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CAMAC CONCEPTS

by
Dick A. Mack
September 2, 1971

Lawrence Berkeley Laboratory

University of California, Berkeley, California 94720

ABSTRACT

CAMAC is a digital data-handling sysfem,'incorporating a
modular equipﬁent approach, designed to communicate via a data
transfer highway with a computer. Mechanic@;, electrical and logic
features are spécified fo provide system compatibility. DeVelnped
by the ESONE Committee of Eurobean Laboratories, CAMAC has become

adopted internationally as a standard for data acquisition and control.

Work done under auspices of the U. 5. Atomic Energy Commiésion
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INTRODUCTION

The general instrumentation problem facing experimental scientists
is the transmission of information concerning the'locétion, time. or
eneréyzof‘ﬁ‘épecific évent or observation or a series of such events
or observations. These occurrences are detected by one or more -
sensors whose signal responses after some processing are usually
analyzed by é digital computer. To minimize outside interferénceq
it is appropriate to digitize the inforhation as early in the infor-
mation channel as possible. In like manner the general control
problem is that of a digital computer issuing commands to nne or
more controllers in reéponse to a pre—érranged instruction set and
the observed data. In each case the information flow is ordinarily
digital in nature, hence our interest in digital data handling.

In this light we are faced with a number of perplexing problems:

_ 1) the construction of data~gathering facilities that will not

suffer from early obsolescence, 2) the implementation of existing
herdware that cdn readily be reconfigured or expanded, 3) the
utilization of flexible software routines so that each new observation
or experiment does not requiré the writing of a completely new
program, and finally, 4) the meaningful interpretation of the
resultant calculafions; . .

CAMAC, a digifal daté-handling system, can be expected to
offer real advantages in the first two'considérations;_work isvundér
way on software problems, thus alloﬁing sciéntists additional time
and energy to undertake the fourth consideration, namely, the
interpretation of the results. ’

For a brief historical view I must draw on experience in nuclear

"ingtrumentation. In early systems at nuclear research laboratories in

the 1940's and SO'é data were almost entirely reduced from photo-
graphs of cathode-ray tube displays or readouts of scaler counts or
pulse-height analyzer channels. As‘equinment_became more reliable,
the complexity of the apparatus increased and the number of in-
formation chennels multiplied. Soon we saw experiments employing up

to several hundred channels of signal processors and storage registers.
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Figure 1 gives some idea of the difficulty of keeping track of a
complek data-acquisition system. Clearly means were needed whereby
1nformat10n from a number of parallel data sources could be sequen—
tially connected to a common dataway feedlng a computer. Thus, a
multitude of dlfferent data-acqu1s1t10n systems sprang up. At one
point we had seven groups at our- Berkeley Laboratory, each designing
around a different d&ta-handllng system. A look across the country
showed the problem to be unlversal Agaln, it was clear that some
consolidation was badly needed. Fred Kirsten, of our Laboratory,
Las pointed out that "data busing systems used by various laboratories
‘and commercial firms “in the United States share the common feature of
being mutuelly incompatible..no one of the existing systems except
CAMAC has had the necessary w1de-spread acceptance ‘and momentum to
make it a practlcal céhdldate for alleviating the compatibility '
problem." 1
Next, one may ask, "How does CAMAC achleve compatlblllty9"
The answer is glven w1th a certain amount of trepldatlon. We
realize that. the word "standardization" is an anathema to any self-
respecting experimentalisf. However’, to achieve any compatibility"
some specifications‘need'to be set down. Standards hafe been set
for certain mechanical, electrical and logic sspects of data handling;
in many other respects the implementation of a CAMAC system is left
to. the 1ngenu1ty and imagination of the de51gner.

- To contlnue the questlons why should anyone in an observatory
wish to standardlze his stand-alone system° Also, if it is conceded
that some standards are appropriate, how_may a scientist faced with
the selection of any of several small computers assure himself that
overall performance 'is not that of the least powerful of. all the

computers avallable?

