4 SIZES,
VECTURS,ARCS,CIRCLES IN THREE LINE TYPES
LIGHT PEN & TRACKER BALL INPUTS, 32 CONe
TROL INSTRUCTIONS, BUILT IN 4K STORE,

CRT DECIMAL DISPLAY SYSTEM (INCLUDING)
DISPLAY DRIVER

DISPLAY SYSTEM CUMPRISING

DISPLAY SYNCHRUNIZING

(COMPATIBLE WITH 60HZ 525 LINE MUNITORS)
DISPLAY SYNCHRONIZING

(COMPATIBLE WITH %0HZ 625 LINE MUNITURS)
DISPLAY TIMING

DISPLAY CONTROL

DISPLAY REFRESH (ALPHANUMERIC + GRAPHS)
DUAL LIGHT PEN INTERFACE

PRUOGKAMMABLE DISPLAY SYSTEM

COLOR MONITOR

STORAGE DISPLAY DRIVER

OISPLAY DRIVER (TwO 10BIT DAC,0QUTPUT
RANGE +5V TO «5V,TWU OPERATION MUDES)

STORAGE OSCILLOSCOPE (DRIVER FOR
TEKTRONIX 611 OR 601,USED WITH 7011)

SCUPE DISPLAY DRIVER
MANUAL CONTROL OF J LD 10

SCOPE DISPLAY DRIVER XeYeZ (SYSTEM)
STURAGE DISPLAY DRIVER FOR TEKTRUNIX 611
UR 601

CHARACTER GENERATOR

VECTUR GENERATOR ~

LIGHT PEN FOR FDD 2012 UR CG 2018

LIGHT PEN (INCLUDES TRIGGER SWITCH)
LIGHT PEN PROCESSOR

PLOTTER DRIVER
(2X10BIT, X,Y OUT +8= 2,5MV)

PLOTTER DRIVER

X=Y KRECORDER DRIVER

4301
4301A

DP 1603
DP 160354
OP 16048
72A

72A

3200
3200t
3205
3210
3212
3225
3232

RGB 5200 M
3260

7011e2
9028
J 0D 10

MC 10

FDD 2012
SOD 2015
CG 2018
VG 2028
LP 2435

EC397
ECJ396

CAM 3,03

J Xy 1o

XY 2074

MANUFACTURER

NUCL, ENTERPRISES

NUCL, ENTERPRISES
SCHLUMBERGLER

SCHLUMBERGLEN

SCHLUMBERGEK

Bl RA SYSTEMS

B RA SYSTEMS

GEC=ELLIOTT

JURWAY

KINETIC SYSTEMS

NUCL, ENTERPRISES

NUCL, ENTERPRISES

SCHLUMBERGER

SEN

SENSIUN
METRIMPEX

SCHLUMBERGLER

SEN

WIDTH DELIV.

/71

/71

04775
/73

/71

471

/74

/74

NPR REF. No.

(12)

( 8)

(14)

145 Instrumentation Interfacing Modules (DVM, Supply CTR, Stepping Motor Drivers,
Pulse Analyser CTR)

DUAL 15 CHANNEL SERIAL OUTPUT MUDULE
(STEPPER MOTOR CUNTROLLER, TTL)

STEP MOTOR DRIVER (MAX 32768 STEPS,RATE,
ROTATION AND START/STOP FULLY CUMMANDED)

STEPPING MOTOR CONTRULLER & DRIVER
(ADJUSTABLE ACCEL/DECEL,TIME & MAX FREW)

STEPPING MOTUR CONTROLLER, DUAL
STEPPING MOTOUR CUNTRULLER, ACCELERATING

STEPPING MOTUR DRIVER
SUPPLY FUR J CP 20

CONTINUUUS STEPPER CUNTROL (65536 STLPS,
PUSITION/DIRECT (/SPEED/ACCELER, CUNTROL)

INCREMENTAL STEPPER LONTROL(65536 STEPS,
POSITION/DIRECT ,/SPEED/ACCELER, LONTROL)

VARIABLE PULSE DURATION TRIAC UUTPUT
MODULE

TRIAC OUTPUT REGISTER
(8 BITS, 2 AMPS, ZLRU VOLTAGE SWITCHING)

SMC

3360
3361
J CP 20

C APP 10

C=8T=4

C=ST=4=]

3701

LT

Bl KA SYSIEMS

HBURER

JOEKGER

KINETIC SYSTEMS
KINETIC SYSTEMS

SCHLUMBERGER

WENLEL ELEKTRONIK

WENZEL ELEKTHUNIK

Bl RA SYSTEMS

JUEKGER

14,1329

14,1330
14,1331

14,1332

14,1333

14,1334

14,1335

14,1336

14,1337

14,1338

14,139

14,1340

14,134}

14,1342

14,1343

14,1344

14,1345

14,1346

14,1347

14,1348

14,1349

14,1350
14,1351

14,1392

14,1353

14,1354

14,1355

14,1356




DESIGNATION & SHORT DATA

POWER SUPPLY CUNTROLLER 12=B1T
CAMAC®TU=SCIPP PHA INTERFACE

INTERFACE CAMAC=TO=LABEN BQOUSERIES
MULTICHANNEL ANALYZEKS

ADCeCAMAC INTERFACE (FUR PULSE ALC 821b,
8210,8211,8212,8112 & TeU-F CUNV 8270)

MULTICHANNEL ANALYZEK w CAMAC INTERFACE
(FUR PACKARD 9000 AND 900 SERIES MCA)

SYNCHRO TU DIGITAL CUNVERTER
(SINGLE AND MULTI=TURN CAPABILITIES)

DUAL SYNCHRO@DIGITAL CONVERTER (14BIT)

DUAL INCREMENTAL POSITIUN ENCUDER (2X20
BIT XeY DIGITIZATION BY UPwDUWN CUUNTER)

INTERFACE FOR MEASURING DEVICES
(DUAL INPUT FUR 2 INSTKRUMENTS)

OUTPUT REGISTER (16 UR 24 BIT TTL ORIVER
FOR FASTeROUTING MULTIPLEXER SYSTEM)

PULSE DURATIUN DEMODULATOR

PLUMBICON READ OUT TERMINAL

PLUMBICON READ OUT (5 SCALERS RECURD
DIGITIZED QUTPUTS FRUM PLUMBICUN CAMERA)
SPARK CHAMBER READ QUT

INTERFACE FOR DIGITAL PRUCESSING SCUPES
WP1051, wP2051 & wP2052

ADC/CAMAC INTERFACE (FOR-ANY ADC,2X16BIT
0/P BUFFER,STATUS,LAM HANDL,CLUCK TIME)

ISOLATED ONeOFF CONTROLLER FUR {6DEVICES
5 CUNTROLeLINES/DEV,s1wSECaFAILURE=TEST)

SoC

Cs 0047

2IPL 2019

DU 200=1412

CM bbb

3720
J PG 10/PUDDING
J PM L0/PLUM

J SC 10

" Ceate2

CePCwi6

MANUFACTURER

KINETIC SYSTEMS
Bl KA SYSITEMS

LABEN

LABEN

PACKAKD

JUERGER

NUCL, ENTERPRISES

SEN

DUKNIER

J AND P

KINETIC SYSTEMS
-

SCHLUMBERGLER

SCHLUMBERGER

TEKTRUNIX

WENZEL ELEXKTROUNIK

WENZEL ELEXKTRUNIK

147 Other Digital 1/0 Modules (Incl. Data Links)

CAMAC DATA LINK MODULE
(16 BIT PARALLEL,ASYNCHRONOUS DATA LINK)

BIT®»SYNCHRONIZER o HARDWARE PRUGRAMABLE
0 TU 10V INPUT, PCMeSIGNAL IN SERIES

FORMATe8YNCHRONIZER (JDENT & S/P UF DATA
WORDS, SOFTe & HARDWARE PRUGRAMMABLE)

COMMUNICATION INTERFACE (v_24asvaisvey
MODEM INTERFACE WITH AUTUeDIAL UPTIUN)

STARTSTOP CONTROLLER(START,STUP,RESET,
MANUAL OR DATAWAY CONTROL, 100HZ CLUCK)

COMMUNICATION INTERFACE
COMMUNICATION INTERFACE W/ BUFFEK

SERIAL DRIVER/RECEJVER (TTY, TTX & MODEM
INTERFACE, V24 CCITT STANDARD)

SERIAL INTERFACE (v24 SPEC, QUAD VERSION
VARIABLE TRANSMISSION RATES)

SERIAL INTERFACE
(VARIABLE TRANSMISSIUN RATE)

STARTeSTOP UNIT (START, STOP CLOCK AND
GATE QUTPUTS)

FOUR FOLD BUSY DUNE (START SIGNAL
INITIATED BY COMMAND,DEVICE RETURNS LAM)

DATA TRANSMISSSIUN MUDULE (508D TO 9,6KB
SYNC/ASYNC, V24, USE WITH 0326)

670}

DO 200e2251

DU 200w2260

DU 20002911

FHC 1304

3340

33408

CAM 3,04

9045

9046

J aM 10

48D 2021

0350

Bl KA SYSTEMS

DURNIER

DORNIER

DUKNIER

FRIESEKE

KINETIC SYSTEMS

METRIMPEX

NUCL, ENTERPRISES

NUCL, ENTERPRISES

SCHLUMBERGER

SEN

SENSIUN

WIDTH DELIV.

15 Digital Handling and Processing Modules — and/or/nor Gates,

Fan-Outs, Digital Level and Code Converters, Buffers,

Delays, Arithm. Processors etc.

151 Fan-Outs, and/or/not-Gates

FAN®UUT UNIT (2 ORED INPUTS PROVIDE 8
TRUE,2 COMPLEM QUTPUTS,NIM SIGNALS)

NIM FANOUT (DUAL FOUR FOULD & CUMPLEMENT,
NIM DRIVER, =14MA INTD H0UHMS)

TTL FANUUT (DUAL FUUR FOLD & CUMPLEMENT,
TTL DRIVER, 50MA CURRENT SINK)

Fu 0801

FON

FuT

GEC=ELLIUTT

JUERGER

JUERGEKR

NPR REF. No.

(14)

14,1357
14,1358

14,1359

14,1360

14,1361

14,1362

14,1363

14,1304

14,1365

14,1366

14,1367
14,1368
14,1369
14,1370
14,1371

14,1872

14,1373

14,1374

14,1375

14,1376

14,1377

14,1378

14,1379

14,1380

14,1381

14,1382

14,1383

14,1384

14,1385

14,1386

14,1387




DESIGNATION & SHORT DATA
NIM FANGUT (7«URED INPUTS, 8 0/P¢2 LUMPL
0/P GATED FROM DATAWAY)
FAN UUT MUDULE (IL2 1/P, 16 IL2 U/P)

SIXeFOLD CONTROLLED GATE (INDIV GATING,
FANeIN AND FAN«UUT CUNTROLLED BY 3 REGS)

FAST LOGIC UNIT (4Xd4 NIM INPUTS)

216

9050

6CG 2017

FLU 2062

152 Digital Level Converters

6 CHANNEL TTL/NIM CUNVERTER
6 CHANNEL NIM/TTL CONVERTER

HEX CONVERTER (NIM TO TTL LEVELS
PLUS TWO COMPLEMENT OyUTRUTS)

HEX CONVERTER (TTL TU NIM LEVELS
PLUS TWU COMPLEMENT OUTPUTS)

HEX ILY TO IL2 CONVERTER
(6 TTL SIGNALS IN,6 NIM SIGNALS UUT)

153 Code Converters

DECIMAL INPUT & NUMBERS
3 DIGITS CODE CONVERTER
(SAME BUT 3 NUMBERS)

CAMAC BCDeTOeBINARY CONVERTER

CAMAC BINARYeTU®BCD CONVERTER
WITH DECIMAL DISPLAY

GRAY CODE TO BCD CONVERTER
(DUAL CHANNEL INPUT WITH MEMORY)

BINARY CODE CONVERTER(BIN®BCD UR BCD«BIN
CONVERSJON, DATA FROUM DATAWAY UR FRONT)

BINARY TO DECIMAL CUDE CONVERTER
(24 BIT BINARY TU 8 DECADE)

BCD TO BINARY CUNVERTER (29BIT 8BCD TO
24B1T BINARY, CONV TIME 325 NSEC)

BINARY TO BCD CUNVERTER (CONV TIME 325
NSEC,24BITS TO MAX 16777216=1 BCL CUDED)

BINARY TO BCO®CONVERTER(24BIT TO 8 DECAe
DE,DISPLAY,CONV 4USEC,TTL LEVEL LUT, =H)

5601
5602

CNT

CTIN

DO 20022005
DU 20022006
LEMeb2/5,7/

LEM®52/5,8

EIR

610

Co 001t

CD 002

Ce=BuC=24

154 Buffer Memories, Storage Units

PROGKAM STORE/REGISTER (256X24BIT RAM +
64X24BIT ROM, EXT ADDR, USE WITH 702%5=2)
(SAME BUT WITHOUT EDIT RUM)

(SAME BUT NO BUFFER AND NO EXT ADDR)

1024 wWORD 24 BIT STATIC STURE (NURMAL &
BYTE MODES, CLEAR, INCR, DECR, READ, &
OVERWRITE ON ADDRESS REG ARE PERFORMED)
(SAME WITH MEMORY ACCESS ALSU FRUM FRONT
PANEL, MASTER/SLAVE UPERATION)

3eDECADE ADC & 16=wAY MUX (PRESET X1mX10
AMPL, 16Xx24 STOURE, J00QUSEC/CH UPLATE)
(SAME AS 500e] BUY wITH BeWAY MUX)

(SAME BUT BINARY ADC)

(BAME AS 501 BUT WITH BawAY MUX)

(SAME, BUT AMPL GAIN CAN BEL SET AND
STORED INDIVIDUALLY/CWANNEL, BCD/BIN)

256 WORD FIFO BUFFER (24 BITS PER WURD)
2048-wbRD 16 BIT STORE

4096 WORD 16 BIT STUKRE

256 WURDS OF 24 BIT STOURE MUDULE

PROGRAMMABLE READ ONLY MEMORY (32 WURDS,
18 BITS, LOADED BY SULDER CONNECTIONS)

BUFFER MEMORY
(256 §6BIT WORDS, USt WITH J CAN 21/C/H)

CAMAC CORE MEMDRY MODULE (2K X 16 BIT)

(4K X 16 BIT)
(8K X 16 BIT)
(2K X 24 BIT)
(4K X 24 BIT)

N SPECTRUM MEMQORY

1104

130

131

500=1
802

501

503

510
3841
9061
90618
€S 0015

221

J MT 20

MM 216C
MM 416C
MM 816C
MM 224C
MM 424C

F51=4653/(D

MANUFACTURER WIDTH DELIV. NPR

JURWAY

NUCL, ENTERPRISES

SEn

SEN

B] A SYSTEMS
B] RA SYSTEMS

JUERGER

JUERGER

NUGL, ENTERPRISES

DURNIER

EISENMANN

EISENMANN

JOERGER

NUCL, ENTERPRJSES

POLON

STND ENGINEERING

STND ENGINEERING

WENZEL ELEKTRUNIK

KINETIC SYSTEMS
NUCL, ENTERPKISES
NUCL ,  ENTERPRISES
NUCL, ENTERPRISES

POLUN

SCNLUMBERGEKR

STND ENGINEERING

WEHRMANN

REF. No.

14,1388

14,1389

14,1390

14,1391

14,1392
14,1393

14,1394

14,1395

14,1396

14,1398

14,1399

14,1400

14,1401

14,1402

14,1403

14,1404

14,1405

14,1407

14,1408

14,1409
14,1410
14,1411
16,1412

14,1413

14,1414

14,1415

14,1416




DESIGNATION & SHORT DATA TYPE MANUFACTURER WIDTH DELIV. NPR REF, No.

1556 Logic and Arithmetic Processing Modules

FLOATING PUINT ARITHMETIC INTERFACE c 327 INFURMATER 14,1417
(FUR USE WITH M 128 HARD, FLUAT, PUINT)

MICRUPRUCESSOR MUDULE (FUR FAST ASSY, UF 03526 SENSIUN /5 14,1418
SPECIAL INTERFACES ETC, 8080 BASED)

96 CHAN, DRIFT CHAMBER TDC (,5US/1U$ 2770 LKSeLECKROY 2 05775 (13) 14,1419
F,S,s 8 BIT, 40 DEEP BUFFER, DIFF I/P)

128 CHAN, MWP(C ENCODER (RECEIVER, DELAY, 2720 P 05775 (13
LATCH, ENCODER, 80 HIT BUFFER, DIFF I/P)

16 Analogue Moduales — ADC, DAC, Multiplexers, Amplifiers,
Linear Gates, Discriminators etc.

161 Analogue Input Modules (DC and Pulse ADC, TDC)

32 CHANNEL ANALUG DATA SYSTEM 5301 Bl KA SYSIEMS F 14,1420
(EXPANDABLE WITH ADDITIONAL MUX MOUDULES)

A/F CONVERTER Cam 4,13 METRIMPEX 14,1421

ANALUG INPUT (DUAL SLOPE ADC, ¢/=16V DU 200wi02} DOKNIER F 14,1422
RANGE, 148B1TS/16V+SIGN,0,2SEC CUNVERSION)

ANALUGUE TO DIGITAL INTEFACE (WITH PLUGe ADC 1201 GECeELLIOTT 14,1423
IN CONVERTER CARDS ADC/8G, ADC/10G AND
ADC/12Q FOR 8, 10 AND 12 BIT CUNVERSIUN)

16 CHANNEL, SCANNING A/D CONVERTER 3510 KINETIC SYSTEMS 14,1424

INTEGRATING A/D CONVERTER (ISOLATED 1/P CAM 4,062 METRIMPEX 14,1425
INTEGR TIME 18/,18/,028, RANGE 403 = 5V)

INTREGRATING ADC (12BJT, RANGES 0 TO +bV, 700 POLON 14,1426
0 TO =5V, 40MSEC CONVERSION TIME)

VOLTAGE e FREQUENCY CONVERTER J CTF 10 SCHLUMBERGER e 14,1427
(USED WITH MULTIPLEXERS J MX 10/20)
UP=DUWN SCALER/FREGQUENCY METER J EF 10

DUAL DIGITAL VOLTMETER (¢AND= 0,1V, 20VM 2013 SEN 7 14,1428
10 BIT, DIFFERENTIAL INPUT)

DIG, VOLTMETER (12BIT & SIGN, POT=FREE C 76451mal3eal SIEMENS E 14,1429
RANGES==AC/DC ,02V e 20V,DC 5e100MA)

DIGITAL VULTMETER (SAME AS C 76451A13wA2 SIEMENS F 14,1430
TYPE C 76451wA13eAl WITH DISPLAY)

ANALUG INPUTS (MULTIPLEXER=ADL, 200°1013 DURNIER t 14,1491
8 DIFF [/P,+/e10V RANGE,7BITS/10V+SIGN)

(SAME FOR #/ebV RANGE, 7BITS/5VeSIGN) 200=1016

(8AME FUR +10V RANGE, 8BITS/10V) 2001019

DORNJER MUDULES ALSQO MARKETED BY SIEMENS SIEMENS 14,1432

ANALUG INPUT (ADC, ¢/=10V RANGE, DD 200e1027 DORNIER ‘ 2 14,1433
7BITS/10V+SIGN) )
(SAME FOR +¢/e5V RANGE, 7BITS/5V ¢SIGN) DU 200e1028

(SAME FOR +10V RANGE, BBITS/10V) DO 200=1029

ANALOGUE TO DIGITAL CONVERTER(BBIT, /P 70281 NUCL, ENTERPRISES 14,1434
RANGE 0 TO 5V OR 0 TOQ <5v,25 USEC CONV)

HIGH SPEED DIGITIZER (6BIT, 10ONSEC, Sa/0 01 STND ENGINEERING 14,1435
RESOLUTION, WITH 256 WORD BUFFER)