1. IEEE Trans. I\_Iucl.' Sei. NS-17(1), Part 1, 452 (1970)
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ADVANTAGES OF INTERFACE STANDARD

Now that we have addressed the problems of data-handling

standardization, what are some of the gains to be reslized? For

this one should review some of the very real advantages that have

accrued in the Nuclear Instrumentation Module (NIM) program. 2 -
The NIM Committee was organized early in 196k; speclflcatlons were
1ntroduced that summer and first commerc1al components were dlsplayed

at the American Physical Society Meeting in January 1965. Since -

_ that time the NIM system has become accepted on this continent as

the standard for nuclear instrumentation. Also Buropean laboratories

‘rapidly aceepted NIM instruments in preference to a number of existing

"European standards. The NIM program, however, with few exceptions

has been largely restricted to nuclear instruments; we are aware of
little-standardization in other areas of data acquisition and process
control. '

Some edvantages of instrumentationvstapdards.are the following:
Hsr&waxe of known capability is available and at an eeonomical cost.
Most scientists would.be embarrassed to admit to the amount of time
they and their students have spent haywiring together one-of-a-kind -
breadboards. The NIM concept largely eliminated'the'necessity and
desire for each experimenter to come up with his own methods of
construction. A data-hendling standard could perform a similar
functioo for computer interfaces. ' '

A second advantage'is the specification of 1ogie levels, signal
impedances, and'supply voltages; these have become accepted throughout »/A\
the world. In data acquisition the specification of integrated-

circuit logic, e.g., TTL, and & data transfer sequence would be a

«

first step toward compatibility among units designed by different
laboratories and manufacturers. _

A third advantage is that individual units such as analog-to-

2. Standard Nuclear Instrument Modules, T1D-20893 (Rev 3),
Louis Costrell, Natlonal Bureau of Standards, Washington, D.C. 2023h
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digital converters or scaling circuits can be cohpletely designed,
constructed, and tested without knowledge of the remainder of the
particular operating system except that it be NIM-compatible. In
a similar fashién standard digitél components could be integrated
into 1argef'systems that have pot yet -been contemplated.

Another point, visiting physicists to laboratories such as

" CERN, Brookhaven and Berkeley maeke considerable use of the. inter-

changeebility of standard modules. Some equipment is borrowed;

the rémainder -is furnished by the experimenter, but it is significant

.that the equipment is mutually compatible. I expect sinilar arrange-

ments are made among astronomers.

Any standard is admittedly arbitrary; however, one should
consider: What are the requirements for a viable data-handling
system? A standard needs a read-write dataway capable of handling
two or three bytes at a time, a command structure with the functions
of réad, wrife, interrupt, address'and test. Also necessary are
the utilitarian commands of initialize, clear, and busy and some
form of "hand-shaking" response when data are to be transferred.

The system should be capable of expansion beyond & single modular
housing; also there must be some easy method of communicating with
the outside world.

CAMAC SYSTEM

Late in 1964 some of our European collesgues toock advantage of
the experience witthIM, the impact of integrated circuits and the
advent of small digital computers. The elimination of manual controls
in favor of program control, the shrinking volume needed as integrated

circuits replaced discrete components and the flexibility afforded

by digital_processors all pointed toward a specification for a

digitel data-handling system. The European Standards Organization
for Nuclear Electronics (ESONE) Committee, how representing 29
European laboratories, fosteréd Just such a scheme. There has been
active éollaboration'with North American NIM Committee members. The