DUAL 10 BIT ANALOG TU DIGITAL CUNVERTER 351y KINETIC SYSTEMS 14,1450
SINGLE 10BIT ANALUG TO DIGITAL CUNVERTER 35158 KINETIC SYSTEMS 14,1437
DUAL ADC (10BIT, 10USEC CONV TIME) A/D 210 STND ENGINEERING 14,1438

DUAL SLOPE ADC (+ANDe® 0,01/1/10V RANGES, 1241 BURER F 14,1439
11817 RESOLUTIUN,20M8 CONV TIME)

SUCCESS, APPRDX, ADC (WITH S+H, +/=bv UR 1243712434 BUKER 4 14,1440
0 TU +/e10V, 10=BIT,20/11 USEC ACCESS)

SUCCESS, APPROX, ADC (WITH S+¢M, +/eby DR 1244/1244A ‘ 14,144]
0 TU ¢/»10V, 12=BIT7,23/13 USEC ACCESS)

ANALUG INPUTS (MULTIPLEXER=ADC, DU 2001003 DURNIER Y ' 14,1442
8 DIFF I/P,+/«10v RANGE,11BITS/10V+SIGN)

(SAME FOR ¢/e5V RANGE, 11BITS/5V4SIGN) 200=1006

(SAME FUR 410V RANGE, 12BITS/10V) DU 200=1009

ANALUG INPUT (ADC, ¢/e10V KANGE, DU 200=j024 DUKNIER 2 172 14,1443
11BITS/10V+SIGN)

(SAME FUR +/w5V RANGE,11BITS/ 5V4SIGN) DU 2001025 z /172

(SAME FOR +10v RANGE,12BITS/10V) DU 200=1026 F: 172

OCTAL ADC (8X11BIT + OVF, POS INPUT, ADB1Y EGAG/URTEL 03775 14,1444
{ MY RESOL, CUMMON STROBE, FAST (LEAR)




NC

z

o

(o]

o

z

DESIGNATION & SHORT DATA

3DECADE ADC & 16ewAY MUX (PRESET X{eX10
AMPLy 10X24 STORE, 10QUSEC/CH UPUATE)
(SAME AS 500«1 HBUT WITH BewAY MUX)

(SAME BUT BINARY ADC)

(SAME A8 501 BUT wlTH 8wWwAY MUX)

(SAME, BUT AMPL GAIN CAN BE SET AND
STORED INDIVIDUALLY/CHANNEL, BCD/BIN)

16=CHANNEL A/D CUNVERTER
(DIFFERENTIAL INPUTS, 11 BITS + SIGN)

16wCHANNEL A/D CUNVERTER (ACCEPTS 4-20MA
CURRENT INPUTS, 1! BITS)

A/0 CONVERTER (12BIT,MAX 40 USEC CUNVERw
SION, «ANDe5V, #AND=10V, +10V RANGES)

16 CHANNEL A/D CUNVERTER (FET MUX DIFF
INPUTS, 12BIT AUTO CYCLING, DUAL SLOPE)

DUAL 12 BIT ANALOG TU DIGITAL CUNVERTER
SINGLE $12BIT ANALOG TO DIGITAL CUNVERTER

INSULATED ADC (12BITS, 100 USEC,
FULL SCALE, 300V COMMON MODE)

10MV,

DUAL ADC (12BIT, 25USEC CONV TIME)
DIGITAL VOLTMETER (19,999MV TO 1999,9V)
ODUAL ADC (14BIT, 50USEC CONV TIME)

SUCCES, APPROX, 16 BIT ADC (¢&=10V, 5MS
CONVERSION TIME, INPUT PROTECTIUN)

OCTAL CHARGE DIGITIZER (BXBBIT CHARGE
SENSITIVE ADC, READOUT IN 4X16BIT wORDS)

QUAD FAST GATED INTEGRATOR
(CHARGE DIGITIZER, 4Xx{0 BIT)

OCTAL ADC (8 FAST I/F,8BIT/CH, CUMMUN
GATE, NIM LEVELS, BILINEAR MUDE)

12=CHANNEL ADC (12 FAST I/P, 10BIT/CH,
228PC SENSITIVITY, FAST CLEAR)

12eCHAN, FAST CUNV, ADC(4,9US/8,9BIT,32+
DEEP BUFFERS, {/8PS SENSITIVITY,0w256PS)

12eCHANNEL PEAK ADC (10BIT/CH, =2V FULL
SCALE, FAST CLEAR, CUMMON GATE)

OCTAL ADC (MIN 5 NSEC PULSES, POS OR NEG
88IT/100 PC RESOLUTIUN, 250 USEC CUNV)

ANALUGUE TO DIGITAL CONVERTER
(BOMHZ, 12 BITS)

16,000 CHANNEL PULSE aDC (200MHZ CLOCK)
1024 CHANNEL PULSE ADC (100MHZ CLOCK)

FAST ADC(10 & 12BIT VERSIONS,WITH SAMPLE
AND HOLD, CONV TIME 2USEC/4,5USEC)
FAST DUAL ADC (DATA AS FOR 2067)

EVENT TIMER(4eCHANNEL TIME DIGITIZER, 8B
100MHZ INT, CLOCK, LAM WHEN DUNE)

QUAD CAMAC SCALER (4X16BIT OR 2XJ328IT,
100MHZ)

TIME DIGITIZER (4X16BIT,50MHZ CLUCK,wITH
CENTRE FINDER, USABLE WITH PRE=AMP 511)

TIME DIGITIZER (4 NIM STUP CHANNELS,
COMMON 8TART, 200 PSECS RESOLUTIUN)

OCTAL TDC (8X{iBIT+0VF, COMMUN START,
{00PSEC RESOLUTION, FAST CLEAR)

TIME DIGITIZER

(6 CHANNELS,16 BITS, 100 MHZ CLOCK RATE)
QUAD TIME=TODIGITAL CONVERTER(9BIT/CH,
102/510NSEC RANGES,13USEC CONVERS,NIM)

OCTAL TIME=TO=DIGITAL CUNVERTER(10BIT/CH
102/204/510 NSEC RANGES, FAST CLEAR)

96 CHAN, DRIFT CHAMBER TDC (,5US/1US
FeSer 8 BIT, 40 DEEP BUFFER, DIFF [/P)
128 (MAN, MWPC ENCODER (RECEIVER, DELAY,
LATCH, ENCODER, 80 HIT BUFFER, ODIFF I/P)

A/D CONVERTER (118IT + SIGN UR 12, CONV
TIME 3QUSEC, RANGE ¢8«5V, INTERNAL S&H)

TYPE

500=1

502
501
503
510

AMa

AM/1

30

34

3520
35208

IADC 2069

A/L 212
9068
A/0 114

0324

Qpsos

wp4ay1o0

2248

2249A

2250

2259

9040

9060

J CAN 21 C/H
J CAN 40
FaDC 2067

2 FADC 20068

2205

10044

1005

Tp104

To811

TO

2226A

2228

2770

2720

CAM 4,05

MANUFACTURER

HYTEC

JUERGER
JUERGER
JURWAY
JURwWAY

KINETIC SYSTEMS
KINETIC SYSTEMS

SEN

STNU ENGINEERING
NUCL, ENTERPRISES
STND ENGINEEKING

SENSIUN
EG&G/URTEC
EGEG/URTEC
LRSeLECROY
LRSmLECROY
LRSeECROY
LRSeLECROY

NUCL, ENTERPRISES
NUCL, ENTERPRISES
SCHLUMBERGER
SCHLUMBERGEKR

SEN

Bl KA SYSTEMS
BURER

BURER

EGRG/URTEL
EGEL/URTEL
JUEKGER
LrSeLECKOY
LHS=LECKUY

LRSeLECKOY

METKIMPEX

WIDTH

2

1

&

2

DELIV.

/"3

/74
/74
/74
/74

/74

09775

/71

/74

/73

/74

03779

03775

/75

/74

/71

/74

04s7%

02/75

/72

/74

/72

/72

/74

01/75%5

172

03/75

/74

/70

/174

05775

05775

/72

NPR REF. No.

(11)

(14)

13

10)

1)

13)

(12)

(12)

(13

(1)

13
(13

14,1445

14,1446
14,1447
14,1448
14,1449

14,1450
14,1451

14,1452

14,1453
14,1454
14,1455

14,1456
14,1457
14,1458
14,1459
14,1460
14,1461
14,1462
14,1463
14,1404
14,1465
14,1466
14,1467
14,1408
14,1469
14,1470
16,1471
14,1472
14,1473
14,1474
14,1475

14,1476

14,1477

Xvil




DESIGNATION & SHORT DATA
SIXTEEN FULD TIME=TOwDIGITAL=CUNVERTER
(100MHZ EXT CLUCK, 4BIT SCALERS USED)

TIME DIGITIZER(4X16BIT,CLOCK RATE
70/85MHZ, AITH CENTER FINDING LUGIC)

TIME DIGITIZER (4x16BIT,CLUCK RATE
70/85MHZ,NIM LEVELS)

SERIAL TIME DIGITIZER (8X8BIT 100MmZ,
SER 4 SEQUENT CUUNT MODE,SHIFT=REG GATE)

OCTAL TIME TO DIGITAL CONVERTER

Toc

10

TD

STD

T0

TYPE

=16

2031

204}

2050

008

162 Analogue Output Modules (DAC)

8 CHANNEL 8 BIT D/A CONVERTER (CURRENT
OR VOLTAGE O/P,8L0W ANALOG METER DRIVER)

ANALOG OUTPUT (DAC, *#10V D/P RANGE, 5Ma,
8BIT RESOLUTION, SINGLE O/P)

(8AME WITH 12B]T RESULUTION, SINGLLE O/P)
(SAME WITH 8BIT RESULUTION, DUAL O/P)
(SAME WITH 12BIT RESOLUTION, DUAL 0/P)
(SAME WITH BBIT RESOLUTION, GUAD OU/P)
(SAME WITH 12BIT RESULUTION, QUAL 0/P)

ANALOG OUTPUT (DAC,+8&=10V Q/P RANGE,5MA,
8817 RESOLUTIUN, SINGLE O/P)

(SAME WITH 12BIT RESULUTION, SINGLE O/F)
(9AME WITH B8BIT RESOLUTION, DUAL O/P)
(SAME WITH 128IT RESULUTION, DUAL U/P)
(SAME WITH 8BIT RESULUTION, WUAD O/P)
(SAME WITH 12BIT RESULUTION, QUAD O/P)

ANALUG OUTPUT (DAC, +&=5V O/P RANGE,5MA,
88IT RESULUTIUN, S8INGLE O/P)

(SAME WITH {2B1T RESULUTION, SINGLE U/P)
(SAME WITH BBIT RESBULUTION, DUAL O/P)
(SAME WITH {2BIT RESULUTION, DUAL 0/P)
(SAME WITH BBIT RESOLUTION, GUAD U/P)
(SAME WITH 128IT RESOLUTION, WUAL O/P)

DURNJER MODULES ALSO MARKETED BY SIEMENS
OCTAL DAC (10BIT,0e5V,500HMS,10USECS)
(SAME BUT WITH 2'S CUMPLEMENT 9BIT#SIGN,
+ANDe 5V, S00HMS)

QUAD DAC (4 CHANNEL VERSION UF DAC 1082)
(SAME, 4 CHANNEL VERSION OF DAC 1082(B)

DUAL 12 BIT DAC (4/= {0V OR ¢/e 5V O/P,
FOR XsY DISPLAY DRIVE)

DUAL D/A CUNVERTER (10 BIT, 10USEC CUNV
TIME, 410V, +AND=10V, +ANDw5Y RANGES)

DUAL D/A CONVERTER (12 BIT, 30USEC CUNV
TIME, ¢10V, +ANDm1QV, ¢ANDebYV RANGES)

OCTAL D/A CONVERTER (8BIT RESOLUTION,
0 TU 2MA OR 0 TO «jO0V OUT)

O/A CONVERTER (12BIT,5 USEC CONVERSION,
0/P RANGES ¢AND®2,5V/5V/10V AND +5V/10V)

8 CHANNEL 10 BIT DeA CONVERTER

DIGITAL TO ANALUG CONVERTER (12BIT, CONV
TIME JOUSEC, O/P RANGE 0 TO 5V, MAX SMA)

DIGITAL TO ANALOG CONVERTER (4Xx1081T,
TIME 10USEC, O/P RANGE ¢8eB5V, MAX 5MA)

DUAL DIGITAL=TU=ANALUG CONVERTER (10BIT,
OUTPUT 0 TO «10V OR 5 TO +5V),

DUAL DAC (12BIT, ¢ANDe1OV OR ¢AND=20MA)

ISOLATED DUAL DAC (10BIT,30USEC,10V/5Ma,
OPTUCOUPLER,4 TIMING MODES,RANGE=MUDIF)

QUAD DAC (BBIT,10USEC,5V/50MA,dTIMING=M,
+,= BRANGE MODIF,OPT,GROUND=REJ& (5USEC)

@UAD DAC(10BIT,1OUSEC,5V/50MA,4TIMINGeM,
+,® LRANGE MODIF,0PY ,GROUND=KEJE ,5USEC)

540

00
bJ8]
Pl
Lo
00
bo
bu
bu
[o]8)
00
oo
bu
DU
oo
bo
00

DU
pl8}

DaC
VAC

DaAC

DAC

550

D/a

D/a

8 0

31

311

CAM

CAM

204

C 76451=A15=Ad

CeD

C=D

C=D

5

200=1511
200=1521
200e1512
200=1522
200m1517
200e=1527
2001513
200015238
200w1514
200=1524
200=1518
200=1528
200e1515
200=1525
200=1516
200w1526
200=1519
200e1529

1082
1082(8)

1042

1042(8)

=10

=12

/A

0

4,10

4,11

Cc 2011

Ae210

A®408

Away0

MANUFACTURER

NUCLE TRUN

Sk

SEN

STND ENGINEEKRING

BI KA SYSTEMS

DORNIER

ODURNIER

DURNIER

SIEMENS

GECELLIOTT

GeC=ELLIOTT

HYTEC

JUERGER

JUEKRGER

JUERGER

JURWAY

KINETIC SYSTEMS

METRIMPEX

METKIMPEX

SEN

SIEMENS

WENZEL ELEKTRUNIK

WENZEL ELEKTRUNIK

WENZEL ELEKTKUNIK

164 Analogue Handling and Processing Modules | (MX)

SEE ALSU DORNJER ADC TYPES

MULTIPLEXER CONTROL UNIT
(UP TO 7 CAM 4,08e2] /R CAM 4,08%22)

12 INPUT ANALUGUE MULTIPLEXER (RANDOM UR
SCAN ACCESS CUNTRULLED BY SKIP REGISTER)

CaM

MX

4,06m1

2025

DURNIER

METRIMPEX

SEn

WIDTH

DELIV.

NPR REF. No.

14,1478

14,1479

14,1480

14,1481

14,1482

16,1483

14,1464

14,1485

14,1486

14,1487

14,1488

14,1489

14,1490

14,1491

14,1492

14,1493

14,1494

14,1495

14,1496

14,1497

14,1498

14,1499

14,1500

14,1501

14,1502

14,1508

14,1504

14,1505




NC

zo

z

DESIGNATION & SHORT DATA

12=CHANNEL ANALUGUE MULTIPLEXER
(FETy) © USEC SWITCHING TIME, #/=10V)

wIDE@BAND ROUTER (12«CHANNEL 50 UHMS
ANALUGUE MULTIPLEXER)

15 CHANNEL MULTIPLEXER (ANALUGUE SIGNALS
ROUTED TO ADC/DVM,DIRECT ¢ SCAN MUDES)

DORNIER MODULES AL SO MARKETED BY SIEMENS

RELAY MULTIPLEXER(16 CHANNELS, MAX 200V/

500MA UR 10VA, DATAWAY SET+INCR ADDRESS)
(WITH FRONT PANEL CUNNECTUR)

(SAME WITH LOw THERMU VOLTAGE CUNTACTS)
(WITH FRONT PANEL CUNNECTUR)

ANALUG MULTIPLEXER (15 CHANNELS,KEED
RELAYS,MAN AND DATAWAY SEL, EXPANDABLE)

16oCHANNEL A/D CONVERTER
(DIFFERENTIAL INPUTS, 11 BITS + SIGN)

16=CHANNEL A/D CONVERTER
CURRENT INPUTS, 11 BITS)

(ACCEPTS 4w20MA
15 CHANNEL RELAY MULTIPLEXER
15 CHANNEL RELAY MULTIPLEXER

MASTER MULTIPLEXER (16 CH,
SLAVE MULTIPLEXER (16 CH,

4 POLE REED)
4 PULE REED)

16 CHANNEL RELAY MULTIPLEXER
STANDARD LEVEL)

(SAME FOR LOW LEVEL)
MULTIPLEXER MANUAL CUNTROL

MULTIPLEXER 16Xd4 CONTACTS

16sCHANNEL FAST MULTIPLEXER (FET
SWITCHES FOR ADC 1243 AND 1244)

FET MULTIPLEXER (16 CHANNELS,
MAX ¢OR=10V, DATAWAY SET ¢ INCR ADDRESS)
(SAME WITH FRONT PANEL CONNECTOR)

FET MULTIPLEXER (16 DIFF I/P,
MAX +0OR=10V, DATAWAY SET4INCR ADDRESS)
(WITH FRONT PANEL CONNECTUR)

16 CHANNEL A/D CONVERTER (FET MUX DIFF
INPUTS, 12BIT AUTO CYCLING, DUAL SLUPE)

16 CHANNEL FAST DIGITAL MULTIPLEXER
(PULSE wIDTH MIN 7 NSEC)

16 CHANNEL MULTIPLEXER (SWITCHING UF 3
WIRES, MAX 500HZ, MAX {00V)
16 CHANNEL MULTIPLEXER (SWITCHING UF 4
WIRES, MAX S00HZ, MAX 100V)

MULTIPLEXER®SOLID STATE (16 SINGLE=ENDED
OR 8 DIFF CHAN,RANDOM OR SEQUENT ACCESS)

SOLID STATE MULTIPLEXER (16 CH, KANDOM,
& SEWUENT ACCESS, MULTIeMUX SCAN MUDE)

32 CHANNEL ANALOG MULTIPLEXER (SERVE AS
CHANNEL EXPANDER FOR 5301 DATA SYSTEM)

32 CHANNEL ANALOG MULTIPLEXER
(MAX 100KHZ, MAX 4&=by IN)

RELAY MULTIPLEXER (32 CHANNELS)
MULTIPLEXER (32 CHANNEL, 2 CUNTACTS)
MULTIPLEXER (32 CHANNEL, 4 CUNTACTS)
MULTIPLEXER 32X2 CONTACTS

FET
MaX

MULTIPLEXER (32 CHANNELS,
¢UR®10V, DATAWAY SETeINCR ADDRESS)
(WITH FRONT PANEL CUNNECTOR)

FET MULTIPLEXER (32 DIFF /P,
MAX ¢UR®{0V, DATAWAY SETeINCR ADURESS)
(SAME WITH FRONT PANEL CONNECTURS)

FET MULTIPLEXER (64 CHANNELS
MAX $0R®10V, DATAWAY SET+INCR ADDRESS)
(WITH FRUNT PANEL CONNECTOR)

TYPE
M 2070
WBK 2073

1701

Du 200=1046
bu 200=1236
DU 200»3035
DU 200=1235

AM
AMa]
AM/T
3530

3530L

601
600

J MX 10

J Mx 20
J AX 10

1704

D0 200=1031
DU 200w123)
00 200e1044
DO 200=1234

34

CAM 6,05

CaM 4,08=21

CAM 4,08m22

9026

MX 016

5101

CAM 4,07

750

C 7645)=Ad=a}

C 76451=adwp2

C 72468wA00628=4001
DY 200=1032

DU 200=1232

DU 200=1037

DU 200=1257

DU 200=1061

U 200=1261

MANUFACTURER

SEw

st

BURER

SIEMENS

DUNNIER

JUERGER
JUEKGER
JUEKGER
KINVETIC SYSTEMS
NUCL,

ENTERPRISES

SCHLUMBERGLER

SIEMENS

BOURER

DURNIER %

DURNIER

JURKAY
METRIMPEX
METKRIMPEX
METRIMPEX
NUCL, ENTERPRISES
STND ENGINEEKING
Bl KA SYSTEMS

METRIMPEX

PULUN

SIEMENS
SIEMENS
SIEMENS

DURNIER

DURNIER

DURNIER

WIDTH

no—

2

DELIV.