CAMAC system, a modular instrumentation system for data handling,
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was annoiunced in September 1968, and preliminary specifications,
published in January 1969. 1In March 1970 the NIM Committee endorsed
the CAMAC system and recommended its implementation in the U.S.
Basic specifications are listed in the report, "CAMAC, A Modular
Instrumentation System for Data Handling."3’h
Incidentélly, the word CAMAC is not an acronym, but a palindrome; .
it reads the same backwards as forwards, signifying that»é computer
jnterface must look in the direction of both the experiment and the
computer. B
HOW IS CAMAC GERMANE? .
From the viewpoint of an astronomer one can-ask, "What will
CAMAC do for me?" ) '
. An illustrative astronomical data-gathering facility may consist
of a number of input data sources which are at various times connected
to a number of data processors and recorders; in like fashion dats
processors and recorders are fed to a number of output devices
such as digital-to-analog converters, cathode-ray tube displays and
XY plotters. For each input-output device connected to a processor,
a separate interface unit is usually required; these.are indicated
by "X" in the matrix of Fig. 2. Thus, the total number of .interface
units required is, in general, the product of the number of input-

output devices and processors. On the other hand, if a dataway is

employed that is compatible with all devices, the number of inter-

faces required is only the sum of the number of I/0 devices and
processors; these are indicated by "O" in the matrix of Fig. 2.

Fig. 3 is a block diagram of an illustrative system.

3. Available in U.S. as Report NT008 from Louis Costrell, National
'Bureau of Standards, Wash., D.C. 20234. Available elsewhere as
ESONE Report EUR 4100e from Office Central de Vente des
Publications des Communates Europeenes, 2, place de Metz,
Luxembourg (compte cheque postal No. 191-90). Authorized
translations are available in French, German and Italian.

L, Also helpful, CAMAC Tutorial Issue, IEEE Trans. Nucl. Sci.

Ns-18 (2) (1971)
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Data handling facilities for physics and chemistry experiments

are continually changing; I expect the same is true in astronomy. If

reconfiguration can be aceomplishgd rapidly, very real advantages
result. There is no such panacea as an 1nstant system; however as
soon as a module is plugged into & crate it is 1nstantly avallable
to respond to software commands. ‘For example, programs can be
w:itten to' increment address 1ocat10ns in a crate. If a module

‘ responds, it is read out; if it does not respond, the program skips
to the next address. ' Thus, software may be written with system
expansion in mind.

Another advantage is the ability. to build large data-gathering
systems wlthout the user needing to know the internal details of
‘the individual modules; he needs to know only the function and
operating parametefs of.each. )

In addition, if a system breaks down,,it is easier to restore
verformance by exchangipg modular blocks than to try to discover
the integrated circuit that;is at fault. The offending module may
be repaired behind the scenes by.a person trained.for that function.

It is impqrtant to note that CAMAC is applicable to all forms
cf data processing and control; CAMAC specificaﬁions may be used
vithoutvlicenée or charge by any orgénization or manufacturer.
DATAWAY CONSIDERATIONS 4

Ihe basic building block in the CAMAC system is the plug-in
module; see Fig. L. Modules communicate to a comtroller connected
to a dataway via an 86-pin printed-circuit conﬁectof. One of the
attraetive features of the module is its economy. Hardware for a
basic module, less the printed circuit board, costs approximately
taree dollars. . ’ .

A crate capable of mounting in a 19" relay rack may contain up
to 25 stations or module locations; seevFigs. 5& 6. In practice,
the two right-hand positions are reserved for a erate controller.
rig. 7 shows the direction of data flow between the modules and the
c;ate controller. Twenty-four Read lines allow the parallel transfer

of up to 2k bits of data between a module and its controller. 1In
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'

like fashion 24 Write lines allow data transfer from the controller
to a module.