172

/72
/72
/71
#7q

/72

/74

0vrs75

/73

/75

/70
/70

/73

73
/73

/74

/72

/72
/72
/17
/72

/74

/74

/74

/74

/74

LTS

03775

173

173

/73

NPR REF. No.

(13

(13)

(11)

(12)

14,1506
14,1507
14,1508

14,1509

14,1510

14,1511
14,1512
14,1513
14,1514
14,1515

14,1516

14,1517

14,1518

14,1519
14,1520

14,1521
14,1522
14,1523
14,1524
14,1525
14,1526
14,1527
14,1528

14,1529
14,1530
14,1531
14,1542

14,1533

14,1534

14,1535

XiX




DESIGNATION & SHORT DATA

TYPE

MANUFACTURER

WIDTH DELIV.

NPR REF. No.

165 Analogue Handling and Processing Modules Il (LIN. Gates, Ampl., Discriminators etc.)

N PREAMPLIFIER
(GAIN RANGES=w X310, X30, X100, X300)

FILTER AMPLIFIER
(GAIN RANGE== OFF, X1, X10)

ACTIVE FILTER AMPLIFIER(10 = 1000 GAIN,
225%4USEC GAUSS, PULSE SHAPING,0=10vV QUT

BASELINE RESTORER(,1% CUUNT RATE STABIL
UP TO 50KHZ,0=10 I/0 SIGNALS,1V/V GAIN)

DELAY AMPLIFIER(,25 = 4,75USEC DELAY,
0 TO 10V IN/UUT SIGNALS, 1V/V GAIN)

SUMwINVERT AMPLIFIER(,2% NUNeLINEARITY,
{1V/V GAIN, 0 TO 1oV IN/OUT SIGNALS)

LINEAR GATE (,2% NON®INEARITY, +/e« {V/V
GAINy 0 TO 10V IN/OUT SIGNALS)

PULBE STRETCHER(,05e,9USEC I/P WIDTH,
{USEC O/P wWIDTH UF PULSES, 9 V/V GAIN)

SINGLE CHANNEL ANALYSER (,2e10V LU/MI
LEVEL, 4272V WINDOW, ,5%2,5USEC DELAY)

LINEAR RATEMETER (10 TO 100K CPS RANGE,
18 TU 308 TIME CUNSTANTS)

LOGIC SHAPER AND DELAY (,2 TU }10USEC
DELAY, ,2 TO 11USEC U/P PULSE wIDTH)

UNIVERSAL COINCIDENCE
(o1 TO 2USEC RESULVING TIME)

FAST AMPLIFIER (200V/V GAIN, JONS RISE
TIME, 200NS TC DIFF, 200N8 TC INTEGR)

FAN OUT
(1 NIM IN, 2 NIM g { COMPL TTL OuT)

CAMAC CONTROLLED PULSE SHAPER (4 PM I/P,
4 NIM I/P & 6 NIM O/P)

DUAL PULSE DELAY UNIT

SAMPLEANDeHOLD AMPLIFIER (DUAL DIFF
AMPL,+/=10V RANGE,20MA OQUT,5USEC SETTL)
(SINGLE AMPL VERSION, BOTH TYPES HAVE
HOLD AND TRACK MUDES)

PROGRAMABLE AMPLIFIER/ATTENUATOR (GAIN
0DB 10 6008 IN 10 STEPS, ATTENUATIUN ,5)
(SAME BUT DUAL CHANNEL VERSION)

PROGRAMMABLE AMPLIFIER
(GAIN 1, 10, 100, 1000)
(SAME BUT DUAL CHANNEL VERSIUN)

PROGKAMMABLE PRESISIUN ATTENUATOR
(171 TO 172048, 20v Max I/P RANGE)

DIGITAL WINDUW DISCRIMINATUR (WITH
128X168B1T BUFFER, PARALLEL + SERIAL 1/P)

TIME TO PULSE HEIGHT CONVERTER (STARTe
STOP /P, MAX 256NSEC, RESOL 100PSEC)

CA

Ca

11

11

11

11

11

1

12

13

14

14

15

15

cpP

PD
bo

0o

Do
Do
DO
Do

PP

Dw

Ca

M4,

M 4,16

01

02

04

04

05

06

01

01

01

02

01

04

8 206%

002
2003040

200e}04}

200e1052
200«1053
20001054
200e1055

A 2071

0 2046

M o4,17

METRIMPEX

METRIMPEX

POLUN

POLUN

PULUN

POLUN

PULUN

PULON

PULUN

POLON

POLUN

PULUN

POLUN

PULUN

SEN

STND ENGINEERING

DURNIER

DUKNTER

DURNIER

SEN

SEN

METRIMPEX

17 Other Digital and/or Analogue Modules — Mixed Analogue
and Digital, Not Dataway Connected etc.

PROM PRUGRAMMER

DUAL BRIDGE POWER SUPPLY
(FLUATING OUTPUTS EACH MAX 24V/200MA)

OCTAL FLOATING POWERED BRIDGE
(PTeTHERMUwR APPL, USE WITH CAM 4,08=21)

OCTAL FLOATING POWERED BRIDGE
(PT=THERMOw=R APPL, USE WITH CAM 4,08=22)

COLD POINT POwWER SUPPLY
(FOR COLD PUINT REFERENCE BRIDGES)

DETECTUR BIAS SUPPLY (0 TO +/=2000V,
{MOHM AND 1OMOKM QUTPUT RESISTANCE)

NUMERICAL CONTROL SYSTEM, CUMPKISING ==
DATA wRITER AND DISPLAY

SERIAL CUNTROLLER

DATA RECEIVER FUR MECHANICAL UPERATIUNS
(5 DECADE DATA,3 DECADE INSTRUCTION REG)

30

CaA

ca

Ca

ca

19

90

M 4,083

M 4,08%4]

M 4'08-42

M 4,08«5

01

500
504
502
501

KINETIC SYSTEMS

METRIMPEX

METRIMPEX

METKIMPEX

METKIMPEX

PULUN

ROT

14,1556

14,1537

14,1838

14,1539

14,1540

14,1541

14,1542

14,1543

14,1544

14,1545

14,1546

14,1547

14,1548

14,1549

14,1550

14,1551

14,1552

14,1553

14,1554

14,1555

14,1556

14,1557

14,1558

14,1559

14,1560

14,1561

14,1562

14,1563

14,1564




NC DESIGNATION & SHORT DATA TYPE MANUFACTURER WIDTH DELIV. NPR REF. No.

CAMAC PRUM PRUGRAMMER SEvSTUN 2 (14) 14,1509

CURRENT SOURCE C 7645 1eabesl SIEMENS 2 /73 14,1500
(1MA TO 10MA AND FUR PT 100 ADAPTUK)

2 SYSTEM CONTROL EQUIPMENT — COMPUTER COUPLERS,
CONTROLLERS AND RELATED EQUIPMENT

21 Interfaces/Drivers and Controllers — Parallel Mode for 4600 Branch
and Other Multi-Crate Bus, Single-Crate Systems, Autonomous Systems

211 Interfaces/Drivers for Multicrate Systems | (4600 Branch Compatible)

EXECUTIVE SUITE GECwELLIOTT 14,2001
ASSEMBLY OF MODULAR CONTROLLERS IN CAMAC

CRATE, COVERS SYSTEM COMPLEXITY FROM

SINGLE SOURCE®SINGLE CRATE TU MULTI

SOURCEMULTI CRATE SYSTEMS,CUMPRISING

EXECUTIVE CONTROLLER (TRANSFURMS MXe(TRe2 2 /172

STANDARD CRATE INTO SYSTEM CRATE)

BRANCH COUPLER (UNE PER BRANCH, MaXx 7) BRw(PRw2 ] 172

AND SYSTEM INTERFACE SOURCE UNITS, ALSUL GECeELLIUTT 14,2002

OPTIONALLY AUTONOMOUS CONTRULLER SUURCE
UNITS (ALL INSERTED INTO SYSTEM CRATE)

PDPely SYSTEM INTERFACE, COMPRISING GECELLIUTT 14,2003
PROGRAM TRANSFER INTERFACE PTlely C/V 3 /72

UNIBUS TERMINATION UNIT TRM=11e] 1 /74

INTER UNIT BUS (LINKS UNIBUS TU IUB=X /74

ALL SI SOURCE UNITS FORMING INTEKFACE)

INTERRUPT VECTOR GENERATUR (ADDS AUTONUe 1vGe=11y 1 172

MOUS ENTRY OF GL«DERIVED INTERRUPTS)

AUTOUNDMOUS MEMURY ACCESS CONTROLLER AMCe1] e 0s/75

(2 USEC/WORD TRANSFER TO PDPej{ STORE)

NOVA/SUPERNOVA SYSTEM INTERFACE, CUMPR GEC=ELLIOTT 14,2004
PRUGRAM TRANSFER INTERFACE PTleN C/D 3 /172

1/0 BUS TERMINATION UNIT TRMeN 1 /72

INTER UNIT BUS Tubex /74

INTERRUPT VECTOR GENERATOR (256 BIT TRAP 1vGe2402 ! /74

STORE, BRANCH DR GL PRIURITY MUDES)

INTERDATA 70e8ERIES SYSTEM INTERFACE GEC=ELLIOQTT 14,2005
COMPRISING

PROGRAM TRANSFER INTERFACE PTle70 C/L 3 /73

1/0 BUS TERMINATION UNIT TRM®70 1

INTER UNIT BUS IuteXx /74

INTERRUPT VECTOR GENERATUR (256 BIT TRAP IVG=2402 1 /74

STORE, BRANCH OR GL PRIURITY MUDES)

HONEYWELL 316/516 SYSTEM INTERFACE,COMPR GECeELLIUTT 14,2000
PROGKAM TRANSFER INTERFACE PTleH16 C/D 3 73

1/0 BUS TERMINATION UNIT TRMeH]6 1

SYSTEM INTERFACE BUS SIeBUSwXHlE /"3

GEC 4080 SYSTEM INTERKFACE, COMPRISING GECeELLIOTT 14,2007
DIRECT TRANSFERS INTERFACE P11%2050 L/D 3 13

INTERRUPT VECTOR GENERATOR 1VGe2402 1 /74

BLOCK TRANSFER CHANNEL CONTROLLER PTIe205%0 O 3 /73

INTER UNIT BUS IuBex /74

AUTONOMOUS MEMORY ACCESS CUNTROULLER AMC=4080 2 08/75

(2,5 US/WORD TRANSFER TO GECw4080 STURE)

GEC 2050 SYSTEM INTERFACE GECeELLIOTT /74 14,2008
(SAME ITEMS AS FOR GEC 4080 INTEKFACE)

SYSTEM CRATE TEST UNIT (TWO=COMMAND TEST SCeTSTel GECeELLIOTT 3 /72 14,2009
UNIT FOR CHECKING SYSTEM CRATE SYSTEMS)

BRANCH HIGHWAY DRIVER 3991 KINETIC SYSTEMS 2 /175 14,2010
MICRUPRUGRAMMED BRANCH DRIVER FOR PDPelf 1201 Bl KA SYSTEMS NA /72 (%) 14,2011
(FROM 256 UP TO 4K WURDS MEMORY)

UNIBUS CABLE ASSEMBLY 8101 172

POP=11 CAMAC CONTROLLER(SEGUENTIAL READ/ CA ll=a bEC NA /71 (2) 14,2012

WRITE,24 GRADEDeL INTERRUPT DIRECTLY)

PDP=15 CAMAC INTERFACE(18/24BIT,PRUGR, CA 15 A 0D eC NA /71 ¢ 42 14,2013
SEQUENT ADOR AND BLOCK TRANSFER MODES)

PDPe1y INTERFACE/BRANCH DRIVER CA 11=C Dt cC NA 172 ( 4) 14,2014
(24 VECTOR ADDRESSES, PRUGRAMMED AND

MULTIPLE DMA®TRANSFER, ADDRESS SCAN AND

=LIST MUDE, REPEAT=, LAM= AND STUP MODE)

POP=1{ BRANCH DRIVER (EUR 4600 CUMPATIe BO=011 EG&G/URTEL NA /171 14,2015
BLE,PROGRAMMED AND SEQUENT ADDR MUDES)

z

PDP=11 INTERFACE (BRANCH AND/UR SERIAL 211 JUKWAY NA 12775 14,2016
HIGHWAY, DMA, BDO1} REG, ASSIGNMENTS)

PDP=11 BRANCH DRIVER KS 0011 KINETIC SYSTEMS NA /71 ( 4) 14,2017

XXl




DESIGNATION & SHORT DATA MANUFACTURER WIDTH DELIV. NPR REF. No.

INTERFACE AND DRIVER FUR PPP 11 UR PDP B8 NUCL, ENTERPKRISES 14,2018
MULTI=CRATE SYSTEM, COMPRISING

BRANCH INTERFACE 9031

16eBIT CONTROLLER (wlTH EITHER OF THE 9040

FOLLUWING INTERFACE CARDS )

POP 11 INTERFACE CARV 9032

INTERFACE CARD FOR DEC PDP 8 SERIES 9034

INTERFACE CAMAC=PDP 11 (PROGRAMMED,BLOCK ICP 11/ICP 11 A SCHLUMBERGER 14,2019
TRANSFER AND SEWUENTIAL ADDR MUDES)

NOVA BRANCH DRIVER 1251=1 BI ®A SYSTEMS 14,2020
NOVA BRANCH DRIVER WITH DATA CHANNEL 1251 =2 BI XA SYSTEMS 14,2021
NOVA BRANCH DRIVER NBD 100 STND ENGINEERING « 14,2022

INTERFACE/SYSTEM CONTROLLER TO HP2100, 2201 BURER 14,2023
2114, 2115, 2116

PRIME CUMPUTER BRANCH DRIVER (WITH DTM, 1260 Bl KA SYSIEMS 14,2024
PRIME CUMPUTER BRANCH CABLE TYPE 8103)

INTERFACE FOR VARIAN 6201/L/F COMPUTER 2204 BUKER t 14,2025
(PRUGR,SEQUENT AND BLOCK TRANSFEKS)

CTL MODULAR OUNE AUTUNOMUOUS BRANCH 20368 14,2026
HIGHWAY CONTROLLER

SYSTEM CONTROLLER FOR SIEMENS 404/3 DO 200e2921 DURNIER 14,2027
(TRANSFER OF 16 UR 24 BIT DATAWORDS
PARALLEL BRANCH COMMAND CHAINING)

(SAME BUT wITHOUT CUMMAND CHAINING) DU 200w2922

SYSTEM CONTROLLER FOR SIEMENS 404/3 DU 200w2923 DURNIER o 14,2028
(TRANSFER QF 16 OR 24 BIT DATAWORDS
PARALLEL BRANCH BUT NO CUMMAND CHAINING)

MICRUDATA 800/CIP 2000 BRANCH DRIVER 91 JURmWAY 14,2029

BRANCH ORIVER (24BIT, PROGR, SEQUENT AND 5400 LABEN 14,2030
BLOCK TRANSFER MUDES, MAX 7 CRATES)

BRANCH DRIVER = INTERFACE FOR 1001 TPAe{ CAM 1,04 METRIMPEX 14,2031
AUTONOM ADAPTER CAM 1,18
(INTERFACES CAMAC TO AUTONUMOUS CHANNEL)

INTERFACESDRIVER FOR VARIAN 73/6201/620L NUCL, ENTERPRISES 14,2092
MULT1eCRATE SYSTEM, COMPRISING

BRANCH INTERFACE 90431

16=B1T CONTROLLER 9040

AND

INTERFACE CARD FOR VARIAN 73/6201/620L €S 0vad

SERIES CUMPUTERS

SYSTEM CUNTROLLER FOR SIEMENS 320/340 C 72451 Al602 SIEMENS 14,2033
(AUTU®GL, 24 VECTOR ADDR, PRUGRAMMED &

DMA TRANSF, ADDRwSCAN,INCREM,RANDUM L1ST

REPEAT,LAM & STOP MOLES)

212 Interfaces/Drivers for Multicrate Systems ||
(for other Parallel Mode Control/Data Highway)

DEDICATED CRATE CONTROLLER FUR NUVA NCO023 EGRG/URTEC [ 14,2034
TERMINATOR FOR NUVA 1,0 BUS NTO022

BIDIRECTIONAL DATA BREAK MUODULE FOR PDP8 1000 HYTEC ‘ 14,2035
COMPUTERS (FUR USE WITH 7048%2)

PROGKAMMED DATAWAY CUNTROLLER (PART QF 70252 NUCL, ENTERPRISES : 14,2036
7000SER SYSTEM WITH EXT CONTR HIGHWAY)

COMMAND GENERATOR VLYLSY

TRANSFER REGISTEK i 063w

PRUGRAM CONTROL UNIT 036202

WIRED STORE 7044=)

CONTROLLER/INTERFACE FOR T1600 CUMPUTER JCT 1bel0

(MAX 8 CRATES, PROG/ADDR,SCAN/STUP MODE)

DMA MODULE JOM 16,10

CRATE CUNTROLLER FOR NOVA COMPUTER CC 2023A/8 5 ‘ 14,2037
CRATE CUNTROLLER BUS TERMINATOR FOR BT 2022
CC 2023A/B (ONE PER SYSTEM)

213 Interfaces/Drivers for Single-Crate Systems (4100 Dataway Compatible)

SINGLE LRATE SYSTEM CONTROLLERS (SEE GECebLLIUTT 14,2038
EXECUTIVE SUITE, CLASS ,211)

PDPe11«SERIES CRATE CONTROLLER 1304 Bl RA SYSTEMS F 14,2039
CRATE CONTROLLER/PDP1] UNIBUS INTERFACE 15334 BURER 2 ¢ 14,2040

NPR CONTROLLER FGR DMa TU PDPY) LG,y VIA 1542 BURER L 14,2041
1533A CRATE CONTROLLER/INTERFACE

SINGLE CRATE CUNTRULLER/PDPw1l INTERFACE CAellek P 14,2042
(MULTIPLE BUS ADDRESS VERSIUN)




NC DESIGNATION & SHORT DATA TYPE MANUFACTURER WIDTH DELIV. NPR REF. No.

C SINGLE CRATE CONTRULLER/PDPell INTERFACE CA=11=FP P 06//5 (14) 14,2043
(PRUGRAMMED TRANSFERS, WITH NAF REG &
CONNECTUR TO DMA OPTION CAmlleknN) 0b/7%
PDP=11 DMA INTERFACE FNR CAw]iwFP (8 DMA CAwlimbN ’ 0e//5 (14)
CHANNELS, MI OR LIST MODE, 16BIT wC, CA,
OFFSET FOR BEACH CHANNEL, LIMIT REGISTEK)
POWER SUPPLY FOR CAeliel CONTRULLER CaeliwPs 06/75 (14)
(GENERATES AC LO & DC LO)

DEDICATED CRATE CONTROLLER PUR POP=i| DCo11 LGAG/URTEL ‘ ¢ 2) 14,2044
(MULTIPLE TRANSFER OR AUTQ ADDRESS SCAN)

SINGLE CRATE CUNTROLLER FOR PDPe8/E LEMe52/32,1 EISENMANN 14,2045
ADDR,@SCAN MODE, DMA 1/0, MAX 22 LAMS)

UNIBUS CRATE CONTROLLER PDPwil 39114 KINETIC SYSTEMS F 14,2046

INTERFACE AND DRIVER FUR PDP 11 UR PDP 8 NUCL, ENTERPRISES 14,2047
SINGLE CRATE SYSTEM, COMPRISING

16maB]T CONTROLLER (WITH EITMER UF THE 9030

FOLLUWING INTERFACE CARDS )