' Modules are addressed by 24 lines - one to each station emanating
from the crate controlier position: these are called N lines.
Addressing is thus dependent upon module location. In addition to
module addressing, four binery-coded sub-address (A) lines may be
decoded to prov1de up to 16 module sub-addresses. Five binary-coded
function (F) lines allow up to 32 function codes. One half of the
function codes have been as51gned to define actions of modules and
controllers (e.g., read a group of registers) while the other half
are equally divided between future assignment and user's option;

The minimum time of a dataway operation is one microsecond;
this allows operations ae fast as 10 per second. Two timing strobes
S1 and S2 are generated in sequence on separaté bus lines and
accompany dataway operations. The first strobe is to gate actions
which do not change the levelvof the signals. The second‘strobe.
is.used te initiate actions in which the signal levelﬁmay change
as, for example,‘in.clearing a regisfer whose output is connected
to the dataway. ‘ ‘
Service requests from the module to the controller are insti-
tuted via 24 individual interrupt (L) lines. All such sctivity
initiated by a module must be handled through the use of the look-at-
me (L) feature. The only other action a module may make is in
response to sbecific contréllerbcommands;'this response is given
by the presence or absence of a single bit on the response (Q) line
to 1ndlcate whether a command has been obeyed.

Logic levels have been selected to correspond to those currently

used by TTL integrated circuits now generally employed internationally.

- Bus voltages of + 6 and + 24 V will accommodate in addition the use

of emifter-coupled logic and discrete-component circuits where higher
speeds or‘higher signal swings may be required.
ON—LINE OFF-LINE OPERATION

Small data-acquisition systems often lend themselves to off—llne

data recording. When the turn around time between the information
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acquisition and the interpretation of results will permit, one may
record data directly on magnetic tape orvperhéps even on a teletype-
writer. Analysis of the data may then be made at another appropriate
location and time. .

Where higher data rates are encountere& or the urgency of at

least preliminary.daté sorting or selection are required, compu-

-tations can be made with the aid of an on-line computer.

While most CAMAC systems are designed to operate under. program

control,'the concept does not depend upon a computer being present;

off-line Qpératioh is entirely feasible.

Originally it was envisioned that single-crate systems would
interface to small computers via a computer controller. Tﬁus it
would be necessary to have a controller availasble for each ¢rate
as well as each type of computer. Along these lines M. G. Strauss,
et al, Argonne National Laboratorys, are developing systems whereby
the controller in each crate serves as an interfacé-betweén the.
computer I/d bus and the CAMAC dataway; up to 14 individual crates
can be addressed by & single computer in éddition to a teletype and

other peripheral devices.

-BRANCH HIGHWAY

As the CAMAC concept has evolved, less interest has been

evidenced in computer controllers dediceted to interfacing a single

crate to a specific computer. Instead a "Branch Highway" has been

developed to link one or more crates (and.their controllers) to a.

_ccmputer. Fig. 8 shows a block diagram of a CAMAC branch highway.

In this manner a systém exceeding the gapdcity of a single crate
can easily be expanded into additional crates. The branch highway -
can extend operation up to a maximum of seven crates. (Beyond that_
multi-branch operation is possible, and some multi-branch systems
are already being desigﬁed). In actual practice the branchrhighway

is a 66-pair cable containing all the necessary timing, control and

5. IEEE Trans. Nucl. Sci. NS-18 (2), 46 (1971)
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data lines for branch operation.

The crate controller is now a universal device dedicated to

_servicing the requests of modules, passing these requests on the

branch highway to the computer'as well as relaying computer instructions
back to the modules. ' A

‘The ‘branch highway interfaces a computer via a device termed a

. Branch Driver; it ié speéifically designed to relate branch operation

to the I/0 structure of a given computer.A Simple branch drivers
operate only on the programmed I/0 computer input, more advanced
units operate on either the programme@ I/0 or direct memory access
inputs and.othef branch drivers operate on both modes.