POP 11 INTERFACE CARD 9032

INTERFACE CARD FOR DEC PDP 8 SERIES 9034

AUTONOMOUS CONTRULLER FOR PDP 11 9034 NULL, ENTERPRISES e 14,2048

CAMAC CRATEwPDP 11 INTERFACE J cc 11 SCHLUMBERGER 14,2049
UNIBUS TERMINATOR J Ut it
UNIBUS EXTENDER C BEX 11

CRATE=SYSTEM CONTROLLER FOR PDP=1l CeCSCw11 WENZEL ELEKTRUNIK ¢ é 14,2050
(24 BIT READ & WRITE CAPABILITIES)

NOVA@SERIES CRATE CONTROLLER 1303 BI WA SYSTEMS e 14,2051

SINGLE CRATE CONVROLLER TO HP COMPUTERS 1531A BORER f: 14,2092
WITH EXT SYNCHRUNISATION FACILITIES

INTERFACE FOR HP 2114e211% CUMPUTEKRS, NUCL, ENTERPRISES 14,2053
COMPRISING==

16«BIT CONTROLLER 9040

AND

INTERFACE CARD FUR HP 2114e2115 CS 0058

CTL MODULAR ONE PROGRAMMED DATAWAY 1475 14,2054
CONTROLLER

VARIAN®CAMAC INTERFACE CRATE CUNTROLLER c 300 INFURMATER P 14,2055
(16817 SEQUENT¢BLOCK TRANSF, 1 CC/CRATE)

CRATE CONTROLLER®INTERFACE FUR 1001TPAm] CaM 1,02 METRIMPEX 14,2006

INTERFACE®DRIVER FOR VARIAN 73/6201/620L NUCL, ENTERPRISES 14,2057
SINGLE CRATE SYSTEM,COMPRISING

16#81T CONTROLLER 9030

AND

INTERFACE CARD FOR VARIAN 73/6201/620L £S 0044

SERIES COMPUTERS

INTERFACE FOR HONEYWELL 316=516 NUCL, ENTERPR]ISES 14,2058
COMPUTERS, CUMPRISING==

16«81T CONTROLLEK

AND

INTERFACE CARD FUR HUNEYWELL 316%516

INTERFACE FOR K202 CUMPUTER (24BIT,AUTUw PULUN
NOMOUS BLOCK TRANSFERS TU/FROM MEMORY,
LeNUMBER INTERRUPT ENCODER)

SINGLE CRATE CUNTROLLER FOR MICRAL N/G/S Je mIC 10 14,2000

CRATE> INTERFACE FOR MULTI 20 OR MULTI 8 J CM 8/20 SCHLUMHERGER 14,2001

CRATE CUNTROLLER 320 C 72451=A1d4b=Af SIEMENS - 14,2062

CRATE CONTROLLER 404 C 76451mA1446=A7 SIEMENS < 14,2063

214 Controllers for Autonomously Operated Systems (and Related Units)

DATA PROCESSOR (AUTONOMOUS PROGRAMABLE DU 200=2951 DURNIER 14,2064
SINGLE DATAWAY CUNTROULLER 16 REGISTERS

DATA PRUCESSOR (AUTUNUOMUUS PRUGRAMABLE DU 200w2951

SINGLE DATAWAY CONTRULLER 16 REGISTERS,

REGISTERS AND MEMQORY EXPANDABLE)

MICRUCOMPUTER 3880 KINETIC SYSTEMS 14,2005
CRATE CONTROLLER FOR 3880 Joos

CADET (SINGEL=CRATE CONTROLLER FUR READ= CT 2058 Sk 14,2006
ONLY SYSTEM, INCL MODULE TEST & DISPLAY)

PRINT BUFFER (ALLOWS A PARALLEL PRINTEK PH 2059

TO BE USED WITH THE LT 2058)

PROGRAMMABLE CRATE CUNTROLLER S 800 SENSTUN 2e 14,2007

PROGRAMMABLE CRATE CONTROLLER S 804 SE~SIun 2 14,2008




DESIGNATION & SHORT DATA TYPE MANUFACTURER WIDTH DELIV. NPR
CAMAC MICRUPROCESSUR CRATE CUNTRULLEK MIK XA STAND ENGINEEKING

217 Other Parallel Mode Interfaces/Drivers/Controllers

8YSTeMm CRATE CONTRULLER 3960 KINETIC SYSTEMS
MODCUMP ,MODCOMP 11 & MUDCOMP 111 3970

SYSTeM DRIVER(USE wITH 3960)

CONTRUL DATA 6000 SERIES SYSTEM DRIVER 3973

(USE wITH 3960)

MANUAL SYSTEM DRIVER(USE wITH 3960) 3980 KIVETIC SYSTEMS

22 Interfaces/Controllers/Drivers for Serial Highway

SERIAL CRATE CONTROLLER TYPE Lei SCC 2401 GECeELLIUIT
(CONFORMING TO ESONE/SH/01 AND ERRATA)

SERIAL EXTENSION UNIT, 8 BIT BYTE SERIAL JUEKRGER
LINK, BRANCH CUMPATIBLE, CUNSISTING OF

SERIAL CRATE CONTROLLER al=i* (CUNFURMS

TO ESONE/SH/01 & TID=26488 ¢ ERRATA)

MANUAL SERIAL DRIVER (BIT/BYTE MUDE, 78 JUXwAY
MULTIPLE MESSAGES, ERROR GENERATION)

POPell INTERFACE (BRANCH AND/OR SERIAL 211 JUKWAY
HIGHWAY, DMA, BDO11 REG, ASSIGNMENTS)

MASTER LOOP CONTROL UNIT 3930 KINETIC SYSTEMS « /7%
SERIAL HIGHwWAY LOOP CONTROL UNIT 3931 KINETIC SYSTEMS e /75
TRANSF, ISOLATED SERIAL DePORT ADAPTER 3932 KINETLIC SYSTEMS /75
CRATE CUNTROLLER EXPANDER 3940 KINETIC SYBTEMS /75
SERIAL CRATE CONTROLLER TYPE L=l 3950 KINETIC SYSTEMS /7%

TYPE Lol CRATE CONTROLLER FOR THE 3952 KINETIC SYSTEMS F "
"STANDARD"™ SERIAL HIGHWAY

DRIVER FOR SERIAL HIGHWAY 3992 KINET]IC SYSTEMS /74

DRIVER FOR SERIAL HIGHWAY 3994 KINETIC SYSTEMS /7%
(WITH 256 WORD FIFU BUFFER)

SERIAL HIGHWAY CONTROULLER 9080 NUCL, ENTERPRISES 09/75%

SERIAL CRATE CONTROLLER SPECIFICATIUN L{ CR 6001 KUVSING 2 11775

23 Units Related to 4600 Branch or Other Parallel Mode Control/Data
Highway — Crate Controllers, Terminations, Lam Graders,
Branch/Bus Extenders

DISPLAY DRIVER(CUNTRULS 72A DISPLAY, 724 JORwWAY
ALSO CRATE CTR AND BRANCH DRIVER)

231 Crate Controllers (Type A-1, Other CC Types)

TYPE Ae]l CRATE COUNTRULLER 1301 Bl RA SYSTEMS

CRATE CONTROLLER /ESUNE TYPE AL/ 1502 BURER
(CUNFURMS TO EUR4600 SPECS)

CRATE CONTROLLER TYPE CCAel ACCURDING TU DU 200w2905 DUKRNIER
EUR4b00 SPECS wITH CERN UPTIUNS

CAMAC CRATE CONTROLLER TYPE A=l ccio1 EGEG/URTEC
(CONFORMS TO EUR4600 SPECIFICATIUNS)

ESONE TYPE A 1 CRATE CONTRULLER(CONFURMS CC 2405 GEC=ELLIOTT
TO BEUR4600 SPECS, INCL CERN HOLD OPTION)

CRATE CUNTROLLER TYPE Awl CCa=1 JUEKGER
(CONFORMS TO EUR4600 SPECS)

BRANCH CRATE CONTROLLER/TYPE Ael 704 JuRwaY
(CONFOURMS TO EUR 4600 SPECS, 1972)

TYPE Ael CRATE CONTROLLER 3900 KINETIC SYSTEMS

TYPE Ael CRATE CONTRULLER CAM 1,01 METRIMPEX
(CONFORMS TO EUR4600 SPECS)

CRATE Ael CONTRULLER 9016 NUCL, ENTERPRISES
(CONFORMS TO EUR 4600 SPECS)

CRATE CONTROLLER TYPE A (CONFURMS TO C 106 RDT
EUR4600 SPECS)

CRATE CUNTROLLER TYPE A=y J CRC 5% SCHLUMBERGER
(CONFORMS TO EUR4600 SPECS)

Aw] CRATE CONTROLLER (CUNFORMS Tu ACC 2034 St
EUR4600 SPECS, INCL CERN SPEC HULD LINE)

REF. No.