Specifications for branch highways are outlined in ESONE Report
"Organizafioﬁvof Multi-Crate Systems, Specifications of the Branch
Highway and CAMAC Crate Controller Type A," EUR ll600e.6
BRANCH OPERATION - ' :

The physical length of the branch highway is limited, the
upper linit being primarily.depéndent upon noise pickup and line drops.
These factors can be alleviated by the use of balanced lines and
cables of sufficiently low IR drop. '

The branch highway has two modes of operation: In the command

mode it operates as an extension of the dataway outside the crate,

" that is, most of the lines in the branch then perform functions

‘similar to those in the crate. However, when not in the commsnd

mode these same lines are available for interrupt'requests;"loéi;at;
me" signals from any partvéf the branch typically requéest that & =
particular séquence of commands taske place. The demend-handling.

features of the branch highwey provide.ea means for communicating:

6. Available in U.S. from Louis Costrell, Nat. Bureau of Standards,
Wash., D.C. 20234, Available elsewhere from Office Central Vente
des Publications des Communates Europeenes, 2 place de Metz,
Luxembourg :
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éervice requests thfough the branch driver to the computer; with
24 lines available one can employ up to 24 priority graded interrupt
requests. ‘Thi§rsecond mode is called the gfaded.look—at-me mode
or graded-L mode. In addition to this multilevel interrupt feature
& single Branch Demand (BD) line indicates the presence of one or
more demands on the 24 gfaded-L lines. Informatipn transfers in
either the cdmmand mode or thé graded-L ﬁode are appropriately inter-
locked and take transmission delays int6 account. )

The_individual module and cfate functions shown in Fig. 7 are
sent through the branch dri&er»to and from the computer. The 2L-read
and Qh;write dﬁtaway lines in the érate are now combined into one set
of 24 read-write branch (BRW) lines. In the graded-L mode they also -
double as.2h interrubt lines, as described above. _

Seven crate addresses have been specified with one line going
to each crate. Timing of all'the transfers is controlled by branch
iransfer signals. These allow transfers 1nvolv1ng both 51ngle—
and multlple-crate operations.

SOFTWARE .

While most scientists use programs that elther they have written
or are provided by a commercial computer organlzatlon, CAMAC Committees
in both the U. S. and Europe are meetlng to consider the feasibility
of CAMAC software that would be sultable for & number of small
computers.

HARDWARE

It is approprlate to give a progress report of the acceptance.
and avallablllty of CAMAC components at thls time. Two companies
in the U. S. are fabricating crates and module hardware, At least
three other companies are exporting these iféms from Europe. To
date more than 800 CAMAC crates and hardware for approximately 20,000
modules- have been delivered in the U. S. At least five companiés

will offer CAMAC power sup'plies.7 Three manufacturers are constructing

7. "Specification for a Typieal CAMAC Power Supply," Dick A. Mack and

Lee J. Wagner, Lawrence Berkeley Laboratory, Berkeley, CA. 94720

et e
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A-to D and D-to A converters, scalers and related data-handling
modules. At least thirty-one other companiés are manufacturing
CAMAC instrumentation or components in Europe.

One manufacturer in the U.S. and five in Europe are offerlng
the Crate Controller, Type A used in conjunction with the Branch ) . T3
Highway.

- Among U.S. and European laboratories and manufacturers,

-

engineers have designed and are manufacturlng branch drivers for the

HP 2114, 2115, and 2116, PDP-8, -9, -11, -15 and the Nova and Super
Nove aﬁd Sigma 3 computers. CAMAC systems are now operating in
five of the National Leboratories in the U.S..; two more National
Laboratories will have CAMAC systems in use shortly. Extensive
plans for its use are being laid at the TRIUMF accelerator in
Vancouver, Cahada. Two observatories are now employing CAMAC
éyStemsr I. G. van Bredé is describing the CAMAC system at the Univer-
sity of St. Andrews at this meeting. A. PQOlB, of the 150". Anglo-
Australian telescope, reports that the CAMAC system has been adppted
for instrumeﬁtation at that institution.
CONCLUSIONS

| Digital data-handling systems are finding wide application in a
number of areaé of experimental research. Any system will be partially
obsolescent before 1t is widely employed. However, a great deal of
study and planning on both 51des of the Atlantic has gone into CAMAC.
Those installations and experimenters who take gdvantage of this
program by sharing in the development and impleméntation of systemé_ ) “
can exﬁect substantia; savings in return.
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Nuclear instrumentation (c. 1963).
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