14,2009

14,2070

14,2071

14,2072

14,2073

14,2074

14,2075

14,2076
14,2077
14,2078
14,2079
14,2080

14,2081

14,2082

14,2083

14,2084

14,2085

14,2086

14,2087

14,2088

14,2089

14,2090

14,2091

14,2092

14,2093

14,2094

14,2095

14,2096

14,2097

14,2098

14,2099




DESIGNATION & SHORT DATA

CRATE CUNTROLLER a1
(EUR 4600 SPECS AND CERN NUTE 38=00)

TYPE Ael (ESONE) CRATE CUNTRULLEX

TYPE Ay CONTROLLER wlTHW TERMINATUR
(MEETS 4600 SPECS UF JaN 1972)

232 Lam Graders

LAM GRADER (24 BIT MASK REGISTER,
PLUG=IN PATCH BUARD, CERN 064)

LAM GRADER (INTERNALLY PATCHABLE, SWITCH
SELECTABLE MULTIeCRATE BGeRESPUNSE)

C LAM GRADER®SORTER
N LAM GRADER (24 BI1T)

LAM GRADER
(DESIGNED TO EUR 4600 SPECS)

PRIURITY GRADER
LAM GRADER (CERN SPECS 064)
LAM GRADER (CERN SPECS 064)

LAM GRADER (24BIT MASK REG, wlTH CABLE,
PATCHABLE C=ADDR®REG FOR MULTI®CRATE BG)

LAM GRADER(24]/Pwg24MASKFEDeRSUMeL AMaLEDS
246 ,X24M LAMSSUMeTOG ,LAM w7 ePATCHPANEL)

233

BRANCH HIGHWAY TERMINATOR

BRANCH TERMINATION UNIT
(WITH BUILTeIN CABLE)

BRANCM TERMINATION UNIT (NON INDICATING)
BRANCH TERMINATION UNIT

BRANCH TERMINATOR

BRANCH TERMINATION WITH INTEGRAL CABLE
BRANCH TERMINATOR IN A CONNECTUR

BRANCH TERMINATOR

BRANCH TERMINATOR

BRANCH TERMINATOR (NUNeINDICATING, 40 CM
FLYING CABLE wWITH BRANCH CONNECTUR)
(DITTO, XXX® CABLE LENGTH IN CM)

CRATE CONTROLLER BUS TERMINATOR FOR Ael
CRATE CONTROLLER

BRANCH HIGHWAY TERMINATOR

BRANCH HIGHMWAY TERMINATOR
BRANCH HIGHWAY TERMINATOR, WITH DISPLAY

BRANCH TERMINATOR (FULL BRANCHM MUNITOR
WITH INTERNAL STURAGE AND LED DISPLAY)

VISUAL BRANCH TERMINATOR (STURES AND
DISPLAYS ON LEDS BRANCH SIGNALS)

BRANCH TERMINATIUN WITH BRANCH DISPLAY
BRANCH TERMINATOR (WITH INDICATOKRS)

BRANCH TERMINATION UNIT
(WITH INDICATOR AND PUWER SUPPLY)

234

DIFFERENTIAL BRANCH EXTENDER
(FOR EXTENDING BRANCHES UP TU § KM)

BRANCH HIGHwAY TRANSCEIVER FUR LUNG
DISTANCE TRANSMISSION

SER1AL DRIVER (TERMINATES BRANCH HIGHwAY
AND KETRANSMITS COMMAND SERIALLY)

SERIAL RECEIVER (RECEIVES StkIAL DATa,
DRIVES TYPE A={ SYSTEM, UPTICAL ISUL)

TYPE

C 72451wA1d4behA?

CCwal

CCTway

LG 2401

LG

75

064

9037
c to7
LG 2001

C 76451eA18eA]

CelGm24

Terminations (Simple, with Indicators)

6601

1592

BT 6503

BT 6601

BT

S0C

BTe0}

CaM 1,11l
J BT 20

BT 231

BT 231xxx

BT 2042

BHT 2055

BHT=001
BHT«002/0

BT 6502

ver

51
CAM 1,11%2

C 72451%A10%a1

Branch Extenders, Bus Extenders

DBE 6501

J BnT 10

su

Sk

MANUFACTURER WIDTH DELIV. NPR

SIEMENS e (1)

STHU ENGLINEEK]WG

STND ENGINEERING

GECwELLIUTT

JUEKRGER

JURKAY
METRIMPEX

NUCL, ENTERPRISES

NUCL, ENTERPKISES
RUT
SEN

SIEMENS

WENZEL ELEKTRUNIK

Bl KA SYSTEMS

BUKER

GEC=ELLIUTT
GECeELLIOTT
JOERGER

JURWAY

KINETIC SYSTEMS
METRIMPEX
SCHLUMBERGER

SEMRA=BENNEY

SEN

SEN

STND ENGINEERING
STND ENGINEERING

GECeELLIOTT

JUERGER

JURWAY
METRIMPEX

SIEMENS

GECwELLIUTT

SCHLUMBERULER

JUERGER

REF. No.

14,2100

14,2101

14,2102

14,2103

14,2104

14,2105
14,2106

14,2107

14,2108
14,2109
14,2110

14,2111

14,2112

14,2118

14,2114

14,2115
14,2116
14,2117
14,2118
14,2119
14,2120
14,2121

14,2122

14,2128

14,2124

14,2125
14,2126

14,2127

14,2128

14,2129
14,2130

14,2131

14,2132

14,2133

14,2134




DESIGNATION & SHORT DATA MANUFACTURER WIDTH DELIV. NPR REF, No.

UNIBUS EXTENDER, TRANSMITTER F 14,2135
RECEIVER
(FOK CISTANCES UP TO 200 METKE UK MUKE)

3 TEST EQUIPMENT

31 System Related test Gear

SYSTEM CHECK QUT UNIT, STURES DATA ¥ DTm 4 GeCetlLLIUTT 14,3001
COMMAND IN READABLE KEGS, PRUGRAMMABLE L

SYSTEM TEST UNIT (FOR EXECUTIVE SUIT SC=T8Te} GEC=tLLIOTT 14,3002
SYSTEM CONFIGURATION, SEE MXeCTR=2)

311 Computer Simulators

PDPe11 SIMULATUR 6101 Bl KA SYSIEMS /72 14,3003

TEST MODULE (USED IN SYSTEM TEST UOF TMOZ24 EGEGL/URTEL « /71 14,3004
READ/WRITE CAPABILITY)

TEST COMTRULLER WITH PRUGRAM PLULBUAKD SPS 2048 NUCL, ENTERPRISES e 01775 14,3005

CAMAC SYSTEM SIMULATUR/TESTER css/7 STND ENGINEEKING /73 14,3006

32 Branch Related Testers/Controllers and Displays

321 Branch Testers/Controllers (Manual, Programmed)
MANUAL BRANCH TESTER (TYPE A SYSTEM TEST SCeTSTe} GECeELLIOTT 14,3007
SET WITH MX=CTR=2 & BReCPRw2) )

MANUAL CUNTROLLEK (SWITCHES FOR NyA,F,C, 110 PULUN 14,3008
1,2, OP=MODES= REPEAT,SINGLE & STEPPING) :

BRANCH HIGHwWAY TEST POINT MUDULE(24 DIR= CL 18104 HUGHE S 14,3009
ECT,22 INDIRECT ACCESS PUINTS FUR TEST)

BRANCH HIGHwAY REMOVE INKIBIT MUDULE CD 1810% HUGHE S 14,3010
(REMUVES INHIBIT FROM BCR/BA/BF/BN/BTA)

MANUAL BRANCH DRIVER (FOR TESTING TYPE A MBD JUEKGER 14,3011
SYSTEMS)

MANUAL BRANCH CONTROL SET C CMB 10 SCHLUMBERGLER 14,3012
(COMPRISING TYPES C COB 10 AND T CMB 10)

33 Dataway Related Testers and Displays

331 Dataway Controllers/Testers Manual, Programmed)

MC WURD GENERATUR FOK USE WITH TYPE 110 232 PULUN 14,3013
(25 BITS wORD TU w BUS LINES)

WORD DISPLAY FOR USE w]TH TYPE 110 260

TEST CONTROLLER24 74400670 WEMKMANN 14,3014
TYEST CONTRULLER25 744006/t WEHRMANN 14,3015
MANUAL CRATE CONTROLLER GFKeLEM EISENMANN 14,3016
MANUAL CRATE CONTROLLER MCC JUEKGER 14,3017
MANUAL DATAwAY TEST CONTROLLER CAM 7,01 METRIMPEX 14,3018
MANUAL DATAWAY CONTRULLER/DISPLAY SYSTEM D Al 10 SCHLUMBERGER 14,3019
INTERFACE TQO DATAwWAY J DA 10

CONTROL AND DISPLAY CRATE C Al 10

MANUAL CRATE CONTROLLER J cme 1o SCHLUMBERGER 14,3020

TEST MODULE FOR CRATE COUNTROLLER AND DTM 2040 SEN 14,3021
DATAmAY

MANUAL 24 BIT CRATE CONTROLLER MCC=240 STNUD ENGINEERING T 14,3022

DYNAMIC TEST CONTROLLER (GENERATES ALL TC 2408 GEC=ELLIOTT 7 14,3028
PUSSIBLE CamaC CUMMANDS IN SINGLE CRATE)

DYNAMIC TEST CUNTROLLER (2 SIMULT TRANSF C 108 kDT 14,3024
SINGLE ,STEPeBY«STEP AND CONTINUOUS MODE)

DATAwWAY SERVICE MODULE SCHLUMBERGLER 14,3025

MANUAL INPUT/ZQUTPUT (TEST UNIT PRUVIDES JUEKGER 14,3026
MANUAL DATA INPUT & VISUAL DATA ULUTPUT)

CONTKULEUR SORTIE DaTawaY TRANSKACK 14,3027
(DATAwAY TEST MUOULE)




DESIGNATION & SHORT DATA

332 Dataway Displays

N DATAWAY DISPLAY

CAMAC TEST MODULE/DATAWAY DJSPLAY

CAMAC DATAWAY DISPLAY (DATAWAY SIGNAL
PATTERN STURED/DISPLAYED,2 TEST MUDES)

CAMAC DATAWAY TEST AND DISPLAY MUDULE

DATAWAY MEMORY
(DISFLAY ¢ READABLE REGISTER)

DATAWAY DISPLAY (STORES AND DISPLAYS
DATAWAY SIGNALS, FARWGXCIZS1S2BP1P2)

DATAwAY DISPLAY (SEPARATE R & w DISPLAY,
TRACKS OR STORES, MANUAL CLEAR)

DATAwWAY DISPLAY

DATAWAY DISPLAY (WITH MEMORY, FOLLUW,
ONeLINE & TRIGGER MODES)

DATAWAY DISPLAY
DATAWAY DISPLAY MODULE

DATAWAY DISPLAY (DISPLAYS AND STURES
DATAWAY SIGNAL PATTERN)

734653/4
6102

1801

LEMeb2/16,2

C 340

oo

202

3290

9554

C 76451»=Al6eal
0D=002

CeDle24

MANUFACTURER  WIDTH

WEHRMANN
Bl KA SYSTEMS

BURER

EISENMANN

INFURMATEX

JUEKGER

JURWAY

KINETIC SYSTEMS

NUCL, ENTERPRISES

SIEMENS
STND ENGINEERING

WENZEL ELEKTRUNIK

34 Module Related Test Gear (Module Extenders)
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